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Abbreviations

ABTS	 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
AChE	 acetylcholinesterase 
Actb	 actin beta
ACTH	 adrenocorticotropic hormone
AD	 Alzheimer’s disease
ADHD	 attention deficit hyperactivity disorder
AF-EESYT	 active fraction of ethanol extract of Scirpus yagara tuber
AFR	 aqueous extract of fully ripe C. papaya
AGE	 aged garlic extract
AGEL	 agarose gel electrophoresis
AGTE	 aqueous green tea extract
ALF	 acute liver failure
ALI	 acute liver injury
ALP	 alkaline phosphatase 
ALS	 amyotrophic lateral sclerosis
ALT	 alanine aminotransferase 
AMG	 amygdalin 
ANOVA	 one-way analysis of variance
AP-1	 activator protein 1
Apaf1	 apoptotic protease activating factor 1
APR 	 aqueous extract of partly ripe C. papaya
ARE	 aqueous rooibos extract
ARSA	 ABTS radical scavenging activity
ASC	 adaptor apoptosis-associated speck-like protein
AST	 aspartate transaminase
ATP	 adenosine triphosphate
AUR	 aqueous extract of unripe C. papaya
AWR	 abdominal withdrawal reflex
Aβ	 amyloid-β 
B2m	 beta-2-microglobulin
Bad	 BCL2-associated agonist of cell death
BAT	 brown adipose tissue
Bax	 B-cell lymphoma 2 (Bcl-2)-associated x-protein
BBB	 blood-brain barrier
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xxii	 Abbreviations

BCh	 butylcholine 
Bcl	 B-cell lymphoma
Bcl-2	 B-cell lymphoma 2
Bcl-xL	 B-cell lymphoma extra large
BDNF	 brain-derived neurotrophic factors
BIL	 bilirubin
BMI	 body mass index
BrDU	 bromodeoxyuridine
BVEE	 B. vulgaris ethanolic extract
bw	 body weight
bw/d	 body weight per day
C. papaya	 Carica papaya
CAN	 carnosic acid
CAS	 chronic acute combined stress
Caspases	 cysteine aspartases (cysteine-aspartic proteases)
CAT	 catalase
CD14	 cluster of differentiation 14
c-DNA	 complementary deoxyribonucleic acid 
CE 	 catechin equivalent
CGA	 chlorogenic acid
Ch	 choline 
ChEIs	 cholinesterase inhibitors 
Chlof	 chloroform
CK-MB	 creatinine kinase myocardial band
CMA	 cranial mesenteric artery
CMS	 chronic mild stress
CNS	 central nervous SYSTEM
CORT	 corticosterone
COX-2	 cyclooxygenase-2
CpG	 5’-cytosine-phosphate-guanine-3’
CPT1α	 carnitine palmitoyltransferase 1-alpha
CREB	 camp responsive element binding 
CRP	 C-reactive protein
CSD	 cortical spreading depression
CUMS	 chronic unpredictable mild stress
CUR	 curcumin
CurNPs	 curcumin nanoparticles
CVD	 cardiovascular disease
CVEE	 Calluna vulgaris ethanolic extracts
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Abbreviations	 xxiii

Cyt-c	 cytochrome c
DAD	 damaurone D
DC	 diabetic control
DCT	 distal convoluted tube
dH2O	 distilled water
DHI	 Danhong injection
DI	 diabetes insipidus
DIC	 disseminated intravascular coagulation
DIO	 dioscin
DM	 diabetes mellitus 
DMRT	 Duncan Multiple Range Test
DNA	 deoxyribonucleic acid
DOB	 Dombeya buettneri
DPPH	 1-1,diphenyl, 2-picryl hydrazine  
DPPH	 2, 2- diphenyl-1-picrylhydrazyl
DRT	 Dopamine Replacement Therapy 
EC50	 effective concentration on 50% of test experiment
EDHF	 endothelial-derived hyperpolarizing factor
EDTA	 ethylenediaminetetraacetic acid 
EE	 energy expenditure
EEIH	 ethanol extract of Illiciumhenryi
EESBR	 ethanolic extracts of S. baicalensis root
EFR	 ethyl acetate fraction of fully ripe C. papaya
EGCG	 epigallocatechin-3-gallate
EMD	 emodin
EMT	 epithelial-mesenchymal transition pathway
Enl	 ethanol
EPR	 ethyl acetate fraction of partly ripe C. papaya
ET	 electron transfer
EtOH	 ethanol
EUR	 ethyl acetate fraction of unripe C. papaya
FasL	 Fas ligand
FBG	 fasting blood glucose
FBS	 fasting blood sugar
Fecl3	 ferric chloride
FFA	 free fatty acid
FODMAP	 fermentable oligosaccharides, disaccharides, 

monosaccharide, and polyols
FOS	 fructo oligosaccharides
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xxiv	 Abbreviations

FRAP	 ferric-reducing antioxidant power
FSE	 Forsythia suspensa extract
FST	 forced swimming test
G6PDD 	 glucose-6-phosphate dehydrogenase
GABA	 gamma amino butyric acid
GAE 	 gallic acid equivalent
GJWE	 Gardenia jasminoides water extract
glo 1	 glyoxalase 1 
glo 2	 glyoxalase 2 
GLP-1	 glucagon-like peptide-1
GPx	 glutathione peroxidase
GSH	 glutathione
GSH-Px	 glutathione peroxidase
GSH-Rd	 glutathione reductase
GSPE	 grape seed procyanidin extract
GSR	 glutathione S-reductase 
GSSG	 oxidized glutathione
GTPs	 green tea polyphenols
H2O2	 hydrogen peroxide
HA	 hyaluronic acid
HAT	 hydrogen atom transfer
HB/Hb	 hemoglobin
HbS	 hemoglobin S
HbSS	 sickle cell anemia
HCL	 hydrochloric acid
HCT 	 hematocrit
HDL	 high-density lipoprotein
HDL-C	 high-density lipoprotein cholesterol
HDN	 hesperidin
HEBCS	 hydroethanolic extract of (defatted) Buchholzia coriacea 

seed
HEEPN	 hydroethanolic extract of Parquetina nigrescens
HELLP syndrome	hemolysis-elevated liver enzymes, low-platelets 

syndrome
HGB	 hemoglobin
HIF-1α	 hypoxia-inducible factor-1α
Ho1	 heme oxygenase 1
HPLC	 high-performance liquid chromatography
Hyp	 hydroxyproline
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Abbreviations	 xxv

i.g.	 intragastric
i.p.	 intraperitoneal
i.v.	 intravenous
IARC	 International Agency for Research on Cancer
IBS	 irritable bowel syndrome
IC50	 inhibition concentration 
ICAM-1	 interstitial cell adhesion molecule-1
ICR	 imprinting control region
ICU	 intensive care unit
IDDM	 insulin-dependent diabetes mellitus 
IDF	 International Diabetes Federation 
IE	 inhibitory effect
IIRI	 intestinal ischemia-reperfusion injury
IkB	 inhibitor of nuclear factor of kappa light polypeptide 

gene enhancer in B-cells
IKK	 IκB kinase
IL	 interleukin
IL-1β	 interleukin 1 beta
IL-10	 interleukin 10
IL-6	 interleukin 6 
IL-8	 interleukin 8
iNOS	 inducible nitric oxide synthase
iNOS	 inducible nitric oxide synthase
IR	 ischemia-reperfusion
IRAK4	 interleukin-1 receptor-associated kinase 4
ISO	 isoproterenol
IUFD	 intrauterine fetal death
JAK2	 Janus kinase 2
KV	 Kolaviron
LBP	 LPS-binding protein
LCBE	 Lonicera caerulea berry extract 
LDH	 lactate dehydrogenase
LDL	 low-density lipoprotein
LDL-C	 low-density lipoprotein cholesterol
L-NAME	 Nώ-nitro-l-arginine methyl ester
LPS	 lipopolysaccharide 
LSE	 lotus seedpod extract
LYM	 lymphocytes
MAL	 MyD88 adapter like
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MAO-A	 monoamine oxidase A
MAPK	 mitogen-activated protein kinase
MCH	 mean corpuscular hemoglobin
MCHC	 mean corpuscular hemoglobin concentration
Mcp1	 monocyte chemotactic protein 1
MCV	 mean corpuscular volume
MD	 mental disorder
MDA	 malondialdehyde
METo 	 methanol extraction of Telfairia occidentalis
MG	 methylglyoxal 
MgCO3

+	 magnesium carbonate
MHC	 major histocompatibility complex
MiRNA	 micro ribonucleic acid
MMP	 matrix metalloproteinases 
MMP-3	 matrix metalloproteinase-3
MO	 Moringa oleifera
MODS	 multiple organ dysfunction syndrome
MPO	 myeloperoxidase
MPTP	 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine 
MPV	 mean platelets volume
mRNA	 messenger RNA
MS	 multiple sclerosis 
MyD88	 myeloid differentiation protein 88
Naq 	 nonaqueous extract (methanol)
NDDs	 neurodegenerative diseases
NDHS	 Namibia Demographic Health Survey
NF-Kb	 nuclear factor kappa B
NF-kB	 nuclear factor kappa-light-chain-enhancer of activated B 

cells
NFT	 neurofibrillary tangles
NF-κB	 nuclear factor kappa B
NH3	 ammonia
NIDDM	 noninsulin-dependent diabetes mellitus 
NIH	 National Institute of Health
NLRP3	 Nod-like receptor family, pyrin domain containing 3
NMDA	 N-methyl-D-aspartate 
nNOS	 neuronal nitric oxide synthase
NO	 nitric oxide
NPY	 neuropeptide Y
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Abbreviations	 xxvii

Nrf2	 nuclear factor E2-related factor 2 
NSFT	 novelty-suppressed feeding test
OFT	 open field test
OME	 Origanum majorana Extract
p.o.	 per os (orally)
P_LCR	 platelets larger cell ratio
p53	 transformation-related protein 3
p-ACC	 phospho-acetyl-CoA carboxylase
PAF	 platelet-activating factor
p-AMPK	 phosphorylated adenosine monophosphate activated 

protein kinase
PBS	 phosphate-buffered saline
PCR	 polymerase chain reaction
PCT 	 proximal convoluted tubule
PCV	 packed cell volume
PD	 Parkinson’s disease
PDW	 platelet distribution width
PFC	 prefrontal cortex
PGC1α/β	 proliferator-activated receptor gamma coactivator 

1-alpha/beta
PGE2	 prostaglandin E2
PI3K	 phosphoinositide 3-kinase
PKC	 protein kinase C
P-LCR	 platelets larger cell ratio
PLT	 platelets
POMC	 Proopiomelanocortin
PPAR	 peroxisome proliferator-activated receptor
PPME	 Pulicaria petiolaris methanol extract
PYY	 peptide YY
QCT	 quercetin
QE	 quercetin equivalent 
qPCR	 quantitative polymerase chain reaction 
RAGE	 receptors for advanced glycation end products
RBC	 red blood cell
RDW-CV	 red cell distribution width coefficient variation
RDW-SD	 red cell distribution width standard deviation
RGAE	 red ginseng alcohol extract 
RGWE	 red ginseng water extract
RNA	 ribonucleic acid
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RNS	 reactive nitrogen species
ROS	 reactive oxygen specie
RP-LC	 reverse phase liquid chromatography
RVS	 Rhus verniciflua stokes 
RW-SD	 red cell width standard deviation
SAC	 S-allyl cysteine
SCD	 sickle cell disease 
SCFAs	 short-chain fatty acids
SD	 standard deviation/Sprague-Dawley
Sdha 	 succinate dehydrogenase complex flavoprotein subunit A
SDS	 sodium dodecyl sulphate
SEM	 standard error of mean
sFas	 soluble FAS antigen
SGME	 sun ginseng methanol extract
SHR	 spontaneous hypertensive rat
SIRS	 systemic inflammatory response syndrome
SMA	 superior mesenteric artery
SNP	 sodium nitroprusside
SNpc	 substantia nigra pars compacta
SOD	 superoxide dismutase
SPIONs	 superparamagnetic Iron Oxide Nanoparticles
SPSS	 statistical package for social sciences
ssDNA	 single-stranded DNA
SSRI	 selective serotonin reuptake inhibitor
STAT3	 signal transducer and activator of transcription 3
STE	 sativoside 
STE-EXT	 stevia extract
STZ 	 streptozotocin
T2DM	 type-2diabetes mellitus
TAC	 total antioxidant capacity
TAG	 triacylglycerol
T-AOC	 total antioxidant capacity
TBA	 thiobarbituric acid
TBARS	 thiobarbituric acid reactive species
TBAs	 traditional birth attendants
TC	 total cholesterol
TG	 triglyceride 
TLR-4	 toll-like receptor 4
TMQ	 thymoquinone
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Abbreviations	 xxix

TNF-α	 tumor necrosis factor alpha
TO	 Taraxacum officinale
TRAF6/2	 TNF-receptor associated factor 6/2
TRAIL	 tumor necrosis factor-related apoptosis-inducing ligand 
TRAM	 toll-like receptor adapter molecule
TRIF	 TIR domain-containing adapter-including interferon-β
TST	 tail suspension test
UAE	 urinary albumin excretion
UCMS	 unpredictable chronic mild stress
UCPs	 uncoupling proteins
USD	 United States dollars
VAO	 virgin argan oil
VEGF	 vascular endothelial growth factor
WAT	 white adipose tissue
WBC	 white blood cell
WHO	 World Health Organization
XDH	 xanthine dehydrogenase
XO	 xanthine oxidase
α-Syn	 α-synuclein
3-NP	 3-nitropropionic acid
5HT	 5-hydroxytryptamine
6-OHDA	 6-hydroxydopamine
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Preface

Plants, with their different parts (such as: leaves, sap, fruits, stem bark, 
and root bark), have been acclaimed to be alternative therapies in the 
management of various diseases. Medicinal plants are known for their 
health benefits due to their phytochemical constituents (such as flavonoids, 
saponins, and alkaloids). Scientific research has evolved because processed 
medicinal plant products have now come with dosage recommendations and 
specialized curative potential. These recent advances have made available 
plant phytochemicals to target the exact disease condition, thereby improving 
human health.

Animal models varying from mammals to flies and worms are widely 
used in studying human diseases. These models share homolog genes, as 
expressed in a human disease condition, Thus making it easier to elucidate 
mechanisms and pathways of these diseases in different organs of the 
animals, which might be difficult in clinical-based research. This book 
provides scientific reports on therapeutic potential of medicinal plants in 
different animal models and provides information on the beneficial roles 
of the medicinal plants on human diseases. Some of the disease conditions 
reported in the book include diabetes, cardiovascular disease, obesity, and 
neurodegenerative diseases. The therapeutic mechanisms of some phytocon-
stituents are also discussed.

The book is the output of the passion of researchers and academics 
around the globe. who positively responded the call and provided the soul 
to this compendium. The names of the individual contributors and the 
corresponding authors are given in the list of contributors. We would like 
to thank all the contributors who indeed devoted their valuable time for this 
brainstorming activity and to whom we also feel indebted to for sharing their 
vision with the highest level of dedication and enthusiasm to complete this 
draft.

We also extend our sincere thanks to the editorial office of Apple Academic 
Press, Inc.

We hereby appeal our readers their productive suggestions that may form 
the basis for improving future editions.
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xxxii	 Preface

We take this opportunity to thank: (1) our families for their continuous 
support and motivation with the showers of blessings in counteracting every 
obstacle coming in the way during this assignment; (2) The entire research 
community for setting the highest standards for budding scientists, for 
their continuous encouragement and endless scientific support during the 
compilation of this book.

—Editors
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PART I
POTENTIAL OF MEDICINAL PLANTS 

IN METABOLIC DISEASES
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Leaf Extract of Dombeya buettneri for 
Inhibition of Inflammatory Cytokines 
Aggregation in Type-2 Diabetes

Esther Emem Nwanna, Olusola Olalekan Elekofehinti, Festus Igbe, and 
Adebola Oluwayemisi Ayeni

CHAPTER 1

ABSTRACT

Dombeya buettneri (DOB) is a wild tropical tree plant used locally in Africa 
to manage some ailments with little or no scientific information supporting 
its usage. This study investigated the bioactive content of the leafy part using 
the chromatography technique. The effect of the aqueous extract inhibition 
(10 mg/mL) on α-amylase, α-glucosidase enzymes was determined, while 
their antioxidative potential on nitric oxide (NO, DPPH) radicals and perox-
ides were assessed. Furthermore, the effect of the extract (600 mg/kg wt) on 
TNF-α, IL-1β, and IL-6 expression in type-2 diabetes (T2DM) rats was also 
assessed. The results revealed polyphenol characterized with HPLC was in 
this order [(quercetin (57.31 mg) > kaempferol (33.06 mg) > caffeic acid 
(20.59 mg) > chlorogenic acid (20.43 mg) > Protocatechoic acid (17.12 mg) 
> Rutin (12.51 mg) > Hydroxybenzoic acid (11.56 mg)]/100 g. The extract 
administered in diabetic rats lowered the blood glucose from (305.50 mg/dl) 
to (100.25 mg/dl) and also downregulated significantly (p<0.05) [(TNF-α 
(81.94%), IL-1β (100.34%) IL-6 (89.71%)] expressed genes from (140%) 
in diabetic rat organs without treatment. The enzyme activities were inhib-
ited due to the antioxidant property of the extract which might have altered 
the functions of immune system viz-a-viz controlled blood glucose level. 
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4	 Curative and Preventive Properties of Medicinal Plants

Conclusively, DOB might have contributed to the observed immunomodula-
tory property in the diabetic rats.

1.1  INTRODUCTION

Diabetes mellitus whether type-1 or type-2 diabetes comes with various 
complications which have caused short life span and generated negative 
impact on the economy as well as social burdens when the basic of the inci-
dence are not properly managed.41 Along with infections with other diseases, 
T2DM have also been shown to stimulate the production of inflammatory 
cytokines.16 These cytokines are known to be a group of soluble extracellular 
proteins with key intercellular controllers, which are mainly chemokines, 
interferons, and interleukins with differences in the receptors sites.38,40 They 
are currently known to be of importance in several natural processes such as 
cell progression, repair, and differentiation, in innate and adaptive inflam-
matory responses. They are secreted or expressed in nucleated cell types as 
response to an injured tissue.32

It is a well-established fact that TNF-α serves as a key intermediary of 
pro-inflammatory cytokine37 which is capable of inducing multiple signaling 
cascades in response to defense in the host, but uncontrolled signaling can 
cause tissue injury or inflammation.34 IL-6 is also known to have an impor-
tant role in normal physiology, hormones production from various glands.34 
These cytokines in diabetic patients were reported to be highly expressed, 
also in endothelial dysfunction.17,18,21,33 Furthermore, cytokines have been 
found to offer a link between organ to system, providing molecular informa-
tion on inflammatory processes for maintaining physiological stability.21,33

Presently, scientists are searching for alternatives from herbal plants 
which are rich in potent phytochemicals with antioxidant, free radical scav-
enging and holistically promoting health benefits21,31,34,38 that is a natural-
based drug which can treat or manage several health issues. Control of blood 
glucose, as well as that of cytokines secretion, could offer a unique strategy 
in the handling of T2DM using plant-derived natural products as immune-
modulators.10 Plant products have been reported to afford protection in 
immune system and also alter cytokines activities via dynamic regulation of 
informational molecules.34

Dombeya buettneri K. Schum is a tree plant of tropical origin found in 
West and central Africa (known as niama), which belongs to the division 
Spermatophyta (seed-bearing plants).7 Its aqueous extract has been found to 
cause significant reduction in the histamine-stimulated gastric acid secretion 
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Leaf Extract of Dombeya buettneri for Inhibition	 5

in rats.30 Also, it was found to lower blood pressure in albino Wistar rats.31 
Aside these few scientific report findings indicate no other detailed informa-
tion on the use of the phytochemical constitutes and mechanism underlying 
the observed therapeutic activities of this plant.

This chapter investigates the effectiveness of the DOB aqueous extract 
on in vitro α-amylase, α-glucosidase, as well as TNF-α, IL-1β, and IL-6 
expression in STZ-induced Wistar rats. Also, the extract effects on (NO*), 
(DPPH*) scavengers, and peroxides were determined, while the leafy part 
was characterized and quantified using chromatography (HPLC) and colori-
metric techniques.

1.2  MATERIALS AND METHODS

Equipment and chemicals used in this study were: Thermocycler, Centrifuge, 
Electrophoresis machine, JENWAY 6305 Spectrophotometer, Oven Chloro-
form, Trizol, Ethanol, RNAase-free water, Agarose gel, Ethidium bromide, 
Primers kits for specific gene Agarose gel, Tris buffer.

1.2.1  SAMPLE PREPARATION

Dombeya buettneri leaves were collected within the FUTA environment. 
The plant identification was done in the Forestry and Wood Technology 
Department (FUTA) with a voucher number IFE 17692 and deposited in the 
herbarium. The leaves were plucked, rinsed under running H2O, and then 
air-dried before pulverized into powder. Hundred grams (100 g) of ground 
powder was dissolved in 1 L of dH2O, shaken for 4 h, and the mixture was 
filtered using a cheese cloth sieve and filter paper until every little particle 
was removed to obtain a clear supernatant. 100 mg/mL stock was prepared 
for in vitro study, while 600 mg/kg body weight extract was used for the 
bioassay after standardization.

1.2.2  QUALITATIVE SCREENING OF PHYTOCOMPOUNDS

1.2.2.1  SAPONIN

Observation of frothing was used as a test for saponin. The 0.5 g of the 
sample was dissolved in 100 mL dH2O and shaken (AOAC, 1990).
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6	 Curative and Preventive Properties of Medicinal Plants

1.2.2.2  TANNIN

Blue black green or blue green precipitate of DOB extract with Fecl3 reagent 
indicated tannin presence.4

1.2.2.3  ANTHRAQUINONE

A pink red or violet coloration presented free anthraquinone,4 when the DOB 
sample was mixed with benzene and 10% NH3.

1.2.2.4  FLAVONOID

The extract was stirred with 20 mL of diluted NH3, which gives a yellowish 
color, then the disappearance of the color happens when 1 mL of concen-
trated H2SO4 was added, which indicated the presence of flavonoid.6

1.2.2.5  TERPENOID

A reddish-brown color layer indicated the presence of terpenoid4 when 
the chemical was shaken with the extract and then H2SO4 was added to the 
filtrate.

1.2.3  QUANTITATIVE DETERMINATION

1.2.3.1  FLAVONOID DETERMINATION

The method described by Meda et al.,23 was used to quantify for total flavonoid.

1.2.3.2  SAPONIN DETERMINATION

The 2 g of DOB was mixed with 100 mL of Isobutyl alcohol,9 and it was 
shaken within 5 h. It was filtered while 20 mL of 40% saturated MgCO3 
solution was added to the filtrate to obtain colorless solution; thereafter 5% 
FeCl3 with dH20 was added. The final mixture stayed for 30 min after which 
the Abs was taken at 380 nm using a spectrophotometer.
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1.2.3.3  TERPENOID DETERMINATION

The method described in Sofowora35 was used, while the Abs was read at 
510 nm.

1.2.4  PHENOLIC DETERMINATION WITH HPLC

The method described by Amaral et al.3 was used to carry out the HPLC 
operations according to the standard protocol.

1.2.5  DOB ANTIOXIDANT PROPERTY

1.2.5.1  NITRIC OXIDE

The method by Mercocci et al.24 was used for the NO scavenging prop-
erty with appropriate dilution of sample extract 100–400 μL with 1 mL 
25 mM of SNP-Sol. The reaction was allowed for 120 min at 37°C, after 
which 500 μl Griess reagent was added while the absorbance was taken 
at 570 nm.

1.2.5.2  DPPH SCAVENGING ABILITY

The method described by Gyamfi et al.13 was used. Equal volume of DOB 
extract was mixed with DPPH solution, which was allowed to stay in the 
dark for 180 s, and then read at 516 nm.

1.2.6  PEROXIDES ASSAY

1.2.6.1  TISSUE HOMOGENATES PREPARATION

The methods described by Belle et al.8 and Ohkawa et al.29 were used to 
determine the peroxides generated TBARS at 532 nm when SNP pro-
oxidant was incubated at 100°C for 60 min with tissue extracts from rats 
and DOB.

Leaf Extract of Dombeya buettneri for Inhibition	 7
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8	 Curative and Preventive Properties of Medicinal Plants

1.2.7  IN VITRO ENZYMES INHIBITION ASSAY

1.2.7.1  α-AMYLASE

A detailed method by Worthington39 was used to decide the inhibitory 
capacity of DOB extract with pancreatic α-amylase solution, while the Abs 
was taken at 540 nm.

1.2.7.2  α-GLUCOSIDASE

A detailed method by Apostolidis et al.5 was used to decide the inhibitory capacity 
of DOB extract with α-glucosidase solution, while the Abs was taken at 405 nm.

1.2.8  ANIMAL CARE AND HANDLING FOR THE T2DM MODEL

Animal handling followed the guideline by the Ethical Committee of the 
University, with approval number FUTA/SOS/1411. Thirty (30) male Wistar 
rats were obtained from Veterinary Department, University of Ibadan with an 
average weight between 150 and 180 g; they were acclimatized for 2 weeks 
under a controlled condition.27 The animal was made diabetic using the method 
described by Nwanna et al.27 and then allocated with specific treatment groups 
[(1) control rats, (2) diabetic rats not treated, (3) diabetic rats treated (100 mg/
kg of metformin (antidiabetes drug) orally/day, (4) diabetic rats received (600 
mg/kg aqueous DOB orally/day)] based on established standardization in the 
research laboratory.11 This experiment took 14 days; thereafter, the animals 
were decapitated and the liver, pancreas, and kidney tissue removed and then 
homogenized using11 while fraction obtained used for the biochemical assays.

1.2.9  TNF-α, IL-1α, AND IL-6 GENES EXPRESSION

1.2.9.1  RNA ISOLATION

The tissues (pancreas, liver, and kidney) were excised from each animal and 
homogenized in Epp end-off tubes containing 1000 ul Trizol reagent. 300-µl 
chloroform was added to the homogenate to extract the RNA; this was vortex 
and then centrifuged for 30 min at 1500 rpm. The upper fraction was aspirated 
into a new labeled container. 200 µl iso-amy alcohol (precipitating medium) 
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was added to the supernatant in the new labeled tubes and vortex for 30 min 
at 1500 rpm; thereafter, the RNA pellet was recovered. 2X centrifugation at 
15,000 rpm was carried out on the RNA pellet when 50 µl of 70% ENL then the 
filtrate was subsequently dissolved in 50 µl of nuclease-free water. The absor-
bance and purity of total RNA (mRNA) was taken by UV spectrophotometer.12

1.2.9.2  REVERSE TRANSCRIPTION METHOD

Reverse transcription was then performed according to the manufacturer kit 
description (Inqaba Biotech, South Africa).

1.2.9.3  cDNA SYNTHESIS

ProtoScript 1st Strand cDNA Synthesis Kit was used for the conversion 
of RNA to cDNA, while the PCR amplification was carried out using the 
following primer set (Table 1.1).

TABLE 1.1  Primers Used for the Genetic Expression of the Cytokines.

Gene Forward primers Reverse primers
TNF-α 5’-ACCACGCTCTTCTGTCTACTG-3’ 5’-CTTGGTGGTTTGCTACGAC-3’
IL-6 5’-TCTCTCCGCAAGAGACTTCCA-3’ 5’-ATACTGGTCTGTTGTGGGTGG-3’
IL-1β 5’-CCGGATGGGTAGGATAAAGTT-3’ 5’-ACCCACTGAGGTAGGAAAGA-3’
GAPDH 5’-CTCCCTGGAGAAGAGCTATGA-3’ 5’-AGGAAGGAAGGCTGGAAGA-3’

Thereafter, the method as described by Elekofehinti et al.12 was used for the 
assessment of PCR products (amplicons) using agarose gel electrophoresis, 
then visualization of the expression as bands was done using Blue-light-
transilluminator while intensities of bands were quantified densito-metrically 
with Image-J software.

The method of Zar42 was used to analyze the data of replicate readings 
with significance (p<0.05).

1.3  RESULTS

The results of the qualitative analysis of phytochemical constituents in 
Dombeya spp are shown in Table 1.2. There was presence of saponin, tannin, 

Leaf Extract of Dombeya buettneri for Inhibition	 9
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10	 Curative and Preventive Properties of Medicinal Plants

flavonoids, steroid, and terpenoid, while alkaloid and anthraquinone were 
not detected. Table 1.2 also reveals the quantitative analysis of the total 
content of constituents in the following order: saponin (19.45 ± 2.50 mg/g) 
> terpenoids (10.52 ± 2.34 mg/g) > flavonoids (9.19 ± 2.10 mg/g) > steroids 
(5.72 ± 0.87 mg/g.) > tannin (3.26 ± 0.99 mg/g).

TABLE 1.2  Qualitative Analysis of Some Phytochemicals in DOB.

DOB constituents Indicator mg/g
Saponin ++ 19.45 ± 2.50a

Tannin + 3.26 ± 0.99f

Flavonoid ++ 9.19 ± 2.10c

Steroid + 5.72 ± 0.87d

Terpenoid + 10.52 ± 2.34b

Alkaloids − n/a
Anthraquinone − n/a
KEY:
Presence +

Absence –

Table 1.3 shows the polyphenol identified and quantified in mg/100 g. 
A total of 218 mg/100 g of phenolic and flavonoid were found in the DOB 
plant. It was also observed that quercetin had the highest concentration in 
100 g of DOB in the following order: quercetin (57.31 mg) > kaempferol 
(33.06 mg) > caffeic acid (20.59 mg) > chlorogenic acid (20.43 mg) > 
Protocatechoic acid (17.12 mg) >Rutin (12.51 mg) > Hydroxybenzoic acid 
(11.56 mg).

Table 1.4 reveals IC50 of antioxidant property of DOB in scavenging 
ability (%) against DPPH (8.13 ± 0.11), NO*(4.08 ± 0.06), and SNP-induced 
lipid peroxidation (8.46 ± 0.20). Table 1.5 shows the inhibitory concentra-
tion of the aqueous extract toward carbohydrate hydrolyzing enzymes: 
α-glucosidase (8.10 ± 0.06 mg/mL) and α-amylase (6.23 ± 0.64 mg/mL). 
Figure 1.1 shows a DOB extract overview on the blood glucose level. It 
was observed that the extract intubation for the 14-day period inhibited the 
diabetic enzymes (amylase and glucosidase), which might be due to the plant 
antioxidant, antidiabetes, and anti-inflammatory properties. The inflam-
matory cells were reduced/not seen in the liver histopathology analysis as 
depicted in the overview.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



TABLE 1.3  Polyphenolic Composition in DOB Plant Using HPLC.

Compounds RT* DOB plant
mg/100 g

3-0-Caffeoylauinic 23.475 2.92 × 10-2

Apigenin 17.097 3.06 × 10-1

Caffeic acid 14.156 9.20
Capsaicin 20.793 5.94 × 10-4

Catechin 9.748 1284
Chlorogenic acid 23.970 20.43
Coumarin 15.504 1.27 × 10-4

Coumestrol 17.367 3.06 × 10-1

Daidzein 16.676 8.80 × 10-5

Ellagic acid 21.825 5.63
Epicatechin 12.364 7.37 × 10-3

Epigallocatechin 21.441 2.31
Ferulic 14.923 20.58
Gallic acid 11.354 5.67
Genistein 18.847 3.28 × 10-4

Gingerol 23.234 1.20 × 10-4

Isoquercitrin 26.952 2.26 × 10-5

Isorhamnetic 24.613 3.03
Isovanillin 17.671 4.95 × 10-5

Kaempferol 19.525 33.06
Luteolin 20.122 4.58
Myricetin 25.001 1.12
Naringenin 18.059 1.55 × 10-3

Naringenin chalcone 18.358 3.02 × 10-3

o-Coumaric acid 13.292 8.58 10-4

p-Coumaric acid 10.649 5.88 × 10-4

p-Hydroxybenzoic acid 13.543 11.56
Protocatechoic acid 10.161 17.12
Quercetin 22.607 37.31
Quercitrin 26.065 2.22 × 10-4

Rutin 27.290 12.51
Shoganol 19.108 1.81 × 10-3

Sinapinic acid 16.251 9.61
Syringic acid 15.817 4.83
Vanillic acid 12.562 3.53 × 10-1

Total 217.61 mg/100 g
RT* = retention time (min)

Leaf Extract of Dombeya buettneri for Inhibition	 11
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12	 Curative and Preventive Properties of Medicinal Plants

TABLE 1.4  IC50 Values of Antioxidative Potential of the Aqueous Extract of DOB on 
DPPH*, NO*, and SNP-Induced Lipid Peroxidation.

Parameter Aqueous extract 

DPPH* 8.13 ± 0.11

NO* 4.08 ± 0.06

SNP- induced LPO 8.46 ± 0.20

TABLE 1.5  IC50 Values of Aqueous Extract of DOB on Carbohydrate Hydrolysis Enzymes 
(mg/mL).

Parameter Aqueous extract 

α-glucosidase 8.10 ± 0.06

α-amylase 6.23 ± 0.64

Figure 1.2 reveals peak of each constituent characterized in a chromato-
gram. Figure 1.3 shows the effect of DOB blood glucose in T2DM rats. 
The diabetic rats without treatment had an elevated blood glucose level of 
(305 ± 10.6 mg/dL), but the treatment with metformin and DOB reduced 
significantly (p<0.05) blood glucose to (105.75 ± 6.6 mg/dL) and (100.25 ± 
5.5 mg/dL) compared with group 1 (89.25 ± 4.34 mg/dL) control. Figures 
1.4 and 1.5 reveal that diabetic rats had an increased expression TNF-α in 
the liver and in the pancreas within the range of (107.97–119.31%), but 
the treatments reduced (p<0.05) the expression to (91.58–104.72%) with 
metformin treatment, while it was (81.94–103.09%) with DOB when 
compared with the control (92.61–98.97%). The same trend was observed 
with the expression of IL-6 in the kidney. In Figure 1.6 (control 96.30%, 
diabetic 115.63%, diabetic + metformin 102.60%, and diabetic + DOB 
100.34%), the results were not significantly different (p>0.05) with the use 
of metformin (synthesized drug) and DOB (plant compounds). Figure 1.7 
shows the expression of IL-6 in the pancreas with (control 89.96%, diabetic 
100.38%, diabetic + metformin 86.18%, and diabetic + DOB 89.71%), with 
no difference (p>0.05) for both treatments. Overall, treatments downregu-
lated the expression of these cytokines significantly (p<0.05). Figure 1.8 
shows IL-1 in the kidney with (control 108.5%, diabetic 125.1%, diabetic 
+ metformin 118.9%, and diabetic + DOB 110.4%); this however followed 
the same tread as the previous ones.
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FIGURE 1.3  Blood glucose of T2DM rats treated with DOB extract. Values represent means 
of replicate readings.

FIGURE 1.4  qPCR analysis of TNF-α expression in the liver after treatments. Different 
letters showed significant difference (p<0.05).

FIGURE 1.5  qPCR analysis of TNF-α expression in the pancreas after treatments. Different 
letters showed significant difference (p<0.05).
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16	 Curative and Preventive Properties of Medicinal Plants

FIGURE 1.6  qPCR analysis of IL-6 expression in the kidney after treatments. Different 
letters showed significant difference (p<0.05).

FIGURE 1.7  qPCR analysis of IL-6 expression in the pancreas after treatments. Different 
letters showed significant difference (p<0.05).

FIGURE 1.8  qPCR analysis of IL-1 expression in the kidney after treatments. Different 
letters showed significant difference (p<0.05).
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1.4  DISCUSSION

The presence of phytoconstituent has been shown to protect and treat different 
diseased pathology, which includes type 2 diabetes10,28 (Figure 1.1). The most 
numerous constituents in the category of phytochemicals are the phenolic 
and its diverse constituents14 with various biological activities. There has 
been increasing evidence in the therapeutic potential of plant and its products 
due to minimal side effect2 as antioxidants25–28 because synthetic antioxidant 
agents have been found to possess serious health threats. Phytochemicals 
such as flavonoids, steroids, terpenoids, tannin, and saponin as seen in 
Tables 1.2 and 1.3 are potent antioxidants, chelators, and radical scavengers, 
with numerous health-promoting properties.26 These compounds (Table 1.4) 
are reportedly known to have holistic positive attributes in the biological 
system.10,34 Antioxidants can halt radicals (ROS) that kick start damage to 
the cell in a diseased state such as T2DM via HAT, ET, and combination of 
both HAT and ET.15 HAT processes an antioxidant agent ability to extinguish 
free radicals as observed from this study by donating hydrogen from the 
phyto-compounds, while ET identifies the capacity of antioxidant to transfer 
one electron to lessen radicals, metals, and carbonyls.15

ROS tend to cause instability by changing a normal biological condition 
into a diseased state as observed in this study; the extract inhibited carbo-
hydrate hydrolysis enzymes (Table 1.5) and also reduced the uncontrolled 
and increased blood glucose (Figure 1.3) which could have generated ROS. 
But, the overall result showed that the DOB extract might have served as an 
excellent inhibitor of ROS because of its richness in antioxidant property. In 
addition, the result reveals that the DOB plant (Figure 1.3) reduced the blood 
glucose. This study correlated with the report of Okwari et al.31 on the DOB 
extract lowering the blood pressure. There are confirmed facts of connection 
between elevated blood glucose and blood pressure.12,27,28 The reduced blood 
glucose could be associated with the concentration of active polyphenol 
compounds in the plant such as quercetin, kaempferol, chlorogenic acid, 
Protocatechoic acid, rutin to mention a few (Table 1.4 and Figure 1.2).

The hypoglycemic property of the DOB extract on amylase, glucosidase 
enzymes with other glucose-transporting proteins also implies that the plant 
constituents might have activated the signals involved with the transportation 
of blood glucose across the cells via various mechanisms, as observed in 
the in vivo study. These observations correlate with the reports of20,22 on the 
glucose-lowering effect in comparison with polyphenols from plant-derived 
compounds. The build-up of blood glucose could have led to increased ROS 
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18	 Curative and Preventive Properties of Medicinal Plants

generation and might have increased the oxidative stress as evidence in the 
elevated cytokines in the different tissues such as the liver, pancreas, and 
kidney (Figures 1.1 and 1.4–1.6) in T2DM. Cytokines provide information 
about the physiological stability of the system, while T2DM might exacerbate 
their production.16,17

Holistic control of a diseased state including cytokines exudation might 
serve as a positive approach in the management of T2DM. This likely offers 
an explanation of the immune-modulatory action of DOB extract on selected 
cytokine genes expression in T2DM rats which increased without treatment. 
But, metformin and DOB-treated groups had a reduced blood glucose level 
with a concomitant decreased oxidative stress, downregulated TNF-α gene 
expression in the liver and in the pancreas as well as IL-6 in the kidney, IL-6 
in the pancreas, and IL-1 in the kidney and overall normal physiological 
system. The results confirm the report of Sharma and Nehru34 on the down-
regulation of the expression of cytokines with the administration of curcumin 
extract. Decreased level of aforementioned cytokines could also have been a 
possible rationale of DOB extract in ameliorating gastric mucosal damage.30 
Thus, a potent antagonist from plants on TNF-α, IL-6, and IL-1 highlighted 
by Takashiba et al.36 like DOB plant could also offer protection in the treat-
ment of diseases.

1.5  SUMMARY

DOB plant, as an under-utilized tree-plant predominant in the tropics, is used 
locally without enough scientific information to back its usage. This study 
has been able to unravel some of the potential uses of DOB as antioxidant, 
antidiabetes, and anti-inflammatory agent. Nevertheless, DOB can be further 
explored as a potential natural drug compound.
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Antidiabetic Potential of African 
Medicinal Plants: A Brief Review 
Using Animal Models

Gbolahan Iyiola Asejeje and Folake Olubukola Asejeje

CHAPTER 2

ABSTRACT

African medicinal plants have promising prospects in drug development for 
various diseases, such as diabetes. In recent times, several of these plants have 
been investigated in in vitro and/or in vivo settings for potential benefits to 
manage diabetes. This chapter reviews research on African medicinal plants 
in the treatment of diabetes. Electronic databases including Scopus, Google 
Scholar, PubMed, and ScienceDirect were searched by using the key search 
words, such as Africa, medicinal plants, diabetes, and antidiabetic. Then 
relevant references were selected/reviewed including articles published up 
to April 2020 for all plant species of African origin with experimental design 
for in vivo animal models. This chapter presents a discussion of the potential 
benefits of African medicinal plants in the treatment of diabetes from a 
review of research reports that have used different animal models to inves-
tigate the potentials of medicinal plants in the development of therapeutics 
for diabetes. The aim of this chapter is to discuss the potentials of medicinal 
plants in the treatment of diabetes with a focus on plants of African origin.

2.1  INTRODUCTION

Diabetics can be regarded as a silent killer because the onset of the disease 
is not often noticed until almost at the advanced stage of the disease when 
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24	 Curative and Preventive Properties of Medicinal Plants

symptoms and other complications begin to manifest.45 The International 
Diabetes Federation (IDF), in its 9th edition Diabetes Atlas, have projected 
that by 2030 there will be 578 million adults with diabetes, which will rise 
to 700 million by 2045.19,45 The IDF also estimates the worldwide annual 
incidence of diabetes in under the 20 years age group to be about 128,900 new 
cases. The report concludes that the number of adolescents and children with 
type 1 diabetes is on the increase worldwide.42 The contribution of diabetes 
to global health care cost and consequent economic impact is enormous. The 
direct expenditure on diabetes was about 760 billion USD in 2019, and has 
been projected to increase to about 825 billion USD and 845 billion USD 
in 2030 and 2045, respectively.51 The global health and economic burden 
occasioned by the incidence of diabetes have made the disease to gain global 
recognition and research attention. Diabetes is an endocrine metabolic 
disorder that presents either as the more common mellitus form or the less 
common insipidus form.29

Diabetes mellitus (DM) is associated with hyperglycemia due to 
deficiencies in insulin production and/or action. This form of diabetes is 
the most prevalent and major cause of complications, hospitalization, and 
fatality. Notable symptoms of DM include polyuria, polyphagia, polydipsia, 
pruritus, and unexplained weight loss. DM are of two types: namely type 
1, also known as insulin-dependent diabetes mellitus (IDDM) and type 2, 
also known as noninsulin-dependent diabetes mellitus (NIDDM). IDDM 
is caused by insulin deficiency due to immune-mediated destruction of the 
pancreatic β-cells that produce insulin. IDDM can be managed by insulin 
replacement therapy. The NIDDM is associated with compromised insulin 
secretion/signaling or peripheral resistance to the action of insulin due to 
either obesity or hereditary disorder. NIDDM is the most prevalent form 
of diabetes mellitus and usually manifest at about age 40. Since NIDDM 
is associated with lifestyle and genetics, it is usually managed through 
dietary adjustments, exercise, and use of hypoglycemic therapies.

Diabetes insipidus (DI) is associated with excessive thirst and passing 
of copious diluted urine that is not responsive to reduction of fluid intake 
by the individual. The most common type of DI is called central DI which 
is due to arginine vasopressin (antidiuretic hormone) deficiency. The other 
type of DI is called nephrogenic DI associated with the kidney’s insensitivity 
to antidiuretic hormone.

Some common complications that a diabetic may likely have include hyper-
glycemia, diabetic ketoacidosis, hyperosmolar state, oxidative stress, impaired 
immune response with susceptibility to respiratory infections, and microvas-
cular pathologies (such as retinopathy, neuropathy, and albuminuria).21
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No adequate cure exists till date for diabetes. However, a number of 
management strategies have employed drugs (such as insulin therapy and 
oral hypoglycemic), and lifestyle/diet adjustments. Side effects from the use 
of orthodox therapeutics have stimulated research into the use of natural 
products including medicinal plants in the management of diabetes. Some of 
these side effects include lactic acidosis, peripheral edema, hypoglycemia, 
and gastrointestinal issues.50 On the other hand, it is expected that the 
medicinal plants will elicit less side effects, be safer and cost effective. In 
Africa, there is an abundance of natural product especially of plant source 
that has shown potential in diabetes treatment. The local herbal medicine 
industry has helped to popularize a significant number of plants in the care 
for diabetes and other diseases. Consequently, a good number of these plants, 
and their potential active principle(s), have been studied using different 
animal models to investigate their antidiabetic properties.

This chapter focuses on promising studies with emphasis on the different 
animal models and potential application in humans. The chapter also high-
lights health benefits of African medicinal plants in the treatment of diabetes 
in the poor and less-technologically developed continent of Africa.

2.2  ANTIDIABETIC POTENTIAL OF AFRICAN MEDICINAL PLANTS 
IN DIFFERENT ANIMAL MODELS

Many of the research into the antidiabetic potentials of medicinal plants of 
African origin have been conducted in vivo using rats and mice. The experi-
mental design of majority of the studies involves dividing the animals into 
at least four different treatment groups. At least two groups are composed of 
diabetic animals (usually induced by chemical agent, e.g., alloxan and strep-
tozotocin; or genetic knockout animals) to have treated diabetic and untreated 
diabetics animals for comparison. The other two groups are usually untreated 
normal (nondiabetic) animal and treated normal (nondiabetic) animals. 
The duration of experiment ranged from 1 h to about 21 days. Many of the 
plants studied have been reported to contain phytochemicals that make them 
exhibit their antidiabetic effects. Such identified phytochemicals include 
tannins, flavonoids, saponins, cardiac glycosides, and alkaloids. Most of 
the investigations demonstrate a dose-dependent action of the administered 
plant materials. Of the several reviewed studies on antidiabetic investigation 
of medicinal plants across Africa, reports are predominantly from Nigeria, 
Cameroun, South Africa, Morocco, Egypt, and Tunisia.
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The following are discussions of the reviewed studies according to the 
animal model used and the prospect for the application in human treatment 
of diabetes.

The murine studies have been predominantly in rats of the albino Wistar 
species and mice of the Swiss species. Some of these medicinal plants have 
also been reported to show benefits in attenuating secondary complications 
like retinopathy, nephropathy, dyslipidemia, neuropathy, and cardiovascular 
disease that are usually associated comorbidity of diabetes.22,27,44,50 For 
example, some of the medicinal plants help to lessen the risk of secondary 
complications associated with diabetes by improving glucose tolerance, and 
restoring liver glycogen and antioxidant activity. Furthermore, they protect 
from the pathological damages like regeneration of the epithelium, expan-
sion of glomeruli, clearance of hemorrhages, and cytoplasmic debris.24,30

2.3  POTENTIAL IMPACT OF AFRICAN ANTIDIABETIC MEDICINAL 
PLANTS ON THE DIABETES BURDEN

Data from WHO indicates that thousands of plant species with proven 
hypoglycemic activity are being used as traditional herbal therapies for 
the management of DM. The WHO, following laboratory investigations 
of these medicinal plants, has approved the use of herbal medicine for the 
treatment of certain ailments including diabetes.9,24 Hence, a large proportion 
of the world’s population use herbal remedies for the treatment of DM.29,40 
The use of plants in managing ailments and particularly DM is an ancient 
tradition in Africa that has been transmitted from one generation to another. 
The improvement in science and technology has helped in the experimental 
validation of these medicinal plants by indigenous researchers (Table 2.1).

The diabetes crisis in Africa is of serious concern as about 20 million people 
in Africa have been documented to be diabetic in 2013, which may increase to 
about 42 million by 2025.43 Earlier, 10 million people in sub-Saharan Africa 
were reported to have diabetes in 2006 with the potential of rising to about 19 
million by 2025.26 This burden of DM is widespread in African countries with 
Nigeria having about 4 million people living with diabetes as of 2013,48 and 
South Africa with about 500 thousand diabetic patients.11 This incidence of 
DM explains the high rate of diseases such as cardiovascular diseases, impo-
tence, and erectile dysfunction problems that are prominent in sub-Saharan 
Africa.12 From the aforementioned, it can be said that the socioeconomic 
impact of DM cannot be overlooked and allowed to spiral into a pandemic that 
will overwhelm the already poor health care system.
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2.4  SUMMARY

It is noteworthy to mention that deliberate investment by African govern-
ments in drug development program for the treatment of diabetes from these 
medicinal plants will, to a large extent, ease the health and socioeconomic 
burden occasioned by diabetes on the continent and make resources that 
would have been otherwise lost to the source available for other uses.
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CHAPTER 3

ABSTRACT

The antioxidant properties of ripe and unripe Carica papaya fruit were 
investigated on kidney parameters in diabetic streptozotocin-induced rats. 
Six groups of five male albino rats were designed. Groups 2, 3, 4, and 5 
received 500 mg/kg body weight C. papaya for 21 days. Groups 1, 2, and 
3 were normal and diabetic, respectively, and were treated with the unripe 
C. papaya extract, while the ripe C. papaya extract was used to treat groups 
4 and 5 that were normal and diabetic, respectively. The diabetic control is 
group 6. Analysis was done for 1-1,diphenyl, 2-picryl hydrazine (DPPH) 
activity, ferric-reducing antioxidant power (FRAP), nitric oxide (NO) anti-
oxidant potential, total antioxidant capacity (TAC) activities, and urea and 
creatinine activities. The DPPH activity, FRAP, and TAC of the unripe C. 
papaya were higher (0.498, 0.022, 0.01, 0.343) compared to ripe C. papaya, 
but the NO scavenging activity was higher (0.010) than that of unripe C. 
papaya. No remarkable effect was observed on the urea level, while the 
creatinine level of the treated animals was reduced significantly at p˂0.05. 
Both unripe and ripe C. papaya possess antioxidant properties, but these are 
higher in unripe C. Papaya.
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3.1  INTRODUCTION

Diabetes mellitus is a chronic, metabolic disorder associated with higher 
blood glucose amount leading to effective damage to the heart, blood 
vessels, kidneys, nerves, and eyes.5 Diabetes is mainly classified into two 
forms: (1) Type 1 diabetes mellitus (insulin-dependent diabetes) is a chronic 
disease with little or no insulin being produced by the kidney; and (2) Type 
2 diabetes mellitus (non-insulin-dependent diabetes), caused by the inability 
of cells to act properly to the effect of insulin. These two types of diabetes 
have been reported to affect persons of all age groups.3

Recently, around 150 million people are affected by diabetes mellitus and 
this data may be doubled by the year 2025.12 The developing countries are 
expected to experience much of this increase as a result of population growth, 
unhealthy diet, ageing, obesity, and poor lifestyle. By the year 2025, most of 
the diabetic group in developed countries would be at the age of 65 years or 
older, while the affected age group in developing countries will be between 
the age 45 and 65 years. It was believed to be specific to a particular age 
bracket, but current research studies nullified age specificity and affirmed 
that all ages are affected. Symptomatic treatment is available, but presently 
there is no cure for the disease.

Disease conditions, such as arthritis and digestive disorders, have 
been treated using bioactive components (chymopapain and papain) of C. 
papaya.19 The plant extracts of the ripe fruits are useful as antimalarial, 
anthelminthic, and antihypertensive medicine, while unripe fruits function as 
antidiabetic treatment. The unripe C. papaya fruit extract possesses antioxi-
dant properties.15

Despite the wide consumption of C. papaya traditionally in the manage-
ment of many illnesses, the ripe fruit antioxidant effect in the treatment of 
diabetes mellitus has not been reported. In view of this, it is the focus of 
this chapter to determine the free radicals scavenging properties and effect 
of ripe and unripe C. papaya methanol extract on kidney parameters in 
streptozotocin-induced diabetic albino rats.

Hyperglycemia brought about through the disruption of insulin metabolism 
is a major factor in diabetes mellitus. Between 1980 and 2014, people with 
incidences of diabetes grew from 108 million to 422 million.2 The long-term 
hyperglycemia as seen in diabetes has been connected to chronic diseases 
and organs failure, as seen in the heart, kidney, eyes, and blood vessels.2 
Carbohydrate, fat, and protein metabolic abnormalities in diabetes are based 
on the deficient action of insulin, with uncontrolled diabetes resulting in 
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life-threatening hyperglycemia, ketoacidosis, atherosclerotic cardiovascular, 
and cerebrovascular diseases.1,21

In diabetes mellitus, generation of reactive oxygen species resulting 
from glucose autoxidation and oxidative phosphorylation can be as a result 
of chronic hyperglycemia. This then results in oxidative stress when there is 
low activity of antioxidant enzymes, thereby resulting in β-cell dysfunction.18 
Diabetes mellitus currently has no cure, but good management can be achieved 
through diet modification and medications.

The study in this chapter intends to evaluate the in vitro free radical 
scavenging potential of ripe and unripe C. papaya methanol extract and its 
effect on the kidney function of streptozotocin-induced diabetic albino rats.

3.2  METHODS AND MATERIALS

3.2.1  EXPERIMENTAL ANIMALS

Male Wistar albino rats numbering 36 in total and weighing between 80 
and 100 g were procured from Animal facility, Babcock University, Ilishan 
Remo, Ogun State. The rats were housed in clean, well-aerated, and well-
illuminated battery cages. The animals were fed standard commercial rat 
chow and water ad libitum. The commercial rat chow was purchased from 
Kayus Animal Feeds, Iperu, Ogun State. The rats were acclimatized for a 
period of 2 weeks. Thereafter, seven groups having five animals each were 
set up:

•	 Group 1: Normal rats, untreated group (Normal control)
•	 Group 2: Unripe C. papaya methanol extract treated normal rats
•	 Group 3: Unripe C. papaya methanol extract Type 1 DM-induced rats 

treated group
•	 Group 4: Ripe C. papaya methanol extract treated normal rats
•	 Group 5: Ripe C. papaya methanol extract treated Type 1 DM-induced 

rats.
•	 Group 6: Untreated Type 1 DM-induced rats (Diabetic control).
•	 Group 7: Glibenclamide treated Type 1 DM-induced rats

3.2.2  INDUCTION OF DIABETES

Induction of diabetes was done intraperitoneally with 65 mg/kg body weight 
streptozotocin in groups 3, 5, and 6. Blood was extracted from the tail vein, after 
48 h, for glucose analysis using the Accuchek™ Glucometer (model 35NZ, 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



42	 Curative and Preventive Properties of Medicinal Plants

manufactured by Roche Diabetes Care, Mannheim, Germany). Diabetes was 
recorded in rats with fasting blood glucose of 200 mg/dL and above.

3.2.3  WEIGHING OF EXPERIMENTAL ANIMALS

The animals were weighed at the end of every week using an electronic scale. 
The average weight gain of the animals was gotten by subtracting the initial 
(starting weight) from the final weight after the whole experiment. This repre-
sented the average weight gain of each group at the end of the study.

3.2.4  SACRIFICING OF EXPERIMENTAL ANIMALS

After treatments for 3 weeks the animals were allowed to fast overnight for 12 
h and then sacrificed. The experimental animals were bled via ocular puncture 
into sample bottles using a capillary tube after which the rats were sacrificed. 
The Urea and creatinine activity were assayed using the blood serum.

3.2.5  IN VITRO ANTIOXIDANT ASSAY

The DPPH activity of the ripe and unripe C. papaya extract was compared 
by adopting the procedure reported by McCune and Johns.13 3.0 mL of the 
reaction mixture will consist of 0.3 mM DPPH (1.0 mL), extract of the ripe 
(1.0 mL), and unripe (1.0 mL) C. papaya and methanol (1.0 mL). This was 
then incubated in the dark for 10 min. Absorbance was read at 517 nm. The 
percentage of antioxidant potential was calculated as follows:

% Antioxidant potential =
[(Optical Density of control–Optical Density of sample)/

	 (Optical Density of control)] × 100	 (3.1)

The Benzie and Stain FRAP assay method was used.6 Various concentra-
tions of the ripe and unripe C. papaya fruit pulp extract were added to the FRAP 
reagent (2 mL) to form an intense blue Fe2+-TPTZ complex. The absorbance was 
taken against blank at 593 nm after 2 min, using ascorbic acid as the standard. 
The potential to lower ferric ion of test sample was estimated as antioxidant 
capacity from mmol FeSO4 equivalents standard curve per gram of sample.

Nitric oxide (NO) Griess reaction assay was employed using the Griess 
reagent, following the procedure of Green et al.9 10 mM sodium nitroprusside 
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(3.0 mL) was mixed to methanol extract (2.0 mL) of the C. Papaya ripe 
and unripe and ascorbic acid (20–100 g/mL). Incubation was done for the 
resulting solutions for 60 min at 25°C. This procedure was followed using 
ethanol as control. After incubation, 5 mL of Griess reagent was added and 
the absorbance formed was observed at 540 nm. The absorbance value of test 
and control preparation was calculated to derive the percentage inhibition of 
the nitrite oxide generated.

The total antioxidant capacity was measure by adopting the Prieto et al. 
method.16 Molybdate solution (1 mL) was added to varying concentrations 
of the C. papaya ripe and unripe methanol extract. The molybdate solution 
was boiled for 90 min at 95°C. The resulting reaction solution’s absorbance 
was taken at 695 nm after cooling at 25°C.

3.2.6  KIDNEY FUNCTION ANALYSIS

To determine the kidney function, creatinine level was estimated, which is 
better when compared to the evaluation of urea.17 0.1 mL of serum was added 
to the creatinine working reagent. The reaction absorbance was estimated 
and recorded as A1 after 30 s at 492 nm. Then, the absorbance was read 
again after 2 min and recorded as A2. The creatinine concentration in the 
serum was calculated as follows:

	
change in optical density of sample X  ]

change in optical density of standard
standard concentration 

 
 

	 (3.2)

Determination of urea concentration17

For the quantification of urea concentration, 0.010 mL of serum, standard 
solution, and distilled water was measured into labeled sample, standard, 
and blank tubes, respectively. Reagent 1, R1 (0.5 mL) were measured into 
the experimental tubes, respectively, and were mixed carefully and at 37°C 
incubated for 10 min. 0.5 mL of R2 and R3 were added to all tubes and 
mixed gently. Incubation of the solution was followed at 37°C for 15 min, 
and absorbance reading was read at 546 nm.

	 Concentration of Urea in mg/dl =

	
optical density of sample   

optical density of standard
standard concentration× 	 (3.3)

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



44	 Curative and Preventive Properties of Medicinal Plants

3.2.7  STATISTICAL ANALYSIS

Data generated from this study was expressed as mean ± SD, whereas statistical 
comparison of the data was carried out by means of One-way Analysis of 
Variance (ANOVA) that was used to estimate level of significance among 
the study groups, using SPSS software, version 14.0. Duncan Multiple-
Range Test (DMRT) was used to determine the post-hoc tests between the 
groups. The graphs and charts were constructed using Microsoft Excel © 
2013. p<0.05 was considered statistical significance.

3.3  EXPERIMENTAL RESULTS

Figure 3.1 shows the DPPH radical scavenging activity of the extracts. It 
was shown that both ripe and unripe methanol extracts possessed DPPH 
radical scavenging activity, but they were found to be lower than those of the 
standard at p˃ 0.05. Figure 3.2 shows the ferric-reducing antioxidant power 
of the extracts.

FIGURE 3.1  DPPH antioxidant activities of Unripe and ripe C. papaya methanol extract.
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FIGURE 3.2  FRAP activities of unripe and ripe C. papaya methanol extract.

It was shown that the unripe C. papaya and ripe possessed ferric-reducing 
antioxidant power, but that of unripe C. papaya is higher than the ripe C. 
papaya and this was statistically significant difference at p ˂ 0.05. The 
antioxidant nitric oxide activity of the extracts is shown in Figure 3.3. It was 
shown that the unripe C. papaya and ripe possessed nitric oxide antioxidant 
activity, but that of unripe C. papaya was higher than the ripe C. papaya and 
this was significant at p ˂ 0.05. The total antioxidant capacity of the extracts 
is shown in Figure 3.4. It was shown that the unripe C. papaya and ripe 
possessed total antioxidant capacity, but that of unripe C. papaya was lower 
than the ripe C. papaya and this at p ˃ 0.05 was not significant.

FIGURE 3.3  NO antioxidant activities of unripe and ripe C. papaya methanol extract.
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FIGURE 3.4  TAC of unripe and ripe C. papaya methanol extract.

Figure 3.5 shows the C. papaya extract effect on body weight change in 
normal and diabetic-treated animals. The results show that animals in group 
4 (Normal rats treated with ripe Carica papaya extract) had the highest body 
weight gain, while animals in group 6 (diabetic control with no treatment) 
had the lowest body weight gain. The diabetic-treated animals’ body weight 
was lower than that of the untreated animals, but the difference in weight 
at p > 0.05 was not significant. The serum urea activity of the experimental 
animals is shown in Figure 3.6. It was shown that group 6 (diabetic control) 
had the highest serum urea level, while the group one (normal control) 
showed lowest urea activity. The normal control group had lower urea 
activity in contrast to the normal group treated with extracts. The diabetic 
groups had lower urea activity in contrast to nondiabetic group. Figure 3.7 
shows the serum creatinine levels of the experimental animals. It was shown 
that group 6 (diabetic control) had the highest serum creatinine level, while 
the group four (diabetic rats treated with methanol unripe pawpaw) had the 
lowest serum creatinine level. The groups treated with C. papaya had lower 
creatinine activity in contrast to the normal control. The diabetic groups had 
lower creatinine activity in contrast to the untreated diabetic group.

•	 Group 1: Normal rats with no treatment (Normal control).
•	 Group 2: Unripe C. papaya methanol extract treated normal rats.
•	 Group 3: Type 1 DM-induced rats treated with methanol extract of 

unripe C. papaya.
•	 Group 4: Ripe C. papaya methanol extract treated normal rats.
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•	 Group 5: Type 1 DM-induced rats treated with methanol extract of 
ripe C. papaya.

•	 Group 6: Type 1 DM-induced rats with no treatment (Diabetic control).

FIGURE 3.5  Effect of Carica papaya extract on body weight of experimental animals.

FIGURE 3.6  Serum urea levels of the experimental animals.
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•	 Group 1: Normal rats with no treatment (Normal control).
•	 Group 2: Unripe C. papaya methanol extract treated normal rats.
•	 Group 3: Type 1 DM-induced rats treated with methanol extract of 

unripe C. papaya.
•	 Group 4: Normal rats treated with methanol extract of ripe C. papaya.
•	 Group 5: Ripe C. papaya methanol extract treated Type 1 DM-induced 

rats.
•	 Group 6: Type 1 DM-induced rats with no treatment (Diabetic control).

FIGURE 3.7  Serum creatinine levels of the experimental animals.

•	 Group 1: Normal rats with no treatment (Normal control).
•	 Group 2: Normal rats treated with methanol extract of unripe C. 

papaya.
•	 Group 3: Type 1 DM-induced rats treated with methanol extract of 

unripe C. papaya.
•	 Group 4: Normal rats treated with methanol extract of ripe C. papaya.
•	 Group 5: Type 1 DM-induced rats treated with methanol extract of 

ripe C. papaya.
•	 Group 6: Type 1 DM-induced rats with no treatment (Diabetic control).
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3.4  DISCUSSION

Chronic kidney disease as seen in patients undergoing renal transplant11 has 
been shown to be caused by diabetic nephropathy. This incidence is a major 
cause of cardiovascular mortality.22 Diabetic nephropathy involves high 
production of albumin in urine (urinary albumin excretion—UAE) without 
the incidence of renal disease; it is broadly divided into microalbuminuria 
(UAE ˃ 20 µg/min and ≤ 199 µg/min) and macroalbuminuria (UAE ≥ 200 
µg/min).11 Risk factors associated with this disease include genetic predis-
positions, hyperglycemia, and increased blood pressure.8

The prevalence of diabetic nephropathy has been reported among the 
Asians, Africans, and Native Americans than in Caucasians.24 Statistical 
report indicated that diabetic nephropathy incidence doubled between 1991 
and 2001 among patients undergoing renal treatment.14 Luckily, the progres-
sion has decreased as a result of improved clinical diagnosis that helps to 
prevent diabetic nephropathy, thereby reducing advancement of kidney 
disease.7

Urea and creatinine levels are elevated in diabetic nephropathy with 
associated hyperglycemia in unregulated diabetes, as seen in advanced renal 
damage. Serum urea and serum creatinine are used as biomakers to test for 
evidence of kidney dysfunction in diabetes.4

Based on the findings from this study, the DPPH activity of the ripe C. 
Papaya was shown to have a low antioxidant capacity compared to unripe 
C. papaya. This finding is similar to that of Oke15 which reported the DPPH 
radical scavenging activity of unripe C. papaya. For FRAP, the unripe C. 
papaya was shown to have a higher antioxidant capacity than the ripe C. 
papaya. Yee et al.,23 reported similar findings as this study. Papaya peel and 
seed extracts demonstrated ferric-reducing antioxidant power. The ripe C. 
papaya was shown to have high nitric oxide radical scavenging capacity 
compared to unripe C. papaya. Srikanth et al.’s20 investigations showed 
similar data that aqueous extract of C. papaya has nitric oxide radical 
scavenging. For TAC, the unripe C. papaya was shown to have a higher 
antioxidant capacity than the ripe C. papaya.

There was an increase in the body weight gained by rats in groups 1, 2, 
and 4. The ripe and unripe C. papaya methanol extracts helped to prevent 
excessive weight gain by regulating the weight gain based on what was 
observed in groups 2 and 4. There was a drop in the weight of group 3, 5, and 
6 animals which was not significant. Group 5 that was treated with methanol 
ripe C. papaya extract did not have as much weight loss as compared to 
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group 3 that was treated with methanol unripe C. papaya extract, while the 
diabetic control had the highest weight loss.

There was a decrease in the urea levels in the normal groups treated with 
ripe C. Papaya extract and unripe C. Papaya extract for the diabetic groups. 
Based on the results obtained from the study, the methanol ripe C. Papaya 
extract decreased urea levels for the diabetic rats compared to the methanol 
unripe C. Papaya extract. This is similar to that reported by Igbinovia et al.,26 
in which the C. papaca extract can potentially alter kidney function.

There was a reduction in the creatinine activity in the groups treated 
with both the methanol ripe C. Papaya extract and the methanol unripe C. 
Papaya extract for the diabetic groups. Based on the results obtained from 
the study, the methanol unripe C. Papaya extract decreased creatinine levels 
for the diabetic rats compared to the methanol ripe C. Papaya extract for 
the untreated groups. The diabetic control (group 6) had the highest serum 
level, while the lowest was observed in group 1 (Normal control). This is 
similar to that reported by Igbinovia et al.17 in which the C. papaca extract 
can potentially alter kidney function.

It can therefore be concluded from the findings of this study that the 
methanol extract of both unripe and ripe C. papaya possesses antioxidant 
properties, but the unripe C. papaya showed a higher antioxidant potential. 
The C. Papaya extract has renal protective potential by regulating urea and 
creatinine levels. It is therefore recommended that further investigations 
should be employed to explore and recognize the active molecules of C. 
papaya which are essential in the control and treatment of diabetes. These 
bioactive compounds can be isolated and used in the production of drugs for 
the management of diabetes.

3.5  SUMMARY

The antioxidant properties of ripe and unripe Carica papaya fruit were 
investigated on kidney parameters in diabetic streptozotocin-induced rats. 
Six groups of five male albino rats were designed. Groups 2, 3, 4, and 5 
received 500 mg/kg body weight C. papaya for 21 days. Groups 1, 2, and 
3 were normal and diabetic, respectively, and were treated with the unripe 
C. papaya extract, while the ripe C. papaya extract was used to treat groups 
4 and 5 that were normal and diabetic, respectively. The diabetic control is 
group 6. Analysis was done for 1-1,diphenyl, 2-picryl hydrazine (DPPH) 
activity, ferric-reducing antioxidant power (FRAP), nitric oxide (NO) anti-
oxidant potential, total antioxidant capacity (TAC) activities, and urea and 
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creatinine activities. The DPPH activity, FRAP, and TAC of the unripe C. 
papaya was higher (0.498, 0.022, 0.01, 0.343) compared to ripe C. papaya, 
but the NO scavenging activity was higher (0.010) than that of unripe C. 
papaya. No remarkable effect was observed on the urea level, while the 
creatinine level of the treated animals was reduced significantly at p˂0.05. 
Both unripe and ripe C. papaya possess antioxidant properties, but these are 
higher in unripe C. Papaya.
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CHAPTER 4

Potential of Moringa oleifera for the 
Prevention of Cardiovascular 
Diseases in Animal Models

Olufemi Idowu Oluranti

ABSTRACT

Cardiovascular disease is a disease affecting the heart or blood vessels which 
is the main cause of mortality and is a major economic and health burden 
worldwide. Majority of the population use plants for their general health and 
well-being with aromatic and medicinal plants accounting for about 25% 
content of the integrated medications. Therefore, the use of natural products 
and herbal plants caught the attention of the populace bowing to their safety 
and efficacy. Moringa oleifera belong to monogenetic family Moringaceae 
and are known as drumstick, sahjana, and horseradish tree. It is originally 
from the foothills of the Himalaya and the dry tropical forest of north-west 
India. Its pharmacological potentials include anti-inflammatory, antimicro-
bial, neuroprotective, hepatoprotective, and cardioprotective. This chapter 
presents the therapeutic intervention of this plant in animal model of hyper-
tension, cardiac and vascular dysfunction, and diabetic cardiomyopathy.

4.1  INTRODUCTION

Cardiovascular disease (CVD), a principal cause of mortality, is a disease 
affecting the heart or blood vessels that contribute a major burden in 
economic and health sector throughout the world. According to the World 
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Heart Federation, CVD accounts for 17.3 million deaths yearly, and probably 
23.6 million deaths per year by 2030.39 Regular risk factors for CVDs are 
diabetes mellitus, hypertension, hyperlipidemia, smoking, unhealthy diet, 
increased low-density lipoprotein cholesterol (LDL), and decreased high-
density lipoprotein cholesterol (HDL) levels.42

Herbal medicines perform a significant part in health care for a large frac-
tion of the world, which is also considered a part of various tribes’ cultural 
legacy. Plants are the main source of conventional medicinal products used 
to treat various ailments. Of about 422,000 flowering plants reported all 
over the world, 50,000 plants are of medicinal importance for pharmaceu-
tical purposes.29 Approximately 80% of the populace depends on traditional 
remedies primarily for healthcare requirements.41 Medicinal drug therapies 
are more commonly used as an alternative to allopathic drugs. Most of the 
commonly used current pharmaceutical products for the management of 
cardiovascular disorders are with side effects and alternative treatments with 
reduced side effects are urgently required.

The tree Moringa oleifera (MO), also called “drumstick tree,” belongs 
to the genus Moringaceae, most commonly used and best known of the 
many species. It originates from the southern Himalayas to the northeastern 
parts of Afghanistan, Bangladesh, India, and Pakistan, and is now grown in 
America, Africa, and Asia, especially in their tropical and subtropical areas. 
It is a perennial tree that grows fast and shows great ecological plasticity as it 
can adapt to the most difficult soil conditions, precipitation, and temperature, 
becoming very drought-resistant.15,17 The leaves and green pods are eaten as 
vegetables, while the seeds are ground to obtain flour along with the leaves 
in the preparation of soups, enhancing their nutritional quality.6 The seed 
oil is used for solidifying and cooking because it has oxidative and thermal 
stability.31

Despite its bitter and a little astringent taste, MO leaf tea is increasingly 
consumed in Western communities.14 The different part of the plant is a 
medicine commonly used in several different ways for multiple purposes in 
Africa and Asia.7 Its therapeutic benefit includes hepatoprotective, neuro-
protective, cardioprotective, antimicrobial, anti-asthmatic, antitumor, hypo-
lipidemic, intestinal microbiota modulator, and antidiabetic. This is derived 
from the phytochemical elements in the plants, such as alkaloids, glycosides 
(saponins and glucosinolates), and phenolic compounds (coumarins, tannins, 
flavonoids), although some of these metabolites differ depending on the 
extraction method and geographical location.23,25,13 MO leaves are abundant 
in antioxidants like vitamin E, beta-carotene, vitamin C, and polyphenols, 
and are a good source of natural antioxidants.26
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Research laboratory animals are important for comprehending the 
pathophysiology and innovating therapeutic interventions for a disease; they 
are used in biomedical research for various reasons including feasibility, 
similarities to human, and drug safety.24 The model of using animals to study 
cardiovascular disease has contributed substantially to disease pathogenesis 
understanding, giving rise to diagnostic techniques development as well as 
effectiveness of therapeutic procedures and preventive (whether interven-
tional or pharmacological) verification.11

This chapter discusses the potential of moringa oleifera in ameliorating 
cardiovascular disease using the animal model.

4.2  SCIENTIFIC EVIDENCE OF EFFECTS OF MORINGA OLEIFERA 
ON CARDIOVASCULAR DISEASE USING ANIMAL MODELS

4.2.1  HYPERTENSION

Globally, hypertension is a public health problem, with about 9.4 million 
deaths and is a significant cause for other cardiovascular disorders like stroke, 
heart failure, coronary heart disease, left ventricular hypertrophy, and heart 
valvular disease.35 Epidemiological studies support numerous medicinal 
plants’ ability in preventing and treating cardiovascular diseases with limited 
side effects,5 offering another source of medicines. Essential hypertension 
in human is a multifaceted disease with many factors that is affected by 
genetic and environmental conditions. In simulating hypertensive responses 
observed in humans, experimental hypertension of various models has been 
developed.12

4.2.1.1  Nώ-NITRO-L-ARGININE METHYL ESTER (L-NAME) MODEL

The L-NAME-mediated animal model of hypertension works primarily by 
initiating nitric oxide (NO) deficiency and oxidant/antioxidant imbalance. 
NO synthesis inhibition has several characteristics that reflect idiopathic 
hypertension in humans, such as reactive oxygen species-induced cardiovas-
cular disorders, stimulation of sympathetic and renin–angiotensin nervous 
systems, inflammation, and cardiovascular remodeling.2

The effect of the MO hydroethanol extract on L-NAME-induced hyper-
tension in Wistar rats revealed that 500 mg/kg BW of the extract orally 
administered for 14 days reduced the blood pressure caused by L-NAME 
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significantly. Antihypertensive agents that stimulate the vascular smooth 
muscle tend to be effective to minimizing cardiovascular events and avoiding 
irreversible end-organ injury.40 Continuous 50 mg/kg L-NAME administra-
tion for 21 days to male Wistar rats induced hypertension with resistance 
vessels destruction as indicated by endothelial relaxation impairment and 
increased contraction in mesenteric arterial beds mediated by the adrenergic.2

Moringa oleifera leaves (MO) aqueous extract mitigated high blood 
pressure, reduced adrenergic-mediated vasoconstriction, and endothelium-
dependent vasorelaxation in the hypertensive animals. The therapy also 
decreased oxidative stress in hypertensive rats, in both vascular and systemic 
sections. This finding indicated that MO is antihypertensive, attributed to 
enhancing vasorelaxation based on endothelium and inhibiting vascular 
dysfunction induced by oxidative stress.2 This study further investigated the 
mechanism of the action of MO aqueous extract to relax hypertensive rat 
mesenteric resistance arteries. It was revealed that MO induced vasorelaxation 
of hypertensive rats in isolated mesenteric arterial beds by acting on smooth 
muscle and endothelium. MO prompts active action on the endothelium by 
inducing hyperpolarization via a hyperpolarizing factor (EDHF) mechanism. 
It seems that another action of the extract is mediated by blocking extracel-
lular calcium entry via voltage-regulated calcium channels (VOCCs) and 
receptor calcium channels (ROCCs), together with hindering the release of 
calcium from intracellular stores.1 In the end, this capacity of MO can be 
exploited for use as a likely vasodilator in managing hypertension and other 
hyperactive vasoconstriction-associated conditions.

4.2.1.2  SPONTANEOUS HYPERTENSIVE RATS

Another animal model used for research purposes is spontaneous hyperten-
sive rats (SHR), which are typified by an increased release of noradrenaline 
in circulation from the nervous system, leading to elevated blood pressure.27 
At 6 weeks old, the systolic and diastolic functions in the animals will be 
impaired owing to progressive development of left ventricular hypertrophy.22

Moringa oleifera (MO) seed powder was investigated in spontaneous 
hypertensive rats (SHR) as reported by Randriamboavonjy et al.37 During 
the night-time active period, MO explicitly decreased SHR’s heart rate (HR) 
without impact on diurnal arterial blood pressure and HR. They demon-
strated the antihypertrophic function of MOI administration restored certain 
morphological parameters such as left ventricle posterior wall thickness on 
diastole (LVPWTd), interventricular septal thickness on diastole (IVSd), 
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and relative wall thickness (RWT) similar to those reported in Wistar Kyoto 
(WKY), which are associated with left ventricle cardiac hypertrophy induced 
by pressure overload that is increased in SHR. In addition, cardiac fibrosis 
in the SHR control reduced substantially in the treated group. This action 
of MO was linked with increased expression of peroxisome proliferator-
activated receptors (PPARα and δ), which are nuclear receptors and elevated 
levels of PPAR activator prostacyclin plasma. This indicated that MOI seed 
is beneficial against functional and structural cardiac changes associated with 
hypertension and scientifically supports its clinical in traditional Malagasy 
medicine to manage heart problems caused by overloading blood pressure.37

In another research, scientific examination of Moringa oleifera seed treat-
ment on vascular oxidative and nitrosative stresses in SHR was revealed. The 
study showed that the oxidative and nitrosative stresses identified by fluo-
rescent dye dihydroethidine in SHR aortas and protein nitrotyrosine staining 
in SHR aortas treated with MO were reduced. This was associated with a 
decline in circulating freely 8-isoprostane, vascular expressions p22phox and 
p47phox, and upregulation of SOD2. In addition, both circulating C-reactive 
protein and nitrites increased in SHR and decreased in MO-treated SHR. 
This was correlated with decreasing the expressions of NF-kB and iNOS 
protein after the treatment with MO. In functional studies, the relaxation 
caused by endothelium-dependent carbachol has been strengthened in SHR 
resistance arteries treated with MO. It can be said therefore that MO seeds 
possess anti-inflammatory, vascular antioxidant, and endothelial protective 
properties in the SHR model.38

4.2.2  VASCULAR DISEASE

Vascular aging leads to arterial wall functional and structural changes 
characterized by vascular stiffness and endothelial dysfunction. Decreased 
bioavailability of nitric oxide ensuing from increased oxidative stress is 
primarily responsible for endothelial dysfunction induced by aging. The aim 
of some antihypertensive therapy is to reduce total peripheral resistance by 
dilating the vessels.21

The effect of MO on endothelial dysfunction related to aging was investi-
gated where 46-week-old males Wistar rats were fed 4 weeks with food either 
containing 750 mg/kg MO seed powder or not. MO therapy increased carba-
chol-stimulated relaxation in mesenteric arteries and aortas in the middle-
aged rats. This has been associated with endothelial nitric oxide synthase 
activation increase and Akt signaling with arginase-1 downregulation in the 
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aortas. The enhancement of the endothelial-determined relaxation in the 
mesenteric arteries was linked to an EDHF-related mechanism. The protec-
tive role of MO seeds against vascular malfunction in the resistance and 
conductance arteries during aging was indicated in these findings.36

4.2.3  MYOCARDIAL INFARCTION/INJURY

4.2.3.1  ISOPROTRENOL-INDUCED MODEL

Out of several well-known models the rat model of isoproterenol (ISO)-induced 
myocardial necrosis was mostly used to test many cardiac dysfunctions.34

Moringa oleifera polyphenolic oral fractions were administered for 4 
weeks and afterward administered (s.c.) with 85 mg/kg ISO substantially 
decreased serum cardiac biomarkers and oxidative stress as a result of 
ISO which was administered for the last 2 days. In addition, on a histo-
pathological examination, ISO-induced myocardium showed pronounced 
necrosis, disruption and degeneration of cardiac myofibers, and infiltration 
of inflammatory cell while ISO-induced rats pretreated with MOI showed 
normal cardiac fibers.33

The cardioprotective properties of an indole alkaloid from the Moringa 
oleifera leaves called N, α-L-rhamnopyranosyl vincosamide, in cardiotoxic 
rats induced by isoproterenol, were studied. Pretreatment with the alkaloid 
in rats treated with ISO significantly inhibited the ST-segment elevation and 
regulated the heart rate close to the control value. The cardio defense mecha-
nism tends to include the prevention of cardiac myofibril damage, likely by 
reducing oxidative stress and thus enhancing contractile function of the heart. 
The mechanism of action of the compounds seems to be correct because it 
is understood that ISO creates oxidants and promotes lipid peroxidation, a 
contributing cause that damages myocardial tissues.34

In another research, a standardized lyophilized extract of Moringa oleifera 
protected against myocardial infarction in rats of Isoproterenol (ISO)-
induced model. ISO administration results in significant rise in myocardial 
lipid peroxidation (MDA), a fall in antioxidant enzymes (GSH, CAT, and 
GPx) content, and an increase in myocardial creatinine kinase myocardial 
band (CK-MB isoenzyme) and lactate dehydrogenase (LDH) which indi-
cates the incidence of myocardial injury. However, 200 mg/kg MO treatment 
enhances the antioxidant protection by significantly restoring myocardial 
antioxidant activities and prevents the leak of myocardial LDH and CK-MB 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



enzymes and thus restores their function.30 From the study it was observed 
that MO extract orally administered for a month protects the myocardium, 
prevents lipid peroxides accumulation, endogenous antioxidant resistance, 
and enhances cardiac function.

4.2.4  DIABETIC CARDIOMYOPATHY

The onset of cardiovascular disease is primarily responsible for the increase 
in type 2 diabetes prevalence.16 Morbidity and mortality associated with 
diabetes is usually as a result of cardiovascular complications. Hypergly-
cemia with or without dyslipidemia produces oxidative stress that leads to 
different diabetic complications including vascular abnormality, destruction 
to membrane lipids, cellular proteins, and nucleic acids.20,18 300 mg/kg of MO 
leaves methanol extract administered to diabetic rats for 60 days effectively 
ameliorated hyperglycemia, oxidative stress, and related histological archi-
tecture in the heart of diabetic rats by reducing products of lipid peroxidation 
and increased both enzymatic and nonenzymatic antioxidants.4

4.2.5  CARDIOTOXICITY

Potassium bromate is an oxidizing agent, potent cardiotoxic as it stimulates 
lipid peroxidation with substantial decrease in heart antioxidant activities. 
It also initiated cardiac dysfunction as seen in increase in cardiac AST, 
ALT, and ALP. The study shows that potassium bromate in the studied 
tissue damaged the heart cells as demonstrated by decreased CAT and SOD 
activities. The study shows the chemopreventive advantage of the extract of 
MO leaf on cardiac oxidative damage in potassium bromate exposed rat as 
it significantly reduced the degree of antioxidant loss and restored cardiac 
dysfunction.32 Intake of foods containing potassium bromate can cause heart 
trouble and should be avoided.

Aluminum phosphide (AlP) is an agrochemical pesticide used to increase 
productivity in agriculture.8 AlP multisystem toxic involvement has been 
related to oxidative stress and phosphine gas.28 Phosphine gas triggers oxida-
tion stress by inhibiting enzymatic antioxidants like glutathione reductase, 
catalase, superoxide dismutase, and glutathione.9 Investigation of the oral 
antioxidant activity of 100 mg/kg Moringa oleifera extract in neutralizing 
the oxidative stress caused by acute AlP toxic rat showed that the extract 
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effectively protected the rats’ heart by improving the antioxidants levels 
with a decrease in the production of lipid peroxidation compared with the 
untreated groups.3

Doxorubicin is a very active, well-known drug in multiple cancer treat-
ments comprising small cell lung cancer, breast cancer, leukemia, solid 
tumors, soft tissue sarcoma, and esophageal cancer. Regardless of its anti-
cancer potential, its clinical suitability is still limited due to its toxic effect 
on the heart tissue,43 which could lead to temporary electrocardiographic 
irregularities and hypotension. Cheraghi et al.10 evaluated the effect of 
N, α-L-rhamnopyranosyl vincosamide (VR), which was extracted from 
Moringa oleifera leaves in doxorubicin-stimulated cardio-toxic rats. The 
level of atrial natriuretic peptide, beta-major histocompatibility complex, 
and B-type natriuretic peptide expression decreased as the VR treatment 
concentration increases (200, 400, 800, 1000, and 2000 μg/mL) for 14 days 
every alternate day. After the administration of VR the reduced amount of 
GSH and SOD was increased. It also decreased the initially elevated level 
of lipid peroxidation in the cardiac tissue related to doxorubicin-induced 
generation of oxidative stress that can interact with membrane nucleic acids, 
lipids, and proteins preceding massive tissue injury.19

4.3  SUMMARY

Moringa oleifera is a rapidly growing tree in Africa, Asia, and America; its 
importance in traditional medicine cannot be over-emphasized which could 
be attributed to its phytochemical constituents. This chapter documents 
the therapeutic intervention of this plant in animal model of hypertension, 
cardiac, and vascular dysfunction and diabetic cardiomyopathy.
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Blood Sugar Regulation and 
Proinflammatory Effects of Desplatsia 
Dewevrei in Streptozotocin-Induced 
Diabetic Wistar Rats

Oghale O. Godwin, and MacDonald Idu

CHAPTER 5

ABSTRACT

In a pilot study, the blood sugar regulatory and proinflammatory effects 
of Desplatsia dewevrei were tested on streptozotocin-induced diabetic 
Wistar rats. Five groups with four subjects each were involved in this 
study. Groups 1 and 2 were used as negative and diabetic control. Group 
3 received 30 mg of metformin/kg across the board; while groups 4 and 5 
were administered 30 mg/kg of D. dewevrei aqueous and methanol extracts 
distinctively. Findings show that 30 mg/kg D. dewevrei aqueous extract 
was able to reverse blood fasting sugar in experimental subjects on the 
seventh day 7 of 14-days experimental period. Blood biochemical param-
eters and proinflammatory genes, IL-1β and MCP-1, were also moderated 
in treated groups against the control. In silico studies showed that gamma 
tocopherol with a binding score of −9.3 had the highest binding affinity 
with glucokinase of D. dewevrei. In conclusion, D. dewevrei may be 
considered a potent antidiabetic agent capable of checking inflammation in 
subjects suffering from type 1 Diabetes mellitus and eventually reversing 
the diabetic condition.Ap

pl
e 

Ac
ad

em
ic

 P
re

ss

Au
th

or
 C

op
y

Non Commercial Use



66	 Curative and Preventive Properties of Medicinal Plants

5.1  INTRODUCTION

About 3% of the world’s mortality can be attributed to diabetes, which is a 
chronic metabolic disease with numerous complications. It is caused by either 
the destruction of pancreatic β-cells (type-1 diabetes) or unresponsiveness to 
insulin (type-2 diabetes).9 Several laboratory studies have revealed that cells 
and tissues of the body’s vital organs can be damaged by elevated reactive 
oxygen species thereby contributing to complications of Diabetes mellitus 
(DM).2,23 Thus, the search for remedies to moderate hormonal imbalance 
or free-radical damage and up-regulate insulin deficiency has always been 
and is still a matter of continuous emphasis.18 Understanding and improving 
medication is vital for the management of diabetes and its complications, 
and many of the available hypoglycemic drugs for the management of DM 
have undesired side effects.10 Hence, in (sic) the scientific investigation to 
find alternative therapeutic strategies for diabetes treatment has become 
inevitable.

Burkil described and reported some ethnobotanical uses of Desplatsia 
dewevrei (a scarce species attributed useful in the management of many 
maladies). Although a fraction of the therapeutic claims of D. dewevrei has 
been verified by scientific experimentations,4,13–16 yet many of such claims 
have not been verified.

This chapter explores the modulatory activities of leaves of D. dewevrei 
on blood glucose homoeostasis and inflammation resulting from diabetic 
complications using experimental animals.

5.2  MATERIALS AND METHODS

5.2.1  PREPARATION AND EXTRACTION OF PLANT SAMPLE

D. dewevrei leaves were harvested and air-dried after washing under running 
water. After 2 weeks of air-drying, the crisp leaves were crushed by hand 
and macerated in methanol and water separately. Thereafter, the filtrate was 
freeze-dried at −4°C.

5.2.2  ANIMAL STUDIES

Twenty Wistar rats of both sexes were involved in this study. All 20 
animals were kept under a 12-h light/dark cycles, controlled temperature 
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and humidity, with food and portable water readily available. All proto-
cols were carried out following stated guidelines of the Animal Care and 
Ethics Committee of Adekunle Ajasin University, Akungba-Akoko, which 
conforms to the protocol for use of laboratory animals by the US National 
Institute of Health.

5.2.3  DIABETES INDUCTION

The 45 mg of streptozotocin (STZ) per kg was dissolved in acidified (pH 5.2) 
citrate buffer; thereafter, it was administered to the rats intraperitoneally after 
12 h of fast. An Accu-Check Integra device (Roche Diagnostics Mannheim, 
Germany) was used to determine the blood glucose level from the blood 
sample obtained from Saphenous vein. After 3 days of administering STZ, a 
booster dose was given to animals that were not diabetic. After another 3 days, 
animals exhibiting blood glucose values of 200–300 mg/dL were presumed to 
be diabetic. The animals (n = 20) were randomized into five groups:

•	 group one served as basal control,
•	 group two—diabetic control,
•	 group three—standard (metformin of 30 mg/kg),
•	 group four was administered 30 mg/kg body weight of methanol extract 

of D. dewevrei, and
•	 group five was administered 30 mg/kg body weight of aqueous extract 

of D. dewevrei.

5.2.4  BLOOD FASTING SUGAR TEST

After a week of acclimatization, a 14-days treatment regimen was given, 
where animals received extracts orally on daily basis. For each group, dose 
concentrations of the extract were calculated based on the body weight of the 
animal. Both extracts (0.02 g) were dissolved in distilled water (14 mL). The 
0.5 mL of resulting solution was administered orally across the treatment 
groups for 14 days. The control, however, received no treatment.

5.2.5  BIOCHEMICAL STUDIES

Based on the procedure by Ovuakporie-Uvo et al.,12 some biochemical tests 
were conducted using blood (from the cardiac aorta) of the experimental rats.
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5.2.6  ANTIOXIDANT STUDIES

In vivo antioxidant genes were used to measure the effect of D. dewevrei on 
oxidative stress mop-up. Genes under investigation included G6PDD, CAT, 
GSR, and GPx.

5.2.7  IN-SILICO STUDIES

Some phytoconstituents of D. dewevrei are characterized by GC–MS analyses 
as reported in an earlier study by Ovuakporie-Uvo et al.,13 where plant samples 
were subjected individually to in silico studies in compliance to procedures 
adopted by Iyamah et al.8 The 3D dimension of the phytocompounds were 
isolated, and binding affinity of each phytoconstituent to glucokinase was 
determined and correlation of each phytoconstituent was done using basic 
regression technique with Autovina 4.0 and mcule computer software.

5.2.8  STATISTICAL ANALYSIS

Data were expressed as mean ± standard error of mean. Statistical analyses 
were carried out using one-way analysis of variance (ANOVA). Multiple 
comparisons were done using Duncan multiple range tests (SPSS version 23), 
Tukey’s multiple range tests (Graphpad prism 8), and Microsoft Excel software 
package. Significant levels were determined at p < 0.05.

5.3  RESULTS AND DISCUSSION

Administration of D. dewevrei aqueous and methanol extracts @ 30 mg/kg 
elicited antidiabetic effects on streptozotocin-induced rats. Blood fasting sugar 
was returned to normal in the diabetic-induced group of animals (that were 
administered 30 mg/kg of aqueous extract) after 7 days of oral administration 
of the aqueous leaf extract (Figure 5.1).

Results from serum biochemistry of Wistar rats in the antidiabetic study 
support the blood fasting sugar test as documented by cholesterol reduction, 
triglyceride, low-density lipoprotein, and an increased level of high-density 
lipoprotein (Figure 5.2).

Oxidative stress-reducing capacity of D. dewevrei was further subjected to 
gene expression studies using various oxidative and proinflammatory markers. 
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Downward regulation of CAT, glutathione reductase (GSR), glutathione 
peroxidase 1 (GPX-1), phosphoprotein tumor suppressing protein (P53) further 
supported the antidiabetic activities of D. dewevrei extracts (Figure 5.3).

FIGURE 5.1  Blood fasting sugar of streptozotocin-induced Wistar rats treated with D. 
dewevrei extracts.

FIGURE 5.2  Serum biochemistry of streptozotocin-induced Wistar rats. Extract values in 
treatment groups are significantly different from control.
HDL, high-density lipoprotein; HDL Aq_DDQ, aqueous Desplatsia dewevrei extract; LDL, 
low-density lipoprotein; Met_DDQ, methanol Desplatsia dewevrei; TRIG, triglyceride.
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FIGURE 5.3(a–e)  Oxidative stress-reducing capacity of Desplatsia dewevrei in strepto-
zotocin-induced diabetic Wistar rats.
Aq_30, 30 mg/kg aqueous extract of Desplatsia dewevrei; Naq_30, 30 mg/kg of nonaqueous 
(Methanol) extract of Desplatsia dewevrei.

FIGURE 5.4(a–d)  Blood vessel proinflammatory markers in diabetic rats.
Aq_30, 30 mg/kg aqueous extract of Desplatsia dewevrei; Naq_30, 30 mg/kg methanol extract 
of Desplatsia dewevrei.
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The phytoconstituents in D. dewevrei methanol leaf extract were docked. 
The forward and backward sequences of all the genes queried in this study 
are presented in Table 5.1. The binding affinities of compounds having 
antidiabetic activities were documented, as shown in Table 5.2. Gamma 
tocopherol (−9.3) was found to the best fit and elicit agonistic response to 
target receptors that elicit antidiabetic effect. This was closely followed by 
tocopherol (−9.0) and gamma sistosterol (−8.7).

TABLE 5.1  Primer Sequences for Inflammatory and Oxidative Stress Studies in Streptozotocin-
Induced Rats.

Gene 
used

Forward 5'-3' Reverse 5'-3'

β-actin ACACTTTCTACAATGAGCTGCG ACCAGAGGCATACAGGACAAC
IL-1α CTTCACATCCGCAGCTTTCC GCGAGTGACTTAGGACGAGG
IL-1β TTGAGTCTGCACAGTTCCCC TCCTGGGGAAGGCATTAGGA
CAT CCGACCAGGGCATCAAAA GAGGCCATAATCCGGATCTTC
Gpx-1 AGTTCGGACATCAGGAGAATGGCA TCACCATTCACCTCGCACTTCTCA
G6PDD GCTATGCCCGTTCCATGCT GCGTCCGTCATATCTGCCG
GSR GGAAGTCAACGGGAAGAAGTT 

CACTG
CAATGTAACCGGCACCCACA 
ATAAC

MCP-1 TGCCAAGTAGCCACATCCAG CACAGTGTGAGCAACTGGGA
TNF-α CATCCGTTCTCTACCCAGCC AATTCTGAGCCCGAGTTGG

The 3D pose of the phytoconstituents with antidiabetic potentials is reported 
in Figure 5.5. The 3D binding pose and in silico interaction of glucokinase with 
gamma tocopherol and the amino acids residues of gamma tocopherol pose are 
presented in Figure 5.6. The correlation curve of the gamma tocopherol gave a 
regression value of approximately 0.72 (Figure 5.7).

5.4  DISCUSSION

Hyperglycemia in its early stage causes vascular wall disorder involving 
increased oxidative stress, endothelial failure, platelet hyperactivity, and 
inflammation. Consequently, activation of these systems impairs endothelial 
function, augments vasoconstriction, increases inflammation, and promotes 
thrombosis.21 In this chapter, D. dewevrei showed a tremendous antidiabetic 
effect on streptozotocin-induced diabetes after 7 days of daily oral adminis-
tration as was evident from blood fasting sugar test (Figure 5.1). An elevation 
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of HDL levels in the serum biochemistry in diabetic animals orally admin-
istered D. dewevrei aqueous and methanol leaf extracts further validated 
the blood fasting sugar test (Figure 5.2). According to Sadek et al.,19 high 
doses of thiamine (50 mg/kg) revert fasting hyperglycemia in diabetic albino 
rats. This suggests that thiamine (B1) content in D. dewevrei extract may be 
contributory to the experienced reversal of blood fasting sugar in this study.12

TABLE 5.2  Binding Affinity of Phytoconstituents of Desplatsia dewvrei With Antidiabetic 
Potentials.

Sl. No. Compounds Binding affinity (Kcal/mol)
1. 2-methylhexacosane −6.6
2. 9-octadecenamide_Z −6.8
3. 14-octadecenal. −7.0
4. Decanoic acid −5.9
5. Dodecanoic acid −6.4
6. Gamma-sitosterol −8.7
7. Gamma tocopherol −9.3
8. Hexadecanoic acid −6.7
9. Methyl stearate −6.9
10. Octanoic acid −5.6
11. Oleic acid −6.8
12. Pentadecanal −6.4
13. Tetradecanoic acid −6.6
14. Tocopherol −9.0

According to Uruno et al.,24 there is a close relationship between the 
Nrf2/Keap1 system and diabetes. Molecular insight enhances the thrust of 
the theory of oxidative stress, which is intimately linked to cellular energy 
balance. The ensuing detrimental biochemical pathway, MPs’ release, 
changes in epigenetics, and miRs deregulation are resulted from the vascular 
accumulation of free radicals in diabetic patients, which adds to ROS 
generation and vascular inflammation in the patient.17 Results in this chapter 
revealed that D. dewevrei potentiates oxidative stress-reducing capacity in 
streptozotocin-induced diabetic Wistar rats (Figure 5.3).

Antioxidant compounds also increase the number of β-pancreatic cells by 
enhancing the repair and restoration of these cells. It has been well documented 
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2-methylhexacosane
9-Octadecenamide, (Z)-

14-Octadecenal Decanoic acid

Dodecanoic acid Gamma-Sitosterol

Gamma- Tocopherol Hexadecanoic acid

Methyl stearate
Octanoic acid

Oleic Acid Pentadecanal

FIGURE 5.5  (Continued)
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Oleic acid Pentadecanal

Tetradecanoic acid Tocopherol

FIGURE 5.5  Three-dimensional structure of the phytochemical constituents present in 
Desplatsia dewevrei that were tested for their binding affinity to protein receptors that elicit 
antidiabetic effects.

FIGURE 5.6  In silico analysis of the interaction of glucokinase with gamma tocopherol and 
the amino acid residues in the binding pose of gamma tocopherol.
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that administration of antioxidants to diabetic rats significantly increases the 
number of β-cells.3 In this chapter, however, D. dewevrei affects antioxidant 
activities as was evident in the downward regulation the expression of CAT, 
G6PDD, and amino phosphatase in the pancreas of diabetic-induced animals 
(Figure 5.3). According to Fontana and Klein,6 catalase reduces the risk of 
transforming H2O2 into hydroxyl radicals through Fenton reaction catalyzed 
by chromium or ferrous ions. A downward regulation of CAT and G6PDD 
(Figure 5.3) is a double affirmative of the antioxidant activities of D. 
dewevrei. A reduction in cytokines responsible for proinflammatory activity 
in the presence of any disease state (such as IL1-α and MCP-1) was observed 
to be down-regulated in the present study. This is a further attestation to the 
cholesterol-lowering effect of D. dewevrei.

Inhibition of MCP-1 is an expression of protein restriction while IL1-α 
plays a major function of maintaining inflammation by utilizing autocrine 
and paracrine induction of complementary and alternative medicines, 
chemotactic factors, and cytokines.11,22 A down-regulation of IL-1α and 
MCP-1 following the administration of 30 mg/kg of D. dewevrei aqueous 
leaf extract (Figure 5.4) implies that the plant has the ability to inhibit 
inflammatory response of blood vessels in a diabetic condition. This is 
perhaps the mechanism that out-played in the blood sugar fasting test earlier 
discussed (Figure 5.1). Results in this study concur with the earlier reports 
by Faubel et al.5

FIGURE 5.7  The coefficient of correlation (R2) of the half maximal effective concentration 
(EC50) of glucokinase.
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The 3D structures of the phytocompounds got from an earlier report 
on D. dewevrei showed that some compounds in the plant have relatively 
high binding affinity to glucokinase responsible for eliciting antidiabetic 
effects (Figure 5.5). The phytocompound that had the best binding affinity 
in the antidiabetic study was Gamma tocopherol with a binding score of 9.3. 
Gamma tocopherol has been implicated to be useful as antioxidative and 
anti-inflammatory agent.1

In vivo, an ability shown by gamma tocopherol is to inhibit ascorbate 
oxidation and protein nitration caused by inflammation. When compared to 
alpha-tocopherol, it also decreases the proinflammatory prostaglandins and 
leukotrienes better.7 Tocopherol, which was next to gamma tocopherol, had 
a binding affinity of −9.0 (Table 5.2). Tocopherols are abundant in lipid-rich 
areas of cells (e.g., mitochondrial membranes), fat depots, and lipoproteins, 
such as, high-density lipoprotein cholesterol.

Health benefits of tocopherols may be explained by regulation of gene 
expression, signal transduction, and modulation of cell functions. Other 
possible health benefits of tocols include prevention of certain types of 
cancer, heart disease, and other chronic ailments.20 From the pictorial repre-
sentation of the binding pose of gamma tocopherol, interaction with amino 
acid residues (Figure 5.6) and the coefficient of correlation of half-maximal 
showing the effective concentration shows a correlation of R2= 0.7176 
(Figure 5.7), we can conclude that D. dewevrei leaves are hypoglycemic and 
may be useful in reducing inflammation in diabetic subjects.

5.5  SUMMARY

D. dewevrei is a scarce medicinal plant species in Africa with reported 
high nutritional contents and phytoconstituents that can be harnessed in the 
management of diabetes and complication from diabetes specifically inflam-
mation. This study verifies assertions from a pilot toxicity study confirming 
the antidiabetic effect of D. dewevrei using blood sugar test and biochemical 
profiles. Gene expression and in silico studies further supports that D. 
dewevrei contains cytokines that affect antidiabetic effects.
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Plant-Based Antioxidants in the 
Prevention and Treatment of 
Neurodegenerative Diseases: 
Pros and Cons

Folake Olubukola Asejeje and Gbolahan Iyiola Asejeje

CHAPTER 6

ABSTRACT

The research in the area of medicinal plants for the prevention and treatment 
of human diseases has yielded very positive results with the discovery of 
efficacious plant-sourced compounds that have fewer or milder side effects. 
However, there is a need to strike a balance between the beneficial and 
harmful effects of these plant-sourced compounds before recommending 
their usage in the treatment of human diseases. Several animal models 
have been used to investigate the potentials of the different plant-derived 
antioxidants in the treatment of human diseases. This chapter presents a 
discussion of both the potential benefits and limitations of plant-sourced 
antioxidants in the prevention and treatment of human neurodegenerative 
diseases from a review of research reports that have used different animal 
models to investigate the potentials of medicinal plants in the treatment 
of human diseases. The aim of this chapter is to discuss the potentials of 
medicinal plants in the treatment of neurodegenerative diseases with a focus 
on plant-derived antioxidants as therapeutics.Ap
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82	 Curative and Preventive Properties of Medicinal Plants

6.1  INTRODUCTION

Lately, research in the area of medicinal plants in the prevention and treatment 
of human diseases, including neurodegenerative disease, has yielded very 
positive results with the discovery of efficacious plant-sourced compounds 
that have fewer or milder side effects.113,136 However, there is a need to strike 
a balance between the beneficial and harmful effects of these plant-sourced 
bioactive compounds before recommending their usage in the treatment of 
human diseases. Several animal models have been used to investigate the 
potentials of different plant-derived antioxidants in the treatment of human 
diseases. It is important to consider dosage and bioavailability, the animal 
model used, and the means or method of induction of the disease condition in 
the animal model used. This is imperative because some antioxidants, under 
certain conditions, have been shown to act as prooxidants with potential for 
cellular toxicity.17,73

This chapter aims to highlight previous research reports on investiga-
tion of the potentials of medicinal plants or plant-derived compounds in the 
treatment of human neurodegenerative diseases. In this chapter, we present 
a discussion of both the potential benefits and limitations of plant-sourced 
antioxidants in the prevention and treatment of human neurodegenerative 
diseases from a review of research reports by several researchers that used 
various animal models to investigate the potentials of medicinal plants in the 
treatment of human diseases.

6.2  PLANT-SOURCED ANTIOXIDANTS

It is established that oxidative stress, characterized by elevated oxidant 
levels in the living system resulting in structural and functional damages, 
is involved in the onset of several human diseases.82,111 This knowledge 
has spurred research in the area of antioxidants for the treatment of human 
diseases.53,54,82 Plant-sourced active principles are useful in the prevention 
and treatment of certain human diseases.106,120 These active principles are 
usually phenolic antioxidant compounds present as secondary metabolites 
in plants.22,56,90 The chemical structures of these compounds, especially the 
number and position of the hydroxyl group, are largely responsible for their 
antioxidant properties.56,119 These plant-derived antioxidants are classified 
into three broad groups (Figure 6.3), such as flavonoids, nonflavonoids, 
and conjugates. 54,132 The flavonoids are a major and well-known class of 
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the biophenols.39 They have the diphenyl propane (C6–C3–C6) structure 
(the flavan nucleus) composed of two aromatic rings (A and B) connected 
through an oxygenated heterocycle (C) formed by three carbon atoms (Figure 
6.1). The predominantly occurring plant flavonoids are flavones, flavonols, 
flavanols, isoflavonoids, flavanonoes, and anthocyanins.35,77

FIGURE 6.1  The flavan nucleus.

FIGURE 6.2  The nonflavonoids group.

FIGURE 6.3  Classification of polyphenols.
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The nonflavonoids group comprises the simple phenols with a C6 aromatic 
ring substituted by an alcohol in one or more positions (Figure  6.2A), 
phenolic acids with a C6–C1 having a carboxyl attached to the benzene 
structure (Figure 6.2B), and the less common phenylacetic (Figure 6.2C) 
and acetophenones with the C6–C2 structure (Figure 6.2D).54

Several of these naturally occurring phenolic compounds have been 
isolated and shown to be efficacious in the prevention and treatment of 
different human diseases including neurodegenerative illnesses, with minimal 
side effects relative to the conventional therapeutic drugs.90 For example, the 
intake of natural phenolic-rich foods such as vegetables, cereals, and olive oil 
has been linked with a lower incidence of dementia and Alzheimer’s disease 
(AD).118 Similarly, consumption of turmeric, a plant rich in the biophenol 
curcumin, has been associated with a markedly lower frequency of AD in 
the Indian population compared with the US population.45 In addition, there 
is evidence that prolong consumption of tea may reduce the incidence of 
Parkinson’s disease (PD).10 Also, the ability of some polyphenols or poly-
phenol metabolites to cross the brain–blood barrier in animal models, albeit 
in small concentrations; further speaks to the potentials of plant-derived 
antioxidants in the prevention of neurodegenerative diseases.22,41,60,61,94,125

6.3  OXIDATIVE STRESS AND NEURODEGENERATIVE DISEASES

Neurodegenerative diseases involve chronic loss of function of the central 
nervous system (CNS), usually accompanied by a partial loss of function and 
the attendant mental disorders.23 Prominent among the neurodegenerative 
diseases are AD, PD, dementia, and multiple sclerosis. It is now known that 
oxidative stress, neuroinflammation, certain viruses,23 protein misfolding, 
cellular energy failure, and glutamate release32 are involved in the mecha-
nisms of neurodegenerative diseases.

Oxidative stress-mediated cellular damages in the CNS are involved in 
the pathogenesis of the neurodegenerative diseases. It is also worthy of note 
to state here that the brain is highly susceptible to oxidative stress because of 
the several metabolic activities in the brain. For instance, the brain is about 
2% of the body weight but it utilizes about one-fifth of inspired oxygen for 
metabolism.30 Furthermore, the brain has a low antioxidant capacity, for 
example, poor catalase and superoxide dismutase activities and lower levels 
of glutathione peroxidase and vitamin E compared to the liver.30 Oxidative 
stress has been shown to be a trend in animal models of neurodegenerative 
illnesses.20,22,54,65,102 On the other hand, antioxidants mitigate these conditions 
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by different mechanisms that have been elucidated by several scientific inves-
tigators.33,37,51,62,88 For example, antioxidant compounds of plant origin elicit 
their protective properties in the biological system by inhibiting oxidants 
(reactive species) and thus delay or prevent oxidation of biomolecules like 
DNA, proteins, and lipids.3,39

6.3.1  ALZHEIMER’S DISEASE (AD)

AD is the main cause of dementia which is attendant mainly with memory 
loss, and other impairments of normal living in humans.22,98 AD occurrence 
increases with advancement in age. It has been demonstrated with data that 
AD is more likely to occur from age 65 years and above.22,57,103 The disease 
presents in two forms including the sporadic type which is the commonest and 
accounts for about 90% of all AD occurrences; and the less common heredi-
tary type which accounts for about less than 5% of the disease occurrence.129

AD is characterized by imbalances in cortical levels of neurotransmitters 
and toxic effects of overexposure of the cortical neurons to glutamate.11,49 
There are four major hypotheses put forward to explain the pathophysiology 
of AD. These are Amyloid-β (Aβ) or Amyloid cascade hypothesis, tau 
hypothesis, cholinergic hypothesis, and oxidative hypothesis. The Aβ theory 
suggests that the deposition of Aβ peptides results in the formation of senile 
plaques or amyloid plaques.19,22,55,82,133 On the other hand, the tau hypothesis 
suggests that abnormal phosphorylation of tau proteins results in the 
formation of neurofibrillary tangles, loss of neurons, and loss of synapses.68,114 
The Aβ and tau proteins are important in the pathogenesis of AD; being the 
constituents of the usual histological features of the disease. The former is 
the constituent of the senile plagues, while the latter is the constituent of 
the neurofibrillary tangles.18 The cholinergic hypothesis involves the loss 
of cholinergic neurotransmission due to the degeneration of cholinergic 
neurons in the forebrain believed to be mediated by upregulated activities 
of acetylcholinesterase (AChE) and butylcholinesterase (BChE); enzymes 
responsible for normal physiological maintenance of choline levels. Three 
main paths have been elucidated to show the contribution of oxidative stress 
to the progression of AD. These include Aβ-metal ion (copper, zinc, etc.) 
redox potential, macromolecule (DNA, lipid, protein, etc.) oxidation, and 
mitochondrial dysfunction.22

There is no approved drug or treatment for the cure of AD.22,25,90 However, 
the US Food and Drug Administration has approved some drugs for only 
symptomatic treatments. These include the cholinesterase inhibitors (ChEIs) 
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rivastigmine and donepezil; and the galantamine/N-methyl-D-aspartate 
(NMDA) antagonist memantine.40 The ChEIs act by inhibiting AChE and 
BChE to improve the levels of the neurotransmitter acetylcholine (ACh) 
and butylcholine (BCh)11; while on the other hand, memantine ameliorate 
the effect of overexpression of glutamate.49 It is noteworthy to mention 
that in addition to the fact that these drugs do not cure AD, they also elicit 
substantial negative side effects which include symptoms such as tremor, 
nausea/vomiting, diarrhea, muscle weakness, hepatotoxicity, hallucination, 
confusion, fatigue, dizziness, headache, and constipation.5,124 These 
downsides in the pharmacotherapy of AD have motivated interest in finding 
alternative treatments of AD. Some of the alternative disease treatment or 
management options include lifestyle and dietary habit modifications, and 
investigation of plant-sourced active principles in the treatment of AD.

6.3.2  PARKINSON’S DISEASE (PD)

PD was first described by James Parkinson over 200 years ago.59 PD ranks 
second after AD in the prevalence of human neurodegenerative diseases.116 
The familial form of PD accounts for about 10% of the patients; while the 
sporadic for of the disease in the most common.36 PD risk factors for humans 
include exposure to environmental toxins like paraquat and rotenone.8,21,29,48,85 
There is documentary evidence that the incidence and progression of PD 
are higher in men than women.7,99,105,117,130 It has been postulated that these 
differences may be sex hormone related.

PD is characterized by the following symptoms: difficulties in movement, 
rigidity of the limbs, resting tremor, and instability of posture.36,83 The disease 
involves the impairment of the midbrain’s substantia nigra pars compacta 
(SNpc) due to the loss of dopaminergic neurons. PD is essentially the apop-
tosis of dopaminergic neurons in the substantia nigra mainly via oxidative 
stress.58 It has also been shown that insoluble Lewy-body inclusions, which 
are rich in fibrillar forms of the α-synuclein (α Syn) protein, are usually 
present in PD. α-synuclein is a soluble presynaptic protein whose biological 
function is not well elucidated yet. They are thought to be involved with 
the recycling and storage of neurotransmitters.71 The aggregation of αSyn 
is thought to precipitate the formation of Lewy-body in PD.59,123 Oxidative 
stress, mitochondrial damage, neuroinflammation, and αSyn aggregation 
have been implicated in the onset and progression of PD.9,13,15,112,123,134,139

Similar to AD, the available pharmacotherapies for PD do not target 
or reverse the underlying neurodegeneration condition but only provide 
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temporary relief of the symptoms.59 An outstanding therapy amongst the 
current management options available for PD is dopamine replacement 
therapy. This involves the use of medications such as L-DOPA and dopamine 
receptor agonists that help to improve the levels of the neurotransmitter 
dopamine. However, these therapies have their downsides which include 
such deleterious side effects as dyskinesia, aggression, and insomnia.72

6.4  PLANT-BASED ANTIOXIDANTS VERSUS HUMAN 
NEURODEGENERATIVE ILLNESS

In the meantime, there are no approved therapies for cure of the human 
neurodegenerative diseases. All of the currently available pharmacotherapies 
only at best assuage the disease symptoms but do not stop or reverse the 
neurodegeneration condition. This limitation has opened a vista of research 
into better elucidation of the mechanisms of the neurodegenerative 
disorders and the development of pharmacotherapies that can address the 
underlying degeneration condition.36 As a fallout of these efforts, there has 
been an increased research focus on dietary-derived materials; especially 
plant-sourced, for the prevention of and/or slowdown of the onset of the 
neurodegenerative diseases.31,46,75,78,93,106,120 As a result, several investigators 
have demonstrated that plant-based phenolic compounds have potent 
antioxidant effects against neurodegenerative disorders in humans and thus 
may improve the outcomes of neurological disorders such as AD, PD, and 
dementia.115,128 The conclusion of these studies has suggested the possibility 
of plant-sourced dietary supplementation as an effective prevention for 
human neurodegenerative diseases.

Lately, research in the area of plant-sourced antioxidants for the preven-
tion and treatment of human neurodegenerative disorders has yielded very 
positive results with the discovery of efficacious compounds with fewer 
or milder side effects and better tolerability. Different animal models 
have been used to demonstrate the potential benefits of plant-sourced 
antioxidants in the treatment of human neurodegenerative diseases. The 
plant-sourced antioxidants have multiple biological properties that give 
them an advantage as good candidates for the treatment of human neuro-
degenerative disorders.67

Several studies have demonstrated that these antioxidants have in addition 
to their antioxidant capacity; free radical scavenging property, enzyme-
modulating ability, and metal ion chelating ability.6,97,110 Conversely, some 
scientific researchers have also reported that certain plant-derived principles 
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can enhance oxidative stress (i.e., act as pro-oxidants) and thus may 
exacerbate neurodegeneration.84 This suggests that dose- and time-dependent 
considerations are important when studying any plant-sourced antioxidant as 
potential therapeutic agent in the treatment of neurodegenerative disorders. 
In addition, some research reports have also shown no relationship between 
antioxidant intakes and some human neurodegenerative diseases.75,79

Luchsinger et al.80 reported that they found no relationship between the 
incident of AD and antioxidant in the Washington Heights Aging Project. 
Other issues that make the benefits offered by antioxidant molecules derived 
from medicinal plants in the treatment and prevention of neurodegenerative 
diseases contestable include factors such as poor in vivo bioavailability, 
rapid systemic elimination, and selective permeability of the blood–brain 
barrier in the human system.94

Therefore, the authors of this chapter have presented this review of 
several research reports on therapeutic potential of plant-based antioxidants 
in the human neurodegenerative diseases using different animal models, 
based on therapeutic targets or mode of action. Table 6.1 is a summary of the 
discussed research reports.

6.4.1  α-SYNUCLEIN AND AMYLOID-B FIBRIL TARGETS

The Aβ and tau proteins are important in the pathogenesis of AD; being the 
constituents of the usual histological features of the disease. The former is 
the constituent of the senile plagues, while the latter is the constituent of 
the neurofibrillary tangles.17 It has been shown by several researchers that 
polyphenols interfere with Aβ formation, α-synuclein aggregation, and 
hyperphosphorylation of tau proteins.28

Bieschke et al. using PC12 cells (rat pheochromocytoma, American Type 
Culture Collection) demonstrated that epigallocatechin gallate (EGCG), a 
polyphenol present in green tea,64,131 inhibited α-synuclein, and amyloid-β 
fibril formation. Their work showed that EGCG by directly binding to large 
α-synuclein and amyloid-β fibrils and transform them into smaller amorphous 
forms that are nontoxic to mammalian cells.14 This ability of EGCG to alter 
the structure of mature amyloid-β sheets and thus prevent the characteristic 
aggregation of Aβ peptides implicated in AD; provides a therapeutic target 
in the treatment of the disease. However, it is important to elucidate whether 
this ability of EGCG to change the conformation of amyloid fibrils, will 
not increase cellular amyloid toxicity because of increased the amount of 
oligomeric amyloid proteins in the cell.52 This may be a downside for EGCG 
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as a treatment for neurodegenerative disorders as shown for other similar 
molecules that also inhibit amyloid formation.27,121

Rezai-Zadeh et al.108 reported that EGCG reduced the generation of Aβ 
peptides in Alzheimer’s transgenic mice. This work demonstrated that green tea 
EGCG elevated α-secretase activity, thus promoting the cleavage of amyloid 
precursor protein (APP), and consequently reducing Aβ levels and Aβ plaques 
in the brain.108 The overexpression of APP and its subsequent proteolysis is key 
for the production of Aβ peptide which is implicated in AD.44

Mandel et al.81 using 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-treated mice reported that oral administration of EGCG prevented 
iron and α-synuclein accumulation via its antioxidant and iron-chelating 
properties. Their conclusion suggested that EGCG may offer neuroprotection 
through its radical scavenging and iron chelating properties. Although this 
iron chelating ability of EGCG may be a prospective therapeutic approach in 
neuroprotection, it is desirable to investigate that if there are any additional 
effects on the cell-signaling or cell-survival pathways to ensure that it does 
not cause any deleterious imbalance of brain iron metabolism.

Another well-studied plant antioxidant, curcumin; a polyphenolic derived 
from the rhizome of Curcuma longa or the spice turmeric, prevented Aβ 
toxicity and ameliorated the hyperphosphorylation of tau proteins in PC12 rat 
cells and umbilical endothelial cells.95 Curcumin also destabilized preformed 
Aβ fibrils in a dose-dependent manner in Tg2576 mice brain sections91,138, 
and slowed down the formation of fibrils in HT22 cells (a rat cell line from 
the hippocampus) in an analog-dependent manner.66 In addition, curcumin 
restored synaptic plasticity in Aβ-peptide-exposed hippocampal slices from 
male Sprague–Dawley rats.1

Furthermore, curcumin has been found to have neuroprotective effect 
in different models of neurotoxicity; for example, in 3-Nitropropionic acid 
(3-NP)-induced cognitive impairment in rats,70 in human immunodeficiency 
virus type 1 glycoprotein 120 V3 loop peptide-induced spatial memory 
impairment in rats,127 and against glutamate excitotoxicity in rat cerebral 
cortex.135 These findings have highlighted the above findings and many other 
authors have suggested that curcumin may be of value in the pharmaco-
therapy of AD and PD. However, there is a downside to this potential of 
curcumin due to its poor bioavailability because it is poorly absorbed and 
easily undergoes glucuronidation in the intestinal wall and the liver.18,109 This 
poor bioavailability of curcumin suggests that larger oral dose or prolong 
time of administration may be necessary to derive its full benefit in the treat-
ment of the disease. Several research studies have been conducted for the 
prospects of augmented delivery of curcumin to improve its bioavailability.22 
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Some delivery systems that have been explored to improve bioavailability of 
curcumin include nanoparticles, liposomes, and micelles.4,107

6.4.2  OXIDATIVE STRESS AND IMMUNOMODULATORY TARGETS

Oxidative stress has been shown to be an important contributor to the 
development of the human neurodegenerative diseases.22 Since oxidative 
stress-mediated cellular damages are involved in the pathogenesis of the 
neurodegenerative diseases,17,45,57,83 it is logical to devise treatment strategies 
that target the prevention of oxidative stress conditions in neurodegenerative 
illnesses.

The green tea containing EGCG improved MPTP-induced PD by inhib-
iting neuronal nitric oxide synthase (nNOS) activity in male C57B6 mice 
as reported by Choi et al.24 The expression of nNOS was decreased in the 
substantia nigra an indication that EGCG may offer neuroprotection via an 
antioxidant mechanism. This finding by Choi et al.24 explains the mechanism 
of action involved in the previously reported work of Levities et al.76 in which 
EGCG mitigated MPTP-induced loss of dopamine neuron in the substantia 
nigra. It is worthy of note to state here that NO has established anti-inflam-
matory and anticancer properties.24 Therefore, the regular consumption of 
green tea may lead to chronic inhibition of NOS and NO production which 
may impair cellular anti-inflammatory functions with potential for inflam-
matory disorders and incidence of cancers; albeit minimal due to the anti-
inflammatory properties of green tea EGCG itself.63,86

Furthermore, essential oils obtained from Salvia lavandulifolia, a peren-
nial herb indigenous to the mountainous areas of East Spain, North Africa, 
and South France have been reported to possess neuroprotective proper-
ties against oxidative stress-mediated neuronal injury using H2O2 treated 
PC12 cells as an experimental model.101 In this study, essential oils from 
S. lavandulifolia elicited neuroprotection by preventing cell death through 
upregulation of antioxidant activity, caspase-3 activity, and decrease in lipid 
peroxidation.101 However, the efficacy of S. lavandulifolia is limited with the 
phenological stage of the plant, as demonstrated by the fact that better results 
were obtained when the plant used was at the flowering stage or obtained 
from high-density cultivation of the plant.100,101

Panax ginseng, a species of the popular perennial medicinal plant Ginseng 
have also been shown to have a beneficial effect in the prevention of human 
neurodegenerative illness mainly through the antioxidative and immunomodu-
latory properties of it active principles—the ginsenosides or ginseng saponins.67
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P. ginseng mitigated AD pathophysiological changes in male Sprague–
Dawley rats, by down-regulating expressions of receptors for advanced glyca-
tion end products (RAGE), and nuclear factor-kappa-light-chain-enhancer of 
activated B cell (NF-кB).126 Similarly, water extract of P. ginseng provided 
neuroprotection in MPTP-induced PD C57BL/6J mice model through the 
Wnt/β-catenin signaling pathway including Wnt-1, β-catenin, GSK-3β, and 
p-GSK-3β.140 Although there are abounding evidence supporting the benefit of 
P. ginseng treatment of neurodegenerative diseases, it has also been reported 
that ginseng may interfere with blood hemostasis and anticoagulation.89

Furthermore, the flavonoids—resveratrol, morin, rutin, quercetin, and 
myricetin are other plant-derived compounds that have received research 
attention in the treatment of the human neurodegenerative disorders. 
Resveratrol, a flavonoid from pine trees and cocoa bushes has been shown 
to elicit neuroprotection by reducing lipid peroxidation and enhancing 
cognitive functions when orally administered to colchicine-induce AD 
rats.69 Similarly, myricetin, quercetin, morin, rutin, and apigenin all possess 
antiamyloidogenic and Aβ fibril-destabilization properties in in vitro models 
of AD.92 These effects are linked to their reactive oxygen species (ROS) 
scavenging capacities. However, there are cons in the use of these flavonoids 
for the treatment of AD because it has been suggested that their potential 
usefulness may be limited to the early stage of the disease (limiting their 
therapeutic window).22,34 They become cytotoxic at higher concentrations 
due to their autoxidation to toxic quinones,32 and they have issues of 
bioavailability in vivo necessitating prolonged use or supplementation to 
produce the desired neuroprotection.32

Another important antioxidant pathway and potential drug target in human 
neurodegenerative disorder are the glyoxalase pathway (Figure 6.4).43 The 
glyoxalase pathway function to control cellular dicarbonyl stress occasioned 
by an accumulation of reactive dicarbonyl metabolites leading to DNA and 
protein modifications.104 The glyoxalase pathway is present in all body cells 
and provides antioxidant defense by eliminating highly reactive dicarbonyl 
compounds, for example, methylglyoxal (MG); that cause cellular inflam-
mation and oxidative stress.2,42,104,122 MG is a cytotoxic membrane-permeable 
reactive carbonyl species produced as a glycolytic pathway by-product.2 The 
glyoxalase pathway involves two reactions catalyzed by glyoxalase 1 (glo 1) 
and glyoxalase 2 (glo 2) to neutralize MG through its reaction with reduced 
glutathione (GSH) to produce D-lactate.12,42,50 The glyoxalase pathway is 
very important in the brain because the brain has a very high rate of metabo-
lism, low antioxidant capacity (e.g., poor catalase and superoxide dismutase 
activities), and high concentration of easily oxidizable biomolecules (e.g., 
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long-chain polyunsaturated fatty acids) that can be attacked by reactive 
carbonyls species.30,50,51,137 The accumulation of methylglyoxal (MG) due to 
glyoxalase pathway dysfunction has been implicated in some human neuro-
degenerative diseases.43,104,122

FIGURE 6.4  The glyoxalase pathway.

Hence, plant active principles that have the capacity to enhance the 
neuronal glyoxalase pathway can be good neuroprotection candidates 
in drug development for the treatment of neurodegenerative diseases. A 
number of flavonoids have been reported to be effective in the modulation 
of the glyoxalase pathway.43 Catechin, morin, and quercetin attenuated the 
effects of MG in cerebellar neurons from P5 C57/BL6 mice by reducing the 
concentration of MG, increasing the activity of glyoxalase 1, and increasing 
the concentration of GSH.42

Another therapeutic strategy in combating neurodegenerative disease is 
the inhibition of microglial activation and the suppression of the neuroin-
flammatory response it mediates.38 Activation of microglial cells results in 
the secretion of immune modulators such as inflammatory cytokines tumor 
necrosis factor alpha (TNFα) and interleukin 1β (IL-1β), and neurotoxins 
such as glutamate, nitric oxide (NO), and ROS.16 Therefore, plant-derived 
active principles that have anti-inflammatory/antioxidant properties may have 
prospects for the treatment and prevention of neurodegenerative diseases by 
targeting microglial cell activation. For example, infusion of the medicinal 
plant Pulicaria incisa, suppressed IL-1β transcription and secretion, and IL-6 
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secretion when added to lipopolysaccharide (LPS)-treated microglial cell 
culture. Similarly, infusion of P. incisa ameliorated NO toxicity induced by 
activation of microglial cells by LPS.38 This study38 demonstrated that P. incisa 
infusion has anti-inflammatory effects on activated microglial cell and thus 
maybe relevant in development of pharmacotherapy for neurodegenerative 
diseases. P. incisa is a medicinal plant that belongs to the Asteraceae family.

Chrysin, a natural flavonoid present in various plants, have also been 
shown to be neuroprotective through its anti-inflammatory properties. In 
a mouse model of 6- hydroxidopamine (6-OHDA)-induced chronic PD, 
oral administration of chrysin over a 28-day period reversed the 6-OHDA-
induced elevated striatal proinflammatory IL-1β, TNFα, and decreased 
anti-inflammatory IL-10 levels. In addition, chrysin reduced the increase of 
NF-κB levels caused by 6-OHDA.47

6.4.3  CHOLINESTERASE AND CHOLINESTERASE INHIBITORS 
TARGETS

A major treatment option of the human neurodegeneration diseases, specifi-
cally AD, is to target the neurotransmitter of the cholinergic system. This may 
involve introduction of choline (Ch) precursors, Ch-releasing agents, and 
ChEIs to improve the concentration of choline and thereby restore cholin-
ergic neurotransmission functions.67,74 Several investigators have reported 
the potentials of some plant-sourced natural active principles as efficient 
ChEIs with the ability to inhibit the ChEs and thus improve the levels of 
respective neurotransmitters. In this regard, acetylcholinesterase (AChe) and 
butylcholinesterase (BChe) are attractive targets in the research and develop-
ment of pharmacotherapies for neurodegenerative diseases specifically AD.

Lenta et al.74 reported that garcinol, a benzophenone isolated from the 
Cameroonian Allanblackia monticola fruits, showed potent in vitro ChEI 
properties on AChe and BChe. They reported that garcinol was active against 
AChe as about the activity of galathamine, the reference drug used for the 
study.

Silymarin, a complex of flavonolignans present in seeds of the Silybum 
marianum plant, have also been shown to demonstrate neuroprotective 
properties. Silymarin in a dose-dependent manner rescued striatal dopamine 
loss in a mouse model of MPTP-induced PD.96 However, the mechanism by 
which Silymarin elicit it neuroprotective effect has not been fully elucidated. 
Also, in the work of Pérez-H et al.,96 Silymarin was used intraperitoneally 
which may limit its potential in human use. Studies involving oral route 
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of administration are necessary to determine the potential clinical use of 
Silymarin in humans.

Furthermore, two Romanian medicinal plants, Alchemilla vulgaris and 
Filipendula ulmaria, have been reported to possess neuroprotective potentials. 
Extracts from these plants exhibited AChe inhibitory and tyrosinase inhibitory 
properties in vivo.87 This observation suggests that these plants have potential 
therapeutic value in the treatment of both AD and PD.

6.5  SUMMARY

At present the drugs available for the management of human neurodegenera-
tive diseases do not actually target or reverse the degeneration condition. 
Therefore, alternative therapies that target or reverse the degeneration 
condition and not just only assuage the disease symptoms are desirable. 
Hence, the trend toward research into the potentials of plant-sourced agents 
for the prevention and treatment of human degenerative diseases. From our 
preceding discussions, it can be concluded that plant-sourced antioxidants 
have potential neuroprotective properties in various animal models of the 
human neurodegenerative disorders. This natural approach may help in 
addressing the limitations associated with the current synthetic drugs.

Hence, the health-promoting effects and potentials of medicinal plants 
for the prevention and treatment of neurodegenerative diseases are no longer 
a new knowledge. The new challenge is to develop acceptable standards for 
the testing of the several known beneficial medicinal plants to determine 
their safe dosage range and define their therapeutic usage in the treatment 
of human diseases. Therefore, future research is desirable into the safe use 
of the active principles; especially antioxidants from medicinal plants as 
neuroprotective agents in the treatment of human neurodegenerative diseases. 
That is, the plant-sourced agents should be effective in targeting/reversing 
the mechanisms of neurodegenerative diseases based on the European 
Medicines Agency’s definition of neuroprotection,26 and at the same time 
safe to the human. The latter is important because doses usually used in 
the in vitro studies are generally high, and some of the studies have shown 
that high concentrations of the plant-sourced active principle are inimical to 
cell viability or produce other toxic effects. This prooxidant effect of plant-
sourced antioxidants may compromise their neuroprotective roles in the 
management of human neurodegenerative diseases.22,84 Therefore, a better 
understanding of their mechanisms of action, optimal dose, most appropriate 
stage of the disease to administer the antioxidant agents, and effective 
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delivery or bioavailability in vivo a very important for the application of 
plant-sourced molecules in the treatment of neurodegenerative diseases. 
Research efforts geared toward the advancement of in vivo bioavailability 
of identified beneficial plant-sourced active principles will help in drug 
discovery and therapeutic viability of medicinal plants in the treatment and 
prevention of neurodegenerative diseases.

In conclusion, it is thought that the development of better experimental 
models that sufficiently mimic the initiation/progression of human neurode-
generative diseases on the one hand; and on the other hand, the understanding 
of metabolism and bioavailability of the active principle of medicinal plants 
will help in the investigation and identification of medicinal plants that are 
safe and readily available neuroprotective agents against human neurode-
generative diseases.
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Neuroprotective Efficacy of 
Ethnomedicinal Plants in Mental 
Disorders with Animal Models

Adedamola Aminat Bayo-Olugbami, Joseph Enya, and 
Olorunfemi Samuel Tokunbo

CHAPTER 7

ABSTRACT

The recent approach to traditional medicine and medicinal plants, especially 
with regards to the recommendation of the World Health Organization, is 
increasingly changing the world of ethnomedicinal research. Some drugs 
are synthesized from plants and there is a high possibility that more drugs 
will still be produced from plants. Medicinal plants are well documented 
to be helpful in the management of various disease conditions. Mental 
health is a vital component of human health. There are alarming reports 
on the rate at which people develop mental disorders (MDs) ranging from 
depression, anxiety, mood disorders, schizophrenia, and many others. There 
are also evidences that a good percentage of the world’s population depend 
on herbal extract for treating various forms of mental diseases. Despite the 
aforementioned, there is paucity of preclinical evidence that support the 
effectiveness of herbal derivatives in the treatment of MDs. This review seeks 
to harvest ethnomedicinal plants with psychotherapeutic properties that can 
serve as suitable alternatives to the conventional antipsychotics, which are 
burdened with undesirable side effects, taking into consideration the several 
benefits of herbal plants. Our focus will be on plants (and its derivatives) 
that have animal-based experimental validations, whose behavioral and 
pharmacological actions have been characterized in the treatment of MDs, 
with emphasis on depression, anxiety, and schizophrenia.
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7.1  INTRODUCTION

Mental disorders (MDs) also called mental illnesses are commonly used 
to describe a clinical condition known as psychological or psychiatric 
disorders.46 MDs could be occasional or chronic (long-lasting), and usually 
characterized by abnormal thinking, conduct disorders (abnormal behav-
iors and social communication), anxiety, and depressive behavior, which 
place a wide range of emotional, health, and financial burden on victims, 
their families and the society at large40 (Figure 7.1). Globally, increase 
in the occurrence of MDs is of major concern because of its impact on 
people’s quality of life. According to WHO, MDs account for more than 
11% of health problems in developed countries.20 An epidemiological study 
conducted by ESEMeD/MHEDEA reported that major depressive disorder, 
alcohol abuse, dysthymia, and specific phobia were the most common MDs 
among European population, with estimated lifetime prevalence rates of 
12.8%, 4.1%, and 4.1% and 7.7%, respectively.16

Different types of MDs including depression, anxiety, schizophrenia, 
attention deficit hyperactivity disorder, and obsessive-compulsive 
disorder,71 have been shown to be associated with a wide range of struc-
tural and functional decline linked to neurodegenerative diseases such as 
Alzheimer's disease, Parkinson’s diseases, and multiple sclerosis.10 Thus, 
these disorders have been highlighted by WHO, as needing more research 
to unravel the burden.72 Progress has been made in the search for novel 
pharmacotherapy from herbal extracts, of which some have been tested and 
proven effective using various experimental animal models including those 
correlating MDs.79 Researchers have shown more interest in exploring the 
pharmacological actions of herbal extracts in order to confirm the veracity 
of claims made in various books of herbal medicine.54 Herbal extracts play 
an important role in modern drug development, particularly as antibacte-
rial, antioxidant, and anti-inflammatory agents. Interestingly, enormous 
number of compounds derived from herbal extract is in various stages of 
clinical development, suggesting the existing viability and the importance 
of using herbal extract as sources of novel drug production.17 Up to 50% of 
the approved drugs during the last 30 years are either directly or indirectly 
from herbal extract.68

The use of synthetic materials has been the mainstay for drug develop-
ment owing to their effectiveness and safety but with the major setback 
of undesirable side effects and some have failed to treat the fundamental 
causes of some of these diseases. As a result of this, the use of herbal 
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extract in the therapeutic treatment and prevention of diseases has been 
encouraged.12,68 Thus, this review seeks to harvest ethnomedicinal plants 
with psychotherapeutic properties that can serve as suitable alternatives to 
the conventional antipsychotics, which are burdened with undesirable side 
effects, taking into consideration the several benefits of herbal plants. Our 
focus will be on plants (and its derivatives) that have animal-based experi-
mental validations, whose behavioral and pharmacological actions have 
been characterized in the treatment of MDs, with emphasis on depression, 
anxiety, and schizophrenia.

FIGURE 7.1  The various types of mental disorders (MDs) and its socio-economic implica-
tion on patients.
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7.2  NEUROPROTECTIVE ACTIVITY OF HERBAL EXTRACTS 
CORRELATING ANIMAL MODELS

Medicinal herbs have played a crucial role in the treatment of various 
disease conditions especially in the rural areas due to their accessibility, 
availability, and cost.68 The use of herbs continues to expand rapidly across 
the world with many people largely depending on herbal medicines as their 
source of primary health care.70 According to the WHO report, the use of 
herbal remedies in primary health care exceeds that of conventional drugs.52 
A number of medicinal herbs with psychoprotective and psychotherapeutic 
properties have been identified including: allium cepa (onions), abelmoschus 
esculentus (okra), curcuma longa (turmeric), zingiber officinalis (ginger), 
allium sativum (garlic), bacopa monnieri (water hyssop), lavandula angus-
tifolia (lavender), garcinia kola (bitter kola), moringa oleifera (drumstick 
tree), and aloe barbadensis Miller (aloe vera).15 The psychoprotective and 
psychotherapeutic potentials of extracts from the leaves, stem, bark, roots, 
flowers, and fruits of the aforementioned medicinal herbs and their mecha-
nism of action in the treatment of MDs2,15 are shown in Figure 7.2.

FIGURE 7.2  The mechanisms of action of medicinal plants in the management of mental 
disorders.

7.2.1  ALLIUM CEPA

A. cepa is a popular vegetable commonly known as onions or bulb onion. It 
is one of the most widely cultivated species of the genus Allium belonging 
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to the family of Alliaceae.13 The use of A. cepa as a dietary ingredient for 
food preparations in Africa and many parts of the world has been in exis-
tence for centuries. It contains essential flavonoids that include quercetin, 
isorhamnetin-4-glucoside, quercetin-3-glucoside, quercetin 4′-O-glucoside, 
organosulfur compounds, galactose, glucose, mannose, xylose, allyl sulfides, 
thiosulfinates, cyclically, selenium, flavonoids, and flavenols.27

A. cepa flavonoid has been reported for its numerous pharmacological 
activities such as antipsychotics,65 antioxidant, anti-inflammatory,38 neuro-
protective,37 cardioprotective,32 anticonvulsant activities,28 and antidiabetic 
effects.66 Also, in African’s traditional medicine, A. cepa extracts are being 
used as antioxidant/anticancer antimicrobial, asthma protective agent, for 
cardiovascular support and management of hypoglycemic conditions.29 The 
antipsychotic effects of A. cepa have been supported by several in vitro 
and in vivo studies.14,65 According to Kadian and Parle, A. cepa reportedly 
improved psyhotic behaviors as evidenced by climbing attempts, locomotor 
activity, and ketamine-induced stereotypic behavior. Treatment with A. cepa 
paste at 50 mg/kg significantly blocked dopaminergic neurotransmission and 
inhibited dopamine (D2) receptor, which inturn has been implicated in the 
pathophysiology of MDs indicating its effects in the management of MDs.29 
Singh and Shri identified quercetin 4′-O-glucoside extracted from A. cepa to 
be responsible for the antidepressant-like effects of A. cepa in mouse model 
of unpredictable chronic mild stress (UCMS) induced depressive behavior 
and to elucidated its mechanism of action. The authors used forced swim and 
open field behavioral test that are frequently used behavioral tests to evaluate 
the antidepressant-like activity of A. cepa on mouse model of UCMS. 
Mouse subjected to UCMS without intervention showed depressive state as 
depicted by an increase in the duration of immobility in the forced swim test. 
However, treatment with various doses of A. cepa showed a marked decrease 
in immobility time indicating a decline in depressive behavior.65

7.2.2  ABELMOSCHUS ESCULENTUS

A. esculentus also known as okra is a flowering plant and is popularly known 
as lady’s fingers or gumbo in many English-speaking countries in the world.33 
It is also called guino-gombo in Spanish, guibeiro in Portuguese, bhindi in 
India, Kenkase (Berta) in Ethiopia.7

In Africa particularly Nigeria, it is one of the most essential flowering 
vegetables widely cultivated for its fruits (edible green seed pods) and fresh 
green leaves.3 It has nutrients such as carbohydrates, vitamins, proteins, 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



110	 Curative and Preventive Properties of Medicinal Plants

minerals, fats, enzymes, and large amount of mucilage that contains soluble 
dietary fibers.60 Traditionally, A. esculentus extract has been used to treat 
many diseases like diabetes and MDs.67 A. esculentus extract (particularly the 
green pods) has been proven to contained high content of polyphenols and 
flavonoids.6 Likewise, it possesses antioxidant, anti-inflammatory, neuro-
protective, antidiabetic, antidepressive, and antihyperlipidemic effects.75

Yan and his colleagues evaluated the anxiolytic and antidepressant effects 
of okra extract and its possible mechanism of action in Chronic Unpredict-
able Mild Stress (CUMS)-induced mouse model of depression.75 Tail suspen-
sion, open field, and forced swim tests were used to determine anxiety and 
depressive behavior. The involvement of proinflammatory cytokines, TLR4/
NF-κB, and MAPKs pathways in CUMS-induced mice were explored. The 
result showed that anxiety and depressive behaviors, as well as the activa-
tion of inflammatory cytokines in the colon, serum, and hippocampus of 
mice were alleviated following treatment with A. esculentus. Furthermore, 
A. esculentus treatment inhibited TLR4 and NF-κB expression and reduced 
the high level of proinflammatory cytokines, as well as enhanced MAPKs 
signaling activities. Thus, these findings suggest the potential anxiolytic and 
antidepressant effects Okra extract in mice.75

Similarly, the study carried out by Xia et al. determined the antidepres-
sant activity of A. esculentus seed extract (AESE) using behavioral tests such 
as open field test, tail suspension test (TST), forced-swimming test (FST), 
and novelty suppressed feeding test, for subchronic treatment and chronic 
sleep-interruption (CSI) animal models.73 The levels of neurotransmitters, 
total antioxidant capacity, superoxide dismutase (SOD), and malondialde-
hyde (MDA) were determined in the Prefrontal Cortex and hippocampus of 
experimental animals. In addition, the activities of Corticosterone (CORT) 
and adrenocorticotropic hormone (ACTH) were quantified in the serum. 
Based on the results, AESE showed antidepressant effect in both SCT and 
CSI animal models by reducing the hyper-activation of the hypothalamic-
pituitary adrenal axis, alleviating oxidative stress and regulating the level of 
neurotransmitter.73

7.2.3  CURCUMA LONGA

C. longa well-known as turmeric is a perennial herb. This plant originated 
from India, Southeast Asia, and Indonesia, and it is extensively cultivated 
in tropical and subtropical regions of the world.4 C. longa has been used 
traditionally as medicine for numerous disease conditions for many centuries. 
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Its pharmacological activity has been attributed to curcuminoids, which 
consists of curcumin (CUR) and two other related compounds known as 
bisdemethoxycurcumin and demethoxy curcumin.30

There are several clinical and animal-based experimental evidences to 
support the antipsychotic, antioxidant, anti-inflammatory, antitumor, anti-
aging, and antimicrobial properties of CUR74,78 (Fig. 7.3). CUR has been 
studied extensively studied and many clinical studies using human subject 
as well as preclinical trials using rat and mice models of depression have 
highlighted the antidepressant potential of CUR.44 A meta-analysis done by 
Ng et al. summarized current evidence and generated hypotheses for further 
research on the clinical use of CUR as an antidepressant. Authors reviewed 
six clinical trials with a total of 377 patients, and compared their use of CUR 
with a placebo. The pooled standardized mean difference using Hamilton 
Rating Scale for Depression scores supports the significant clinical efficacy 
of CUR in ameliorating depressive symptoms in patients with depression. 
As such, CUR was concluded to be safe and effective in the management of 
depression.44

FIGURE 7.3  Schematic representation of Curcuminoid derivatives and their multiple 
biological activities.

Yu et al. investigated the effects of CUR extracted from C. longa, on 
the brain-gut axis in irritable bowel syndrome (IBS) rat models and the 
role of serotonin-cAMP response element-binding protein- Brain-derived 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



112	 Curative and Preventive Properties of Medicinal Plants

neurotrophic factor (5-HT-CREB-BDNF) signaling pathway.77 IBS is an 
intestinal disorder characterized by abdominal discomfort, and it is associated 
with features of disordered defecation such as diarrhea and constipation. It 
has been reported that 90% of patients with IBS can develop several types of 
depressive disorder.76 Yu et al. established that IBS rats exhibited anxiety and 
depressive behavior which was associated with reduced expression of 5-HT, 
BDNF, and pCREB in the hippocampus following exposure to Chronic Acute 
Combined Stress.77 However, administration of 40 mg/kg CUR reduced the 
immobility time in forces swim test and the number of buried marbles in the 
behavioral test. It also reduced the number of fecal output and abdominal 
withdrawal reflex scores. Furthermore, 5-HT, BDNF, and pCREB levels 
in the hippocampus were increased. Therefore, CUR exerted its effect by 
regulating the activities of 5-HT, BDNF, and CREB signaling both in the 
brain and peripheral intestinal system.61

In another study, the antidepressant effects of aqueous extract of C. 
longa was examined in a chronic mild stress mice model. Treatment using 
140–560 mg/kg of the extract for 14 days produced a dose-dependent reduction 
of immobility time in forced swimming and tail suspension tests. In addition, 
the extract significantly inhibited the monoamine oxidase-A (MAO-A) activity 
in the mouse whole brain when compared to control. Thus, the antidepressant 
effect of C. longa extract was mediated via the inhibition of MAO-A.73

Animal model of Schizophrenia has shown the effectiveness of CUR as 
antipsychotic and antioxidant agent. A study investigated the neurotoxic effects 
of supramagnetic iron oxide nanoparticles (SPIONs) and the antagonizing 
potential of CurNPs (curcumin nanoparticles) on isolated mitochondria of 
schizophrenic rats. Exposure to SPION alters physiologic processes, causes 
oxidative stress, and induces neurotoxicity. It causes cellular mitochondria 
function, apoptosis, inflammation, generation of reactive oxygen species 
(ROS), increase in micronuclei, and chromosome condensation.76 Using 
X-ray diffraction and dynamic laser light scattering methods, the authors 
characterized the physicochemical properties of Fe3O4 magnetic-CurNPs. They 
also determined the level of ROS generation, adenosine triphosphate (ATP), 
cytochrome c release, and histopathology of the cerebellum of schizophrenic 
rats. CUR-treated rats had reduced SPION-induced oxidative stress as well as 
mitochondrial dysfunction compared with the untreated group. Mitochondrial 
complex II activity, mitochondrial membrane potential, and ATP level were 
markedly reduced in the cerebellar mitochondria of CUR-treated group. In 
addition, there was a significant decline in ROS generation and cytochrome 
C. Therefore, the study concluded that CUR protected the cerebellum against 
neurotoxicity in rat model of Schizophrenia.43

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Neuroprotective Efficacy of Ethnomedicinal Plants	 113

In a clinical study, CUR extracted from C. longa was used as an adjuvant 
with regular antipsychotic medications in patients suffering from chronic 
schizophrenia. In a double blind, randomized, placebo-controlled study, 38 
patients suffering from chronic schizophrenia were treated with 3000  mg 
curcumin for a duration of 24  weeks. There was a significant positive 
response to curcumin within 6 months. Also, patients did not complain of 
any form of adverse effect. The study concluded that CUR has promising 
potentials as an add-on to antipsychotics for the management and treatment 
of schizophrenia.69

7.2.4  ZINGIBER OFFICINALIS

Z. officinale is a dietary and herbaceous perennial plant, which is consumed 
for culinary and medicinal purposes. Z. officinale rhizomes are highly 
medicinal having gingerols (6-gingerdiol, 8-gingerol, 10-gingerdione, and 
6-shogaols) as its active constituents. It is used for treating a wide range of 
ailments especially in South Asia and Africa. Iron (Fe), magnesium (Mg), 
calcium (Ca), Vitamin-C, flavonoids, sesquiterpenes, and paradols are other 
vital compounds present in Z. officinale.64

Olanrewaju et al.48 reported the attenuating potentials of Z. officinale 
ethanolic extract against reserpine-induced anxiety and depressive condition 
and its associated hippocampal aberrations in rats. These findings validate an 
earlier report by Farzin et al., wherein antidepressant potential of Z. officinale 
methanolic extract in diabetic mice using FST was investigated. It was estab-
lished that mice induced with diabetes (streptozotocin (STZ)-induced mice 
model) were significantly more immobile during the FST. While treatment 
with Z. officinale methanolic extract at 175 and 350 mg/kg did not change 
blood glucose, it rather altered immobility time by reducing it. However, both 
blood glucose levels and immobility were significantly reduced following 
treatment with Z. officinale methanolic extract at the dose of 700 mg/kg.18

7.2.5  ALLIUM SATIVUM (GARLIC)

A. sativum is a perennial bulbous herb also known as garlic in English. The 
biological activities of garlic including antipsychotic,57 antioxidant, anticancer 
antimicrobial, antifungal, antihyperglycemic, antithrombotic, insulinotropic, 
cholesterol, and lipid-lowering properties have been attributed to allicin, 
which gives it a unique odor/scent. Other major organosulfur compounds 
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derived from A. sativum are Diallyl Trisulfide (DATS). Rahmani et al. 
investigated the antipsychotic effects of A. sativum extract on anxiety and 
depressive behaviors as well as brain oxidative biomarkers in streptozotocin 
(STZ)-induced diabetes in rat model.56 Oral administration of 0.5  g/kg A. 
sativum following STZ-induced diabetes was observed to deplete anxiety and 
depressive behavioral activities. It also significantly reduced MDA, increased 
SOD and GPx levels in rat brain. Therefore, its ability to attenuate cerebral 
oxidative stress indicates the possible mechanism of action.

Using adult rats, Marschollek et al. induced cortical spreading depression 
(CSD) by microinjection of KCl in to the somatosensory cortex in order to 
determine the effects of garlic oil on CSD rat model. A. sativum extract 
reportedly reduced the amplitude of CSD-induced model, in dose-dependent 
pattern, but had no effect on the duration and velocity in neocortical brain slices. 
It also lowered the amplitude of field excitatory postsynaptic potentials at 
concentration of 500 μl/L, and inhibited the induction of long-term potentiation. 
Additionally, the oil prevented CSD-induced reactive astrocytes in the neocortex. 
Its mechanism of action against CSD was attributed to inhibition of synaptic 
plasticity and prevention of harmful effects on astrocyte in the neocortex.41

In another study conducted by Huang et al. using forced swim test and 
UCMS to induce depression in rats, oral administration of 250 and 500 mg/
kg garlic oil for 28 days significantly attenuated the duration of immobility 
in forced swim test. Furthermore, garlic oil and Duallyl disulfide, a major 
organosulphur component of garlic markedly increased sucrose preference 
index in the UCMS model. A total of 25 mg/kg dose of garlic essential oil 
effectively attenuated the turnover ratio of 5-HT and dopamine (DA) in 
the frontal cortex but not on the hippocampus. Chronic garlic essential oil 
treatment enhanced hippocampal BDNF, protein kinase B expression, and 
c-AMP response element binding protein (CREB). The garlic oil exhibited 
its antipsychotic effect in part by modulating monoamine neurotransmitter 
and BDNF-related signaling pathway.25 In furtherance, another study 
documented that 100 mg/kg hydro-alcoholic extract of A. sativum reduced 
signs of depression in reserpine-induced rat model of depression.1

7.2.6  BACOPA MONNIERI

B. monnieri also known as water hyssop, is a creeping perennial plant 
commonly found in warm wetlands areas as a weed in rice fields. The leaves, 
stem, and flowers of this plant are often used either alone or in combination 
with other herbs in Ayurvedic medicine to manage and treat several mental 
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health disorders like anxiety and depression.59 Although, there are very few 
clinical reports on the impacts of B. monnieri on MD, yet there are some in 
vivo and in vitro studies that showed that B. monnieri enhances learning rate, 
retention ability and also attenuates amnesia and MD.24

The antidepressant property of B. monnieri extract as reported by Hazra 
et al. using stress-induced model of depression showed that treatment with 80 
and 120 mg/kg of the extract significantly restored body weight, attenuated 
escape latency in shuttle box escape test (SBET) and the level of plasma corti-
costerone. These effects suggest the antidepressant property of B. monnieri 
extract and also propose the specific doses required for treating depression 
and other stress-related psychiatric disorders.37 Similarly, the neuroprotective/
antipsychotic, neurotrophic, and antioxidant effects of B. monnieri extract 
on chronic unpredictable stress-induced depression in Wistar rats has been 
documented.35 Behavioral tests such as SBET, FST, and TST were conducted. 
To determine the potential mechanism of action, the plasma level of ACTH 
and corticosterone were measured to determine the impacts of B. monnieri 
extract on hypothalamic pituitary adrenal axis. The hippocampal expression 
of neurotrophin (BDNF) and neuronal marker double cortin (DCX) were 
measured. Its effect on hippocampal neurogenesis and oxidative stress was 
investigated. The results showed significant reduction in depressive behav-
iors, normalized ACTH and corticosterone, and enhanced BDNF, DCX, and 
BrdU/NeuN expression following treatment with B. monnieri extract. Also, 
the extract significantly enhanced the activity of antioxidant enzymes. Authors 
concluded that B. monnieri extract exerted its antipsychotic effects possibly 
by upregulating hippocampal neurogenesis, promoting BDNF expression and 
antioxidant defense system against oxidative stress.35

7.2.7  LAVANDULA ANGUSTIFOLIA

L. angustifolia is a famous medicinal herb that is native to East Africa, 
Southern and Northern part of Europe, middle East countries to Southwest 
Asia, and Southeast India.9 The various categories of lavenders which include 
L. angustifolia, Lavandula stoechas, Lavandula Latifolia, and Lavandula 
intermedia contain the same ethnobotanical properties and essential chemical 
constituents. Lavender essential oil extracted by steam distillation from fresh 
L. angustifolia, and it is composed of linalyl acetate and linalool (mainly 
used in aromatherapy as a relaxant), lavandulyl acetate, 1,8-cineole, and 
camphor. Other medicinal effects of this essential oil include anxiolytic,63 
antidepressive,39 and neuroprotective effect.39
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A preliminary study done by Ogata and colleague evaluated the impact 
of L. angustifolia extract (lavender oil) inhalation on cortisol levels, pulse 
measurements, blood pressure, anxiety, and depressive disorders in human 
and animal models.45 It was found that inhalation of L. angustifolia extract 
reduced the blood pressure and attenuated Self-Rating Depression Scale 
Score. From the ex vivo result, lavender oil promoted intracellular calcium 
ions concentration in the hypothalamic oxytocin neurons. Therefore, it has 
been suggested as a useful therapy for depression, stress relief, and anxiety. 
Its mechanism of action has been linked to activation of the central oxytocin 
neurons in the hypothalamus of rodents.45 In another study conducted by 
Kianpour et al. wherein 140 postpartum women were grouped into aroma-
therapy and nonaromatherapy. The study explored the potential effect of 
L. angustifolia extract on postpartum depression, anxiety, and stress. The 
results showed that inhalation of L. angustifolia extract significantly attenu-
ated stress, anxiety, and depression up to 12 weeks after delivery.34

In another study in which chronic administration of 40 mg/kg corticos-
terone was used to induce anxiety and depression. After 14 days of treat-
ment with L. angustifolia extract, depressive behavior induced by chronic 
corticosterone administration was ameliorated. Also, the number of bromo-
deoxyuridine (BrdU) positive cells in the hippocampus and the subven-
tricular zone were reduced. The level of BDNF was also upregulated, which 
demonstrate the neurogenic effect L. angustifolia extract. In furtherance, 
oxytocin concentration in serum was upregulated. These results provide 
evidence of the biological effect of L. angustifolia extract on neuroplasticity 
and neurogenesis, which are mechanisms that have been implicated in the 
pathophysiology of anxiety and depression.62

7.2.8  GARCINIA KOLA

G. kola also called bitter kola due to its bitter and resinous taste, is commonly 
consumed in Africa especially Nigeria for its health benefits and the belief 
that it promotes longevity.49 G. kola seed extract is rich in flavonoids, phenolic 
acids, cardiac glycosides, vitamin C, saponins, and tannins. The predominant 
constituent in G. kola is Kolaviron (KV), which is responsible for most of 
its pharmacological actions.47 KV contains biflavanones (GB1, GB2, and 
kola flavanone) and has been reported to elicit strong antidepressant, anti-
inflammatory, antioxidant, antidiabetic, and neuro-protective effect37,51 both 
in vivo and in vitro experimental models.
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The 100 mg/kg of kolaviron reduced immobility time in the forced swim-
ming and tail suspension tests suggesting its antidepressant effect. Further-
more, mice were pretreated with α1-adrenoceptor antagonist (prazosin), 
5-HT2 receptor antagonist (metergoline), and muscarinic cholinergic 
antagonist (atropine) to determine the receptors involved in this pathway. 
α1-adrenoceptor antagonist (prazosin) abolished the antidepressant effect of 
KV. As such, the possible mechanism of action of KV could be by modu-
lating the adrenergic pathway.51

7.2.9  MORINGA OLEIFERA

M. oleifera called by different names such as moringa, drumstick tree 
or horseradish tree is a versatile and exceptionally nutritious (minerals 
and vitamin rich) plant, which is medicinally useful to human, animals, 
and in various industrial applications.50 The plant is characterized by its 
whitish-grey corky bark, yellow or white petioles, tripinnate leaves, and 
hanging 3-sided pods. Almost every part of M. oleifera tree is useful for 
food preparation, water purification, biodiesel production, and medicine. 
Quercetin, niazimicin, moringin, phenol, triterpenoids, cardiac glucose, 
flavonoids, alkaloids, anthraquinones, saponins, luteolin, and carotenoid 
are the phytochemicals present in M. oleifera.5 Thus, various studies have 
ascertained that the extract possesses anxiolytic, antidepressant, antioxidant, 
anti-inflammatory, antirheumatic, bactericidal, and diuretic effects, likewise 
it serves as antidote, stimulant, emetic, tonic, purgative, and vesicant.26

Studies have been done on the anxiolytic activities of crude organic 
fractions of M. oleifera leaves,8 ethanolic extract of M. oleifera leaves, and 
the effects of M. oleifera Pudding.42 Kaur et al. evaluated the antidepres-
sant effects of M. oleifera ethanolic extracts on the acute and chronic mouse 
models of depression. Authors reported a significant positive change in FST, 
TST, and locomotor activity of chronically dosed mice. The mechanism of 
action of KV was linked to the modulation of noradrenergic-serotonergic 
neurotransmission pathway, which is the hallmark of the treatment of depres-
sion with class of drugs.31

7.2.10  ALOE BARBADENSIS MILLER

This is commonly called Aloe vera (A. barbadensis) and it is characterized by 
its green color succulent, xerophytic, and shrubby or arborescent features.58 
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The plant latex or exudate has active compounds such as Barbaloin (also 
known as aloin A), aloesin (aloeresin B), isobarbaloin (aloin B), and aloeresin 
A, which are responsible for its various pharmacological actions including 
but not limited to immunomodulating, antimicrobial, and anti-inflammatory 
effects.55

Halder et al. explored the effect of A. barbadensis on mice models of 
depression, locomotion, learning, and memory. Result from this study 
showed significant reduction of transfer latency in the elevated plus-maze 
test following 400 mg/kg of A. barbadensis, while the duration of immobility 
in forced swimming and tail suppression tests significantly decreased at all 
doses (100, 200, and 400 mg/kg) administered. Also, 200 and 400 mg/kg 
of A. barbadensis administration significantly enhanced the acquisition and 
retention step-down latency.22 Foadoddini and Alinejad reported the effects 
of pure A. barbadensis extract powder on depression in prediabetic patients. 
This study was conducted on 72 prediabetic patients who were randomly 
divided into 3 groups of A. barbadensis-300 mg, A. barbadensis-500 mg, 
and Placebo. Treatment was done twice a day for 8 weeks. The result showed 
that the mean depression scores was significantly (P = 0.033) decreased in A. 
barbadensis-500 mg treated group than A. barbadensis- 300 mg.19

7.3  SUMMARY

The use of herbal extracts offers promising outcomes in the management of 
MDs including depression, anxiety, and schizophrenia, via mechanisms such 
as neuroendocrine modulation, inhibition of monoamine oxidase enzyme and 
monoamine availability, and sensitization of serotoninergic receptors. Others 
are: modulation of GABAergic pathways, hippocampal neurogenesis, and 
enhancement of BDNF expression with antioxidant defense system against 
oxidative stress. Therefore, it is possible that these effects exhibited by herbal 
extract are related to their antioxidant and anti-inflammatory properties.

However, the methodological description and flow in some articles were 
not well grounded as some reports based their findings on neurobehavioral 
changes which may not be sufficient as evidence. As such, advanced 
methodological descriptions involving the use of molecular docking system 
and unraveling the mechanism of actions are needed to better understand 
neuro-protective efficacy of herbal extracts in the management of MDs. In 
addition, detailed methodological description will allow for reproducibility 
and possible consideration for clinical trials.
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It was observed that most of the animal experimentation used stress in 
inducing MDs. Though stress is not classically a disorder, but the presence of 
stressors over a long time can stimulate depression and anxiety. Stress could 
induce accumulation of free radicals which is a culprit in the pathogenesis of 
many disease conditions including MDs. In stressed individuals, the antioxi-
dant level has been shown to be reduced compared to those without anxiety 
or depression. Medicinal plants reportedly alleviate stress-induced diseases 
such as diabetes, cardiovascular and gastrointestinal disorders. As such, their 
anxiolytic and antidepressive effects could be attributable in part to their 
antioxidant activities. In conclusion, while the medicinal plants reviewed 
above appear promising in the management of depression and anxiety, more 
scientific evidences using robust methodology, biotechnologies, and good 
manufacturing practice are needed to promote more confidence in the use 
and acceptability of herbal products in the management of MDs.

KEYWORDS

	• experimental model

	• herbs

	• medicinal plants

	• mental disorders

	• neuroprotection

REFERENCES

1.	 Aguiar, S.; Borowski, T. Neuropharmacological Review of the Nootropic Herb Bacopa 
monnieri. Rejuvenation Res. 2013, 16 (4), 313–326.

2.	 Ahmed, M.; Azam, K.; Nur, M. Traditional Knowledge and Formulations of Medicinal 
Plants used by the Traditional Medical Practitioners of Bangladesh to Treat Schizophrenia 
Like Psychosis. Schizophr. Res. Treatment. 2014, 2, 14–19.

3.	 Alam, M. S.; Khan, G. A. Chemical Analysis of Okra Bast Fiber (Abelmoschus Esculentus) 
and its Physico-Chemical Properties. J. Text. Appar. Technol. Manag. 2007, 5 (4).

4.	 Amalraj, A.; Pius, A.; Gopi, S.; Gopi, S. Biological Activities of Curcuminoids, Other 
Biomolecules from Turmeric and their Derivatives—A Review. J. Tradit. Complement. 
Med. 2017, 7 (2), 205–233.

5.	 Aney, J. S.; Rashmi, T.; Maushumi, K.; Kiran, B. Pharmacological and Pharmaceutical 
Potential of Moringa Oleifera: A Review. J. Pharm. Res. 2019, 2 (9), 1424–1426.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



120	 Curative and Preventive Properties of Medicinal Plants

6.	 Arapitsas, P. Identification and Quantification of Polyphenolic Compounds from Okra 
Seeds and Skins. Food Chem. 2008, 110 (4), 1041–1045.

7.	 Benjawan, C.; Chutichudet, P.; Kaewsit, S. Effects of Green Manures on Growth, Yield 
and Quality of Green Okra (Abelmoschus esculentus L.) Har Lium Cultivar. Pak. J. Biol. 
Sci. 2007, 10 (7), 1028–1035.

8.	 Bhat, S. K.; Joy, A. E. Anti-Anxiety Effect of Ethanolic Extract of Leaves of Moringa 
Oleifera in Swiss Albino Mice. Arch. Med. Health Sci. 2014, 2 (1), 5.

9.	 Bradley, B. F.; Starkey, N. J.; Brown, S. L.; Lea, R. W. Anxiolytic Effects of Lavandula 
Angustifolia Odour on the Mongolian Gerbil Elevated Plus Maze. J. Ethnopharmacol. 
2007, 111 (3), 517–525.

10.	 Caraci, F.; Copani, A.; Nicoletti, F.; Drago, F. Depression and Alzheimer’s Disease: 
Neurobiological Links and Common Pharmacological Targets. Eur. J. Pharmacol. 2010, 
626 (1), 64–71.

11.	 Chen, T. H.; Tsai, M. J.; Fu, Y. S.; Weng, C. F. The Exploration of Natural Compounds 
for Anti-Diabetes from Distinctive Species Garcinia linii with Comprehensive Review 
of the Garcinia Family. Biomolecules 2019, 9 (11), 641.

12.	 Chinedu, E.; Arome, D.; Ameh, F. S. A New Method for Determining Acute Toxicity in 
Animal Models. Toxicol. Int. 2013, 20 (3), 224.

13.	 Chinnala, K. M.; Achanta, P.; Vangala, V. L.; Elsani, M. M. Evaluation for 
Nephroprotective Activity of Ethanolic Extract of Allium cepa linn. In Gentamicin-
Induced Nephrotoxicity in Rats. Asian J. Pharm. Clin. Res. 2017, 10 (3), 356–359

14.	 Chopra, R. N.; Nayar, S. L.; Chopra, I. C. Glossary of Indian Medicinal Plants; Council 
of Scientific & Industrial Research, Vol. 1, 1956, pp 138–139.

15.	 Donner, H.; Gao, L.; Mazza, G. Separation and Characterization of Simple and 
Malonylated Anthocyanins in Red Onions, Allium cepa L. Food Res. Int. 1997, 30 (8), 
637–643.

16.	 ESEMeD/MHEDEA 2000 Investigators, Alonso, J.; Angermeyer, M. C.; Bernert, S.; 
Bruffaerts, R.; Brugha, T. S.; Gasquet, I. Prevalence of Mental Disorders in Europe: 
Results from the European Study of the Epidemiology of Mental Disorders (ESEMeD) 
Project. Acta Psychiatr. Scand. 2004, 109, 21–27.

17.	 Farnsworth, N. R.; Morris, R. W. Higher Plants-The Sleeping Giant of Grug Develop-
ment. Am. J. Pharm. Educ. 1976, 148, 46–52.

18.	 Farzin, D.; Fathiazad, F.; Fazellian, M. Antidepressant Effect of Methanolic Ginger 
Extract in Diabetic Mice Using Forced-Swim Test. J. Maz. Univ. Med. Sci. 2013, 23 
(98), 208–220.

19.	 Foadoddini, M.; Alinejad-Mofrad, S. Effect of Aloe Vera Extract on Depression in 
People with Prediabetes. Mod. Care J. 2020, 17 (2), 49–58.

20.	 Gao, Q. H.; Fu, X.; Zhang, R.; Wang, Z.; Guo, M. Neuroprotective Effects of Plant 
Polysaccharides: A Review of the Mechanisms. Int. J. Biol. Macromol. 2018, 106, 
749–754.

21.	 Gupta, S.; Jain, R.; Kachhwaha, S.; Kothari, S. L. Nutritional and Medicinal Applications 
of Moringa Oleifera Lam.—Review of Current Status and Future Possibilities. J. Herb. 
Med. 2018, 11, 1–11.

22.	 Halder, S.; Mehta, A. K.; Mediratta, P. K. Aloe Vera Improves Memory and Reduces 
Depression in Mice. Nutr. Neurosci. 2013, 16 (6), 250–254.

23.	 Hashemi, H. J. The Effects of Hydro Alcoholic Extracts of Garlic on Depression Induced 
by Reserpine in Rats. Indian J. Neurol. 2009, 7, 527–534.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Neuroprotective Efficacy of Ethnomedicinal Plants	 121

24.	 Hazra, S.; Banerjee, R.; Das, B. K.; Ghosh, A. K.; Banerjee, T. K.; Hazra, U. S.; Mondal, 
A. C. Evaluation of Antidepressant Activity of Bacopa Monnieri in Rat: A Study in 
Animal Model of Depression. Drug Discov. 2012, 2, 8–13.

25.	 Huang, Y. J.; Lu, K. H.; Lin, Y. E.; Panyod, S.; Wu, H. Y.; Chang, W. T.; Sheen, L. 
Y. Garlic Essential Oil Mediates Acute and Chronic Mild Stress-Induced Depression 
in Rats Via Modulation of Monoaminergic Neurotransmission and Brain-Derived 
Neurotrophic Factor Levels. Food Funct. 2019, 10 (12), 8094–8105.

26.	 Islam, M. T.; Martins, N.; Imran, M.; Hameed, A.; Ali, S. W.; Salehi, B.; Sharifi-Rad, J. 
Anxiolytic-Like Effects of Moringa Oleifera in Swiss Mice. Cell Mol. Biol. 2020, 66 (4), 
59–79.

27.	 Jeje, S. O.; Adegbite, L. O.; Akindele, O. O.; Kunle-Alabi, O. T.; Raji, Y. Allium Cepa 
Linn Juice Protect Against Alterations in Reproductive Functions Induced by Maternal 
Dexamethsone Treatment During Lactation in Male Offspring of Wistar Rats. Heliyon 
2020, 6 (5), e03872.

28.	 Jevas, C. Anti-Diabetic Effects of Allium Cepa (Onions) Aqueous Extracts on Alloxan-
Induced Siabetic Rattus Novergicus. J. Med. Plants Res. 2011, 5 (7), 1134–1139.

29.	 Kadian, R.; Parle, M. Evaluation of Anti-Psychotic Effect of Allium Cepa. World J. 
Pharm. Pharm. Sci. 2014, 3 (11), 1146–59.

30.	 Kalpravidh, R. W.; Siritanaratkul, N.; Insain, P.; Charoensakdi, R.; Panichkul, N.; 
Hatairaktham, S.; Fucharoen, S. Improvement in Oxidative Stress and Antioxidant 
Parameters in β-Thalassemia/Hb E Patients Treated with Curcuminoids. Clin. Biochem. 
2010, 43 (4–5), 424–429.

31.	 Kaur, G.; Invally, M.; Sanzagiri, R.; Buttar, H. S. Evaluation of the Antidepressant 
Activity of Moringa Oleifera Alone and in Combination with Fluoxetine. J. Ayurveda 
Integr. Med. 2015, 6 (4), 273.

32.	 Kharadi, G. B.; Patel, K. J.; Purohit, B. M.; Baxi, S. N.; Tripathi, C. B. Evaluation of 
Cardioprotective Effect of Aqueous Extract of Allium cepa Linn. Bulb on Isoprenaline-
Induced Myocardial Injury in Wistar Albino Rats. Res. Pharm. Sci. 2016, 11 (5), 419.

33.	 Khomsug, P.; Thongjaroenbuangam, W.; Pakdeenarong, N.; Suttajit, M.; Chantiratikul, 
P. Antioxidative Activities and Phenolic Content of Extracts from Okra (Abelmoschus 
Esculentus L.). Res. J. Biol. Sci. 2010, 5 (4), 310–313.

34.	 Kianpour, M.; Mansouri, A. Mehrabi, T.; Asghari, G. Effect of Lavender Scent Inhalation 
on Prevention of Stress, Anxiety and Depression in the Postpartum Period. Iranian J. 
Nurs. Midwifery Res. 2016, 21 (2), 197–202.

35.	 Koulivand, P. H.; Khaleghi-Ghadiri, M.; Gorji, A. Lavender and the Nervous System. 
Evid. Based Complement. Altern. Med. 2013, 2013, 993–1023.

36.	 Kumar, A.; Bora, K. S.; Jaggi, A. S.; Shri, R. Comparative Evaluation of Neuroprotective 
Effect of Three Varieties of Allium Cepa in Chronic Constriction Injury Induced 
Neuropathic Pain. Thai J.Pharm. Sci. 2016, 40, 1–5.

37.	 Kumar, S.; Mondal, A. C. Neuroprotective, Neurotrophic and Anti-Oxidative Role of 
Bacopa Monnieri on CUS Induced Model of Depression in Rat. Neurochem. Res. 2016, 
41 (11), 3083–3094.

38.	 Lee, K. A.; Kim, K. T.; Kim, H. J.; Chung, M. S.; Chang, P. S.; Park, H.; Pai, H. D. 
Antioxidant Activities of Onion (Allium Cepa L.) Peel Extracts Produced by Ethanol, 
Hot Water, and Subcritical Water Extraction. Food Sci. Biotechnol. 2014, 23 (2), 
615–621.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



122	 Curative and Preventive Properties of Medicinal Plants

39.	 López, V.; Nielsen, B.; Solas, M.; Ramírez, M. J.; Jäger, A. K. Exploring Pharmacological 
Mechanisms of Lavender (Lavandula Angustifolia) Essential Oil on Central Nervous 
System Targets. Front. Pharmacol. 2017, 8, 280.

40.	 Mäki-Marttunen, T.; Kaufmann, T.; Elvsåshagen, T.; Devor, A.; Djurovic, S.; Westlye, L. 
T.; Efrim-Budisteanu, M. Biophysical Psychiatry—How Computational Neuroscience 
Can Help to Understand the Complex Mechanisms of Mental Disorders. Front. Psychiat. 
2019, 10, 534.

41.	 Marschollek, C.; Karimzadeh, F.; Jafarian, M.; Ahmadi, M.; Mohajeri, S. M. R.; Rahimi, 
S.; Gorji, A. Effects of Garlic Extract on Spreading Depression: In Vitro and In Vivo 
Investigations. Nutr. Neurosci. 2017, 20 (2), 127–134.

42.	 Martatino, I. Y.; Habibie, R.; Sahrah, A.; Wardhana, A. A. The Innovative of Anxiety 
Disorder Healing: Nutri Moringa Pudding for HIV/AIDS-Infected Patients. Int. J. Asian 
Soc. Sci. 2014, 4 (11), 1100–1109.

43.	 Miodownik, C.; Lerner, V.; Kudkaeva, N.; Lerner, P. P.; Pashinian, A.; Bersudsky, 
Y.; Bergman, J. Curcumin as Add-On to Antipsychotic Treatment in Patients with 
Chronic Schizophrenia: a Randomized, Double-Blind, Placebo-Controlled Study. Clin. 
Neuropharmacol. 2019, 42 (4), 117–122.

44.	 Ng, Q. X.; Koh, S. S. H.; Chan, H. W.; Ho, C. Y. X. Clinical use of curcumin in depression: 
a meta-analysis. J. Am. Med. Dir. Assoc. 2017, 18 (6), 503–508.

45.	 Ogata, K.; Ataka, K.; Suzuki, H.; Yagi, T.; Okawa, A.; Fukumoto, T.; Asakawa, A. 
Lavender Oil Reduces Depressive Mood in Healthy Individuals and Enhances the 
Activity of Single Oxytocin Neurons of the Hypothalamus Isolated from Mice: A 
Preliminary Study. Evid. Based Complement. Alternat. Med. 2020, 2020, 56–69.

46.	 Ogundele, M. O. Behavioral and Emotional Disorders in Childhood: A Brief Overview 
for Paediatricians. World J. Clin. Pediatr. 2018, 7 (1), 9.

47.	 Ojo, O. B.; Amoo, Z. A.; Saliu, I. O.; Olaleye, M. T.; Farombi, E. O.; Akinmoladun, 
A. C. Neurotherapeutic Potential of Holaviron on Neurotransmitter Dysregulation, 
Excitotoxicity, Mitochondrial Electron Transport Chain Dysfunction and Redox 
Imbalance in 2-VO Brain Ischemia/Reperfusion Injury. Biomed. Pharmacother. 2019, 
111, 859–872.

48.	 Olanrewaju, J. A.; Owolabi, J. O.; Awodein, I. P.; Enya, J. I.; Adelodun, S. T.; Olatunji, 
S. Y.; Fabiyi, S. O. Zingiber officinale Ethanolic Extract Attenuated Reserpine-Induced 
Depression-Like Condition and Associated Hippocampal Aberrations in Experimental 
Wistar Rats. J. Exp. Pharmacol. 2020, 12, 439.

49.	 Omotoso, G. O.; Olajide, O. J.; Gbadamosi, I. T.; Adebayo, J. O.; Enaibe, B. U.; 
Akinola, O. B.; Owoyele, B. V. Cuprizone Toxicity and Garcinia Kola Biflavonoid 
Complex Activity on Hippocampal morphology and Neurobehaviour. Heliyon 2019, 5 
(7), e02102.

50.	 Omotoso, G. O.; Gbadamosi, I. T.; Olajide, O. J.; Dada-Habeeb, S. O.; Arogundade, T. T.; 
Yawson, E. O. Moringa Oleifera Phytochemicals Protect the Brain against Experimental 
Nicotine-Induced Neurobehavioral Disturbances and Cerebellar Degeneration. Patho-
physiology 2018, 25 (1), 57–62.

51.	 Onasanwo, S. A.; Ilenre, K. O.; Faborode, S. O. The Impact of Kolaviron (a Biofla-
vonoid of Garcinia Kola Seed) on Depression Status in Laboratory Rodents: Roles of 
Monoaminergic Systems. Ann. Depress. Anxiety. 2015, 2 (1), 1042.

52.	 Pal, S. K.; Shukla, Y. Herbal Medicine: Current Status and the Future. Asian Pac. J. 
Cancer Prev. 2003, 4 (4), 281–288.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Neuroprotective Efficacy of Ethnomedicinal Plants	 123

53.	 Pandit, S.; Kim, H. J.; Kim, J. E.; Jeon, J. G. Separation of an Effective Fraction from 
Turmeric Against Streptococcus Mutans Biofilms by the Comparison of Curcuminoid 
Content and Anti-Acidogenic Activity. Food Chem. 2011, 126 (4), 1565–1570.

54.	 Pujari, R. R.; Vyawahare, N. S.; Thakurdesai, P. A. Neuroprotective and Antioxidant 
Role of Phoenix Dactylifera in Permanent Bilateral Common Carotid Occlusion in Rats. 
J. Acute Dis. 2014, 104–114.

55.	 Radha, M. H.; Laxmipriya, N. P. Evaluation of Biological Properties and Clinical 
Effectiveness of Aloe Vera: A Systematic Review. J. Tradit. Complement. Med. 2015, 5 
(1), 21–26.

56.	 Rahmani, G.; Farajdokht, F.; Mohaddes, G.; Babri, S.; Ebrahimi, V.; Ebrahimi, H. Garlic 
(Allium Sativum) Improves Anxiety-and Depressive-Related Behaviors and Brain 
Oxidative Stress in Diabetic Rats. Arch. Physiol. Biochem. 2020, 126 (2), 95–100.

57.	 Rehman, R.; Saif, S.; Hanif, M. A.; Riaz, M. Garlic. In Medicinal plants of South Asia; 
Hanif, M., Nawaz, H., Khan, M., Byrne, H., Eds.; Elsevier BV: Amsterdam, 2019; pp 
301–315.

58.	 Reynolds, T.; Dweck, A. C. Aloe Vera Leaf Gel: A Review Update. J. Ethnopharmacol 
1999, 68 (1–3), 3–37.

59.	 Roodenrys, S.; Booth, D.; Bulzomi, S.; Phipps, A.; Micallef, C.; Smoker, J. Chronic 
Effects of Brahmi (Bacopa monnieri) on Human Memory. Neuropsychopharmacology 
2002, 27 (2), 279–281.

60.	 Sabitha, V.; Ramachandran, S.; Naveen, K. R.; Panneerselvam, K. Investigation of In 
Vivo Antioxidant Property of Abelmoschus esculentus (L) Moench. Fruit Seed and Peel 
Powders in Streptozotocin-Induced Diabetic Rats. J. Ayurveda Integr. Med. 2012, 3 (4), 
188.

61.	 Sadeghiani, N.; Barbosa, L. S.; Silva, L. P.; Azevedo, R. B.; Morais, P. C.; Lacava, Z. 
G. M. Genotoxicity and Inflammatory Investigation in Mice Treated with Magnetite 
Nanoparticles Surface Coated with Polyaspartic Acid. J. Magn. Magn. Mater. 2005, 
289, 466–468.

62.	 Sánchez-Vidaña, D. I.; Po, K. K. T.; Fung, T. K. H.; Chow, J. K. W.; Lau, W. K. W.; So, 
P. K.; Tsang, H. W. H. Lavender Essential Oil Ameliorates Depression-Like Behavior 
and Increases Neurogenesis and Dendritic Complexity in Rats. Neurosci. Lett. 2019, 
701, 180–192.

63.	 Seol, G. H.; Shim, H. S.; Kim, P. J.; Moon, H. K.; Lee, K. H.; Shim, I.; Min, S. S. 
Antidepressant-Like Effect of Salvia Sclarea is Explained by Modulation of Dopamine 
Activities in Rats. J. Ethnopharmacol. 2010, 130 (1), 187–190.

64.	 Shahrajabian, M. H.; Sun, W.; Cheng, Q. Clinical Aspects and Health Benefits of Ginger 
(Zingiber Officinale) in Both Traditional Chinese Medicine and Modern Industry. Acta 
Agric. Scand. 2019, 69 (6), 546–556.

65.	 Singh, V.; Chauhan, G.; Shri, R. Anti-Depressant Like Effects of Quercetin 4'-O-Glucoside 
from Allium Cepa Via Regulation of Brain Oxidative Stress and Monoamine Levels in 
Mice Subjected to Unpredictable Chronic Mild Stress. Nutr. Neurosci. 2021;24(1):35–44.

66.	 Stajner, D.; Varga, I. S. An Evaluation of the Antioxidant Abilities of Allium Species. 
Acta Biol. Szeged. 2003, 47 (1–4), 103–106.

67.	 Tongjaroenbuangam, W.; Ruksee, N.; Chantiratikul, P.; Pakdeenarong, N.; Kongbuntad, 
W.; Govitrapong, P. Neuroprotective Effects of Quercetin, Rutin and Okra (Abelmoschus 
Esculentus Linn.) in Dexamethasone-Treated Mice. Neurochem. Int. 2011, 59 (5), 
677–685.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



124	 Curative and Preventive Properties of Medicinal Plants

68.	 Veeresham, C. Natural Products Derived from Plants as a Source of Drugs. J. Adv. 
Pharm. Technol. Res. 2012, 3 (4), 200.

69.	 White, B. Ginger: An Overview. Am. Fam. Physician. 2007, 75 (11), 1689–1691.
70.	 WHO. WHO Guidelines on Safety Monitoring of Herbal Medicines in Pharmacovigilance 

Systems; World Health Organization: Geneva, 2004.
71.	 WHO. Mental Disorders [Online]. www.who.int/news-room/fact-sheets/detail/mental-

disorders (accessed August 31, 2021).
72.	 WHO. Mental Health and Forced Displacement. https://www.who.int/news-room/fact-

sheets/detail/mental-health-and-forced-displacement (accessed August 31 2021).
73.	 Xia, F.; Li, C.; Li, M.; Liao, Y.; Liu, X.; Si, J.; Pan, R. Antidepressant Activity of an 

Aqueous Extract from Okra Seeds. RSC Adv. 2018, 8 (57), 32814–32822.
74.	 Xu, Y.; Ku, B. S.; Yao, H. Y.; Lin, Y. H.; Ma, X.; Zhang, Y. H.; Li, X. J. Antidepressant 

Effects of Curcumin in the Forced Swim Test and Olfactory Bulbectomy Models of 
Depression in Rats. Pharmacol. Biochem. Behav. 2005, 82 (1), 200–206.

75.	 Yan, T.; Nian, T.; Liao, Z.; Xiao, F.; Wu, B.; Bi, K.; Jia, Y. Antidepressant Effects of a 
Polysaccharide from Okra (Abelmoschus Esculentus (L) Moench) by Anti-Inflammation 
and Rebalancing the Gut Microbiota. Int. J. Biol. Macromol. 2020, 144, 427–440.

76.	 Yu, Y.; Wu, S.; Li, J.; Wang, R.; Xie, X.; Yu, X.; Zheng, L. The Effect of Curcumin 
on the Brain-Gut Axis in Rat Model of Irritable Bowel Syndrome: Involvement of 
5-HT-Dependent Signaling. Metab. Brain Dis. 2015, 30 (1), 47–55.

77.	 Yu, Z. F.; Kong, L. D., Chen, Y. Antidepressant Activity of Aqueous Extracts of Curcuma 
Longa in Mice. J. Ethnopharmacol. 2002, 83(1–2), 161–165.

78.	 Zhan, P. Y.; Zeng, X. H.; Zhang, H. M.; Li, H. High-Efficient Column Chromatographic 
Extraction of Curcumin from Curcuma Longa. Food Chem. 2011, 129 (2), 700–703.

79.	 Zhang, Z. J. Therapeutic Effects of Herbal Extracts and Constituents in Animal Models 
of Psychiatric Disorders. Life Sci. 2004, 75(14), 1659–1699.

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Curative and Preventive Properties of Medicinal Plants: Research on Disease Management and Animal 
Model Studies. Megh R. Goyal, Junaid Ahmad Malik, & Ademola Olabode Ayeleso (Eds.)
© 2023 Apple Academic Press, Inc. Co-published with CRC Press (Taylor & Francis)

Translational Neuroprotective Activity 
of Curcumin in Neurodegenerative 
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CHAPTER 8

ABSTRACT

The two commonest neurodegenerative diseases (NDDs), which affects the 
elderly people are Parkinson’s (PD) and Alzheimer’s diseases (AD). Protein 
aggregation, oxidative damage, apoptotic signaling, inflammation, and 
microgliosis are some of the mechanisms implicated in the pathophysiology 
of NDDs. The available conventional drugs provide symptomatic relief and 
not necessarily slow down the disease progression or prevent it. In addition, 
the attending side effects are a major concern. These two disorders are only 
best managed as effective cure is still lacking and as remained the focus of 
several researches.

There is a growing increase in exploration of plants of medicinal value for 
their effectiveness in the management of various diseases. The reason could 
be that herbal plants are cheaper, readily accessible, and culturally suitable 
alternatives to conventional therapies especially in the developing nations. 
Curcumin is a naturally-occurring polyphenol and the main curcuminoid 
found in Curcuma longa plant. Its pleiotropic effects on the nervous system 
have been documented. These include but not limited to its ability to mitigate 
against protein aggregation, oxidative stress, cell death, and inflammation.
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8.1  INTRODUCTION

Neurodegenerative diseases (NDDs) result from the progressive deterioration 
of neurons, which over time leads to neurodegeneration and disabilities. 
NDDs diseases affect the quality of life and its prevalence in recent times is on 
the increase. These diseases have no known cure and are managed by treating 
the symptoms exhibited per time.14 Clinically, there is loss of neurological 
functions (paralysis, akinesia, dementia) and gradual degeneration of the 
neuron. Example of these diseases are multiple sclerosis, Alzheimer’s 
disease (AD), amyotrophic lateral sclerosis, Parkinson’s disease (PD), and 
Huntington’s disease. AD as well as PD are the common neurodegenerative 
disorders.51 They have multiple etiologies and have no known cure yet.55 
Both AD and PD also share some pathogenic patterns, such as, age-related 
decline, diverse environmental risks, and multiple genetic defects distributed 
across the genome. The current drugs for managing AD and PD mostly 
reduce the disease symptoms and coadministration of several drugs may lead 
to severe side-effects and adverse reactions in patients.8

In the world, about 40–50 million individuals are affected by one form 
of dementia or the other in addition to AD.37 In AD, there is impairment 
in cognition, language processing, and ability to solve problems. AD brain 
has hyperphosphorylated tau found in the amyloid beta and neurofibrillary 
tangles located within the amyloid plaques. Conversely, PD being the most 
common motor dysfunction and second most common NDDs may affect 
not less than 10 million people in the World. The most distinct pathologic 
feature in PD is the progressive destruction of dopamine-containing neurons 
along with the presence of collections known as Lewy bodies, consisting of 
proteinous alpha-synuclein.51 NDDs are mostly found in elderly persons and 
have become one of the main causes of health challenges.42

AD, PD, and most neurodegenerative disorders have features of accumu-
lated abnormal folded proteins, which are not only toxic but also interfere 
with neuronal metabolism. In these disorders, the existence of clusters of 
misfolded proteins indicates that protein control system is unable to maintain 
protein homeostasis, often called proteostasis.21 Mechanisms like neuroin-
flammation, oxidative stress (OS), and the accumulation of certain aggre-
gated proteins are implicated as the underlying causes of neurodegeneration 
in PD and AD.12

The constituents in medicinal plants have therapeutic effect or serves as 
precursor(s) for the synthesis of other drugs.49 For a long time, medicinal 
plants have been harnessed traditionally to manage several ailments. The 
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use of herbal plants is on the rise. This has been attributed to high cost and 
abnormal effects of orthodox medicines, affordability, accessibility, and 
availability of medicinal plants.42 The phytochemical nature of medicinal 
plants enables them to work on multiple areas of associated physiologic 
dysfunction in a logical, multitactical approach to systems regulation.20 
For many years, many of these plants were used traditionally even without 
sufficient scientific data to ascertain their efficacy.49

The attention of researchers is gradually turning to herbal medicine as an 
alternative therapy in managing NDDs.33 Phytochemicals have a wide range 
of biological impacts. They include but not limited to: flavonoids, steroids, 
tannins, phenols, saponins, glycosides, alkaloids, and terpenoids. Given that 
the causes of NDDs are multifactorial and complex, the multiple constituents 
of herbal plants may be more potent in treating these disorders since effec-
tive medication is still lacking.42 Herbal medicines are reportedly effective 
in ameliorating various disease conditions. Also, some natural products have 
been discovered to have advantage over synthetic drugs.9

Curcumin is a naturally existing polyphenol extracted from rhizome of 
Curcuma longa.7 It accounts for 2–5% of the spice. The powder form has a 
characteristic orange–yellow color, which is completely insoluble in water. It 
is harnessed in the treatment of various ailments, as coloring additives in foods 
and textiles, and spice for cooking. Traditionally, it is popularly used to treat 
inflammation, hepatic disorders, rheumatism, diabetes, cough, wounds, and 
sinusitis. Curcumin has a number of biological effects including its antimicro-
bial, anti-inflammatory, anticarcinogenic, hypercholesteremic, antimutagenic, 
antioxidant, antiprotozoal, antibacterial, antifibrotic, antiulcer, hypotensive, 
antiproliferative, and antidiabetic properties.4,7 In spite of the fact that 
Curcumin has been confirmed to be generally safe for human consumption, its 
effectiveness is greatly challenged by its low bioavailability. Though curcumin 
is easily metabolized, yet it has low rate of absorption and short half-life.7

This chapter focuses on highlighting evidence-based preventive and 
neuroprotective properties of Curcumin, its mechanism of action and impact 
on neuronal communication, with focus on restoration of neural plasticity, 
integrity, cognitive and motor imbalances associated with AD and PD in 
various animal models

8.2  PATHOPHYSIOLOGY OF PD AND AD

In these NDDs, there is a characteristic continuous, steady and specific 
destruction of some neuronal cell types. Nitrosative and oxidative stresses, 
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mitochondrial malfunction, inflammation, and apoptosis underlie these 
disorders. They can be described typically by neuronal vulnerability and 
accumulations of abnormally folded proteins. While the structures of protein 
clusters differ, these disorders have similar pattern of aggregation of proteins, 
along with formation of fibrils and amyloids.13 According to Alois Alzheimer, 
the availability of amyloid plaques along with neurofibrillary tangles within 
neurons is the hallmark of AD.

Tau, which is a microtubule-associated protein, is not only a classic 
feature of AD, but is also observed in other similar NDDs. In transgenic mice 
showing tau, co-expression of Amyloid precursor protein or α-synuclein 
aggravates tau pathology, so that neurodegeneration caused by tau pathology 
may be activated downstream of disease pathways. The α-synuclein can be 
described as intracellular amyloid characterized in PD. Mutation of the gene 
coding for α-synuclein is the basis for familial form of PD. Increased cortical 
expression of synuclein has fundamental role in PD pathology, because 
α-synuclein gene mutation has been connected to autosomal-dominantly 
inherited Lewy body dementia and PD.48 Similarly, transgenic mice condi-
tioned to overexpress mutant α-synuclein showed α-synuclein pathology and 
neuronal degeneration.32

8.2.1  AGING

This is an essential predisposing factor in the development of NDDs. 
Aging impairs neuronal repair making them more susceptible to neuro-
degenerative assaults.22 Many signaling pathways identified to be involved 
in aging and lifespan have also been identified in age-mediated cognitive 
impairments.6,19 According to aging models using invertebrate organisms, 
there is a relationship between cognition and mitopathology because 
several genes involved in synaptic function, neural plasticity, and mito-
chondrial metabolism show structural changes during aging. Synaptic 
integrity is compromised in the axon defective in MEC-17. Such axons 
also show transport deficit and reduction in the quantity of mitochon-
dria. In Caenorhabditis elegans, neuronal dysfunction caused by axonal 
degeneration has been attributed to the loss of MEC-17, an alpha-tubulin 
acetyltransferase gene.19 With aging, a vicious circle of OS is generated 
whereby OS causes dyshomeostasis in various body systems, such as, the 
immune response which in turn leads to inflammatory response and further 
exacerbates OS..15
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8.2.2  OXIDATIVE STRESS (OS)

Due to the different biological processes and metabolic activities required 
to sustain cellular homeostasis, the development of reactive oxygen stress 
(ROS) and nitrogen stress in cells is unavoidable. In biological systems, OS 
denotes the discrepancy between oxidants and antioxidants. This disparity is 
due to overwhelming ROS concentrations and redox-state dyshomeostasis. 
OS process includes overproduction of ROS, which is critically involved in 
the advancement of NDDs. The cortical tissue is susceptible to OS due to 
the elevated level of lipid in addition to increased oxygen breakdown. Self-
oxidation of dopamine, iron and calcium dysmetabolism, glial activation, 
and mitochondrial dysregulation are due to ROS.31

The nervous tissue particularly the cortical structure is very susceptible 
to oxidative damage (attacks from free radicals) due to low quantity of enzy-
matic and nonenzymatic antioxidants), increased rate of metabolism, and 
elevated level of polyunsaturated fats. In addition, leaked oxygen metabolism 
electrons allow the removal of hydrogen ions and increase the occurrence of 
lipid peroxidation. Thus, OS damage is caused by few signaling pathways 
that affect enzymes that are essential to neuronal and glial functions.26

Research has shown that OS increases in the aging brain. AD, PD and 
most neurodegenerative disorders are age-driven; and in the pathogenesis 
of these diseases, ROS-induced oxidative damage is involved. Further, OS, 
increased lipid peroxidation, mitochondrial dysfunction, and energy failure 
resulting from plaque formation are caused by Aβ peptides and clustering 
of fibrillary tangles containing aggregated Tau and Aβ.62 The AD brain has 
been shown to have an elevated level of Malondialdehyde, a pro-oxidant and 
a marker of lipid peroxidation.1

In another study, histological examination demonstrated dispersion in 
the arrangement of pyramidal neurons, and degenerating features while 
histochemical examination demonstrated deposition of Tau and Aβ in the 
hippocampus.18 Cellular damage, mitochondrial dysfunction, and deficit in 
DNA repair are capable of playing pivotal role in the aging process, which 
in turn may influence the development of NDDs,50 and it may be triggered 
by the release of ROS.

The relationship between the generation of ROS and pathological basis 
of NDDs has been identified in several research studies.52 OS and ROS 
significantly affect AD because of the toxic impacts on protein and other 
molecules.46 In AD brain, oxidative imbalance exacerbates neuronal damage 
as a result of oxidation of Tau and β-amyloid by ROS.35 The buildup of 
Aβ aggregates causes mitochondrial malfunction, which is a major driver 
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of AD.38 Furthermore, calcium dysregulation, poor antioxidant status, Tau 
aggregation, excessive production of ROS, accumulation of amyloid plaque, 
mitochondrial dysfunction, and accumulation of iron have been implicated 
in OS, which in turn underlies the pathophysiology of PD and AD.58 Exces-
sive oxidative assaults to β-amyloid protein may cause misfolding and 
accumulation of abnormal proteins, which can worsen neurodegeneration 
and subsequently the loss of neuronal cells in AD. Likewise, deposition of 
alpha-synuclein protein, dopamine dysmetabolism, alteration in mitochon-
drial DNA, iron buildup, upsurge in the level of nigral lipid peroxidation, 
accumulation of OH− radical, and reduced antioxidant status underlie the 
pathology of PD. All these promote dopaminergic neuronal death, which 
reduces dopaminergic transmission and consequently, loss of motor coordi-
nation and balance, which characterize PD.31

8.2.3  INFLAMMATION

Activation of the Immune system is a typical feature in ischemia, trauma, 
NDDs, infections, and immune-linked diseases. However, some immune 
responses in the CNS are protective as they promote regenerative processes 
and cellular repair. For instance, microglia are involved in the clearance 
of debris following myelin injury and any attempt to alter this process can 
hinder neuronal regeneration. Microglial activation can induce the release of 
both neuroprotective and neurotoxic molecules depending on the pathway 
activated. Upregulation of IL-1β and TNF-α, which are important markers 
of inflammation, has been demonstrated in the AD brain in various studies.1 
Activation of nuclear kappa factor-B controls the impact of TNF-α, which 
is one of the most important pro-inflammatory markers in these diseases.2

8.3  CURCUMIN AND NEURODEGENERATION

Curcumin is an anti-inflammatory and antioxidant biocompound, which 
has been documented as an effective in the treatment of cancers, inflamma-
tory diseases and in laboratory models of PD and AD.23 It is a pleiotropic 
compound, which does not only function to restore immune homeostasis, 
cleaves iron, promotes the response of antioxidant elements and removal 
of toxic collections, cleaves off free radicals, but also binds and reduces 
clustering of amyloid sheets.23 Curcumin modulates Aβ by cleaving off the 
aggregated synuclein clusters thus, reducing its toxicity.27 The diketone 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Translational Neuroprotective Activity of Curcumin	 131

bridge in curcumin is responsible for binding amyloid and the consequent 
reduction in plaque formation.56

The fluorescence property of curcumin may be beneficial in reducing 
the disease progress by analysis of retina plaques, which can reflect plaque 
deposits in the brain;23 and this property has been proposed as a noninvasive 
diagnostic tool.29

8.3.1  NEUROPROTECTIVE EFFECTS OF CURCUMIN

Curcumin attaches to the β-pleated sheet in the helical strands of Tau and 
also inhibits its collection. A pivotal mechanism via which curcumin acts 
is by binding to amyloid structure to reduce plaque deposition in most AD 
models.11 It also reduces soluble phosphorylated Tau oligomers and rectifies 
synaptic deficits.30 Curcumin reportedly attaches to neurofibrillary tangles in 
animal models and human AD brain. It also binds other aggregates β-sheets 
found in Prion and Huntington’s disease.39,40

Curcumin may increase the life-cycle of C. elegans by inhibiting the 
release of ROS because of its antioxidative properties.1 Cur2004-8, a man-
made off-shoot of curcumin, was reportedly more potent in improving the 
lifespan and enhancing resistance against OS than the curcumin.45 Likewise, 
the ability of curcumin to promote resistance to heat stress, irradiation, and 
OS, thereby improving the lifespan of Drosophila has been reported.10 Kitani 
and others28 revealed that curcumin derivative, tetrahydro-curcumin was 
able to improve the lifespan of mice when administered for 13 months.

8.3.2  ANTI-INFLAMMATORY EFFECTS OF CURCUMIN

The inflammatory cascade is a basic mediator in the pathophysiology of 
NDDs.2 Curcumin was found to possess powerful anti-inflammatory response 
that was comparable with both steroidal and NSAIDs.2 Its anti-inflammatory 
outcome is facilitated by preventing the initiation of transcription factors, such 
as NF-κB and AP-1, induction of iNOS, COX-2, and release of cytokines 
(e.g., interferon and TNF).34 Curcumin reportedly modulates cytokines, redox 
status, transcription factors, and enzymes involved inflammatory processes.2

In another study, curcumin considerably attenuated amyloid level, IL-1β 
as well as oxidized proteins in APP/SW mice, thereby reducing cognitive 
impairment. The ability of Curcumin to interact with Cu and Fe in a metal-
induced AD-like pathology showed its probable mechanism of action.5 
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Curcumin could also subdue inflammatory impairment by inhibiting metallic 
stimulation of NF-κB.2

Similarly, it reportedly decreased the Aβ formation. This effect was 
dependent on fibril conformation and not on the sequence of Aβ. When brain 
slices of Tg2576 and AD mice were incubated with curcumin, these preferen-
tially labeled the amyloid plaques. In addition, it permeated the blood-brain 
barrier (BBB) to bind senile deposits when introduced peripherally in aged 
Tg2576 mice. Administration of curcumin to Tg2576 mice having advanced 
amyloid deposit improved the amyloid pathology by labeling the plaques 
and reduction in amyloid levels. This implies that curcumin binds directly 
to beta-amyloid sheets to prevent formation and accumulation of fibril in in 
vivo and in vitro models.2

Furthermore in AD brain, Aβ phagocytosis by macrophages and its 
clearance are defective.36 However, curcumin enhanced the Aβ uptake by 
macrophages.61 Similarly in an animal model of AD, curcumin significantly 
improved the structure of distorted neurites and disrupted amyloid plaques 
by crossing the BBB to cleave off senile plaques in APPswe/PS1dE9 mice.16

8.3.3  ANTIOXIDANT PROPERTIES OF CURCUMIN

Curcumin possesses antioxidant properties for reducing and scavenging ROS 
radicals.3 Curcumin protected against OS in the rotenone, 6-OHDA, and 
MPTP models of PD.43,47 Curcumin reduces OS, inflammatory cytokines, 
and upregulates antioxidant defense mechanisms. In primary astrocytes, it 
inhibited the formation of MPP+, suppressed the activities of IL-6, TNF, and 
ROS as well as augmented GSH level and IL-10.59

Curcumin prevents Aβ fibril formation by binding to it and inhibiting Aβ 
clusters.27 In rat’s cortical neurons, maturation of the precursor for Aβ was 
inhibited following intake of curcumin.60 Huang and others24 reported that 
curcumin offers a more potent protective effect against oxidative assaults 
when administered prior to injection of Aβ toxin as evidenced by decline 
in ROS generation. As shown by Xiao et al., curcumin and its variant Cur1 
promoted the expression of hTERT, which guarded the cells from Aβ-mediated 
toxicity.54 Similarly in rat primary neurons, curcumin inhibited death of 
Aβ-induced cells.57 Another curcumin derivative, di-O-demethylcurcumin 
reportedly preserved neuroblastoma cells from Aβ-mediated oxidative 
toxicity. Not only does curcumin inhibited peroxide-mediated neuronal 
death, it also caused decline in lipid peroxidation, intracellular caspase-3 
and -9 in H2O2-driven OS prototype of SH-SY5Y neurons.53 Pogue et al.41 
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showed that curcumin could permeate the BBB via in vivo multiphoton 
microscopy. Curcumin was protective against glutamate-mediated oxidative 
toxicity. In transgenic models of AD and streptozotocin model of dementia, 
curcumin showed neuroprotective impacts. In the Streptozotocin-induced 
dementia model of AD, curcumin reversed OS 44 and amplified glutathione 
antioxidant enzyme.25 In APP/PS1 mice genetically modified for AD, 
curcumin modulated degenerative changes in synapse and increased the 
expression of proteins associated with mitochondrial functions.17

8.4  SUMMARY

Scientific data on the role of curcumin in NDDs using animal models depicted 
that this extract has potent antioxidant and anti-inflammatory properties. It could 
regulate apoptotic signaling and cell cycle, modifies gene expression, and alters 
several molecular targets and signaling pathways. Curcumin has been subjected 
to preclinical investigation in various neurodegenerative models but its low 
bioavailability is a limitation for oral administration. Curcumin bioavailability 
has been enhanced by several nano-formulations. Data from several animal 
studies recommended that curcumin might be beneficial in treating NDDs. 
While applicable molecular targets are unclear, nevertheless, curcumin is safe, 
inexpensive natural extract and a promising candidate for further investigation 
and development in the quest for PD and AD therapeutics. As such, from the 
above potential mechanism of action of curcumin extract, it may be effective as 
cognitive enhancer as well as delaying the progression of AD and PD. However, 
further molecular investigations will provide more mechanistic evidences that 
will scientifically support its use in the management of NDDs.
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Multiple Organ Dysfunction Syndrome: 
Phytotherapeutic Evidences from 
Intestinal Ischemia-Reperfusion Models

Akinleye Stephen Akinrinde and Joseph Fadeyemi Akinrinmade

CHAPTER 9

ABSTRACT

The gastrointestinal mucosa serves important barrier and defensive function 
against pathogenic bacteria, aggressive factors, and other inflammatory 
stimuli present within the lumen of the intestines. A variety of pathological 
and/or surgical conditions, known to produce intestinal ischemia-reperfusion 
injury (IIRI) (e.g., hemorrhagic shock, strangulated bowel, intussusception, 
and volvulus) has been associated with breaches in gut barrier integrity, 
increased barrier permeability, and translocation of viable enteric bacteria 
and their toxins into the portal and systemic circulation. The result of 
this trans-epithelial movement of enteric microbes and/or toxins is the 
generalized activation of various inflammatory mediators (e.g., cytokines, 
reactive oxygen species, leucocytes, and the complement system) in what 
is often described as the systemic inflammatory response syndrome (SIRS). 
One devastating consequence of IIRI and SIRS is widespread injury to 
remote organs, a condition often referred to as multiple organ dysfunction 
syndrome (MODS), which is the leading cause of mortality in critically ill 
patients, especially those in intensive care units. From the foregoing, it has 
been suggested that compounds that combine multiple activities such as 
antibacterial, anti-inflammatory, antioxidant, and immune-modulatory roles, 
may provide new approaches to the prevention and/or treatment of MODS. 
In this regard, medicinal herbs with their composite nature of bioactivities 
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due to several inherent phytochemicals are being investigated at different 
levels for their benefits in modulating the pathophysiological mechanisms 
that give rise to MODS. With particular reference to animal models of 
IIRI, this chapter explores available experimental evidence of the potential 
prophylactic and/or therapeutic benefits of medicinal herbs in limiting 
remote organ dysfunction arising from gastrointestinal injury.

9.1  INTRODUCTION

Multiorgan dysfunction syndrome (MODS) is the term used to describe 
the progressive, simultaneous impairment of two or more separate organ 
systems, usually requiring the need for external support (e.g., mechanical 
ventilation, respiratory and extracorporeal supports, nutritional and fluid 
supplementation) to maintain homeostasis.46 It is the leading cause of 
mortality in critically ill patients, especially those monitored in intensive 
care units, with mortality rates as high as 76%,38 and rising to as much as 
98% within a week when failure of more than three organs is experienced. 
Organ dysfunction may manifest as acute respiratory distress, kidney injury, 
cardiomyopathy, gastrointestinal dysfunction, encephalopathy, hepatic 
dysfunction, and coagulopathy.

Classical MODS is usually underlined by the development of a 
systemic inflammatory response usually to infection65 or sequelae of 
traumatic, ischemic or hypoxic injuries, giving rise to the so-called systemic 
inflammatory response syndrome (SIRS).5 This is often complicated by 
inadvertent iatrogenic events as the sustenance of the life of the critically 
ill patient is highly dependent on the provision of external support that 
necessitates intensive care in the first place.39 Consequently, the ultimate 
outcome of managing a patient with MODS will depend on the prevention 
and/or treatment of organ injury related to the primary inflammatory insult as 
well as the effectiveness or shortcomings of the exogenous support provided 
to the critically ill patient.

The pathophysiology of MODS is still poorly understood but is believed 
to involve complex interactions that may include tissue hypoxia, bacterial 
translocation from the gut, dysregulation of immune and hormonal systems, 
induction of apoptosis, and alterations in neural signaling.40 Several animal 
models have provided useful insights into potential mechanisms under-
lying the development of MODS, while a number of promising therapeutic 
strategies have also been investigated.26 Conditions that create blockade of 
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blood supply (ischemia) to the intestines followed by restoration of blood 
flow to such ischemic tissues (reperfusion) produce both local and remote 
organ injuries and have been linked to the development and progression of 
MODS. Consequently, animal models of intestinal ischemia-reperfusion 
injury (IIRI) hold promise for proving both pathophysiological and thera-
peutic insights into what is currently known about MODS. The important 
goal of management of MODS must be the early recognition and control of 
the underlying cause (usually inflammatory foci resulting in tissue injury), 
as well as comorbidities and complications arising from the management 
of the patient.

The potential application of several therapeutic modalities such as 
antioxidant, antileucocyte, anticomplement, and amino acid therapies as 
well as ischemic preconditioning against IIRI has been comprehensively 
reviewed.37 Many of these approaches are, often directed at specific targets 
in the cascade of inflammation and MODS. However, what appears to 
be clear from studies on the pathophysiology of sepsis, inflammatory 
syndrome, and multiorgan dysfunction is the involvement of numerous/
multiple targets.46 It is, therefore, likely that the achievement of clinical 
success in the management of the inflammatory syndrome and MODS 
will depend on agents that can target multiple inflammatory and immune 
mediators. In this regard, alternative medicine through the use of medicinal 
herbs has been proposed as a useful strategy with plants as viable sources 
of multiple bioactivities—antibacterial, antioxidant, anti-inflammatory, 
immuno-modulatory; etc.—which could potentially protect the host from 
sepsis and the inflammatory syndrome, while increasing the chances of 
survival of the patient.42

For example, recent clinical trials of SeptimebTM, a combination of 
extracts from herbs and phytochemicals (including Rosa canina, Urtica 
dioica, Tanacetum vulgare, selenium, flavonoids, and carotenes) showed 
positive effects in reducing the severity of sepsis and mortality rates in 
ICU patients.49 Excellent reviews also exist on the potentials of several 
medicinal plants in the treatment of polymicrobial sepsis induced by cecal 
ligation and puncture.42,57 The values of traditional Chinese and Western 
medicine against MODS have also been highlighted in reports by Zhang 
et al..69

The chapter aims to highlight the promise of medicinal plants as prophy-
lactic and/or therapeutic alternatives against tissue damage in experimental 
IIRI as novel animal models of MODS.
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9.2  ANIMAL MODELS FOR MULTIORGAN DYSFUNCTION 
SYNDROME

Several advances have been made in human and veterinary medicine toward 
understanding the complex pathophysiology of MODS as well as developing 
treatment strategies, although several aspects are yet unknown. Studies in 
animal models have contributed greatly to what is currently known about the 
pathophysiology, progression, and potential leads for novel therapies against 
MODS. Among other considerations, animal studies offer the benefit of 
being largely reproducible. Because experimental animals are often selected 
to reflect fairly homogenous populations with minimal genetic diversity, 
it is often possible to generate reasonably consistent outcomes in animal 
studies.38 In contrast, human trials are often complicated by high genetic 
diversity of human populations, the presence of co-morbidities, and the 
great difficulty in obtaining biological samples such as biopsies and tissues 
for histological examinations.58 These factors make replication of human 
diseases in animals very complicated, and are even more so in complex 
disorders such as MODS. Commonly utilized animal models for eliciting 
the exaggerated inflammatory response that characterizes MODS include: (i) 
the zymosan-induced inflammation (peritonitis) model,13,41 and (ii) the cecal 
ligation and puncture model.6 The former requires the injection of Zymosan, 
a polysaccharide derivative of the cell wall of yeast cells (Saccharomyces 
cerevisiae) with potential to activate innate immunity and recruit neutrophils 
and monocytes into the peritoneal cavity, as well as production of several 
inflammatory mediators, including pro-inflammatory cytokines.17 Cecal 
ligation and puncture, on the other hand, involves surgery on anesthetized 
animals, where the caecum is punctured to allow fecal extrusion into the 
peritoneal cavity, and then subsequently sutured.66 The marked differences 
in the modes of induction between the two models imply the likelihood of 
variations in the pathological responses that accompany them. It, therefore, 
means that our understanding of the pathophysiology of MODS is likely to 
be improved as new animal models are developed. In the last few decades, 
the search for novel therapeutically effective strategies against MODS has 
continued to drive the discovery of new animal models for better under-
standing of cellular and molecular mechanisms that give rise to remote 
organ dysfunction. One of the most frequently encountered clinical causes of 
MODS is ischemia-reperfusion (IR) injury arising from occlusion of blood 
supply and subsequent re-establishment of blood flow to critical organs such 
as the intestines, liver, or skeletal muscles.18 The next sections describe IIRI 
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and its link to development of multiple organ dysfunction, as well as animal 
models used to replicate clinical injury in experimental situations.

9.3  INTESTINAL ISCHEMIA-REPERFUSION INJURY (IIRI)

Clinically, IIRI occurs in a wide variety of unrelated conditions that compro-
mise intestinal blood flow occurring either by mechanical vascular obstruction 
(e.g., strangulated hernias, volvulus, and intussusceptions) or as a result of 
diseases that reduce systemic blood flow to various organs (e.g., hemorrhagic 
shock and cardiopulmonary disease).22,55 Severe IIRI may stimulate local 
and systemic inflammatory events, SIRS and consequently the widespread 
dysfunction of remote organs (Figure 9.1). In fact, certain hypotheses suggest 
that IIRI, with associated intestinal dysfunction is a major contributor to the 
development of MODS.16 The pathophysiological mechanisms of IIRI and 
its relationship to the development of MODS are discussed in subsequent 
sections of this chapter.

Studies by Haward et al.28 in human patients had suggested that re-estab-
lishment of blood flow to “chronically ischemic bowel” resulted in loss of 
hepatic, pulmonary, and coagulation function, and these were attributed to 
injury induced by intestinal ischemia and reperfusion. IIRI is particularly 
relevant for the development of septicaemia due to the great tendency for the 
compromise of the gut barrier and consequent trans-epithelial translocation 
of enteric bacteria across the compromised gut barrier.64

The extent to which IIRI induction (utilizing a surgical approach involving 
occlusion of major mesenteric arterial supply) in animals may model MODS 
in humans is still a subject for further investigation.22 However, as described 
earlier, there seem to be no perfect animal model for human diseases, and 
further research may help us with better understanding on additional lessons 
that can be learnt from IIRI models of MODS, as compared with the earlier 
described models.

9.3.1  EXPERIMENTAL ANIMAL MODELS OF IIRI

Animal models have been extensively utilized in the understanding of the 
pathogenesis of organ damage following IIRI. A recent review by Gonzalez 
et al.22 provides an excellent summary of the available techniques for 
producing IIRI. A few are summarized in this chapter. Models available 
for the induction of mesenteric ischemia and reperfusion can generally be 
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classified into two types: Occlusive and Nonocclusive techniques. While 
occlusive approaches offer the specific reduction of blood flow to specific 
areas of the intestines, nonocclusive approaches tend to produce more 
generalized limitation to blood flow affecting various organs, including the 
intestines. Generally, there is no standardization of the times allowed for 
ischemia or reperfusion. However, it is generally believed that the severity 
of injury increases with longer ischemia or reperfusion times.

9.3.1.1  OCCLUSIVE TECHNIQUES

•	 Occlusion of the Superior Mesenteric artery (SMA)/Cranial Mesenteric 
Artery (CMA): The SMA arises as a direct branch arising from the 
abdominal aorta and supplying oxygenated blood to portions of the 
mid-gut, from the duodenum to the proximal colon. Occlusion and 
subsequent release of the Superior Messenteric Artery (SMA) or 
CMA is the most commonly employed technique for the induction 
of IIRI in rodent models. It involves the approach of the SMA via 
a ventral midline incision and occlusion of the vessel by means of 
atraumatic microvascular clips for varying durations of time, before 
their removal to establish reperfusion, which is also allowed for 
varying lengths of time.26 This technique suffers the drawback of not 
producing consistent injury across all intestinal segments. A variation 
of this technique employs the occlusion of the SMA, along with 
occlusion of collateral vessels, helping to achieve more consistent, 
reliable, and reproducible injury outcomes across the different 
segments of the small and large intestine.9

•	 Aortic clamping models: Techniques involving occlusion of the 
abdominal aorta are intended to achieve a more global ischemia affecting 
various organs, rather than selective clamping of vessels directed to 
achieve ischemia in specific organs.53 Dissecting through a ventral 
midline abdominal incision, the aorta could be clamped in a region 
between the diaphragm the aortic bifurcation (supraceliac occlusion) or 
just above the emergence of the renal artery (suprarenal occlusion).19

9.3.1.2  NONOCCLUSIVE TECHNIQUES

•	 Hemorrhagic shock models: Hypovolemic shock resulting from 
dramatic blood losses often stimulates inflammatory responses, 
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which if untreated, could lead to multiorgan failure and death. 
Hemorrhagic shock models involve withdrawal of blood from an 
artery until mean arterial blood pressure falls to about 40 mmHg, 
followed by resuscitation and re-infusion of the same blood after a 
specific duration of ischemia.29 This model is often described under 
the general approaches of low-flow ischemia in which blood flow 
falls to about 20% of baseline level.22 It should be noted, however, that 
the hemorrhagic shock model may not adequately reproduce clinical 
situations as the damage due to ischemia alone may be very severe, 
making it difficult to evaluate the significance of reperfusion injury. 
Expectedly, injuries induced by hemorrhagic shock are not limited 
to the intestines, although the intestinal mucosa is often more highly 
susceptible compared with other organs.

•	 Hypoxia and Re-oxygenation models: Hypoxia may be induced by 
placing animals in an air-tight chamber with 100% CO2 for about 5 
min followed by re-oxygenation for another 5 min by administration 
of 100% oxygen.47 Induction of hypoxia in the animals is evident by 
cyanosis and gasping for breath.

9.4  PATHOPHYSIOLOGICAL LINKS BETWEEN IIRI AND MULTIPLE 
ORGAN DYSFUNCTION

The intestinal epithelium has a particularly large requirement for oxygen and 
energy required for the maintenance of its absorptive and secretory functions. 
As such, interruptions to blood supply (ischemia), and in effect, oxygen supply 
to this critical organ predisposes enterocytes to a high tendency for cellular 
injury and death.30 Susceptibility to ischemic and hypoxic injury is believed 
to be highest in cells on the villi tips, closest to the lumen, progressing to 
those in the crypts with increasing duration of ischemia, although this degree 
of susceptibility is now thought to depend on the state of differentiation of 
the enterocyte.22

To prevent irreversible tissue injury to ischemic intestinal tissues, it is 
required that interventions are instituted to re-establish blood flow to the 
organ (reperfusion). However, reperfusion often results in further exacerba-
tion of tissue injury with the primary involvement of oxygen-derived free 
radicals, along with activation of pro-inflammatory cytokines, neutro-
phils, nitric oxide, the complement system, and a host of other molecular 
mediators.37
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The potential mechanisms involved in the exacerbation of tissue injury 
after reperfusion of ischemic tissues have been described elsewhere.12,37 When 
tissues are deprived of blood supply, they continue to depend on available 
ATP as energy source, like normal cells. The cellular utilization of ATP in 
normal or ischemic tissues results in the formation of a by-product—hypo-
xanthine—which, under normal conditions, is subjected to degradation by 
the enzyme, xanthine dehydrogenase.33 As ATP continues to get depleted in 
the ischemic tissue, there is continual loss of regulation of the activity of 
ATP-dependent ion channels (especially the Na+-K+-ATPase) as well as Ca2+ 
channels that normally maintain the flux of ions across cellular membranes. 
The shifts in specific ion gradients caused by ATP depletion causes influx of 
Na+ and Ca2+ as well as efflux of K+ and Mg2+, with resultant inflow of water 
and cell swelling.60 Under this hypoxic condition, xanthine dehydrogenase is 
converted by certain Ca2+-dependent proteases to xanthine oxidase, an oxygen-
radical producing enzyme, causing the accumulation of hypoxanthine.27,43

However, in the presence of excess oxygen following reperfusion of the 
tissue, xanthine oxidase metabolizes the already accumulated hypoxanthine 
to produce a burst of superoxide radicals with subsequent generation of 
other reactive oxygen species (e.g., hydrogen peroxide) which are involved 
in direct injury to tissues. The severity of tissue injury is further complicated 
by the activation and mobilization of neutrophils to the sites of injury 
via production of leucocyte adhesion molecules including ICAM-1 and 
P-selectin.56 Neutrophils are equipped with granules that contain a number of 
cytotoxic metabolites (e.g., hydrogen peroxide and hypochlorous acid) and 
enzymes (e.g., proteases and myeloperoxidase). Extensive connective tissue 
damage induced by these factors along with mechanical injury associated 
with neutrophil migration have all been associated with the increased 
severity of tissue injury following reperfusion of ischemic tissues.71 In IIRI, 
these events ultimately lead to increased para-cellular permeability of the 
monolayer of intestinal epithelial cells.21

The foregoing suggests that IIRI may be intricately linked to the develop-
ment of MODS as the effects of intestinal tissue hypoxia and subsequent 
re-oxygenation predisposes to alterations in normal gastrointestinal flora, 
disruption of the mucosal barrier, and increased intestinal permeability, 
which promotes the translocation of viable bacteria and/or their metabolites 
from the gastrointestinal tract to mesenteric lymph nodes and then into 
blood circulation with widespread dissemination to several organs leading 
to sepsis and multiorgan dysfunction.11,20,23,67 Experimental evidence linking 
IIRI with MODS has been obtained in animal models where remote organ 
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injury (e.g., in the lungs) was observed after ischemia and reperfusion of the 
intestines.54 It should be pointed out, however, that in more realistic terms, 
MODS arises from a complex combination of several other factors such as 
induction of cellular apoptosis, dysregulation of the immune system (due to 
an imbalance between pro-inflammatory and anti-inflammatory mechanisms 
and a cascading activation of cytokines) and mitochondrial dysfunction, in 
addition to bacterial translocation.40,46

A “two-hit” hypothesis has been proposed for the pathogenesis of 
MODS. The first hit comprises the establishment of septicemia and sepsis 
leading to the activation of neutrophils, monocytes, and macrophages and 
the production of cytokines (cytokine storm) that leads to organ damage.51 In 
effect, interventions that inhibit the migration and adherence of leucocytes 
could prevent initial organ damage. The second hit comprises the continued 
promotion of SIRS via sustained activation of macrophages and release of 
pro-inflammatory mediators leading to incremental derangements of physi-
ologic functions in various organs (MODS) and eventually death.52 Other 
mechanisms thought to contribute to the development of MODS include 
stimulation of the coagulation cascade (triggered by cytokines, bacterial 
endotoxins and antigens), neuroendocrine factors (such as adrenal hormones 
involved in mediating stress responses) and mitochondrial dysfunction 
(causing reduced ATP production and increased apoptosis).22

9.5  APPLICATIONS OF MEDICINAL PLANTS FOR PREVENTION 
OF IIRI AND MULTIORGAN DYSFUNCTION

Severe intestinal ischemia and reperfusion injury often results in compromise 
of barrier function with translocation of luminal bacteria and their toxins 
to the underlying vasculature, the sequelae being septicemia and multiple 
organ dysfunction,35,50 as shown in Figure 9.1. Most clinical conditions 
that involve interruptions to intestinal blood flow are often difficult to 
prevent, hence it appears more beneficial that research attention be directed 
toward the advancement of novel interventions and modalities to combat 
injury resulting from ischemia and reperfusion of the tissues.37 However, 
many of the proposed therapies for the management of reperfusion injury 
have demonstrated limited clinical effectiveness because they only tend to 
target specific mechanisms involved in the multifaceted pathogenesis of the 
condition.36 While some interventions are mainly targeted at inhibition of 
oxidant-mediated injury or leucocyte activation, others have specific activity 
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toward modulation of inflammatory pathways (inhibition of endotoxin 
or cytokine production) or cell death (apoptotic) pathways involved in 
ischemia-reperfusion injury.24

FIGURE 9.1  Pathophysiological links between IIRI and Multiple Organ Dysfunction 
Syndrome (MODS): ATP, adenosine triphosphate; XDH, xanthine dehydrogenase; XO, 
xanthine oxidase; ROS, reactive oxygen species; SIRS, systemic inflammatory response 
syndrome; MODS, multiple organ dysfunction syndrome.

Medicinal plants, on the other hand, are composites of compounds with 
a vast array of bioactivities that offer promise for better therapeutic efficacy 
against ischemia-reperfusion injury, as well as prevention of complications 
of multiorgan dysfunction.10 To date, majority of evidence in support of 
potential application of medicinal plants for the management of IIRI, sepsis, 
and MODS have been obtained from animal models, while only a few studies 
report clinical trials in humans.7

Table 9.1 summarizes a list of medicinal plants that have been employed 
in IIRI models and the major pharmacological activities associated with 
their beneficial actions. The intricate pathophysiological links between 
IIRI and MODS suggests that interventions that show promise of effec-
tiveness against IIRI may also prove beneficial in preventing MODS. In 
effect models of IIRI may be useful in finding appropriate therapeutic 
interventions against MODS. With particular reference to injuries related to 
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intestinal ischemia and reperfusion, this section highlights the roles of some 
promising medicinal plants that may be evaluated further for their potential 
clinical applications in the treatment of critically ill patients with multiple 
organ dysfunction.

9.5.1  BIOACTIVITIES OF MEDICINAL PLANTS RELEVANT FOR 
PREVENTION OF IIRI AND MODS

Plant extracts with their constituent phytochemicals have the ability to target 
multiple pathways involved in the complex pathogenesis of MODS, rather 
than single pathways and this could make them more attractive for the devel-
opment of novel therapies. In experimental studies, the best results have 
often been obtained when plant extracts are administered through various 
routes prior to ischemia or reperfusion. A variety of pharmacological activi-
ties (e.g., antioxidant, anti-inflammatory, antiapoptotic, antibacterial, and 
immune-modulatory activities) exhibited by phytochemicals suggest their 
applicability as potential therapeutic candidates against IIRI and MODS.

9.5.1.1  ANTIOXIDANT ACTIVITIES

Relevant antioxidant activities demonstrated by phytochemicals for protection 
against IIRI could include free radical scavenging activities, inhibition of 
lipid peroxidation, metal-chelating, as well as hydrogen-donating activities. 
Many experimental animal models have documented the involvement of 
antioxidative effects as a major component of the protective actions of plant 
extracts and their bioactive components against IIRI.

Liu et al.34 and Ozdemir et al.47 reported that extracts from Gingko 
biloba caused reduction in lipid peroxidation as indicated by the lowering 
of malondialdehyde (MDA) content of intestinal tissues following induction 
of ischemia and reperfusion by clamping of the SMA or via induction of 
hypoxia and re-oxygenation. Other studies reported antioxidative effects 
(reduction of MDA content and stimulation of SOD and GPx activities) 
of Astragalus membranaceus extracts in the protection of intestinal injury 
arising from hemorrhagic shock induced by bleeding of the femoral artery 
and subsequent re-infusion with blood.8,29 Among other activities, the associ-
ated antioxidant effect of plant extracts is believed to play a major role in 
prevention of intestinal tissue and mucosal damage during histopathological 
examination of tissues.3,4
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9.5.1.2  ANTI-INFLAMMATORY AND ANTILEUCOCYTE ACTIVITIES

Inflammatory events brought about by the activation and migration of 
leucocytes and macrophages to the site of tissue injury have been identified 
as major contributors to the promotion of organ damage following ischemia 
and reperfusion, as well as progression of MODS. Antileucocyte activities 
may involve the inhibition of inflammatory mediators that stimulate 
leucocyte activation (e.g., Platelet Activating Factor and Tumor Necrosis 
Factor (TNF-α)), inhibition of synthesis of leucocyte adhesion molecules via 
modulation of transcription factors such as NF-κB) and limiting adhesions 
between leucocytes and the endothelium.37 Several plant extracts have been 
associated with anti-inflammatory and antileucocyte activities in models of 
IIRI, further justifying their potential application in clinical situations.

Tigno and Gumila62 reported the protection of intestinal tissues against 
IIRI by Artemisia vulgaris extracts via anti-inflammatory activities involving 
the reduction of leucocyte adherence in venules. The hexane partition of an 
aqueous extract of A. vulgaris was administered as a bolus injection prior 
to induction of ischemia by clamping of the SMA. In the same vein, anti-
inflammatory mechanisms such as reduction of pro-inflammatory cytokines 
and reduced expression of ICAM-1, P-selectin, and MPO by extracts from 
Hypericum perforatum have been reported in other studies.14,44

An interesting IIRI model with implications for development of MODS 
was conducted by Rong et al.,54 where the effect of SMA occlusion on remote 
lung injury was evaluated. This study observed that saponins extracted from 
Panax-noto ginseng exhibited anti-inflammatory activities including reduc-
tion in leucocyte adhesion and infiltration as well as inhibition of IR-induced 
increases in plasma levels of TNF-α and IL-8, while reducing lung injury 
in the process. Lycium barbarum Polysaccharides were found to be able to 
reduce intestinal inflammation in a model of IIRI induced by SMA clamping 
via reduction of polymorpho-neutrophil accumulation, reduced ICAM 
expression, reduced NF-КB activation and decreased TNFα levels.68

9.5.1.3  ANTIAPOPTOTIC ACTIVITY

An increase in proapoptotic gene expression (e.g., caspase 3) has been 
reported in intestinal tissues following ischemia and reperfusion and studies 
suggest that this apoptosis plays a key role during initiation and progression 
of IIRI.70 Ukrain (NSC 631570), a semisynthetic anticancer compound from 
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Chelidonium majus was found to offer protective actions against IIRI by 
inhibition of cell apoptosis via up-regulation of Bcl-xL mRNA expressions 
and decreased mRNA expressions of Caspase-3 and iNOS.2

Similarly the extract from Gingko biloba (EGb 761) was also shown to 
inhibit intestinal epithelial apoptosis via mechanisms related to an inhibition 
of ceramide generation.34 More studies are required to identify the effects of 
medicinal plants on various apoptotic markers in the development of organ 
injury following IIRI.

9.5.1.4  IMMUNO-MODULATORY ACTIVITY

The syndrome of multiple organ dysfunction is often an immuno-
compromised state, in which compensatory anti-inflammatory responses 
to the primary insult often result in immunosuppression. There is growing 
interest in exploiting the immuno-modulatory potentials of herbal medicines, 
especially in the critically-ill patient as most available immune modulators 
(immunostimulants or immune-depressants) are associated with various side 
effects. Plant bioactive agents are thought to be potent and safe alternatives 
for the modulation of immune system over- or under-activation during 
response to injury.32 Studies on the application of plant extracts in immune-
modulation during IIRI and MODS are, however, still lacking and this could 
be an area of interest for research either for prophylactic or therapeutic 
applications.

9.6  FUTURE HORIZONS AND RECOMMENDATIONS

Several studies have shown that intestinal ischemia and reperfusion result 
in disruption of intestinal barrier, bacterial translocation, and associated 
septicemia resulting in the development of widespread inflammatory 
responses associated with multiple organ dysfunction. Current knowledge 
on the involvement of gut-derived bacteria in the injury associated with 
gut ischemia and reperfusion is still very scanty and results are somewhat 
controversial.59 Some results have suggested that broad-spectrum antibiotics 
and antibacterials may be useful to combat bacterial translocation resulting 
from impaired intestinal permeability.63 The role of plant-derived antibacte-
rial agents in these situations should be the focus of future research in the 
development of novel therapies against MODS.
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Furthermore, recent reports have indicated that modulation of gut 
microbiota may be an important event during intestinal ischemia and 
reperfusion. The influence of microbiota shifts on gut barrier integrity has 
been extensively reviewed elsewhere.15,25 Nevertheless, knowledge on the 
influence of ischemia and reperfusion on gut microbiota, including the role 
of phytochemicals in the modulation of gut microbiome characteristics 
during intestinal ischemia and reperfusion, is still at the very early stages 
of development and represents an important direction for future research. 
Next-generation sequencing approaches may be useful for the identification 
of bacteria and their involvement in the induction and progression of IIRI 
and MODS.

9.7  SUMMARY

Withdrawal of blood flow to and subsequent reperfusion of the intestine 
produces local intestinal injuries with ramifications for damage to remote 
organs. The critical pathophysiological links between intestinal ischemia 
and reperfusion injury and multiple organ dysfunction suggests that animal 
models of IIRI could prove useful in delineating critical aspects of the 
MODS, such as the role of the gut microbiome, that are as yet unclear. 
Crucially, the application of IIRI models may also promote the development 
of novel treatment strategies, especially from herbal medicines. A complex 
pathogenetic process as MODS is highly unlikely to be effectively managed 
by a single treatment strategy. Hence, plant remedies with constituent 
phytochemicals which show activities against multiple steps in the cascade 
of ischemia and reperfusion injury should be investigated and developed for 
the identification of new drugs as complementary or alternative medicines 
against multiple organ dysfunctions. Experimental studies reviewed in this 
chapter have highlighted multiple pharmacological activities exhibited by 
plant extracts, which makes them important candidates for further exploration. 
Specifically, bioactive agents from plants with potential for limiting tissue 
damage during IIRI should be isolated and investigated using contemporary 
molecular biology approaches in order to identify their specific modulation 
of various molecular pathways involved in MODS. Overall, it should be 
noted that plants themselves are not absolute repositories of all agents that 
could offer benefit against either IIRI or MODS. Their effectiveness would 
also be boosted when combined with other agents such as probiotics in order 
to provide more rounded solution to multiple organ dysfunction resulting 
from gastrointestinal injury.
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CHAPTER 10

ABSTRACT

Syzygium aromaticum (Cloves) possesses various phytochemicals with 
several health-related benefits. Due to the increased use of herbal preparations 
for health benefits, cloves are being consumed without adequate information 
on the possible toxic effects from consuming large doses. This study was 
aimed at evaluating the potential for toxicity of S. aromaticum at varied 
doses in selected organs of Albino Wistar rats. Twenty-four (24) male Wistar 
rats, weighing between 150 and 200 g, were grouped into four groups of 
six (6) animals each. The animals were orally given varied concentration of 
the extract (500, 1000, and 1500 mg/kg bodyweight of the extract, and the 
control). The blood, kidney, and liver rats were obtained for hematological 
analysis and histological examinations. Hematological parameters, including 
the red blood cell count and platelets, showed no significant difference at 500 
mg per kg bodyweight, as compared to control. However, on histological 
examination of kidney and liver cells, there was considerable histological 
distortion, such as, congestion of the portal vein, cytoplasmic vacuolation, 
and lipid/fat infiltration of cytoplasm of the hepatocytes. Inflammation was 
also observed in the hepatocytes and kidney cells on administration of S. 
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166	 Curative and Preventive Properties of Medicinal Plants

aromaticum extract at concentrations of 1000 mg per kg bodyweight and 1500 
mg per kg bodyweight after 14 days of administration. It is recommended 
that the consumption of cloves be limited in duration and dose to reduce the 
possibility of toxicity.

10.1  INTRODUCTION

Spices have from time immemorial, played an important in food and the 
culinary industry due to their ability to add flavor, aroma color, and even 
enhance taste. They have also been recognized for their nutritional and 
medicinal properties.26,37,38 The chemopreventive and bioprotective properties 
of spices such as garlic, turmeric, and cinnamon against cancer cells have 
been reported.6,30 A large population of humans still depends on herbal 
medicine for majority of their health problems.9 Hence, the investigation of 
these readily available plant materials is constantly being done to verify and 
ascertain their efficacy and possible toxic effects.

Cloves (Syzygium aromaticum) are aromatic dried buds of a tree used as 
a spice. It is a common kitchen spice used in places like Russia, Scandinavia, 
Greece, India, China, and in Africa. It is believed to have antidiabetic,33 anti-
inflammatory, antimicrobial,5 and aphrodisiac activities.39 The antioxidant 
activities of cloves are comparable to the activities of the synthetic antioxi-
dant, butylated hydroxyl anisole, and Pyrogallol.8

FIGURE 10.1  Dried Syzygium aromaticum buds.
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Phytochemicals obtained from the methanolic extraction of S. aromaticum 
have revealed that it consisted of alkaloids, aldehydes, glycoside, and carbo-
hydrate. Other phytochemicals include phenolic compounds, flavonoids, 
ketones, and also steroids.14 Clove buds contain essential oils, such as, 
eugenol, eugenyl acetate, and β-caryophyllene.24 These phytochemicals are 
responsible for conferring the medicinal properties inherent in this spice. 
Cloves are highly priced for the essential oils, which may be obtained from 
the buds by simple distillation. The major component of these oils is Eugenol, 
which may make up to 85% of the total oils.20 Other oils may include eugenyl 
acetate and β-caryophyllene.30 Eugenol is used in traditional medicine to treat 
minor wounds. In dental care, it is used as a mild and local anesthesia for 
aches and minor tooth infections.4,30

Despite these advantages obtainable from the consumption of spices, 
studies have shown that there is also a risk of toxicity.16 Lin et al.19 reported 
the possibility of lead poisoning in children, who regularly ingested Indian 
spices. In humans, the safe daily dose of clove consumption is about 2.5 mg/
kg body weight.27 However, due to lack of information on the possible toxic 
effects of cloves, they are used indiscriminately in many herbal preparations.

This study was conducted to determine the phytochemical components, 
the proximate and mineral content of Cloves. It was also aimed at evaluating 
the safety profile of the ethanolic extract of S. aromaticum buds in selected 
organs of albino Wistar rats.

10.2  MATERIALS AND METHODS

10.2.1  PLANT MATERIAL COLLECTION

Dried buds of S. aromaticum were purchased at a local market in Osun 
state, Nigeria. The buds were authenticated at the Plant Biology Laboratory, 
Department of Basic Sciences, Adeleke University, Osun State, Nigeria.

10.2.2  EXTRACT PREPARATION

All extraneous materials in the buds were removed. The S. aromaticum buds 
were blended to powdery form using a blender. The sample, weighing 100 
g was soaked in 400 mL of 50% ethanol for 72 h. The resultant mixture was 
filtered with a cheesecloth. This was then completely evaporated using a 
rotary evaporator. The resulting residue was stored at 4 °C.
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168	 Curative and Preventive Properties of Medicinal Plants

10.2.3  PROXIMATE ANALYSIS OF S. AROMATICUM EXTRACTS

The proximate analysis was done according to the method prescribed by 
AOAC (2003). Moisture content was determined by weighing 2 g of 
extract in a crucible (W1). This was then dried in an oven at about 105 °C 
and weighed intermittently. The crucible was cooled in a desiccator until 
a constant weight was obtained (W2). The percent moisture is given as the 
difference between both weights, W1 and W2, divided by the weight of the 
sample and then multiplied by 100.

10.2.3.1  ASH DETERMINATION

Determination of ash was done by determining the weight of an empty 
crucible (W1). A gram of the sample was put in the crucible and the total 
weight was noted as W2. The sample was burned until it was charred. The 
gray-white ash was seen from the muffle furnace (550 °C), it indicated that a 
total oxidation of all organic matter in the sample had occurred. The crucible 
was cooled and the weight determined (W3).

difference in weight of sample %   100
Weight of sample

Ash = ×

where, difference in wt. of Ash = W3 –W1.

10.2.3.2  PROTEIN DETERMINATION

The Kjeldahl method was employed in analyzing protein in the sample. 
Digestion was done by heating. This involved the use of concentrated 
H2SO4accompanied with of the mixture of (K2SO4 and CuSO4 (8:1). It was 
ensured that the mixture was alkaline in nature. Ammonium sulfate formed 
liberated ammonia. This was collected in 2% boric acid solution and titrated 
against standard HCl. Total protein was determined by the product of the 
value of nitrogen with a given constant (6.25).

10.2.3.3  FAT DETERMINATION

Crude fat was determined by ether extract method using Soxhlet apparatus. 
Moisture free sample was wrapped in filter paper. It was put in thimble and 
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then in the extraction tube. A receiving beaker was filled with petroleum 
ether and fitted into the apparatus. The extract was poured into a clean glass 
dish and evaporated on water bath. The percent crude fat was calculated by

Weight of ether extract %    100
Weight of sample

Crude Fat = ×

10.2.3.4  FIBER DETERMINATION

To determine crude fiber, digestion was done with dilute H2SO4, followed 
by dilute KOH solution. After the digestion, the residue was collected and 
ignited. The difference in weight was and taken as the crude fiber.

10.2.3.5  CARBOHYDRATE DETERMINATION

Carbohydrate was determined by taking the difference. The formula given 
below was used. Carbohydrate = (100% moisture + % crude protein + % crude 
fiber ++ % crude fat % ash)

10.2.4  PHYTOCHEMICAL SCREENING AND QUANTIFICATION

The phytochemical screening was done using the methods described by 
Sofowora.36 The spectrophotometric method was used to quantify the 
phytochemicals.25

10.2.5  MINERAL CONTENTS DETERMINATION

Mineral contents of S. aromaticum (Cloves) were analyzed using Atomic 
Absorption Spectrometry and Flame Photometry and Spectrophotometry 
following the methods described by AOAC.2 This was done after the samples 
had undergone wet digestion.

10.2.6  ANIMALS

Male Wistar albino rats of 5–7 weeks of age weighing between 150 and 
200 g were procured from the Department of Anatomy, Adeleke University, 
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Ede, Nigeria. The rats were acclimatized for a period of 2 weeks in a well-
ventilated animal house and fed with standard rat chow and clean water ad 
libitum. The animals were subjected to natural photoperiod of 12 h daylight 
and 12 h night throughout the study period. All the animals received the 
humane care whenever needed.

10.2.6.1  ANIMAL GROUPING FOR TOXICOLOGICAL EFFECT

Twenty-four (24) male Wistar rats, weighing between 150 and 200 g were 
purchased and grouped into four groups of six (6) animals each. The animals 
were orally given a varied concentration of the extract (0, 500, 1000, and 
1500 mg/kg bodyweight of the extract). The experiment was conducted for 
14 days.

Group 1: Control (DMSO) with zero extract of clove buds.
Group 2: 500 mg per kg bodyweight of S. aromaticum extract only.
Group 3: 1000 mg per kg bodyweight S. aromaticum extract only.
Group 4: 1500 mg per kg bodyweight of S. aromaticum extract only.

10.2.7  PLASMA AND ORGAN COLLECTION

Animals were sacrificed 24 h after the last treatment under 0.3 mL sodium 
thiopentone/kg body weight anesthesia. The animals were dissected (cut 
open from the abdominal cavity to the thoracic cavity) and blood samples 
were received from the apex of the heart into heparinized sample bottles. The 
blood sample bottles were spun at the rate of 3000 revolutions per minute 
for 15 min. Plasma was collected and stored at low temperature (−20°C). 
The right kidney and a lobe from the liver from each group were removed 
immediately and were fixed in 10% formalin fluid and were stained with 
hematoxylin and eosin for histopathological examinations.

10.2.8  HEMATOLOGICAL PARAMETERS TEST

Dilution of the blood sample (50 µL) with cell pack was done in the White 
Blood Cell counting chamber. A defined volume of Stromatolyzer-WII solu-
tion (1 volume of stromatolyzer WH to 2 volumes of cell pack) was added 
to result in a final dilution of 1:500. The addition of stromatolyzer-WH 
caused the lysing of the red blood cell. The cell stroma left is not detectable 
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by the instrument. At the same time, the White Blood Cell stabilized at a 
level that the instrument can detect. The Direct Current Method was used to 
count the cells. When the red blood cells lysed, they released hemoglobin 
which was converted to the methemoglobin and read photo metrically at 
555 nm. A part of the diluted sample was conveyed automatically to the 
hemoglobin detector where the absorbance of the red pigment was measured 
to give blood hemoglobin level. Blood cell count is evaluated by counting 
the pulses.

10.2.9  HISTOLOGICAL ANALYSIS

The right kidney and a lobe from the liver were grossed and cut into small 
pieces of 3 mm thick in a labeled tissue cassette. They were processed using 
automatic tissue processor (LEICA TP 1020) and were passed through 
various reagents including alcohol to various concentration ranging from 0 
to 100% of molten paraffin wax at 65  °C3 and the stain used was hema-
toxylin and eosin for histopathological examinations. The photomicrographs 
of the stained kidney and liver sections were taken with the aid of a light 
microscope.

10.2.10  STATISTICAL ANALYSIS

The data were stated as average and standard deviation (mean ± SD). The 
one-way analysis of variance was used to determine if the values between 
the groups were statistically significance. Differences in means were deter-
mined to be significant when p < 0.05. These analyses were performed using 
GraphPad Prism 8.

10.3  RESULTS

10.3.1  PHYTOCHEMICAL CONSTITUENTS OF S. AROMATICUM 
EXTRACT

The presence of alkaloids, tannins, cardiac glycosides, and anthraquinones 
was established in the extract of S. aromaticum. Other phytochemical found 
in the ethanolic extract include flavonoids and saponins.
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TABLE 10.1  Phytochemicals Present in 50% Ethanolic Extract of Syzygium aromaticum

Phytochemicals Ethanolic extract
Alkaloid +
Reducing sugar −
Steroid −
Saponin +
Flavonoid +
Tannin +
Cardiac glycoside +
Anthraquinone +

+ means present; − means absent.

10.3.2  ESTIMATION OF PHYTOCHEMICAL CONSTITUENTS OF S. 
AROMATICUM EXTRACT

The phytochemicals that are present in the ethanolic extract of S. aromaticum 
were quantified as provided in Table 10.2.

TABLE 10.2  Estimation of Phytochemicals Present in Ethanolic Extract of Syzygium 
aromaticum.

Alkaloids 
(mg/g)

Tannins  
(mg/g)

Saponins 
(mg/100 g)

Cardiac glycosides 
(mg/100 g)

Anthraqunone 
(mg/100 g)

17.33 ± 2.31 1.93 ± 0.03 113.67 ± 1.53 10.30 ± 03 11.6 ± 0.1

10.3.3  PROXIMATE ANALYSIS OF S. AROMATICUM

The proximate analysis of S. aromaticum is graphically illustrated as shown 
in Figure 10.2. Carbohydrate had the highest percentage value (71.85%) 
while crude fat was lowest with a value of 0.77%.

10.3.4  MINERAL COMPOSITION OF S. AROMATICUM BUDS

The mineral content of the ethanolic extract of S. aromaticum is presented in 
Table 10.3. The values were presented in mg/100 g of the sample. Zinc (Zn) 
was observed to have the highest concentration (25.33 mg/100 g) while Lead 
(Pb) concentration was negligible at 0.001 mg/100 g of the sample.
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FIGURE 10.2  Pie chart showing values of proximate components present in cloves.

TABLE 10.3  Estimation of Minerals Present in Syzygium aromaticum.

Minerals Concentration (mg/100 g)
Zinc 25.33 ± 0.15
Copper 0.012 ± 0.001
Iron 1.11 ± 0.017
Manganese 0.031 ± 0.0015
Phosphorus 15.04 ± 0.12
Selenium 1.33 ± 0.058
Nickel 5.01 ± 0.015
Molybdenum 3.0 ± 0.1
Magnesium 22.04 ± 0.15
Lead 0.001 ± 0a

Chromium 0.1 ± 0
Each value is a mean of three values ± SD.
anegligible.

10.3.5  RESULTS FOR S. AROMATICUM ON HEMATOLOGICAL 
PARAMETERS AT DIFFERENT CONCENTRATIONS

Hematological parameters after the administration of 500, 1000, and 1500 
mg/kg bodyweight of S. aromaticum to experimental animals show that 
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there were no significant variances in all the parameters across the groups. 
The results are displayed in Figure 10.3 and Table 10.4.

FIGURE 10.3  Effect of varying concentration of Syzygium aromaticum extract on selected 
hematological parameters.

TABLE 10.4  Effect of Syzygium aromaticum on Hematological Parameters at Varying 
Concentrations.

Group/parameter Control 500 mg/kg bw 
extract

1000 mg/kg bw 
extract

1500 mg/kg 
bw extract

HCT(%) 51.07 ± 0.79 54.4 ± 0.65 51.7 ± 3.47 51 ± 5.72
MCV(fL) 70.77 ± 3.63 64.77 ± 2.17 64.67 ± 3.03 69.95 ± 1.84
MCH(pg) 17.73 ± 0.77 16.2 ± 0.25 17.6 ± 0.32 17.45 ± 0.04
MCHC(g/dL) 25.07 ± 0.30 24.37 ± 1.07 27.53 ± 1.18 25 ± 0.73
PLT(× 103/µL) 710 ± 112.2 810 ± 97.31 864 ± 90.64 915.5 ± 162.9
LYM% 77.6 ± 2.93 80.8 ± 2.43 88.87 ± 5.15 78.75 ± 4.86
RDW_SD (fL) 54.3 ± 7.99 51.10 ± 13.19 37.5 ± 3.16 40.6 ± 20.98
rdW_CV 21.8 ± 2.35 22.85 ± 5.49 16.17 ± 1.03 22.3 ± 3.67
PDW 12.37 ± 1.04 10.9 ± 0.0 12.67 ± 1.374 11.05 ± 0.28
P_LCR 19.33 ± 3.47 17.6 ± 0.0 18.17 ± 2.21 13.6 ± 4.08
Data is represented as mean ± SEM.

10.3.6  HISTOPATHOLOGICAL STUDIES ON THE LIVER OF 
EXPERIMENTAL RATS

The effects of varying concentrations of S. aromaticum extract liver of experi-
mental rats were investigated (Figure 10.4). The control (Figure 10.4A) and 
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500 mg/kg bodyweight of extract (Figure 10.4B) showed normal architecture, 
no infiltration, and no lesions in the liver.

The experimental rats treated with 1000 mg per kg bodyweight of the S. 
aromaticum extract (Figure 10.4C) revealed mildly congested portal vein and 
the hepatocytes displayed cytoplasmic vacuolation and lipid/fat infiltration of 
cytoplasm. A mild hemorrhage was also observed. The rats treated with 1500 
mg/kg bodyweight of the S. aromaticum extract showed congestion of the portal 
vein, and the parenchyma show focal area of inflammatory cells aggregate as 
seen in Figure 10.4D. The sinusoids were also infiltrated by inflammatory cells.

FIGURE 10.4  Photomicrograph of the liver section of Male Wistar rats stained by 
Hematoxylin and Eosin. The control group is represented as (A); (B) 500 mg/kg bodyweight 
of the S. aromaticum extract; (C) 1000 mg/kg bodyweight of the S. aromaticum extract; (D) 
1500 mg/kg bodyweight of the S. aromaticum extract; Magnification ×400)
Note: Black arrow, inflammatory cells aggregate; Red arrow, mild hemorrhage; Blue arrow, 
fat infiltration of cytoplasm.

10.3.7  HISTOPATHOLOGICAL STUDIES ON THE KIDNEY OF 
EXPERIMENTAL RATS

The effects of varied concentrations of S. aromaticum on kidney of experi-
mental rats were investigated (Figure 10.5). The control (Figure 10.5A) and 
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the 500 mg/kg bodyweight of extract (Figure 10.5B), normal glomeruli with 
normal capsular spaces were observed in the renal cortex. Normal tubules 
are also seen and the interstitial spaces appear normal.

Figure 10.5C and 10.5D shows the groups treated with 1000 mg/kg body-
weight and 1500 mg/kg bodyweight of S. aromaticum extract, respectively. 
These groups had renal tubules that showed mild tubular necrosis and some 
collapsed tubules with lack of luminar space. Also, the interstitial spaces had 
mild vascular congestion. The group treated with 1500 mg/kg bodyweight of 
S. aromaticum (Figure 10.5D) also showed the interstitial spaces with areas 
of mild infiltration of inflammatory cells.

FIGURE 10.5  Photomicrograph of the kidney section of Male Wistar rats stained by Haema-
toxylin and Eosin. (A) Control; (B) 500 mg/kg bodyweight of the S. aromaticum extract; (C) 
1000 mg/kg bodyweight of the S. aromaticum extract; (D) 1500 mg/kg bodyweight of the S. 
aromaticum extract; Magnification ×400.
Note: Red arrow, Mild tubular necrosis; Green arrow, mild vascular congestion; Slender 
arrow, mild infiltration of inflammatory cells; Blue arrow, loss of luminar space.
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10.4  DISCUSSION AND CONCLUSION

There has been an increasing interest in herbs and spices as safe and non-
toxic sources of numerous health benefits. The antioxidants that they possess 
are known to confer protection to the body against the negative effects of 
free radical or reactive oxygen species generation. These radicals affect 
various physiological processes resulting in diseases such as cancers and 
atherosclerosis.22,32 The clove tree is a native plant, originally found in Indo-
nesia, but is now widely cultivated all around the world.7,4 The buds are the 
most highly prized part of this important tree, even though many other parts 
of the tree are also very beneficial. Due to its antioxidant activities,35 cloves 
are believed to be able to prevent degenerative diseases such as diabetes, 
hypertension, and impotency.1Many herbal preparations are made with the 
inclusion of S. aromaticum because of these numerous advantages. However, 
not much thought is given to the possible toxic effect in cases of overdose or 
prolonged use.

Phytochemical screening of the S. aromaticum extract showed the 
presence of alkaloids, flavonoids, saponins, tannins, cardiac glycosides, 
and anthraquinones. Other spices such as Ajwain (Trachyspermum ammi), 
Aniseed (Pimpinella anisum), Fenugreek seeds (Trigonella foenum-
graecum), Poppy seed (Papaver somniferum), turmeric (Curcuma longa), 
cinnamon (Cinnamomum verum), and black pepper (Piper nigrum) have 
also been shown to contain similar phytochemicals profile has seen in S. 
aromaticum.7,10,18 Flavonoids are important because of their antioxidant 
properties. Shan et al.35 established the relationship between the presence of 
flavonoids and antioxidant levels using various spices. In many antibiotics, 
alkaloids, saponins, and tannins are useful in the treating of common patho-
genic strains as reported by Kubmarawa et al.17 and Mensah et al.23

The proximate analysis of cloves (Figure 10.1) revealed the carbohydrate 
value to be highest at 61.85% and moisture content to be the lowest at 0.96%. 
Khathir et al.15 revealed that depending on the variation of temperatures, air 
velocity, and humidity in the drying chamber and method of drying, the final 
moisture content of dry cloves may vary from 0.2 to 19.2%. Hence, the value 
obtained in this study is within the range described. This study also showed 
the crude fat content of the extract to be 10.77%. Cloves contain 3.64% fiber 
while crude protein was significantly high at 14.36%. Dietary fiber is known 
to aid digestion and reducing the risk of constipation, diabetes, and cancers 
of the stomach.12
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According to Pearson,31 plants that provide an excess 12% of its calorific 
value are good source of protein. The ash content of plant is usually the 
source of mineral and these minerals are essential in cell growth and suste-
nance of organisms. S. aromaticum has an ash content of 8.42% and contains 
many essential minerals.

The mineral composition of S. aromaticum is shown in Table 10.3. 
Magnesium and Phosphorus were shown to have the highest value of 22.04 
± 0.15 mg/100 g and 15.04 ± 0.12 mg/100 g of the extract, respectively. 
This is highly beneficial, as the presence of Mg in human diet is known to 
protect against hypertension and various forms of heart diseases.29 Lead and 
chromium were of the lowest value. Lead presence at high quantity in plant 
products is usually a contaminant and can be toxic.28

Hematological parameters are a widely acceptable means of determining 
the toxicity of a substance. In this study, S. aromaticum was shown to 
pose no toxicity potential at the concentration considered from the analysis 
done in the blood. Vijayasteltar et al.42 using a standardized polyphenolic 
extract of clove buds also reported this. The study reported that when the 
standardized extract was used for 2 weeks at up to 1000 mg/kg b.wt./day, 
no adverse effect was seen in hematology and biochemical parameters in 
Wistar rats.

However, upon histological evaluation, it was observed that at 
concentrations higher that 500 mg/kg body weight, there was increasing 
congestion of the portal vein and the hepatocytes showed cytoplasmic 
vacuolation and lipid infiltration of cytoplasm. In a case reported by Hartnoll 
et al.11 ingestion of oil of cloves in a 2-year-old boy resulted in coma, fits, a 
coagulopathy, and acute liver damage.21 Thompson et al.41 demonstrated that 
when rat hepatocytes were incubated with eugenol, the major component of 
S. aromaticum, there was a resultant loss of cellular antioxidant and ~85% 
cell death within 5 h.

Janes et al.13 also reported a case of hepatic failure resulting from clove 
oil in a 15-month old. Herbal supplements have been known to result in liver 
toxicity because of reasons ranging from contamination, poor labeling, inter-
action between the various ingredient and parts of the plants used.34 Clove 
essential oil can be toxic to the nervous system and irritating to the skin and 
digestive mucous if taken in higher than recommended doses. Tammannavar 
et al.40 described a case of a dental patient who developed allergic contact 
urticarial following the use of clove essential oil as a mild anesthesia during 
dental treatment. Reactive haptens may be formed in the presence of proteins 
leading to hypersensitive reactions.40
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10.5  SUMMARY

The ethanolic extract of S. aromaticum has been shown to possess 
phytochemicals such as alkaloids, flavonoids, tannins, and cardiac glycosides. 
Others are saponins and anthraquinones. These phytochemicals are important 
in conferring the beneficial properties associated with Cloves. Mineral 
contents in S. aromaticum include important and essential elements like Zinc, 
Copper, Iron, Manganese, Molybdenum, and Phosphorus. This present study 
evaluated the safety of S. aromaticum in Wistar rats at up to 1500 mg/kg bwt 
for 2 weeks. Hematological parameters revealed no significant difference 
between control group and the treatment groups. Conversely, the use of S. 
aromaticum was observed to have deleterious effect on the kidney and liver 
at concentrations greater than 1000 mg/kg bodyweight. The prolonged or use 
of clove buds at high dosage is therefore discouraged. The use of multiple 
herbal preparations containing S. aromaticum should be avoided.
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Therapeutic Mechanisms of Bioactive 
Compounds in Lipopolysaccharide-
Induced Liver Injury with  
Murine Models
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CHAPTER 11

ABSTRACT

Lipopolysaccharide (LPS) is an endotoxin-glycolipid found in Gram-
negative bacteria, and is implicated in inflammatory liver injury. Animal 
models of LPS-induced liver injury have proven to be vital to the study of 
pathogenesis as well as therapy against liver diseases. LPS (gut-derived or 
exogenously administered) is transported in circulation to the liver, bound to 
LPS binding protein (LBP). The liver is involved in the clearance of LPS and 
as a result, is exposed to its toxic effects. LPS elicits its action via the LPS 
signaling, following its binding to toll-like-receptor-4 (TLR4) on Kupffer 
cells surface. These events lead to release of cytokines like interleukin-1β, 
tumor necrosis-factor-alpha (TNFα), including several other inflammatory 
proteins. Other effects caused by LPS include oxidative stress and altered 
lipid profiles. Several studies on animal models have demonstrated the 
ability of plant-based extracts and compounds to protect the liver against 
LPS-related injuries. These plant-based substances protect the liver via 
multiple mechanisms including LPS clearance, anti-inflammatory, antioxi-
dant, antiapoptosis, immunoregulatory, etc.Ap
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11.1  INTRODUCTION

Liver diseases constitute an important health challenge worldwide and it has 
a global distribution.54 Liver disease is estimated to cause about 2 million 
deaths annually.9 Affected individuals are often asymptomatic for a long 
period of time, making it very difficult to generate accurate data on disease 
incidence and prevalence.27,54 Recent data imply that acute and chronic 
hepatic diseases are prevalent globally, with significant morbidity and 
mortality.9,27,54 Factors responsible for hepatic diseases include diet patterns, 
viral infection, exposure to toxicants, drugs, toxins, etc.50

Acute liver failure (ALF) has about 80% mortality rate.6 Virus-induced 
hepatitis is the most important cause of ALF, and is closely followed by 
drugs and toxins including endotoxins. ALF is a serious clinical condition, 
distinguished by hepatocellular damage and hepatocellular malfunction.6 It 
is characterized by progressive loss of hepatic function within a short period 
of time. Despite the availability of specific therapies and the success rate of 
liver transplantation, the overall mortality rate of ALF patients still remains 
high.10,11 However, there are continuous efforts in place to find therapeutic 
options other than liver transplantation, which is generally expensive and 
outside the reach of most patients.

Use of plant-based therapies is rapidly gaining attention worldwide due to 
their multiple therapeutic mechanisms, therapeutic efficacies, and relatively 
minimal toxicities or side effects. It is a preferred therapeutic option due to 
a number of reasons including accessibility and affordability.26 A number of 
studies have highlighted the efficacy of plant-derived extracts in the treat-
ment of various diseases including liver diseases.26,36

This chapter describes murine models of lipopolysaccharide (LPS)-
induced acute liver injury. LPS model has proven to be vital in the study of 
both pathophysiology and therapy of ALF. This is due to the ability of LPS 
to produce relevant pathological features within a short interval. The patho-
physiology of LPS-induced liver injury is described, as well as mechanistic 
view of the therapeutic effects exerted by plant-derived compounds, extracts, 
or their active fractions in murine models.

11.2  PATHOPHYSIOLOGY OF LPS-INDUCED ACUTE LIVER 
INJURY

LPS is an endotoxin-glycolipid present on the surface of Gram-negative bacteria. 
Endogenously derived LPS from gut-based bacteria has been identified as a 
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major player in the pathophysiology of acute liver injury. LPS-induced hepatic 
injury involves inflammatory response, release of oxidants, due to the liver’s 
role in elimination of LPS during exposure.58 LPS from gut-based microbes 
and exogenous sources are transported in circulation bound to LPS binding 
protein (LBP). Systemic inflammation and hepatic damage from LPS expo-
sure occur due to release of mediators of inflammation like IL1β, TNFα, and 
IL6. These are cytokines released due to the attachment of LPS to the toll-like 
receptor-4 (TLR4) on the membrane of Kupffer cells.13,59 Subsequently, there 
is an upsurge in production of c-reactive-protein (CRP), and other inducible 
proteins/enzymes like cyclooxygenase-2-(COX2) and-inducible-nitric-oxide-
synthase (iNOS). These events cause an increase in generation free radicals 
and oxidants such as superoxide radical (O2

–), and nitric oxide (NO).12,34 These 
contribute to LPS-induced hepatotoxicity characterized by hepatocellular 
damage and subsequent elevation of plasma activities-of-liver-based enzymes 
like aspartate-aminotransferase- (AST) and alanine-aminotransferase- (ALT).21

11.2.1  LPS SIGNALING

The active receptor for LPS has been identified as the CD14/TLR4 complex 
located on Kupffer cells surface41 (Figure 11.1). Following the interaction of 
LPS with TLR4, a series of signal cascades that activates-nuclear factor kappa 
light chain enhancer of activated-B-cells (NF-kB). TLR4 has a cytoplasmic 
domain that is necessary for downstream signaling.47

Both IL1 receptor and TLR4 interact with the TIR-containing cytosolic 
adaptor known as myeloid differentiation-protein-88 (MyD88) resulting in 
activation of IL-1R–associated kinase (IRAK) especially IRAK4, and TNF-
Receptor-associated factor-6 (TRAF6).7 Subsequently, TRAF6 activates 
NF–kB either through the IKK-complex or via the mitogen-activated-protein-
kinases- (MAPKs). A regulatory protein called IkB controls the activity of 
NF-kB. Stimulation of Ik-B kinases (IKK) leads to the phosphorylation of 
IkB and NF-kB is subsequently transported into the nuclear compartment. In 
the nucleus, NF-kB initiates the transcription of relevant genes for cytokine 
production and inflammatory response.

11.2.2  INFLAMMATORY RESPONSE

During LPS toxicity, NF-kB facilitates the release of inflammatory-cyto-
kines comprising TNFα, IL1β, and IL6 from activated Kupffer cells.59 The 
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actions of NF-kB are subjected to regulation. In the nucleus, NF-kB interact 
with specific DNA binding sites to initiate expression (or transcription) of 
pro-inflammatory genes.19 These events result in expression of mRNA of 
several mediators of inflammation including cytokines, enzymes, and acute 
phase proteins involved in LPS-induced inflammatory response. Additional 
cytokines are produced from leukocytes and vascular endothelial cells due 
to stimulation by TNF-α. These mediators of inflammation are released into 
circulation causing endothelial permeability and further inflammation of 
other tissues.18,19

FIGURE 11.1  LPS signaling, inflammatory response, oxidative stress, and liver injury.

11.2.3  OXIDATIVE STRESS

LPS signaling is linked to the induction of COX2 and iNOS.12 These proteins 
are known to mediate inflammatory processes in the liver. COX2 catalyzes 
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the biosynthesis of prostaglandins and LPS exposure has been linked to 
elevated COX2 expression and stimulation of prostaglandin production, 
including prostaglandin E2 (PGE2), a pro-inflammatory lipid product.19 
Inducible nitric oxide synthase (iNOS) catalyzes NO production from 
L-arginine; expressed in endothelium, epithelium, and inflammatory cells. 
When iNOS is induced by LPS via cytokines, it produces large quantities of 
NO, leading to inflammatory injury.19

LPS model of acute liver failure is accompanied by production of reac-
tive species resulting in depletion of hepatic reduced glutathione (GSH).12,32 
The NADPH-Oxidases (NOXs) are important enzymes in the activation of 
immune response to LPS.19,23 As a destructive process, phagocytic NOXs 
generate superoxide when exposed to bacteria.40 In addition to these, NOXs 
are also stimulated by substances such as TNFα, IFNγ, and IL1β resulting 
in O2

– generation.19 O2
– is converted to H2O2 via the action of SOD, while the 

H2O2 produced is transformed to H2O and O2 by the action of catalase (CAT) 
and glutathione-peroxidase (GSH-Px).

11.2.4  HEPATIC INJURY

LPS model of acute liver injury is similar to fulminant hepatitis. In most reports, 
it is characterized by hepatocellular damage accompanied by elevated serum 
or plasma level of liver function enzymes ALT and AST, severe inflamma-
tion, and apoptosis.44,61 It is well established that LPS induces liver injury and 
apoptosis via TNFα production in murine models and the lethality of injury 
depends on quantity of TNF-α secreted.17,39 This model of TNF-α-induced 
hepatocyte apoptosis has been shown to involve p55 receptor-signaling in 
LPS-exposed animals.29 Additionally, levels of Fas ligand (FasL) may rise in 
the liver during LPS exposure.42 Thus, blocking FasL response with soluble 
Fas fusion protein has been proven to be useful against LPS-induced liver 
injury in mouse model.22 IL18 produced from Kupffer cells also—play a-vital 
role-in liver injury and-apoptosis induced by LPS.46

11.3  PROTECTIVE ROLES OF PLANT-DERIVED COMPOUNDS IN 
LPS MODEL OF ACUTE LIVER INJURY

In this section, a total of 10 plant-derived compounds with significant 
protective effects against LPS-mediated liver injury have been examined. 
These plants include curcumin, hesperidin, carnosic acid, dioscin, emodin, 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



188	 Curative and Preventive Properties of Medicinal Plants

quercetin, damaurone D, amygdalin, thymoquinone, and chlorogenic acid. 
Their chemical structures and common plant/food sources are presented 
in Figure 11.2 and Table 11.1, respectively. The mechanism behind the 
hepatoprotective activities exhibited by these compounds are highlighted in 
the following subsections and illustrated in Figure 11.3.

FIGURE 11.2  Chemical structures of phytochemicals with hepatoprotective roles in 
LPS-induced acute liver injury.

11.3.1  CURCUMIN (CUR)

CUR is a bright yellow phytochemical, a major curcuminoid found in 
turmeric (Curcuma longa). In a C57BL/6 and albino mouse model of 
LPS-induced liver injury,44,61 curcumin (CUR), significantly protected the 
liver against inflammation, oxidative damage, apoptosis, and hepatocel-
lular damage. In the study carried out by Zhong et al.,61 CUR exhibited 
anti-inflammatory activity against LPS as indicated by decrease in hepatic 
level of pro-inflammatory proteins including IKKb; IkBa; NF-kB; TNFα; 
IL1β; IL18. It also displayed significant antioxidant properties via increase 
in hepatic activities-of-SOD, CAT, and-GSH-Px; increase in hepatic GSH 
concentration; and decrease in hepatic levels of free radicals like nitric 
oxide, hydroxyl radical, and superoxide radical. CUR also prevented apop-
tosis via decrease in hepatic expression of Caspase-3, Caspase-6, Caspase-9, 
Cyt-c, PI3K, Bad, Bcl-xL, and Apaf1. The overall hepatoprotective effect 
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of CUR was revealed by diminished serum activities of ALT, AST, and ALP 
(hepatic function biomarkers) and improvement in histological structure of 
the liver.

FIGURE 11.3  Effects of plant-based bioactive compounds in LPS models.

In another related study conducted by Thriveni et al.44 on male albino mice, 
20 mg/kg bw CUR alleviated LPS-induced liver-injury (see Table 11.1).

11.3.2  HESPERIDIN (HDN)

HDN is a flavonoid (flavanone glycoside) found in abundance in citrus 
fruits. In a male Wistar rat,21 HDN alleviate the hepatic damage and oxida-
tive stress induced by LPS. These were achieved via antioxidant activity as 
suggested by increase in hepatic GSH level and activity of SOD, decrease in 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Therapeutic Mechanisms of Bioactive Compounds	 193

hepatic levels of free radicals and oxidative stress markers including nitrites 
and TBARS. In addition, decline in serum-activities of ALT, AST, ALP, and 
bilirubin level with significant protection of hepatocytes was observed.

In a related research conducted by Rotimi et al.,36 using the same set of 
doses against LPS-induced liver injury in female albino rat,36 HDN caused a 
decrease in circulating LPS. In addition, HDN exhibited anti-inflammatory 
activity against LPS-induced inflammation as indicated by decrease in 
myeloperoxidase (MPO) activity, decrease in hepatic expressions of IL1α, 
IL1β, and IL1 receptor, IL6 and IL6 receptor, and TNFα concentration. HDN 
also prevented oxidative damage via upsurge in liver SOD, GST, GSH-Px, 
and level of-GSH, as well as decrease in hepatic levels of nitric oxide and 
lipid oxidation products.

11.3.3  CARNOSIC ACID (CAN)

CAN is a phenolic-diterpene present in Rosmarinus-officinalis (rosemary) 
and Salvia officinalis (also called common sage). CAN displayed anti-
inflammatory and antioxidant activities in male Sprague–Dawley rat model 
of LPS-induced liver injury.53 CAN alleviated the inflammatory response 
from LPS endotoxicity via decrease in hepatic iNOS level and serum TNFα, 
IL6, and iNOS levels. CAN also exhibited antioxidant activity via increase 
in hepatic GSH level and increase in activities of-GSH-Px and-SOD with 
decline in hepatic levels-of carbonylated proteins, MDA,-and serum NO 
level. Hepatoprotective activity of CAN was also indicated by decrease in 
serum ALT, AST, and ALP along with improved liver morphology.

11.3.4  DIOSCIN (DIO)

DIO is a steroidal saponin found in Dioscorea nipponica Makino. DIO 
alleviate LPS-induced liver injury in male C57BL/6J mice model.57 
DIO at 80, 40, and 20 mg/kg bw exhibited hepatoprotective role in LPS 
endotoxicity. It causes a significant decrease in hepatic iNOS, serum TNF- α, 
IL-6, and iNOS levels. DIO also caused an improvement in hepatic GSH 
level, activities of hepatic GSH-Px, hepatic SOD and serum SOD activities, 
GSH level, decreased hepatic levels of carbonylated proteins and MDA, as 
well as serum NO level. Hepatoprotective effects of DIO were indicated via 
decrease in serum ALT, AST, and improved liver morphology.
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11.3.5  EMODIN (EMD)

EMD is an anthraquinone abundant in Rhubarb (Rheum rhabarbarum). 
EMD at 20, 40, and 80 mg/kg bw alleviated liver injury induced by LPS in 
mouse model.14 This was indicated by decrease in serum ALT, AST as well 
as improved liver morphology in EMD-treated mice.

11.3.6  QUERCETIN (QCT)

QCT is a flavonol (flavonoid) abundant in red onions (Allium cepa) and kale. 
QCT exerted significant hepatoprotective effect in male Wistar rat model of 
LPS-induced liver injury.33 QCT at 25 mg/kg bw alleviated LPS-induced 
oxidative stress as implied by increase in hepatic GSH level, and SOD levels 
and decline in hepatic TBARS level. Furthermore, QCT caused decline 
in-serum activities of AST and-ALT and bilirubin level.

11.3.7  DAMAURONE D (DAD)

DAD is an isoprenylated aurone present in Rosa damascene. DAD exhibited a 
significant protection against LPS-induced inflammatory liver injury in male 
ICR mice.52 DAD at 10 mg/ kg bw showed anti-inflammatory effect against 
LPS-induced inflammatory response decrease in plasma TNFα, IL1β, and 
MCP-1 concentrations, decrease in hepatic expression of F4/80, increase in 
expression of IkB-α, p-ACC; p-AMPK; TNFα, Mcp1, Il1β, and Ho1 genes. 
Hepatoprotective effects of DAD also involved decrease in plasma AST and 
ALT activities as well as improvement in liver morphology.

11.3.8  AMYGDALIN (AMG)

AMG is a cyanogenic glycoside present in kernels (or seeds) of plums, 
almonds, peaches, apricots, and apples. AG displayed hepatoprotective 
effects in a male Sprague–Dawley rat model.56 AMG at 2.5 mg/kg bw 
protected against liver injury caused by LPS via LPS scavenging and anti-
inflammatory activities. In-this-study, AMG caused a reduction in serum 
and hepatic LPS concentration. Anti-inflammatory action of AMG was 
exhibited via decrease in hepatic expression of TNFα, IL1β; IL6, IL8, and 
IL18, and inhibition of expression of JAK2/STAT3 and PI3K/AKT signaling 
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pathway proteins. Moreover, AMG is also protected against hepatocellular 
damage.

11.3.9  THYMOQUINONE (TMQ)

TMQ is a monoterpene abundant in Nigella sativa. TMQ displayed antioxi-
dant and hepatoprotective effects in male Wistar rat model of LPS-mediated 
liver injury.8 TMQ at 2, 5, and 10 mg/kg bw caused an increase in hepatic 
total thiol level and activities of enzymic antioxidants, CAT, and SOD and 
decrease in hepatic MDA level TMQ also caused a reduction in plasma 
activities of ALP, AST, and ALT with improved liver morphology following 
LPS-mediated hepatic damage.

11.3.10  CHLOROGENIC ACID (CGA)

In a C57BL/6J mouse model, CGA exhibited anti-inflammatory and 
hepatoprotective effects against LPS-induced inflammation and hepatic 
damage.55 CGA at 50 mg/kg bw showed anti-inflammatory action against 
LPS-induced liver damage as indicated by decrease in hepatic mRNA 
expression of TLR4 and TNFα, increase in hepatic expression of PGC-1α and 
decrease in hepatic NF-kB-p65 mRNA expression. Hepatoprotective effects 
of CGA were indicated by decline in serum activities of ALT and AST coupled 
with improved liver morphology, following LPS-mediated hepatic damage.

11.4  EFFECTS OF PLANT EXTRACTS ON LPS-INDUCED LIVER 
INJURY

This section describes plant extracts that have shown significant protection 
against LPS-induced liver injury. These plant extracts include:

•	 Active fraction of ethanol extract of Scirpus yagara tuber (AF-EESYT),
•	 Aqueous green tea extract (AGTE),
•	 Aqueous rooibos extract (ARE),
•	 B. vulgaris ethanolic extract (BVEE),
•	 C. vulgaris ethanolic extracts (CVEE),
•	 Danhong injection (DHI),
•	 Ethanol extract of (defatted) Buchholzia coriacea seed (HEBCS),
•	 Ethanol extract of Illicium henryi (EEIH),

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



196	 Curative and Preventive Properties of Medicinal Plants

•	 Ethanolic extracts of S. baicalensis root (EESBR),
•	 Forsythia suspensa extract (FSE),
•	 Gardenia jasminoides water extract (GJWE),
•	 Grape seed procyanidin extract (GSPE),
•	 Green tea polyphenols (GTPs),
•	 Lonicera caerulea berry extract (LCBE),
•	 Lotus seedpod extract (LSE),
•	 Origanum majorana Extract (OME),
•	 Pulicaria petiolaris methanol extract (PPME),
•	 Red ginseng alcohol extract (RGAE),
•	 Red ginseng water extract (RGWE),
•	 Rhus verniciflua stokes (RVS),
•	 Stevoside extract (STE-EXT),
•	 Sun ginseng methanol extract (SGME),

Their phytoconstituents and mechanism of hepatoprotection in LPS-
induced liver injury are presented in Table 11.2 and Figure 11.4 and high-
lighted in the following section.

11.4.1  GRAPE SEED PROCYANIDIN EXTRACT (GSPE)

GSPE is a standardized extract containing procyanidins and phenolic acids. 
GSPE alleviated LPS-related liver injury in female Wistar rat model. GSPE 
at 50, 75, 100, and 200 mg/kg bw, exhibited anti-inflammatory actions 
against LPS-induced inflammation via decreased in expression of TNFα, 
iNOS, Il10, Il6, and CRP genes in the liver.31 It also shows antioxidant 
actions via increase in hepatic GSH level and decrease in hepatic nitrate and 
nitrite levels.

11.4.2  GREEN TEA POLYPHENOLS (GTPS)

Wang et al.49 characterized green tea polyphenols as gallic acid, catechin, 
epicatechin, gallo-catechin gallate, epigallocatechin, epicatechin gallate, 
epigallocatechin gallate, anthocyanins, leuco-anthocyanins, and phenolic 
acids as characterized by HPLC. They demonstrated the hepatoprotective 
effects of GTPs against LPS-related inflammation, oxidative distress, and 
hepatic damage in male ICR mice. GTPs at 200 mg/kg bw show anti-inflam-
matory activity via decreased plasma levels of TNFα, IL1β, IL6, and IL18, 
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decreased hepatic expression of IL1β, TNFα, IL6, and IL18 and decrease 
in hepatic expression of COX2 and iNOS. GTPS also show antioxidant 
effects via increase in hepatic SOD activity, GSH concentration, and drop 
in MDA content. Hepatoprotective actions of GTPs also include decrease in 
plasma ALT, AST activities, and improved hepatic ultrastructure as seen in 
histopathological images.

FIGURE 11.4  Therapeutic mechanisms of plant-derived extracts on LPS-induced liver 
injury.

11.4.3  AQUEOUS GREEN TEA EXTRACT (AGTE)

Sami et al.38 prepared and characterized AGTE using HPLC. Compounds 
found in AGTE include tannins, chlorogenic acid, triterpinoids, vanillic and 
synergic acid, coumarin, naringenin, etc. In a male Sprague–Dawley rat 
model of LPS-induced liver injury,38 AGTE supplemented in drinking water 
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demonstrated antioxidant effects against LPS-induced oxidative stress via 
increase in hepatic GSH level and activities GSH-Px, GSH-Rd, and SOD; 
decrease in hepatic levels of NO and MDA. AGTE also showed antiapoptosis 
effect as indicated by decrease in pro-apoptotic markers (Bcl-2, caspase 8, 
cyt c). AGTE is also protected against LPS-induced fibrosis via decrease in 
fibrosis markers, hydroxyproline (Hyp), and hyaluronic acid (HA). Further-
more, there was decrease in serum ALT, AST activities, and bilirubin level 
with improved liver ultrastructure as indicated by histopathological images 
of hepatic tissues.

Using HPLC technique, Allam et al.5 identified gallic acid, ferulic acid, 
pyrogallol, iso-ferulic, catechein, alpha-coumaric, chlorogenic, benzoic, 
catechol, 3,4,5-methoxycinnamic acid, epicatechein, coumarin, caffeic acid, 
caffeine, salycilic acid, cinnamic acid, vanillic, naringenin, tannin, synergic 
acid, etc., in AGTE.

Allam et al.5 reported the hepatoprotective effects of AGTE in Wistar 
albino rat model of liver injury induced by LPS. AGTE at 100 and 200 
mg/kg/bw showed antioxidant activity by causing decrease in hepatic 
NO level and increase in total antioxidant capacity. In this study, AGTE 
protected against LPS-induced apoptosis via decrease in hepatic single-
stranded DNA (ssDNA) and soluble fas antigen (sFas). AGTE also showed 
hepatoprotective effects as indicated by decrease in hepatic function 
markers (serum ALT, AST activities, and bilirubin level) and improved 
liver ultrastructure.

11.4.4  SUN GINSENG METHANOL EXTRACT (SGME)

Kang et al.20 prepared SGME, characterize it by RP-LC, and demonstrated 
its hepatoprotective effects against LPS in Male rat model. SGME was found 
to contain ginsenosides (see Table 11.2). SGME at 50 and 100 mg/kg bw 
showed anti-inflammatory effects via decrease in hepatic expression iNOS, 
NF-kBp65, IkB-a, and antioxidant activity as indicated by a significant 
decrease in hepatic TBARS level.

11.4.5  HYDROETHANOLIC EXTRACT OF BUCHHOLZIA 
CORIACEA SEED (HEBCS)

Seeds of Buchholzia coriacea Engl. is commonly referred to as wonderful 
kola because of its numerous medicinal applications in folk medicine. Ore 
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et al.30 described the hepatoprotective effects of HEBCS in LPS model. 
In this study, HEBCS demonstrated anti-inflammatory, antioxidant, and 
hepatoprotective effects against LPS. HEBCS alleviated the LPS-induced 
inflammatory response via decrease in serum TNF-α and CRP levels. It also 
alleviated oxidative distress as shown by increase in hepatic activities of 
CAT, SOD, and level of GSH as well as decrease in hepatic levels of NO, 
MDA. HEBCS also showed hepatoprotective effects against LPS-related 
injury as implied by decrease in serum ALT, AST, and ALP activities and 
improved liver ultrastructure.

11.4.6  BERBERIS VULGARIS ETHANOLIC EXTRACTS (BVEE) AND 
CALLUNA VULGARIS ETHANOLIC EXTRACTS (CVEE)

Abdel-Latif et al.1 showed the ability BVEE and CVEE to defend against 
liver injury caused by LPS in rat model. Both BVEE and CVEE at 200 mg/
kg bw show anti-inflammatory activity against LPS-related inflammatory 
response as implied by decrease in COX2, iNOS, and TNFα expressions 
in rat hepatocytes. Both BVEE and CVEE also show antioxidant actions 
via decrease in hepatic levels of NO, TBARS as well as decrease in hepatic 
xanthine oxidase activity. Both extracts also alleviate LPS-induced hepato-
cellular damage as indicated by improved liver ultrastructure in the BVEE 
and CVEE treated rats.

11.4.7  AQUEOUS ROOIBOS EXTRACT (ARE)

Rooibos (Aspalathus linearis) is a legume indigenous to South Africa. It 
is used in making herbal beverage, which possesses antioxidant and other 
health-promoting properties. Aqueous rooibos extract is prepared from hot 
water extraction of fermented rooibos leaves and stem. HPLC evaluation of 
ARE by Ajuwon et al.4 revealed the presence of flavonol, flavanol, aspalathin, 
rutin, quercetin, luteolin, etc. (see Table 11.2). In a male Wistar rat’s model,4 
ARE administered as drinking fluid defended against LPS-related hepatic 
injury. ARE exhibited significant anti-inflammatory and antioxidant 
activities against LPS-induced hepatic inflammation/oxidative stress. ARE 
also alleviates LPS-induced oxidative stress as implied by increase in 
hepatic antioxidants. There was also decrease in serum ALT, AST, and LDH 
activities in response to ARE treatment.
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11.4.8  ETHANOLIC EXTRACTS OF SCUTELLARIA BAICALENSIS 
ROOT (EESBR)

Scutellaria baicalensis Georgi (S. baicalensis) is widely used in traditional 
medicines, with anti-inflammatory, anticancer, antiviral activities among 
others. In a study carried out by Thanh et al.43 in male C57BL/6J mice, 
EESBR protected against LPS-induced liver injury. 200 mg/kg/ bw EESBR 
exhibited anti-inflammatory actions via decrease in hepatic levels of media-
tors of inflammation (see Table 11.2). EESBR also alleviate LPS-induced 
oxidative stress as implied by decrease in hepatic MDA level.

11.4.9  FORSYTHIA-SUSPENSA-EXTRACT-(FSE)

Forsythia suspensa is a popular long-established medicine in China used as 
a therapy for infections and numerous disease conditions. In a study carried 
out by Zhao et al.,60 FSE attenuated liver injury caused by LPS rat model, via 
anti-inflammatory and antioxidant actions. FSE displayed anti-inflammatory 
actions by inducing decrease in serum and hepatic concentrations of TNFα, 
IL1β, and IL6, as well as decrease in hepatic NF-кB expression. FSE also 
improve antioxidant actions in LPS-intoxicated rats via increase in serum 
and hepatic activities of GSH-Px and SOD. FSE also protected the hepa-
tocytes as implied by decrease in serum ALT and AST activities as well as 
improvement in liver morphology.

11.4.10  ACTIVE FRACTION OF AQUEOUS ETHANOL EXTRACT 
OF SCIRPUS YAGARA TUBER (AF-EESYT)

Li et al.24 evaluated the active fraction (petroleum ether-ethylacetate) from 
ethanol extract of Scirpus yagara tuber (AF-EESYT) in female mouse 
model of LPS-induced liver injury.24 HPLC analysis of AF-EESYT revealed 
the presence of mainly phenolic acids. AF-EESYT demonstrated significant 
anti-inflammatory effect in this model by causing decreased serum and 
hepatic levels of inflammatory cytokines.

11.4.11  LONICERA CAERULEA BERRY EXTRACT (LCBE)

Wang et al.51 reported the ability of LCBE to suppress LPS-induced inflam-
mation in male Sprague–Dawley rats. In this study, LCBE at 50, 100, and 
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200 mg/kg bw protected against LPS-induced liver injury via its influence 
on TLRs and oxidative stress-associated MAPK signaling. LCBE alleviated 
LPS-induced inflammatory response via decrease in expression of TLR2, 
TLR4, and MAPKs as well as decrease in hepatic concentrations of CRP 
and IL-6. Moreover, LCBE also improved hepatic antioxidants against LPS-
induced oxidative stress as implied by increase in GSH level and decrease 
in hepatic ROS level. LCBE also show protection against hepatocellular 
damage as indicated by decrease in serum ALT and AST activities as well as 
restoration of normal histological appearance of the hepatocytes.

11.4.12  RHUS-VERNICIFLUA-STOKES (RVS)

RVS is an edible plant used in folk medicine as remedy against metabolic 
diseases, gastritis, and a number of cancers. Moon et al.28 prepared RVS 
water extract by extraction at 90–110ºC for 4 h and standardized with 3% 
fustin. RSV at 100, 250, or 500 mg/kg bw RVS exhibited anti-inflammatory, 
antioxidant, and hepatoprotective effects in male Wistar rat model. In this 
study, RVS showed anti-inflammatory actions and antioxidant action by 
causing decrease in hepatic NO and MDA levels. It also protected the hepa-
tocytes as shown by decrease in serum ALT and AST activities as well as 
improved liver histological structure.

11.4.13  STEVIA EXTRACT (STE-EXT)

Stevia rebaudiana is a noncaloric sweet herb called “honey herb” used 
in the treatment of heart burn and other conditions. In addition, it has 
been used to manage obesity, diabetes mellitus, and inflammation. Sa 
et al.37 prepared Stevia rebaudiana leaf extract (STE-EXT) using water 
and ethyl alcohol (1:1). They showed that STE-EXT ameliorates LPS-
induced liver injury in rat model. HPTLC analysis of STE-EXT shows 
eight phytoconstituents including stevioside (STE). STE-EXT shows 
anti-inflammatory actions against LPS-induced inflammatory response 
by causing decrease in hepatic concentrations of IL1β, IL6, and TNFα. 
It is also protected against oxidative stress via decrease in hepatic nitrite, 
H2O2, and MDA concentrations and rise in hepatic activity of SOD and 
GSH level. Hepatoprotective effect of STE-EXT was further indicated by 
decline in activities of ALT and AST in serum coupled with improvement 
in hepatocellular structure.
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11.4.14  DANHONG INJECTION (DHI)

DHI is made up of 30% ethanol-extract the rhizome and root of Salvia-
miltiorrhiza plus water-extract of flowers of Carthamus-tinctorius (3:1). 
Gao et al.15 reported that DHI alleviated LPS-induced liver injury in male 
C57BL/6J mouse model. In this study, DHI displayed significant hepatopro-
tective effects against LPS toxicity via anti-inflammatory, antioxidant, and 
antiapoptotic mechanisms. DHI exacted anti-inflammatory action by causing 
decrease in hepatic expression of TNFα and IL6 as well as hepatic concen-
trations of TNF-α and IL-6. DHI also alleviated oxidative stress induced by 
LPS by causing decrease in hepatic MDA level. Anti-apoptosis effects of 
DHI were exhibited via decrease in hepatic concentration of casp3, Bax, and 
Bcl2 as well as causing decrease in number of TUNEL positive cells. DHI 
protected against hepatocellular damage as indicated by decrease in serum 
hepatic markers, as well as improvement in liver histological structure.

11.4.15  ORIGANUM MAJORANA EXTRACT (OME)

Wahby et al.48 reported the antioxidant and hepatoprotective effects of OME 
in male albino mouse model of LPS-induced hepatotoxicity. They prepared 
OME by extraction of Origanum majorana leaves with 95% ethanol (1:20 
w/v). HPLC evaluation of OME indicated the presence of phloridzin, 3,4-dicaf-
feoylquinic acid, rutin, 4,5-dicaffeoylquinic acid, quercetin, gallic acid, tannic 
acid, cinnamic acid, and chlorogenic acid. Antioxidant mechanism of OME 
involves increase in hepatic GSH level and decrease in hepatic NO and MDA 
level. OME alleviated LPS-induced hepatocellular damage as indicated by 
decrease in serum ALT and AST activities.

11.4.16  RED GINSENG ALCOHOL EXTRACT (RGAE) AND RED 
GINSENG WATER EXTRACT (RGWE)

Red ginseng (RG) is one of the Korean medicinal herbs with numerous 
medicinal importance including antioxidant effect. Adam et al.2 reported 
the antioxidant and hepatoprotective effects of RGAE and RGWE in LPS-
induced liver injury in rat model. Bothe RGAE and RAWE show antioxidant 
effects as indicated by decrease in hepatic NO level, increase in hepatic SOD 
and CAT activities and hepatoprotective effects as indicated by decrease in 
serum ALT, AST, ALP, and LDH activities.
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11.4.17  PULICARIA PETIOLARIS METHANOL EXTRACT (PPME)

The genus Pulicaria is widely distributed in Europe, Asia, and Africa. They 
have been used for treating various diseases and have also shown a wide 
range of bioactivities. Ahmed et al.3 reported the suppression of hepatotoxic 
effects induced by LPS by PPME in male swiss albino mouse model. In this 
report, PPME at 50 and 100 mg/kg bw alleviated LPS-induced inflammatory 
response via NF-κB dependent mechanism. This was evident by decreased 
activation of hepatic NF-kB and decrease in hepatic TNFα and IL6 levels. 
PPME also alleviate LPS-induced oxidative stress as indicated by decrease 
in hepatic MDA level and increase in hepatic GSH level and SOD activity. 
PPME also protected against LPS-induced hepatocellular damage.

11.4.18  ETHANOL-EXTRACT-OF ILLICIUM-HENRYI (EEIH)

Illicium-henryi known as hardwood crab, is used in traditional Chinese 
medicine. Islam et al.16 evaluated the protective effect of EEIH in LPS 
model. Characterization of EEIH by HPLC–QTOF–MS revealed the pres-
ence of (+)-catechin, 30,40,7-trihydroxyflavone, anisatin, majucin, taxifolin, 
illihenryionese, illifrognone, burmanicumol, vanillin, illioliganones, henry-
lactone, etc. EEIH at 1.25, 2.5, or 5.0-mg/kg-bw show anti-inflammatory 
and antioxidant actions against LPS. It also showed hepatoprotective activity 
on LPS-induced hepatocellular damage as indicated serum markers and 
histological appearance of the liver.

11.4.19  GARDENIA JASMINOIDES WATER EXTRACT (GJWE)

Gardenia jasminoides is a shrub of Rubiaceae, applied in folk treatment 
of hepatitis, aphthous ulcer, and trauma in Asia. Lin et al.25 studied the 
hepatoprotective effects of GJWE in LPS-induced liver injury. In their 
report, GJWE at 10 or 30 mg/kg bw exhibited hepatoprotective effect against 
LPS-related hepatocellular damage as indicated by significant decrease in 
serum ALT and AST activities and improved liver histological appearance.

11.4.20  LOTUS SEEDPOD EXTRACT (LSE)

Tseng et al.45 explored the protective properties of LSE in LPS model of 
hepatic injury in male IRC mice. HPLC evaluation of LSE showed the 
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presence of catechin, procyanidin B2, ρ-coumaric acid, and epigallocatechin. 
In this study,45 LSE showed anti-inflammatory, antioxidant, and hepatocytes 
protection. LSE showed anti-inflammatory action via decrease in serum 
and hepatic levels of IL1β, IL6, and TNFα. LSE caused an upsurge in 
hepatic activity/level of SOD, GSH-Px, and GSH. LSE further shows 
hepatoprotective effect as indicated by decrease in serum ALT and AST 
activities as well as improved liver histological appearance.

11.5  SUMMARY

In this chapter, authors have described the mechanistic roles of some plant 
extracts and plant-based compounds in murine models of LPS-induced 
inflammatory liver injury. Important protective mechanisms exhibited by 
these extracts and compounds have also been highlighted. They include LPS 
scavenging, anti-inflammatory, antiapoptosis, antioxidant, and free radical 
scavenging activities among others. It is important to infer that herbal 
extracts and plant-derived compounds have important roles to play in the 
clinical management and treatment of liver diseases especially acute liver 
disease.
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Telfairia occidentalis for the Alteration of 
Expression Ratio of Bax/Bcl-2 mRNA in 
Lead-Exposed Rat Testicular Tissues

Adefolaju Gbenga Anthony, Falana Benedict Abiola,  
Odukoya Samson Ayodeji, and Mwakikunga Anthony

CHAPTER 12

ABSTRACT

This study was aimed at estimating the levels of important proapoptotic 
and antiapoptotic genes expressed in the testicular tissue of rats fed with 
Telfairia occidentalis after being exposed to lead nitrate. Eighteen healthy 
Sprague–Dawley rats were randomly allocated into three groups containing 
six animals per group. Group A served as control. Group B animals were 
administered 75 mg/kg/b.w. of lead nitrate only. Group C animals were also 
administered 75 mg/kg/b.w. of lead nitrate as well as 300 mg/kg/b.w. of an 
alcoholic (methanol) extraction of T. occidentalis (METo). Lead exposure 
and METo administration lasted 2 weeks, and the rats were sacrificed 
on the 15th day. The testes and epididymis were removed and RNA was 
isolated from paraffin-embedded testicular tissues. Total RNA was reverse 
transcribed and cDNA was amplified by Real-Time quantitative PCR to 
determine the mRNA expression levels of antiapoptotic B-cell lymphoma 2 
(Bcl2) and proapoptotic Bcl-2-associated X (Bax) gene. The 75 mg/kg lead 
nitrate significantly (p < 0.05) led to an increment in the amount of expressed 
Bcl-2 mRNA as well as a significant downgrading in the amount of expressed 
Bax mRNA. Administration of 300 mg/kg METo significantly (p < 0.05) 
prevented the alteration of Bcl-2 mRNA and Bax mRNA expression levels. 
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These results demonstrate that T. occidentalis has anticancer effects due to 
its effects on the expression characteristics of important genes of the anti-/
pro-apoptotic pathway.

12.1  INTRODUCTION

The initiation and progression of cancer is a multiplex process, which 
involves hereditary as well as epigenetic changes that are modulated by 
several environmental factors.4 As a result of the worldwide problem 
of malignancies, number of epidemiological research studies have been 
conducted to determine the main risk factors to identify ubiquitous chemical 
substances and heavy metals as potential culprits, though they have been 
considered as potentially amendable factors.8,12,27 WHO depicted 19 of 
such substances as being vital for people’s wellbeing. These components 
are normally discovered in different environments, for example, in the air, 
in water, even in foodstuff.25 Deficiency of these substances is considered 
as basic for homeostatic equilibrium; and the build-up of some of the 
heavy metals may interfere with the host’s defense against malignancies. 
For instance, Arsenic, Nickel (Ni), Cadmium reportedly functions in 
propagating the oxidative stress, and have been labeled as 1st-Class 
carcinogenic agents in human beings by International Agency for Research 
on Cancer and have been identified in numerous malignant specimens.19 
Lead is likewise characterized as plausibly poisonous for humans. 
Emissions and effluents from homes, industries, and factories most often 
contain countless metals that defile the topsoil as well as groundwater and 
waterways.8

These heavy metals are not biodegradable and have been isolated 
in various stages of the food chain, for example, leafy foods as regularly 
eaten nourishments and even in unanticipated sources, for example, topsoil, 
airborne, road dusts that exist in the roads that we use daily. These substances 
can then get into the human body via respirational and digestive routes and 
later amass in various organ systems, prompting their interference with 
different body organs.8,12

Telfairia occidentalis comprises of two different species.16 Because the 
vegetable’s leaves and seeds are both edible,22 it is extensively cultivated 
and eaten in many parts of West Africa. It is commonly known as fluted 
pumpkin, fluted gourd, and “Ugu” in the Nigerian Igbo dialect.6,22 It is rich 
in protein, with the leaf having as much as 37% protein per 100 g. It also 
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contains fats, nutrients (for example riboflavin, Vitamin C, and nicotin-
amide) and minerals (for example, calcium, and magnesium), polyphenols, 
and flavonoids, tannins, saponins, and alkaloids.5

Several research reports have documented the therapeutic effects of T. 
occidentalis on different tissues and organs of animal models of human 
diseases. For example, T. occidentalis is known to have antidiabetic, anti-
bacterial and anti-inflammation capacities,23 the treatment of hypercholes-
terolemia,24 and improvement of the effect of quinine-induced testicular 
injury.23 Primary studies screening for cancer chemopreventive have 
demonstrated that T. occidentalis contains phenols, phytosterols, chloro-
phyll, glycosides, alkaloids, tannins, flavonoids, and saponins.20 Adedosu 
et al.1 reported that T. occidentalis protected rats from oxidative damage, 
inflammatory reactions, and hematologic imbalances related to prostate 
cancer induced by atrazine.

One of the main features of the development or progression of cancers 
is apoptosis, also known as physiological cell death. Apoptosis is moderated 
by dual mechanisms: the inherent and the extraneous.9,26 The mitochondrial 
track is facilitated by proapoptosis genes like Bax and antiapoptosis genes 
like Bcl-2.10 Therefore, the proportion of proapoptosis and antiapoptosis 
mRNA-expression controls the signalling of cells and tissues to die or to 
live7; as a result, increased Bcl-2 gene expression and/or decreased expres-
sions of Bax have been named as one crucial feature of cancer development 
or progression.2,17

In this study, examining the effects of T. occidentalis on this crucial 
intrinsic mechanism could offer a better elucidation of their anticancer 
capabilities.

12.2  MATERIALS AND METHODS

12.2.1  KITS AND REAGENTS

Bouin’s Fluid, Ethanol, and Methanol were obtained from Sigma (St. Louis, 
MO). Agarose D-1 Low EEO-GQT was purchased from Conda Laboratories 
(Madrid, Spain). The items from Life technologies (California, USA) were: 
Power SYBR® Green PCR Master Mix, High Capacity cDNA Reverse 
Transcription Kit, Trizol reagent. Thermo Scientific (Pittsburgh—PA, USA) 
supplied Proteinase K, O’GeneRuler Low Range DNA Ladder and DNase I, 
RNase-free kit, and water lacking RNase.
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12.2.2  PLANT PREPARATION

T. occidentalis leaves were obtained, identified, and authenticated (at Botany 
Department, Osun State University, Osogbo) and prepared.16 Briefly, the 
leaves were pulverized and 200 g of the triturate were soaked in methanol for 
72 h, and mixed. The mince was filtered and poured into another container for 
evaporation in a water bath at 40oC. Repeating this procedure for three days 
produced 32.54 g of the extract, from which a stock solution was prepared.

12.2.3  ANIMALS AND TREATMENT

The upkeep and nurture of research animals conforms to the procedures 
by US National Institute of Health for the appropriate utilization of experi-
mental animals.16 Ethical authorization for the study was obtained from the 
College of Health Sciences Research Committee, Osun State University, 
Oshogbo. Nigeria. The rats were housed at the animal unit of the Department 
of Anatomy, in properly ventilated enclosures under normal photoperiodic 
specifications and provided rat chow (Bendel Feeds, Oshogbo) and water 
with constant availability.16 Sprague–Dawley (SD) rats were used for this 
study with weights ranging between 120 and 140 g. Eighteen healthy SD 
rats were arbitrarily assigned into three groups having six animals per group:

•	 Group A was designated as the control;
•	 Group B animals were given 75 mg/kg/b.w. of lead nitrate only; and
•	 In group C, the rats were also given 75 mg/kg/b.w. of lead nitrate as well 

as 300 mg/kg/b.w. of an alcoholic (methanol) extract of T. occidentalis 
(METo).

Lead exposure and METo administration lasted 2 weeks, and the rats were 
sacrificed after receiving anesthesia on 15th day. The testes were removed 
from the rats and were fixed in Bouin’s fluid and embedded in paraffin.

12.2.4  ISOLATION OF RNA AND REAL-TIME QUANTITATIVE PCR

Isolation of whole RNA from tissue slices embedded in paraffin was done.3 
With the aid of rotary microtome, 25 μm slices were cut from the embedded 
tissue blocks. To remove the embedding medium, the cuts were transferred 
into RNase-free microcentrifuge tubes containing one ml of xylene and the 
tubes were put in the oven for 3 min at 50°C to liquefy the paraffin, after 
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which the tubes were centrifuged for one minute at the highest speed to pellet 
the tissue, and re-washed with xylene without tampering with the tissue 
pellet. The tissue was then rinsed two times with 1 mL of absolute alcohol 
and was air dried.

Protease K digestion buffer (150 μL) 1× was added to each sample and 
incubated at 55°C for 3 h. Trizol (1 mL) was added to each tissue sample and 
incubated at 15 to 30°C for at least 5 min to disengage the nucleo-protein 
complexes. Chloroform (0.2 mL) was added and the tubes vortexed for 15 
s and incubated at 30°C for 3min. The tissue samples were centrifuged at 
12,000 × g for 15 min at 4°C. The aqueous phase was pipetted into new tubes 
and 10 μg of glycogen was added and mixture was stirred.

Whole RNA was obtained by mixing with 0.6 mL of isopropyl alcohol, 
and placed at −20°C for 1 h and then centrifuged at 12,000 × g for 10 min at 
4°C. RNA pellet was washed with absolute alcohol, briefly air-dried, and was 
dissolved in RNase-free water. The concentration and purity of the whole 
RNA were analyzed by the Nanodrop-1000 spectrophotometer.21 In line with 
the manufacturer’s manual, genomic DNA was removed from total RNA 
using the DNase I, RNase-free kit. The DNAase I treated RNA was purified 
once more with the Gene-JET RNA Purification kit, re-quantified, and stored 
at −80oC until used. In accordance with the manufacturer’s directives, cDNA 
synthesis was performed using the MultiScribe™ Reverse Transcriptase 
from 700 ng RNA.3

The reverse transcriptase reaction was carried out in a GeneAmp® PCR 
System 9600 Thermal Cycler for 10 min at 25°C, 120 min at 37°C and then 
the enzyme was deactivated for 5 min at 85°C. The cDNA aliquots were then 
used in real-time polymerase chain reactions for Bax and BCl-2 with Sdha, 
Actb, and B2m used as the housekeeping reference genes. PCR reactions were 
amplified for 40 cycles prior to which the AmpliTaq Gold® DNA polymerase 
was activated for 10 min at 95°C. Each cycle consisted of a denaturing step 
for 15 s at 95°C, and annealing/extension step for 1 min at 60°C.

PCR amplification was performed in a final volume of 20 μL using the 
Power SYBR® Green PCR Master Mix with the QuantStudio® 5 system. 
All primers used in this study were manufactured by Inqaba Biotechnical 
Industries (Pty) Ltd. (Pretoria, RSA) The primers series employed, and the 
base-pair sizes of all amplified yields are shown in Table 12.1. To ascertain 
that nonspecified products were not amplified, amplification yields were 
run through 3% agarose gels, stained with ethidium bromide, and images 
were acquired with the BioRad Gel Doc® XR (Model 170-8170 Segrate, 
Milan. Italy). Melt curves were analyzed for all PCR products with the 
QuantStudio® 5 Real-Time PCR system software. The comparative mRNA 
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levels of expression of each gene of interest in all samples were analyzed 
with the qbase-PLUS software (Biogazelle, Zulte, Belgium).3

TABLE 12.1  Real-Time PCR Primers.

Gene NCBI  
accession no

Sequences (5'-3' direction) Product 
size (bp)

Genes of interest 
Bax NM_017059.2 F GGGCCTTTTTGCTACAGGGT 106

R TTCTTGGTGGATGCGTCCTG
Bcl-2 NM_016993.1 F ACTCTTCAGGGATGGGGTGA 94

R TGACATCTCCCTGTTGACGC  
Reference genes [21]
Sdha NM_130428.1 F CCCATTCCAGTCCTTCCCAC 102
    R CACAATCTGATCCTGGCCGT  
Actb NM_031144.3 F CTGTGTGGATTGGTGGCTCT 134
    R AGCTCAGTAACAGTCCGCCT  
B2m NM_012512.2 F CACACGCAGTCTGAAAACCC 170
    R AAAGGAGCTTTGGGGACACA  

12.2.5  STATISTICAL ANALYSIS

Data analysis was carried out with JMP® (Version 15.2 SAS Institute Inc., 
Cary, NC). Data were recorded as mean + standard error of the mean. The 
standard distribution and homogeneousness of the variance were verified 
with the aid of the F-test (p < 0.05); then, a one-way ANOVA (p < 0.05) was 
utilized to analyze the results. All the averages were also analyzed with the 
Tukey’s honest significance test.

12.3  RESULTS

12.3.1  METHANOLIC EXTRACT OF T. OCCIDENTALIS SUSTAINS 
THE BCL2 ASSOCIATED X, APOPTOTIC MODULATOR (BAX) AND 
BCL2, APOPTOTIC MODULATOR (BCL-2) MRNA RATIO IN THE 
TESTICULAR TISSUE OF SD RATS

As illustrated in Figure 12.1 and after comparison with the control group 
(p < 0.05), treatment of the animals with 75 mg/kg/b.w. of lead nitrate led 
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to a significant up-regulation of Bcl-2; but the levels of Bax mRNA was 
downregulated in rat testes. Administration of extracts of T. occidentalis 
(300 mg/kg) reversed this ratio so that the amounts of proapoptosis Bax and 
antiapoptosis Bcl-2 mRNA expressed were restored to similar levels in group 
C tissue samples, as the control group.

FIGURE 12.1  Effects of Telfairia occidentalis on proapoptosis Bax and antiapoptosis Bcl-2 
gene expression in rats treated with 75 mg/kg/b.w. of lead nitrate. Data (mean ± SEM) are 
recorded as fold changes of mRNA expression comparative to values of the control group 
(designated as 1), which represents three separate reptations of Total RNA extraction. The 
group illustrated by ** shows statistically significantly (p < 0.05) difference.

These observed effects of T. occidentalis achieved statistical significance 
(p < 0.05) for both genes of interest. In addition, administration of the 
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methanolic extract of T. occidentalis seemed to flip the mRNA expression of 
the Bax target gene from the negative levels of fold change of expression into 
the positive zones of fold change of expression while the mRNA expression 
of the Bcl-2 target gene seemed to change from the positive levels of fold 
change of expression into the negative zones of fold change of expression. 
However, the observed changes did not achieve statistical significance when 
compared to the control group.

12.4  DISCUSSION

This study is the first to examine the molecular mechanisms underlying the 
anticancer potentials of T. occidentalis thereby confirming preliminary data 
suggesting that it may contain anticancer agents.

The global burden of cancers has precipitated several research studies 
to evaluate the carcinogenic potential of environmentally ubiquitous trace 
elements and investigate the anticancer effects of medicinal plants. There-
fore, this study aimed at estimating the mRNA expression characteristics of 
important carcinogenic marker genes in the testicular tissue of rats fed with 
T. occidentalis after being exposed to lead nitrate.

Treatment of the animals with lead nitrate significantly altered the normal 
ratio of antiapototic Bcl-2 and proapoptotic Bax in testes of rat. Administra-
tion of the methanolic extract of T. occidentalis reversed this ratio so that 
in animals treated with the extract, the mRNA levels of proapoptosis Bax 
and antiapoptosis Bcl-2 were restored to similar levels as the control group. 
The methanolic extract of T. occidentalis restored the mRNA expression of 
Bax from the negative levels of fold change of expression into positive fold 
change of expression; while the mRNA expression of the Bcl-2 changed 
from the overexpression levels into the near under-expression levels.

Several studies have shown that the raw extract of the seeds of T. occidentalis 
exhibited anticancer potential by significantly impeding oxidative action in 
blood’s isolated polymorphonuclear cells and mononuclear cells and it also 
reduced serum prostatic acid phosphatase levels, and other parameters that 
appear to show its usefulness in the treatment of experimental nonmalignant 
prostatic hyperplasia in laboratory animals.13–15

While there are no in vitro or in vivo studies found in literature investi-
gating the effects of leaf extract of T. occidentalis, yet several studies have 
reported the anticancer effects of some other members of the Cucurbita-
ceae family. For example, Cucurbitacin-I, a naturally occurring substance 
sequestered from Cucurbitaceae, showed strong anticancer activities against 
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colon cancer cells by inducing apoptotic human colon cancer cell death, by 
blocking cell-cycle progress at Gap 2-M phase.21 It was also reported that 
exposing the cells to Cucurbitacin-I considerably suppressed tumorigenic 
growth in the syngeneic Bagg-Albino-mice-Strain-C.

Güneş et al.18 found that the ethanol extract of Momordica charantia L) 
demonstrated significant anticancer activities against human lung, breast, 
chronic myeloid leukemia, and T-cell leukemia cancer cell lines by cytotox-
icity, apoptosis induction, and antiangiogenic effects.

Another similar study reported that a Cucurbitaceae-based formulation 
showed antiproliferative activity by inducing apoptotic death in A549 lung 
cells in a dose-dependent fashion.11 The aforementioned reports show that 
members of the Cucurbitaceae family possess significant anticancer effects.

12.5  SUMMARY

This study shows that the anticancer activity of T. occidentalis can be 
attributed to its effects on the gene expression profile of vital antiapoptosis 
and proapoptosis genes Bax as well as Bcl-2. More studies are required to 
evaluate the effects of this extract on other members of the Bcl-2 family as 
well as other genes of the oncogenic pathways.
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PART IV
HEALTH BENEFITS OF MEDICINAL PLANTS
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Hydroethanolic Leaf Extract of 
Parquetina nigrescens: Hematological 
Indices and Biochemical Parameters in 
Male Wistar Rats

Lydia Oluwatoyin Ajayi, Ademola Olabode Ayeleso, and  
Temitope Adenike Oyedepo

CHAPTER 13

ABSTRACT

This chapter is aimed at evaluating the adverse impacts of the mixture of water 
and ethanol (hydroethanolic) leaf extract of Parquetina nigrescens (HELEPN: 
Bullock plant) by assessing its effect on some biochemical parameters. The 
study evaluated the impact of HELEPN on the concentrations of hematological 
profile (white blood cells, hematocrit, red blood cells, platelet, hemoglobin, 
mean corpuscular volume, lymphocytes, red cell distribution width 
coefficient variation); lipid profile (high-density lipoproteins, low-density 
lipoproteins, total cholesterol, and triacylglycerol); protein profile (total 
protein, albumin, globulin); kidney parameters (urea and creatinine) and 
liver enzymes (alanine transaminase, aspartate transaminase, and alkaline 
phosphastase) using RayBio diagnostic kits. Histopathology was conducted 
on the liver, kidney, and heart as well as the phytochemical content, mineral 
content, and antioxidant capacity of the plant using parameters such as ferric 
reducing antioxidant ability and 2,2-diphenyl-1-picryhydrazyl scavenging 
ability of the plant extract. HELEPN administration at different doses in this 
study increased hematocrit levels, and decreased white blood cell count and 
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LDL but did not alter serum urea and creatinine, serum proteins, and liver 
enzymes. This study confirmed the use of this herb by traditional medical 
practice and inferred that the plant is not toxic when given a dose of 1500 mg/
kg, which is the highest dose used in this study, also the plant could be said 
to be cardioprotective and these effects could be due to the phytochemicals 
and minerals present in the plant.

13.1  INTRODUCTION

Medicinal plants have gained acceptance worldwide for use as alternative 
therapeutic agents for numerous disease conditions. Interestingly, these 
plants contain different phytochemicals that are beneficial to human health.27 
One such medicinal plant is Parquetina nigrescens.

Parquetina nigrescens, sometimes called bullock plant, is a shrub found 
in equatorial West Africa. The plant is called African parquetina in English, 
Yorubas call it “Ewe ogbo,” “Kwakwanin” in Hausa, and “Mbgidimgbe” in 
Igbo.22 The plant grows on hills throughout the regions of Africa, specifi-
cally, it is abundant from Senegal to Nigeria, and from the Congo basin to 
south tropical Africa.29 It has a twisted stem and a base that is woody, it is 
about 10–15 cm in height, while its breadth is about 6–8 cm wide with a long 
fine stem that contains the leaf part of the plant. Its flower grows from its 
side with branches having whitish outside and inner reddish coloration. The 
fruit, which has a featherlike seed,7 is composed of the following two parts: 
An outer woody and an inner softer part.29

The plant has been in use as traditional medicine for many years. Avail-
able literature has shown the beneficial potential of P. nigrescens, such 
as pain relieving, anti-inflammatory, antipyretic effects,25 and it prevents 
hemorrhagic anemia.2 Extract of P. nigrescens has been revealed to be abun-
dant in flavonoids, tannins, phlobatannins, saponins, cardiac glycosides, 
anthraquinones, and oils; and its abilities to scavenge reactive oxygen species 
(ROS) have been established.8 The plant also has antidiabetic, antiulcerative 
cardiotonic, and hematinic properties.8,26,29 It is being used to combat worm 
infestation, management of rheumatism,25 and the treatment of menstrual 
disorders and gonorrhea.24

This chapter narrates the probable toxic activity of hydroethanolic leaf 
extract of P. nigrescens on the living system by assessing its impact on some 
biochemical parameters. The study was thus conducted to check and eluci-
date the effects that hydroethanolic leaf extract of P. nigrescens could have 
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on hematological parameters, lipid, and parameters, liver enzymes as well as 
its effect on the architectural structure of the liver, kidney, and heart.

13.2  MATERIALS AND METHODS

13.2.1  COLLECTION AND EXTRACTION OF PARQUETINA 
NIGRECENS

The leaf of P. nigrescens was plucked at Orita Naira junction in Ogbomoso, 
Oyo State, Nigeria. The plant was recognized and confirmed by Ogunkunle, 
Department of Botany, Ladoke Akintola University of Technology, 
Ogbomoso, Nigeria, and assigned a Voucher No.: LHO 532. A specimen was 
kept in the herbarium at Department of Botany, Ladoke Akintola University 
of Technology, Ogbomoso, Nigeria. The leaves were spread inside a room 
and left to dry it was later ground into powder using an electric blender, a 
measure (50 g) of the sample was then fully immersed in 140 mL of ethanol 
and 60 mL of distilled water for 48 h to prepare the 70% mixture of water and 
ethanolic extract of P. nigrecens, the extract in ethanol was poured out and 
the remaining ethanol expelled using Soxhlet apparatus. The concentrated 
extract was then dried using a regulated oven at 45°C.5

13.2.2  CHEMICALS

Commercially purchased chemicals were used in this study and they were of 
standard analytical grade (Sigma Chemical Co, USA).

13.2.3  EXPERIMENTAL ANIMAL

Twenty male Wistar rats weighing between 180 and 250 g were bought from 
the animal facility of the Department of Anatomy, Adeleke University, Ede, 
Nigeria. The animals were kept in an enclosure made of woods under normal 
conditions of temperature and humidity in the animal holding facility of the 
Department of Biochemistry, Adeleke University after the ethical clearance 
was approved by the Adeleke University Ethical Review Committee (No. 
AUERC/FOS/01). They were provided with standard feed and given water 
freely with a 12 h light/dark cycle. The experiment was carried out according 
to NIH instructions for handling laboratory animals.
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13.2.4  STUDY DESIGN

The animals were non-specifically separated into the following four groups 
(five animals assigned to each group):

Group A: received only DMSO (dimethyl sulfoxide) (normal control group)
Group B: received 500 mg/kg of 70% HELEPN
Group C: received 1000 mg/kg of 70% HELEPN
Group D: received 1500 mg/kg of 70% HELEPN

The rats were given HELEPN for 4 weeks at different doses, as indicated 
in the groupings. At the termination of the experimental duration, the rats 
were anesthetized using ketamine and xylazine (40–4 mg/kg) and then sacri-
ficed.3 Blood samples were collected into a plain bottle for hematology assay 
and EDTA bottles for biochemical assays. The liver, heart, and kidney were 
collected and kept in 10% formalin for histological examination.

13.2.5  PHYTOCHEMICAL SCREENING

The determination of alkaloid, flavonoid, and saponin was done using the 
method of harborne.17 Tannin content of the plant was estimated by the 
method of Van–Burdan and Robinso.31

13.2.6  DETERMINATION OF MINERAL CONTENTS

Flame photometry was used to estimate sodium and potassium contents of 
the plants using the Jenway Flame Photometer (PFP7 model), while the 
vanadomolybate method was used for the determination of phosphorus.6 In 
contrast, the other minerals were determined after wet digestion using an 
atomic absorption spectrophotometer.

13.2.7  IN-VITRO ASSAYS TO DETERMINE ANTIOXIDANT ABILITY 
OF PLANT

13.2.7.1  DPPH RADICAL SCAVENGING ACTIVITY  
[2,2-DIPHENYL-1-PICRYHYDRAZYL (DPPH) ASSAY]

The DPPH-radical ameliorating activity of the hydroethanolic extract of 
P. nigrescens was assayed according to the procedure of Blois,11 as further 
modified by Brand-Williams et al..12

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



13.2.7.2  FERRIC REDUCING ANTIOXIDANT POWER ASSAY (FRAP)

The FRAP estimation of the hydroethanolic extract of P. nigrescens was 
analyzed spectrophotometrically as described by Benzie and Strain10 using 
ascorbic acid as standard.

13.2.8  TOXICITY STUDY

13.2.8.1  HEMATOLOGICAL ASSAY

The hematological parameters were evaluated with an automated hemato-
logical analyzer systemsKX-21 (Japan).

13.2.8.2  BIOCHEMICAL ASSAYS

The liver, kidney, and lipid profile levels of serum were done spectrophoto-
metrically using Randox kits. Protein profile, which includes albumin; total 
protein, and globulin; and kidney parameters, such as urea and creatinine, 
were assayed for, lipid markers such as total cholesterol (TC), triglycerides 
(TG), high-density lipoproteins (HDL) were measured, and serum LDL-
cholesterol was estimated using the method of Friedwald et al..16 Liver 
enzymes [serum aspartate transaminase (AST), alanine aminotransferase, 
and (ALT), alkaline phosphatase (ALP)] were also quantified with Randox 
kit following the manufacturer’s guidelines.

13.2.9  HISTOLOGY

Histopathological examination was done on the harvested organs. A section 
of the liver, kidney, and heart was weighed and dipped in 10% buffered 
formalin to ascertain proper fixation. It was processed and inserted into 
paraffin wax, and 5–6-μm thick sections of the selected parts were taken and 
covered with hematoxylin and eosin for staining. The photomicrographs of 
the organs were captured with a digital camera attached to a light microscope.

13.2.10  STATISTICAL ANALYSIS

Statistical analysis was done with SPSS (version 16). Mean ± standard devia-
tions (SD), was used to express the results after which Tukey’s post hoc test 
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was adopted for pairwise comparison. Values of p < 0.05 were considered 
significant statistically.

13.3  RESULTS

13.3.1  YIELD OF EXTRACT

Relative to the plant material, HELEPN yielded 7.69% (w/w). The 
extract yielded was calculated by dividing powdered extracts (g) with  
the cumulative weight of the dried plant material (g), and multiplied by 
100.

13.3.2  PHYTOCHEMICAL QUANTIFICATION

The quantitative phytochemical analysis of HELEPN showed the presence 
of flavonoids, alkaloids, saponins, tannins, cardiac glycosides, and anthra-
quinone (Table 13.1). Alkaloids had the highest quantity in the hydroethanol 
extract.

TABLE 13.1  Phytochemical Constituents of HELEPN.

Phytochemicals Values

Alkaloids (mg/g) 72 ± 0.45

Saponin (mg/g) 18 ± 0.68

Flavonoids (mg/L) 0.02 ± 0.01

Tanins (mg/L) 4.12 ± 0.054

Cardiac glycosides (mg/L) 12.7 ± 0.12

Anthraquinones (mg/100 g) 15.2 ± 0.34

Values are the mean of three replicates ± standard deviation.

13.3.3  MINERAL COMPOSITION OF HELEPN

The results revealed that the most abundant mineral in the plant is potassium 
followed by chloride and then calcium. Toxic heavy metals (such as copper, 
cadmium, and lead) were not found in the extract (Table 13.2).
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TABLE 13.2  Quantitative and Qualitative Mineral Content of HELEPN.

Mineral Composition
Magnesium 3.58 ± 0.33
Manganese 1.38 ± 0.07
Iron 2.26 ± 0.03
Zinc 0.38 ± 0.09
Calcium 11.80 ± 0.29
Potassium 35.00 ± 1.28
Phosphorus 4.50 ± 0.16
Selenium 1.43 ± 0.01
Chromium 1.20 ± 0.08
Chloride 13.20 ± 0.08
Sodium 1.80 ± 0.08

Values are the mean of three replicates ± standard deviation.

13.3.4  IN-VITRO ANTIOXIDANT CAPACITY OF HELEPN

13.3.4.1  DPPH RADICAL SCAVENGING ACTIVITY AND FERRIC 
REDUCING ANTIOXIDANTS POTENTIAL OF HELEPN

The results revealed that the hydroethanolic extract of the plant possesses 
antioxidant properties as evident by their DPPH radical scavenging ability, 
and this was dependent on the concentration of the extract (Table 13.3). 
The extract also showed higher ferric reducing antioxidant power at a low 
concentration (Table 13.3).

TABLE 13.3  DPPH Radical Scavenging and Ferric Reducing Antioxidant Abilities of HELEPN.

Extract Concentration (mg/mL) %DPPH inhibition %FRAP
P. nigrescens 0.2 20.4081 80.4878

0.4 34.6938 70.7317
0.6 40.8163 56.0975

13.3.5  PROTEIN PROFILE OF RATS FOLLOWING 
ADMINISTRATION OF HELEPN

The findings of this study showed that differences were not significant in 
the case of total protein of the groups administered HELEPN at 500, 1000, 
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and 1500 mg/kg when compared across all groups. However, there was a 
noticeable increase between the HELEPN treated groups and the control, but 
it was not statistically significant.

Serum albumin levels of the experimental animals are shown in Figure 13.8. 
The study showed a reduction in the level of albumin in the group given 500 
and 1000 mg/kg HELEPN and there was an upsurge in the albumin concentra-
tion of the group administered with 1500 mg/kg of HELEPN in comparison to 
the control at p < 0.05.

The study revealed statistically significant differences between the 
serum level of globulin in the groups given 500 and 1000 mg/kg doses in 
comparison to the control group and the group that was given 1500 mg/kg 
dose. There was a significant difference between the group that received 
1500  mg/kg of hydroethanolic extract when compared to the control, but 
there was no convincing difference between the animals that received 500 
and 100 mg/kg (Figure 13.1).

FIGURE 13.1  Effect of graded doses of HELEPN on protein profile: The letters a, b, and c 
on the bars of the same parameters indicate the statistical difference.

13.3.6  EFFECT OF GRADED DOSES OF HELEPN ON LIVER 
ENZYMES

The results revealed that there was no cogent difference (p < 0.05) in the serum 
levels of AST and ALT; and ALP in the rats given 500, 100, and 1500 mg/
kg of the 70% hydroethanolic extract of P. nigrescens, in comparison to the 
control rats (Figure 13.2).
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FIGURE 13.2  Implications of graded doses of HELEPN on liver enzymes: The letter a on 
the bars of the same parameters indicates the statistical difference.

13.3.7  THE EFFECT OF GRADED DOSES OF HELEPN ON LIPID 
PROFILE

There were no significant differences (p < 0.05) in the serum levels of 
TC, TG, and HDL at doses of 500, 1000, and 1500  mg/kg HELEPN in 
comparison to the normal control group. However, there was a cogent differ-
ence (p < 0.05) in the serum levels of LDL in all the groups that received 
HELEPN in comparison to the normal control group (Figure 13.3).

FIGURE 13.3  Effect of graded doses of HELEPN on lipid profile: The letters a, b, and c on 
the bars of the same parameters indicate the statistical difference.
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13.3.8  THE EFFECT OF GRADED DOSES OF HELEPN ON 
ATHEROGENIC AND CORONARY INDICES

The results revealed significant decreases in both the atherogenic and coro-
nary index of the groups given the extract at all doses relative to the control 
(Figure 13.4).

FIGURE 13.4  Effect of graded doses of HELEPN on atherogenic and coronary indices: The 
letters a, b, and c on the bars of the same parameters indicate the statistical difference.

13.3.9  EFFECT OF GRADED DOSES OF HELEPN ON SERUM UREA 
AND CREATININE

The serum level of urea was not different statistically from the normal control 
animals at p < 0.05 after the administration of different doses of HELEPN. 
Although a reduction was noticed at 1000  mg and a further decrease at 
500 mg with an increase at 1500 mg (Figure 13.5).

Serum creatine was seen to be significantly lower in the groups that 
received 500 and 1000  mg/kg of HELEPN in comparison to the control. 
The animals that were administered 1500 mg/kg HELEPN were not different 
statistically from the normal control animals (Figure 13.5).

13.3.10  EFFECT OF GRADED DOSES OF HELEPN ON 
HEMATOLOGICAL PARAMETERS

Table 13.4 indicates the effects of HELEPN on hematological parameters 
indicated an upsurge in the level of red blood cell count (RBC), hematocrit 
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(HCT), and hemoglobin (Hb) in all groups that received HELEPN relative 
to the control group. Also, the values of platelets, lymphocytes, and lympho-
cyte count were not significantly different in all groups when compared to 
the control group. However, the amount of white cells in the blood increased 
substantially in the group that received 1000 mg/kg and decreased substan-
tially in the group that received 1500 mg/kg in comparison to the normal 
control group.

FIGURE 13.5  Effect of graded doses of HELEPN on serum urea and Creatinine: The letters 
a, b, and c on the bars of the same parameters indicate the statistical difference.

No significant differences were observed between the group that 
received 500 mg/kg and the normal control group. There were no cogent 
differences at p < 0.05 in the values of mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin 
concentrations (MCHC) in all groups in comparison to the normal control 
group.

Also, no cogent difference was observed in the levels of red cell distri-
bution width standard deviation, red cell distribution width coefficient of 
variation, platelet distribution width, mean platelet volume, and platelet 
coefficient ratio in all administered groups relative to the normal control 
group (Table 13.4).
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13.3.11  HISTOLOGICAL SCREENING OF THE LIVER, KIDNEY, 
AND HEART (Figure 13.6)

Morphology of the liver given a varied dose of HELEPN

Control 500 mg/kg HELEPN 1000 mg/kg HELEPN 1500 mg/kg 
HELEPN

Group A–Control (L1): Photomicrograph of a liver section showing 
typical middle venules (white arrow) and normal portal tract (black 
arrow), the liver cells appear usual (blue arrow), the liver parenchyma, 
however, revealed a focal area of the dilated sinusoids with the moderate 
intrusion of inflamed cells (slender arrow).

Group B–500 mg/kg HELEPN (L2): Photomicrograph of a liver 
section revealing a typical central venule without profusion (white 
arrow) and moderately clogged portal vein (black arrow), the liver 
cells appear usual (blue arrow), the sinusoids appear typical and not 
perfused (slender arrow), no diseased lesion was observed.

Group C–1000 mg/kg HELEPN (L3): Photomicrograph of a liver 
section revealing typical central venules without clogging (white 
arrow) and lightly overcrowded portal vein (black arrow), the liver 
cells appear normal (blue arrow), the sinusoids appear orderly and not 
saturated (slender arrow), no diseased lesion was observed.

Group D–1500 mg/kg HELEPN (L4): Photomicrograph of a liver 
section revealing normal central venules (white arrow) and portal vein 
(black arrow), without overcrowding, the liver cells appear normal 
(blue arrow), the sinusoids appear typical and not infiltrated (slender 
arrow), no diseased lesion was observed.
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Morpzhology of the kidney given a varied dose of HELEPN

Control 500 mg/kg HELEPN 1000 mg/kg HELEPN 1500 mg/kg 
HELEPN

Group A–Control (K1): Photomicrographs of kidney sections 
revealing a typical kidney architecture. The cortex shows typical glom-
eruli with normal capsular spaces and mesangial cells (white arrow), 
the renal tubules, including PCT and DCT was seen to be typical as 
that of the normal control (blue arrow), and the interstitial spaces were 
observed to be normal (slender arrow).
Group B–500 mg/kg HELEPN (K2): Photomicrographs of kidney 
sections showing poor architecture. The kidney cortex revealed typical 
glomeruli with normal capsular spaces (white arrow). However, the 
tubules revealed mild epithelial degeneration and desquamation (blue 
arrow); there were no regular luminal spaces, and the interstitial spaces 
were observed to be normal (slender arrow).
Group C–1000 mg/kg HELEPN (K3): Photomicrographs of kidney 
sections revealing poor architecture. The cortex revealed typical 
glomeruli with normal capsular spaces (white arrow). However, the 
tubules were observed to have eosinophilic casts within the lumen of 
the tubules (blue arrow), and the interstitial spaces showed the main 
area of congestion of inflammatory cells (slender arrow).
Group D–1500 mg/kg HELEPN (K4): Photomicrographs of kidney 
sections revealing typical architecture. The renal cortex shows normal 
glomeruli with normal capsular spaces (white arrow). However, the 
tubules showed little eosinophilic casts within the lumen of some 
tubules (blue arrow), other normal tubules are seen (red arrow), and 
the interstitial spaces were observed to be normal (slender arrow).
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Morphology of the heart given a varied dose of HELEPN

Control 500 mg/kg HELEPN 1000 mg/kg HELEPN 1500 mg/kg 
HELEPN

Group A–Control (H1): Photomicrograph of a heart section showing 
normal heart tissue with normal epicardial (white arrow) and with 
myocardial layer showing mild to moderate infarction (black arrow), 
the cardiac muscles generally are normal, no pathological lesion seen 
in the heart tissue.
Group B–500 mg/kg HELEPN (H2): Photomicrograph of a heart 
section showing normal heart tissue with normal epicardial (white arrow) 
and myocardial layer (black arrow), the cardiac muscles generally are 
normal, no pathological lesion seen in the heart tissue.
Group C–1000 mg/kg HELEPN (H3): Photomicrograph of a heart 
section stained by hematoxylin and eosin showing a normal heart with 
a normal myocardial layer (black arrow), the cardiac muscles generally 
are normal. No pathological lesion was seen.
Group D–1500 mg/kg HELEPN (H4): Photomicrograph of a heart 
section stained by hematoxylin and eosin showing a healthy heart tissue 
with a normal myocardial layer (black arrow), the cardiac muscles 
generally are normal. No pathological lesion was seen.

FIGURE 13.6  Histological screening at a varied dose of HELEPN.

13.4  DISCUSSION

Phytochemicals are the secondary metabolites of the plant which are indi-
rectly involved in the growth and development of a plant and also function 
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as a defensive agent against any pathogen. The results provided in this 
study indicated that HELEPN is rich in phytochemicals. Alkaloids being 
the most abundant phytochemical of HELEPN are known to serve as anti-
feedants and also protect plants against microbes.20 It has been established 
to have a vast-spectrum antibacterial property and is also used for pain 
relief. It was also observed to possess anti-inflammatory and antipyretic 
properties.14,30

Flavonoids, glycosides, and cardiac glycosides that are present in the 
HELEPN are indicative of their antioxidant ability. Flavonoids and glycosides 
have been observed to be antioxidants and are used as anti-inflammatory 
mediators in the treatment of capillary fragility.19,18 Their presence in the 
extracts confers an antioxidant property to the plants and thus membrane-
stabilizing properties.

Estimation of major dietary minerals showed that HELEPN has high 
concentrations of sodium and potassium, and this would enhance the main-
tenance of water balance in the body and nerve functions.28 It also revealed 
the presence of iron, zinc, selenium, chromium, magnesium, and manganese 
in HELEPN. The presence of iron indicates that HELEPN could contribute 
to hemoglobin formation9 and normal functioning of the central nervous 
system1,9 while zinc, selenium, and chromium presence in HELEPN leaf 
implies that it would help in the normal operation of the immune system4 
and maintenance of cell and organ integrity.15

The ability of plants to scavenge free radicals is a crucial property 
underlying their various biological and pharmacological functions.23 In 
this study, HELEPN extract showed radical scavenging activity and was 
seen to be concentration dependent. Also, HELEPN exhibited antioxidant 
activity, which can ameliorate oxidative stress with consequent positive 
health changes by accepting free radicals and breaking the oxidative damage 
chain. The phytochemicals such as flavonoids and alkaloids that confers the 
antioxidant ability on HELEPN disrupt lipid peroxidation and oxidation of 
macromolecules by donating a hydrogen atom to radicals.13

In this present study, HELEPN was able to significantly increase RBC, 
Hb, and PCV at all the different doses (500, 1000, and 1500 mg). This 
could have led to the activation of erythropoietin synthesis owing to the 
presence of a compound that may promote erythropoiesis in the extract. 
The active secondary metabolites such as alkaloids, cardiac glycosides, 
saponins, tannins, and phenols seen in HELEPN, may be indicative of its 
hematopoietic effects. These results agree with the findings of Agbor and 
Odetola,2 showing similar effects of hydroethanolic leaf extract of the P. 

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



nigrescens on erythrocyte parameters. In this study, increased erythrocyte 
indices at all doses imply that the erythropoietic potential of HELEPN 
leaf is not dependent on the dose of the extract. The study also showed 
that HELEPN might possess the ability to boost immunity at a moderate 
dose because the administration at 1000 mg/kg significantly increases the 
white blood cells and lymphocytes count in comparison to the normal 
control (p < 0.05).

In this study, the concentration of serum urea, total protein, albumin as 
well as liver enzymes such as ALT, ALP, and AST in rats after the adminis-
tration of HELEPN were not statistically different from the normal control. 
This confirms the safety of HELEPN at 500, 1000, and 1500 mg/kg to the 
liver and the kidney and was evident by the histopathology findings of the 
liver and kidney tissues seen in all the groups administered HELEPN in 
comparison to the normal control.

Lipid profile analysis showed that the levels of TC, TG, and HDL were 
not convincingly different in the groups given HELEPN at 500, 1000, 
and 1500 mg/kg in comparison to the normal control. However, a cogent 
reduction was observed in the level of low-density lipoprotein cholesterol in 
comparison to that observed in the normal control group. This could be due 
to the presence of flavonoids in HELEPN. Chronic consumption of rutin has 
been established to be favorable to cardiovascular conditions,21 as also seen 
in the histological examination of the heart.

13.5  SUMMARY

Parquetina nigrescens is a plant that has been used for medicinal purposes 
over the years, and it has gained acceptance in Africa. This study established 
that Hydroethanolic leaf Extract of P. nigrescens contains many phytochemi-
cals and minerals which could be responsible for the many effects seen by the 
traditional users and confirms its use by the folklore. It also has antioxidative 
and anti-inflammatory potentials as evident in the constituent phytochemical 
and antioxidative capacity assay. Also, HELEPN was established to be 
safe for human consumption at the doses employed in this study; interest-
ingly, it was observed to have lipid-lowering effect and could be used as a 
cardioprotective agent. The pharmacological potentials of HELEPN could 
be associated with a myriad of phytochemicals and minerals that are present 
in the extract.
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Role of Phytochemicals in Allium 
sativum on Obesity: A Review

Ayodeji Emmanuel Adepoju, Gregory Joseph,  
Samuel Olufolarin Babarinde, and Ademola Olabode Ayeleso

CHAPTER 14

ABSTRACT

The imbalance of energy metabolism over the last several decades has been 
a challenge for metabolic disorders. Obesity is caused by uncontrolled 
energy regulation, resulting in fat accumulation in the adipose tissue and 
the retraction of energy. Garlic (Allium sativum) phytoconstituents have 
been previously reported to regulate the process of energy metabolism. 
This review summarizes the implications of garlic phytoconstituents on 
energy homeostasis. Fructan polysaccharides, allicin, and a few polyphenols 
present in garlic are reviewed to better understand their health impacts on 
obesity. The metabolites of these phytoconstituents directly affect the organs 
responsible for energy homeostasis, as they activate and express the protein 
and genes responsible for satiation from the gut to the hypothalamus and 
thermogenesis from the adipose tissues.

14.1  INTRODUCTION

Garlic is a bulbous plant of central Asia origin of the Amaryllidaceae 
family.3 It is widely used as a spice and for dressing in cooking.46 The bulb 
has been used as a medicinal herb and used in traditional medicine across 
the world.21,78 The stalk of garlic originates from the bulb and gives out 
white spherically arranged flowers; the bulb consists of a bulblet (cloves) 
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covered by white membranous scales.46 Many studies have investigated 
the medicinal benefits of garlic.49,59,96 Reduced risk for developing cardio-
vascular diseases and cancer, immunomodulatory, antifungal, antidote (for 
heavy metal poisoning), and hepatoprotective, anti-aging and antimicrobial 
potentials have been reported.64,83,39 Garlic preparations, used as ethnomedi-
cine, comprise garlic powder, garlic oil, extracts (aqueous and solvent) of 
raw or dried garlic, and aged garlic extracts. The medicinal potentials of 
garlic depend on the unique profile of the phytoconstituents85,71 of garlic 
acting synergistically.

Obesity results from a complex interaction between the host genome 
and some factors contributing to an imbalance between energy intake and 
energy expenditure.76 A total of 39% of adults above or equal to 18 years 
were overweight, and 13% of the world’s adult population (1 out of 77 adults 
in the world) were obese,90 as published on 1 April 2020 by WHO (https://
www.who.int/news-room/fact-sheets/detail/obesity-and-overweight).

Obesity is linked with the risk of developing cardiovascular diseases,62 
diabetes, cancer26, and musculoskeletal disorders, which result in increased 
mortality.61 There are some emerging risk factors of obesity, including 
obstructive sleep apnea, gut microbiota, etc.56,57 The obesity epidemic 
contributes to the reversal of the 20th century life expectancy gains. Seden-
tary lifestyles and intake of fat-rich and refined sugars diets25 are the primary 
cause of the increased prevalence of obesity.6

Energy metabolism is mainly achieved in the fat body.65 Animal fat 
tissues are of two types which include white adipose tissues (WAT), where 
the energy is stored, and brown adipose tissues (BAT), which work with 
energy dissipation15,63,84 due to their involvement in thermoregulation 
stimulated by cold stress. Effective management of obesity over the years 
has been shown worthwhile. The treatments of obesity, including bariatric 
surgery, diet restrictions, and drug therapy, have displayed many limita-
tions that at different times result in medical complications or the regain 
of weight.91 Nutraceuticals are gaining much interest as they are used as 
adjunctive weight loss therapy.9 Li et al.44 reported that Intermittent Fasting 
promotes WAT browning by shaping the gut microbiota and exposure to cold 
temperatures. Still, to date, no effective strategies have been developed to 
increase BAT in adults substantially.

Garlic phytoconstituents have been researched to possess some biological 
activities and adjuvant therapy in some disease conditions. The review in 
this chapter was conceived from the thirst for expanding knowledge on the 
comparative impact of garlic phytoconstituents on obesity.
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14.2  GARLIC AND ITS THERAPEUTIC POTENTIALS

The main chemicals in garlic include fructan carbohydrate and organo–
sulfur (water and lipid-soluble) compounds such as S-allyl-cysteine (SAC), 
allicin, alliin, vinyldithiins, diallyl, ajoene, and poly-sulfides. Other garlic 
constituents include sterols and phenols such as saponins, flavonoids, and 
tannins.1,23,49,50,87 The fructan–carbohydrate and organo–sulfur compounds are 
known chiefly for their typical smell and taste, indicative of their medicinal 
properties.21 The alliin constituent of garlic (the amino acid derivative) is 
odorless; crushing the garlic releases the allinase enzyme that converts 
the alliin into allicin, further broken down into diallyl disulfide, which is 
responsible for the taste and smell of garlic.93 The allyl group is added to the 
sulfur atom of cysteine amino acid to get another derivate of allicin, SAC. 
Research has established that SAC possesses antioxidant, anti-diabetic, anti-
obesogenic, and anti-inflammatory properties.7,72

Garlic possesses medicinal potential, with its oral ingestion is proven to 
be safe both for rats and humans. Studies reported the clinical effectiveness of 
garlic as randomized, placebo-controlled. Double-blinded trials (Table 14.1), 
which revealed that garlic preparations significantly improve waist circum-
ference and BMI in obesity,5,73 reduce hypertension and hyperlipidemia in 
cardiovascular diseases,77 and increase radical scavengers and normalize 
fasting blood sugar levels in diabetic patients.29 However, reduced population 
size and short-term of garlic intervention in clinical trials make the efficacy 
of garlic stand to be questionable on a large scale and in long-term clinical 
trials.29 Garlic might possess some side effects in chronic disease conditions 
related to bleeding, as it has been reported to interact with drugs like warfarin 
and aspirin.

14.3  PHYTOCONSTITUENTS OF GARLIC AND OBESITY

14.3.1  CARBOHYDRATE CONSTITUENT

Garlic (Allium sativum L.) has over 75% of its dry mass made up of 
carbohydrate,35 with its main carbohydrate constituent being fructan-
polysaccharide,43,88,95 which possesses antioxidative, antiviral, probiotic 
potentials, among other medicinal benefits.27,74,89 Fructans are carbohydrates 
that comprise fructose monomers with one D-glucose unit at its terminal.68 
Fructans are classified according to their varying degree of polymerization 
(DP) and monomeric bonding, with β-(2→1) fructosyl-fructose linkages 
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(Figure 14.1a).11,68 The classes include; Inulin-type fructan with short-chain 
composed of 2–9 DP, generally called fructooligosaccharides (FOS), and 
long-chain fructan (DP greater than 10) called inulins.69

Fructans are generally non-digestible by intestinal digestive enzymes as a 
result of the β-(2→1) linkage of fructose monomers, hence being called “non-
digestible or fermentable or unavailable” carbohydrates.21 Consumption of 
fructans has an advantage to human health, as they are being fermented in 
the colon and reduce the risk of metabolic diseases.74 Undigestible carbo-
hydrates have been reported to lower body fat storage, increase satiety and 
decrease food intake. The fermentation of the fructans by gut microbiota 
results in heat, gases, and short-chain fatty acid (SCFA) production.33,48

14.3.2  FRUCTAN–CARBOHYDRATE METABOLITE OF GARLIC 
AND OBESITY

Short-chain fatty acids are widely crucial in the pathophysiology of obesity 
via regulating energy intake.45 The SCFAs are a colonic metabolite of 
fructans, consisting of acetate, propionate, and butyrate (Figures 14.1c–1e, 
respectively). Other fructans fermentation products may include lactate, 
succinate, and ethanol,48 which are intermediates of carbohydrates fermenta-
tion by the microbiota. The production of SCFAs in the distal colon is in the 
ratio of 60:20:20 for acetate, propionate, and butyrate, respectively.31

Jorgensen et al.35 reported that the total SCFAs concentration ranges 
between 70 and 130 mmol−1. Increasing SCFAs synthesis creates an acidic 
environment in the gut, used as a defense mechanism in colonization resis-
tance against pathogens.13 There is an equal rate of absorption of major 
SCFAs in different colonic regions.35,80 The SCFA metabolism occurs in the 
following three major sites of the body: Butyrate is used by the cells of the 
cecum−colon epithelium as a primary substrate for energy, and butyrate and 
propionate enter gluconeogenesis in the liver cells, the liver also takes up 
50–70% of acetate for metabolism, and the muscle cells oxidizes residual 
acetate to generate energy.31

The SCFAs affect hepatic glucose and lipid metabolism. Acetate and 
butyrate increase gluconeogenesis and decrease lipogenesis, while propio-
nate acts as a substrate for gluconeogenesis alone.22,34 The SCFAs is involved 
in the expression of gut hormones; Peptide YY (PYY) and glucagon-like 
peptide-1 (GLP-1) mediated via G protein-coupled receptors FFA 2 and FFA 
3.13 The SCFAs have been associated with increased gut hormones, thereby 
down-regulating energy intake.
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254	 Curative and Preventive Properties of Medicinal Plants

FIGURE 14.1  Chemical structures of biocompounds in garlic: A. Garlic bulb; B. β-(2→1) 
Frucosyl-fructose linked fructan polysaccharide (inulin); C. Acetate; D. propionate; E. 
butyrate; F. Allin; G. Allicin; H. S-allyl cysteine.

McNelis et al.52 reported SCFA propionate to have a high affinity for 
FFA 2 receptor and protect animals fed with a high-fat diet from obesity 
and insulin resistance. Also, GLP-1 activates insulin secretion and decreases 
glucagon production in the pancreas,45,86 while PYY increases glucose uptake 
in muscle and adipose tissue.60,66 These gut peptides have been established to 
affect appetite and satiety via their effects on neuropeptide Y (NPY) and proo-
piomelanocortin (POMC), respectively, in the arcuate nucleus of the hypo-
thalamus and also inhibiting gastric emptying and gastric acid secretion.12,53

Hernandez et al.,32 reported the correlation between SCFA–FFA 3 and the 
plasma leptin in the adipose tissues, resulting in food intake regulation and 
SCFA-FFA 2 mediating insulin signaling, adipogenesis, and contributing 
to increased energy expenditure by promoting the activity of sympathetic 
neurons.19,20 Leptin increases lipolysis by upregulating the sympathetic 
efferent signal to BAT14,36 and WAT.30 SCFAs, also regulate the proliferation 
of insulin biosynthesis and pancreatic β cells via FFA 2 or FFA 3.19

This role of SCFAs and GLP-1 of the entero-endocrine L-cells is found 
to be contrasting in irritable bowel syndrome (IBS) patients, as they are 
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managed with a low FODMAP (fermentable oligosaccharides, disaccha-
rides, monosaccharide, and polyols) diet, which suppresses the production 
of SCFAs and its secretagogues (PYY and GLP-1).10

14.3.3  AMINO ACID CONSTITUENTS

Garlic oil contains the amino acid alliin (C6H12NO3S) (Figure 14.1f), which 
is odorless and can be converted to a compound called allicin.8 Alliin (S-allyl 
cysteine sulfoxide) first was identified in 1947.67,82 Allicin (Figure 14.1g), 
a sulfinyl compound that gives garlic its pungent odor and flavor, was 
discovered in 1944 by Cavallito et al.,16 and noted for its potent antimicro-
bial activity. Allicin begins to break down quickly, especially if heated.38 
When raw garlic is either crushed or injured, there is a release of allinase that 
enzymatically converts allicin.4 However, previous studies have suggested 
that allicin is unstable, and responsible for “garlic breath” which can cause 
adverse effects to the gastrointestinal tract lumen and has low bioavail-
ability.81 Allicin induces WAT and activates BAT, leading to the inhibition of 
obesity and maintaining energy homeostasis [energy expenditure (EE) and fat 
hypertrophy].41 The stable form of garlic amino acid is SAC (Figure 14.1h). 
S-Allyl-cysteine is formed from γ-glutamyl-S-allyl cysteine catabolism by 
γ-glutamyl transferase and standardized commercial AGE.18

14.3.4  AMINO ACID METABOLITE OF GARLIC AND OBESITY

S-allyl-cysteine can be absorbed quickly in the gastrointestinal tract after 
oral administration without any changes. S-allyl-cysteine has been shown 
to possess various health benefits, including anticancer, antioxidant, anti-
hyperlipidaemic, and anti-diabetic activity.17,42 S-allyl-cysteine induced the 
expression of genes responsible for heat production/ thermogenesis and 
energy expenditure (UCP1, UCP2, UCP3, PRDM16, PGC1α/β, CPT1α, and 
MCAD) in the BAT.24,47,79

Zhang et al.94 reported OXPHOS proteins’ upregulation (ATP5A, 
UQCRC2, SDHB, and NDUFB8) post-allicin treatment. The AMP-activated 
protein kinase (AMPK) activity is being stimulated in BAT, Liver, WAT, 
and skeletal muscle,55,92 as it relates to energy homeostasis. The thermogenic 
effect increases the rate of lipolysis, liberating fatty acids used as substrates 
for mitochondria electron transport, thereby utilizing accumulated energy (in 
the form of fats) in the adipose tissue to generate ATP.41
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FIGURE 14.2  Chart illustrating the metabolic pathways of garlic phytoconstituents. 
Polysaccharides, amino acids, and antioxidants in pink, blue, and lilac-filled boxes, respectively. 
The phytoconstituents are represented in brown boxed outline, metabolites in blue boxed outline, 
genes/proteins expressed in red boxed outline, and biological effects in green boxed outline.
LEGEND: GLP-1 – Glucagon-like peptide-1; PYY–Peptide YY, POMC – Proopiomelanocortin; 
NPY–Neuropeptide Y; UCPs–Uncoupling proteins; PGC1α/β - proliferator-activated receptor 
gamma coactivator 1-alpha/beta; CPT1α–Carnitine palmitoyltransferase 1-alpha; TNFα– 
Tumor necrotic factor-alpha, IL-6–Interleukin 6.
Arrows: decreased, increased

14.3.5  POLYPHENOLS IN GARLIC AND OBESITY

Polyphenols also play a critical part in the health properties that garlic 
possesses. Some of the phenolic compounds present in garlic are phenolic 
acids28,87 and anthocyanins.2 Different classes of polyphenols identified in 
garlic bulb extract include flavonols (myricetin, quercetin, and kaempferol), 
hydroxycinnamic acid (caffeic acid, p-Coumaric acid, and ferulic acid), and 
hydroxybenzoic acid (gallic acid, protocatechuic acid, β-resorcylic acid, 
vanillic acid, and syringic acid).39,58 Other phenolic compounds identified in 
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garlic include; pyrogallol, rutin, vanillin, veratric acid, hesperidin, resveratrol, 
naringenin, biochanin, and formononetin.58 The main anthocyanins detected 
in garlic skin was cyaniding-3-(6-malonyl)-glucoside.23 Polyphenols possess 
strong biological activities. Polyphenols inhibit digestive enzymes implicated 
in the breakdown of lipids and carbohydrates and positively affect calorie 
intake, obesity, and blood glucose regulation.51 Garlic polyphenols lower the 
blood glucose level either by preventing beta-cell damage, reducing insulin 
resistance (in the regulation of energy metabolism) (Figure 14.2), secretion 
and suppressing the activities of glucosidase enzymes.54

14.4  SUMMARY

The consumption of Garlic (A. sativum Linn) as food, condiments, 
flavoring/spice, and medicinal herb over the years has given positive results 
in suppressing inflammatory responses, activating thermogenesis, and 
regulating energy homeostasis. These potentials are peculiar for specific 
phytoconstituents. There is a need for further research on how garlic phyto-
constituents regulate energy expenditure and intake.
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CHAPTER 15

ABSTRACT

This study investigated the effect of Tofu diet on lipoproteins and antioxidant 
status of alloxan-induced diabetic rats. Wistar rats (n = 28) were divided 
into four groups consisting of nondiabetic rats fed on rat chow (Group I), 
nondiabetic rats fed on Tofu diet (Group II), diabetes-induced rats fed on 
rat chow (Group III), and diabetes-induced rats that were fed on Tofu diet 
(Group IV). Diabetes was induced through intraperitoneal injection of 
alloxan (140 mg/kg body weight). By the end of 7 weeks of feeding, the 
animals were sacrificed. Blood, liver, brain, and heart organs were assayed 
for lipoproteins, lipid peroxidation, and catalase activity. Data obtained were 
analyzed using standard methods. Animals fed on Tofu had significantly 
lowered (p < 0.05) glucose, total cholesterol, triglyceride, lipid peroxidation 
levels, as well as significantly increased (p < 0.05) high-density lipoprotein 
cholesterol and catalase activity levels than the control groups. No significant 
difference was observed in the low-density lipoprotein cholesterol levels of all 
groups. Consumption of Tofu demonstrated effectiveness in reducing blood 
glucose levels, controlling lipid metabolism, reducing lipid peroxidation, 
and increasing antioxidant enzyme activity.Ap
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15.1  INTRODUCTION

Diabetes mellitus is a metabolic disease that is characterized by the high level 
of glucose in the blood and may arise as a result of a defect either in the secre-
tion of insulin, or action of insulin or both.14,44 There are two major types of 
diabetes that are clinically recognized; Type 1 and Type 2.45 Type 1 diabetes, 
also known as insulin-dependent diabetes mellitus (IDDM), is caused by 
autoimmune destruction of β-cells which eventually leads to deficiency of 
insulin. Type 2 diabetes, also called non-IDDM, results from progressive loss 
of β-cell secretion of insulin commonly on the basis of resistance to insulin.3

Available statistics of 2014 by the World Health Organization reported 
that there are about 422 million people with diabetes mellitus worldwide and 
about 1.6 million deaths in the year 2016 were caused by diabetes.44 There is 
an increasing prevalence of diabetes in the middle and low-income countries 
and it has been projected that 35.9% of the US population will be diagnosed 
with diabetes by the year 2050.7 The cure for diabetes is still elusive and the 
main management strategy is focused on modification of the diet.

Tofu, also known as bean curd, is a soft white food that is prepared by 
soy milk coagulation to produce curds that are then pressed into blocks. It 
originates from China and is also a part of the cuisine of East Asia and South-
east Asia.37 Tofu is rich in protein and some B-vitamins and also contains 
isoflavones as found in all whole soya products.6

Research into the nutritional composition of Tofu showed that it is low in 
fat, low in cholesterol, and low in calorie. In addition to being a great source 
of protein, Tofu has been found to be safe for the heart health and has been 
linked to a reduction in the risk of cancer.32 It has been reported that when 
soy protein is taken regularly, it may help to decrease the levels of total 
cholesterol (TC), lower low-density lipoprotein (LDL) cholesterol, triglyc-
eride, decrease the formation of blood clots by the platelets, and possibly 
increase HDL cholesterol levels.6

Oboh26 showed that steep water, used as a coagulant in the preparation of 
Tofu, significantly modulated its hypercholesterolemic effect. Tofu has been 
found to be a healthy meal because of its numerous nutritional components35 
which may be a promising diet for the control of the diabetic incidence in 
humans.32 Findings by Mueller et al.25 reported that unsweetened soy foods 
and isoflavones play a protective role by reducing the risk of type 2 diabetes.

Tofu, a low-fat and a high protein diet, may cause a significant reduc-
tion in blood LDL cholesterol and may invariably reduce the complications 
associated with diabetes mellitus.37 Li et al.23 suggested that the products and 
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constituents of soy including soy protein and soy isoflavones may play an 
important role in the prevention of type 2 diabetes mellitus.

Thus, the dietary supplementation of affected individuals on a diet 
naturally low in carbohydrate composition and rich in vitamins and proteins 
may be effective in reducing the associated complications of diabetes. 
However, in Nigeria, only a very few studies have been conducted on the 
beneficial effect of Tofu in the management of diabetes mellitus. Most of the 
studies highlight the effect of soybeans generally on biochemical parameters 
in diabetes mellitus.

This chapter investigated the effects of Tofu (bean curd) on blood glucose, 
lipid profile, lipid peroxidation, and activity of catalase in alloxan-induced 
diabetic rats.

15.2  EXPERIMENTAL METHODS AND MATERIALS

15.2.1  REAGENTS AND CHEMICALS

Reagents and chemicals of analytical grade were used in the study. Alloxan 
monohydrate, trichloroacetic acid, and thiobarbituric acid (TBA) were 
procured from Sigma-Aldrich, Mumbai, India. High-density lipoprotein, 
triglyceride, and TC assay kits were purchased from Randox Laboratories 
Ltd., West Virginia, USA.

15.2.2  EXPERIMENTAL ANIMALS

Male Wistar albino rats aged 4 weeks, weighing 80–120 g, were purchased 
from the Animal House at the University of Ibadan, they were kept in clean, 
well-aerated, and well-illuminated battery cages. The albino rats were fed 
ad libitum with commercial rat chow, purchased from Kayus Animal Feeds, 
Iperu, Ogun State. Water was also made available ad libitum. The rats were 
made to acclimatize for a period of 2 weeks after which they were divided 
into four groups.

15.2.3  INDUCTION OF DIABETES MELLITUS

Diabetes was induced, in groups III and IV, by intraperitoneal injection of 
the freshly prepared aqueous solution of 140  mg/kg body weight alloxan 
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monohydrate. Blood was extracted from the tail vein, after 48 h, for glucose 
analysis using the Accuchek™ Glucometer, model 35NZ, manufactured 
by Roche Diabetes Care, Mannheim, Germany. Rats that had fasting blood 
glucose ≥ 200  mg/dL were considered diabetic while rats that had blood 
glucose <200 mg/dL were reinjected pending the time when were found to 
be diabetic.

15.2.4  CONTROL AND EXPERIMENTAL DIETS

Commercial rat chow served as the control diet while the experimental diet 
was compounded with Tofu. This was prepared, using the method of Chang 
et al.,11 by soaking 1.0 kg of soybean in 6 L of water for 9 h at 27–32°C. The 
soaked beans were drained and ground in an electric grinder (Philip, HR 
2115, Eindhoven, Netherlands). A little amount of water was added to mix 
to homogeneity. The soymilk which was produced was then heated to 98°C, 
and 20  mM hydrated potassium aluminum sulfate (potassium alum) was 
added to the mixture as a coagulant. This was then cooled to 87°C, soymilk 
and mixed with a coagulant, and allowed to stand for 10 min. The resulting 
bean curd was then collected into a fine sieve cloth and pressed to remove 
any excess water. The Tofu formed was then stored in water at 4°C overnight 
before analysis commenced. The Tofu produced was compounded with other 
dietary requirements as shown in Table 15.1, to make Tofu diet which was 
fed to the animals in the experimental group.

TABLE 15.1  Preparation of the Control and Experimental Diets.

Diet Normal (Control) diet Tofu (Experimental) diet Percentage 
composi-
tion (%)

Source Amount 
(grams)

Source Amount 
(g)

Carbohydrate Corn flour 6700 Corn meal 6700 6.70

Protein Fish meal 1600 Tofu 1600 1.60

Vitamin Vitamin premix 110 Vitamin premix 110 0.11

Mineral Mineral mixture 400 Mineral mixture 400 0.40

Fat Sunola groundnut 
oil

400 Sunola groundnut 
oil

400 0.40

Dietary fiber Oyster shell 400 Oyster Shell 400 0.40

Sweetener Granulated sugar 390 Granulated sugar 390 0.39

NOTE: Each diet was prepared in 10,000 g (or 10 kg).
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15.2.5  FEEDING REGIMEN

The animals were fed ad libitum, every morning and evening and this lasted 
for a period of 7 weeks. Water was made available when desired. The feeding 
regimen is shown as follows:

Group I: Normal rats fed on rat chow.
Group II: Normal rats fed on Tofu.
Group III: Diabetes-induced rats fed on rat chow.
Group IV: Diabetes-induced rats fed on Tofu.

15.2.6  WEIGHT GAIN OF EXPERIMENTAL ANIMALS

Animal weights were recorded at the commencement and completion of 
the study period, using an electronic scale. The average weight gain of the 
animals was obtained by subtracting the initial weight (starting weight) from 
the weight at the end of the study period. This represented the average weight 
gain of each group at the end of the study.

15.2.7  SACRIFICING OF EXPERIMENTAL ANIMALS

At the end of 7 weeks of feeding, the rats were allowed to fast overnight for 
10–12 h and sacrificed following anesthesia in a box containing cotton wool 
soaked in diethyl ether. Blood samples of the rats were collected by cardiac 
puncture into plain sample bottles and the rats were then sacrificed. The brain 
and heart organs were excised carefully and placed in a petri dish. The organs 
were weighed and the result recorded. Organ excision was done in a 19.8 L 
Polar Bag cold box. Each organ was immediately homogenized in 0.01M phos-
phate buffer (1 g tissue in 5 mL phosphate buffer pH 7.4). The suspension was 
centrifuged for exactly 30 min at a speed of 15,000 g and temperature of 4°C, 
the supernatant was pipetted into fresh test tubes and kept in the refrigerator 
for other analyses. These were analyzed for lipid peroxidation and catalase 
activity while lipid profile test (TC, triglyceride, high-density lipoprotein, and 
low-density lipoprotein cholesterol) was carried out on serum samples.

15.2.8  LIPID PROFILE TEST

A lipid profile test was conducted for serum TC, triglycerides, high-density 
lipoprotein cholesterol, and low-density lipoprotein cholesterol using Randox 
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Kit (Randox Laboratory Limited, United Kingdom). The assay procedures 
were carried out based on the instructions provided on the kit.

15.2.9  LIPID PEROXIDATION ANALYSIS

The brain homogenate was assayed for lipid peroxidation using the method 
of Sinha39 by measuring the production of malondialdehyde (MDA) using 
the TBA test. The reaction mixture contained 20% acetate buffer (pH 3.5), 
8.1% sodium dodecyl sulfate, and 0.8% TBA which was mixed well with 
0.2 mL of the tissue homogenate for 3 min and then incubated for 60 min 
at 95°C. This was then cooled and the TBA-reactive substance (MDA) was 
extracted using 1 mL of H2O and 2.5 mL of n-butanol and pyridine mixture 
in the ratio 15:1, v/v, respectively. The MDA that was produced by lipid 
peroxidation in the upper layer was then collected and its absorbance was 
measured at 532 nm against a reference blank of distilled water. The blank 
was prepared by replacing the 0.2 mL of gastric homogenate with 0.2 mL of 
saline solution.

15.2.10  CATALASE ACTIVITY ANALYSIS

The activity of catalase was measured in the brain homogenate following the 
method of Sinha.39 The reaction mixture contained 0.5 mL of enzyme extract 
and 2 mL sodium phosphate buffer (0.1 M, pH 6.8), and the reaction was 
started by the addition of 0.5 mL of 10 mM hydrogen peroxide. The absor-
bance was read at 240 nm, and the decrease in absorbance was recorded every 
15 s, for 3 min. Catalase activity was expressed as nKat/min/mg of protein.

15.2.11  QUALITY CONTROL

Randox quality control serum was introduced between assays to determine 
the accuracy and precision of the various procedures adopted for the study.

15.2.12  STATISTICAL ANALYSIS

Data obtained from this study were presented as Mean ± SD, statistical 
comparison of the data was carried out with the use of one-way analysis 
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of variance (ANOVA) to determine statistical significance among the study 
groups, using SPSS software, version 21.0. The post-hoc test was carried out 
using Duncan Multiple-Range Test. The graphs and charts were constructed 
with the use of Microsoft Excel © 2013. The level of statistical significance 
was set at 0.05.

15.3  RESULTS AND DISCUSSION

15.3.1  EFFECT OF TOFU DIET ON BLOOD GLUCOSE LEVELS OF 
EXPERIMENTAL ANIMALS

The blood glucose level (Table 15.2) of normal rats fed on Tofu diet was 
significantly lower (p < 0.05) than that of normal rats fed on rat chow. 
Similarly, the blood glucose levels of diabetic rats fed on Tofu diet showed a 
lower value when compared with that of diabetic rats fed on rat chow.

TABLE 15.2  Blood Glucose Levels of Experimental Animals.

Group Fasting blood glucose levels (mg/dL)

I 108.6 ± 0.61b

II 105.2 ± 0.94a

III 140.3 ± 0.25d

IV 122.4 ± 0.40c

Values are expressed as mean ± SD. Values having different superscript 
alphabets have a statistically significant difference at p < 0.05.

Group I = Normal rats fed on rat chow;
Group II = Normal rats fed on Tofu;
Group III= Diabetic rats fed on rat chow;
Group IV= Diabetic rats fed on Tofu.

D. mellitus is characterized with elevated blood glucose levels, regular 
consumption of Tofu (a whole protein) has been shown, in the present study, 
to have antihyperglycemic effect on alloxan-induced diabetic rats. This 
finding is similar to that of Hua et al.19 which revealed that soybean oligosac-
charides helped to reduce abnormal blood glucose levels in high-fat rats.

Similarly, Ji et al.21 in a research to examine the influence of soybean 
supplementation on blood glucose, serum lipid profile, and antioxidant 
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enzyme activity of the erythrocytes in type 2 D. mellitus patients reported 
that supplementation with soybean may be helpful in controlling blood 
glucose in diabetic patients. In this study, lowered blood glucose levels of 
rats fed on Tofu diet may be remarkably due to the soy protein content of Tofu 
that prevents accumulation of glucose in the blood.

15.3.2  EFFECT OF TOFU ON BODY WEIGHT GAIN OF 
EXPERIMENTAL ANIMALS

The mean body weight gain of the rats by the end of the seventh week 
(Figure  15.1) was observed to be higher (p < 0.05) for both normal and 
diabetic rats fed on rat chow than those fed on Tofu diet. This shows that 
consumption of tofu may be effective in maintaining a healthy weight in both 
normal and diabetic conditions.

FIGURE 15.1  Average body weight gain of experimental animals. Bars with different 
superscript letters have statistically significant difference at p < 0.05.

Group I = Normal rats fed on rat chow; Group II = Normal rats fed on Tofu;

Group III = Diabetic rats fed on rat chow; Group IV = Diabetic rats fed on Tofu
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Body weight increase was associated with diabetes and other cardiovascular 
diseases. However, findings from this study revealed that Tofu helped to reduce 
body weight gain in both diabetic and nondiabetic rats. The body weight 
of the experimental animals fed on Tofu reduced significantly, suggesting 
that Tofu consumption may be advantageous in maintaining a healthy body 
weight in order to prevent diseases, such as obesity, atherosclerosis, and 
other cardiovascular diseases associated with diabetes mellitus.

Evidence abounds in literature to show that soy protein supplement in 
the diet has helped to control excess in body weight gain in diabetes. A study 
by Sacks et al.32 revealed that when soy protein in Tofu was consumed, there 
was a significant decrease in the weight gain of individuals who feed on Tofu.

In contrast to these findings, Julia (2006) reported that soy consumption 
led to the blockage of thyroid hormone receptors and led to hypothyroidism 
which consequently raised blood glucose levels and resulted in excessive 
weight gain. This finding was attributed to the presence of isoflavones in soy 
foods. However, there is a dispute in the strength of the association and on 
its beneficial effect.

15.3.3  EFFECT OF TOFU ON LIPID PROFILE OF EXPERIMENTAL 
ANIMALS

Table 15.3 shows the lipid profile of experimental animals. The levels of 
TC in diabetic rats which were fed on Tofu were significantly lower (p 
< 0.05) than that of diabetic rats fed on commercial rat chow, while no 
significant difference was observed (p > 0.05) in the TC levels of normal 
rats fed on commercial rat chow. There was a significant decrease (p < 0.05) 
in triglyceride (TG) levels of the groups fed on Tofu diet as compared with 
those fed on commercial rat chow. Also, a significant increase (p < 0.05) was 
observed in the high-density lipoprotein cholesterol (HDL-C) of rats in the 
groups fed on Tofu diet as compared to those fed on commercial rat chow. 
Low-density lipoprotein cholesterol (LDL-C) levels for both normal and 
diabetic rats fed on rat chow and those fed on tofu diet showed no significant 
difference (p > 0.05).

Studies have reported that the consumption of soy protein brought about 
a reduction in the level of TC. A meta-analysis conducted on the effects of 
soy protein on serum lipids showed that when soy protein was substituted for 
animal protein in a diet, it significantly lowered TC in hypercholesterolemic 
individuals and had no significant effect on those whose cholesterol levels 
were found within the normal range.4 Anderson et al.4 and Hodgson et al.17 
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studied soy protein effect on serum lipoproteins and some metabolizing 
enzymes of lipids in rats fed with cholesterol-containing diets, it was revealed 
that there was a significant reduction in the TC levels of rats fed with a diet 
containing 0% cholesterol and 20% soy protein.

TABLE 15.3  Lipid Profile of Experimental Animals.

Parameters Group I Group II Group III Group IV
TC (mg/dL) 188.16±1.08a 186.08±2.85a 220.50±3.59c 214.80±2.57b

TG (mg/dL) 339.55±2.46b 248.54±2.08a 453.70±3.19d 364.40±3.25c

HDL-C (mg/dL) 14.72±1.35b 28.16±1.84d 8.20±1.10a 22.40±1.24c

LDL-C (mg/dL) 108.09±3.56b 60.19±2.42a 126.56±2.17c 123.26±3.21c

Values are presented as mean ± SD. Data in the same row having the same superscript letters 
have no statistically significant difference at p < 0.05.
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol level;
LDL-C, low-density lipoprotein cholesterol.

The triglyceride levels of the experimental animals were also significantly 
lowered in rats fed on Tofu diet. Studies by Bowen,8 Shepherd,34 and Bery6 
showed that regular intake of soy protein helped to reduce triglyceride levels 
in both human subjects and experimental animals which fed on it for a period 
of 4–8 weeks. This may be attributable to the fact that the fiber in soybean 
delayed duodenual absorption of glucose and fatty acids and thus provided a 
smaller amount substrate for synthesis of triglycerides and therefore resulting 
in the lowered triglyceride levels of rats fed on Tofu.

There was no significant decrease in the serum LDL cholesterol levels 
of alloxan-induced rats fed on Tofu diet. This finding is similar to that of 
Jenkins et al.21 and Simons et al.38 who reported that soy consumption had 
no beneficial effect on serum lipids and lipoproteins in hyperlipidemic men 
and women who are at the postmenopausal stage of life. Similarly, studies by 
Clifton-Bligh et al.12 showed that there was no change in serum LDL choles-
terol concentrations of postmenopausal women after daily consumption of 
28.5, 57, or 85.5 mg of red clover isoflavones. Furthermore, an 8-week trial 
by Hodgson et al.17 with tablets containing 55  mg of subterranean clover 
isoflavones showed no beneficial effect on the lipid profile of men and 
postmenopausal women.

Contrary to this, a meta-analysis by Anderson et al.4 showed that soy 
protein consumption was associated with a significant decrease in the 
concentrations of serum cholesterol, LDL cholesterol, and triglyceride. 
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Wangen et al.42 reported that the concentrations of LDL cholesterol in the 
plasma samples of normocholesterolemic and mildly hypercholesterolemic 
postmenopausal women were reduced by 7% sequel to a daily intake of about 
85 g of beverage powder gotten from isolated soy protein and consumed for 
93 days. The beverage was found to have a high isoflavone content (132 mg). 
At a lesser dose of soy isoflavones (65 mg), there were no effects observed 
on plasma lipids and lipoproteins. Another trial by Gardner et al.16 revealed 
that in women at the postmenopausal stage, who had moderate hypercho-
lesterolemia, the use of 42 g of isolated soy protein powder which provided 
80 mg of isoflavones for 12 weeks helped to reduce the concentration of 
plasma LDL cholesterol compared to 42  g of isolated soy protein which 
contained no isoflavones.

Findings of this study also showed that experimental animals fed on 
Tofu showed a significant increase in serum HDL concentration compared 
to those fed on commercial rat chow. This is related to the report of Oboh,26 
which showed that rats fed on Tofu meal had increased HDL cholesterol 
levels. Studies by Potter et al.30 and Walsh et al.41 reported that isolated soy 
protein consisting of isoflavones helped to increase HDL cholesterol concen-
trations in hypercholesterolemic individuals. Available evidence reveals that 
for every 1 mg increase in HDL cholesterol, there is a decrease to about 25% 
in the risk of cardiovascular diseases.9

Maintenance of a healthy serum lipid profile suggests that soy proteins and 
phytoestrogens present in soybean may exert possible hypolipidemic effect 
when consumed by individuals with diabetes. The possible mechanisms of 
the hypolipidemic effect of soy protein were described in several studies 
involving cell cultures, animals, or humans. These studies suggested 
mechanisms such as increase in the activity of LDL receptor, increase in 
bile acid synthesis and fecal excretion, and a reduction in the absorption of 
cholesterol.23,27,28,29

15.3.4  EFFECT OF TOFU ON OXIDATIVE STRESS IN THE 
EXPERIMENTAL ANIMALS

Table 15.4 presents the lipid peroxidation and catalase activity levels as 
markers of the antioxidant status of the rats. Diabetic animals fed on Tofu 
had significantly lower (p < 0.05) lipid peroxidation levels than the diabetic 
group fed on commercial rat chow while the normal animals fed on either 
commercial rat chow or Tofu had no significantly different (p > 0.05) lipid 
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peroxidation levels. Also, catalase activity was significantly higher (p < 0.05) 
in animals fed on tofu as compared to those fed on commercial rat chow.

TABLE 15.4  Oxidative Stress in the Experimental Animals.

Group Lipid peroxidation (µg/mg protein) Catalase activity (U/L)
I 27.02±0.21a 0.41±0.01c

II 26.16±0.63a 0.81±0.01d

III 41.58±0.32c 0.13±0.01a

IV 37.19±0.48b 0.35±0.02b

Values are presented as mean ± SD. Values in the same column and having different superscript 
letters have statistically significant difference at p < 0.05.

Tofu has also been shown to be effective in managing oxidative stress 
level in alloxan-induced diabetic rats. Findings by Chang et al.11 showed 
that soy protein was helpful in reducing oxidative stress levels in Wistar rats 
fed on high-fat diet. Studies have shown that low-lipid peroxidation levels 
reduce the release of free radicals which result in oxidative stress when 
present in high concentrations in the cells.13,15,43 Malondialdehyde is one of 
the final products of lipid peroxidation which conjugates with the amino 
group of proteins and forms intramolecular and intermolecular cross-links 
that inactivate membrane-bound enzymes and receptors.20 Hence, feeding 
of animals with Tofu may have reduced MDA concentration in diabetic rats 
and thus indicating its ability to prevent oxidative damage, by interfering 
with the free radical-induced processes that lead to intra- and inter-molecular 
cross-linkages.

Catalase activity was also increased significantly in both diabetic and 
normal rats that were fed on Tofu. Catalase is a hemoprotein that catalyzes 
reduction of hydrogen peroxide and protects body tissues from free radical 
damage by scavenging highly reactive hydroxyl radicals.10 A study by 
Liu et al.24 to determine the antioxidant potential of Tofu and an extract of 
soybean isoflavone showed that diets containing high isoflavone contents 
exhibited apparent elevated antioxidant enzyme levels in various organs. 
Diets containing high isoflavone contents (150 and 250 ppm) were shown to 
elevate catalase activity levels in various organs of rats. Also, Tofu prepared 
in the laboratory which contained approximately 50 ppm isoflavones were 
more effective in stimulating antioxidant enzymes in vivo than the soy extract 
which contained 250 ppm isoflavones. This finding indicated that molecules 
other than isoflavones may have a synergistic effect in increasing the activity 
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of antioxidant enzymes. Thus, the isoflavone and other soy content present 
in the Tofu diet may be responsible for the increase in catalase activity levels 
of the rats which were fed on it.

Several experimental studies involving animals and humans have 
investigated the effect of consuming soy-containing diets on the metabolism 
of glucose and lipids and the hormones controlling their metabolism. Studies 
on the role of soy in human subjects which were healthy showed that soy 
polysaccharides decreased postprandial glucose and concentration of 
triacylglycerol, suggesting that polysaccharides present in soy may provide 
potential benefits in conditions where glucose tolerance is impaired and in 
conditions of hyperlipidemia.1,42

The observed activities of soy may also be attributed to the presence of 
proteins. It was reported in a study by Sanchez and Hubbard33 that a lower 
postprandial insulin–glucagon ratio was induced by soy protein in both 
hypercholesterolemic and healthy subjects than did casein. Arginine and 
glycine are components of soy proteins and are involved in the secretion of 
insulin and glucagon from the pancreas. Hence, the decrease in cholesterol 
resulting from soy protein may be associated with the decrease in insulin–
glucagon ratio triggered by arginine and glycine.18

A study by Taha and Wasif40 showed the effect of soy flour-supplemented 
whole-durum meal in alloxan-induced diabetic hypercholesterolemic rats. 
The addition of soy flour with or without methionine helped to lower plasma 
glucose, lipids, and cholesterol levels. Another study on BioBreeding rats, 
which were prone to type 1 diabetes, reported that soy protein diet brought 
about a delay in the onset of diabetes and reduced blood glucose levels 
compared to a diet containing a combination of plant and animal protein.2 
This finding suggests that type 1 diabetes development is dependent on the 
nature of the protein contained in the diet. Similarly, in diabetic mice which 
were not obese, soy protein combined with or without nicotinamide helped 
to inhibit insulitis and thereby prevented the manifestation of diabetes.31

Evidence has revealed that soy proteins may potentially improve 
diabetes through reduction of insulin resistance and decrease in adiposity 
via inhibition of insulin secretion from the β cells of the pancreas or 
by inhibition of lipogenesis and facilitation of lipolysis within the liver 
and adipocytes. The activities isoflavones may also be associated with 
their antioxidant potential by scavenging free radicals and preventing 
lipid peroxidation.5 It may, therefore, be suggested that the antidiabetic 
properties elicited by Tofu were achieved through these biochemical 
mechanisms.
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15.4  SUMMARY

Tofu is a curd produced from soybean seeds. It has been reported to be a healthy 
diet with many beneficial effects. Consumption of Tofu-containing diets may 
have potential antidiabetic effect by regulating blood glucose levels, reducing 
excessive weight gain, maintaining a healthy lipid profile, and preventing 
oxidative stress. Hence, Tofu consumption may be a promising candidate for 
individuals with diabetes, to replace animal protein which may be high in fat, 
and to benefit from its many health-promoting properties.
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CHAPTER 16

ABSTRACT

Baobab (Adansonia digitata) is a tree native to coastal region of Africa 
and possesses biological properties, such as antimicrobial, diarrhea, anti-
inflammatory, asthma, antimalarial, anemia, antiviral, and antioxidant 
activities. Therefore, the present study on the seeds and leaves extracts was 
conducted to determine the antioxidant potentials of baobab tree. The baobab 
seeds and leaves extracts were prepared using different solvents: ethyl 
acetate, butanol, and ethanol to assess total phenolics and total flavonoids 
present in the extracts. Also, FRAP, DPPH, ABTS, and nitrite assays were 
carried out to assess the antioxidant activities of A. digitata seeds and leaves 
extracts. Results obtained in this study showed that phenolic contents and 
FRAP level of the ethanol, butanol, and ethyl acetate leaves extracts increased 
significantly (p < 0.05) when compared to the extracts of seeds sample while 
the concentration of flavonoids in the seed extracts increased significantly 
(p < 0.05) when compared to the leaves in the various solvents. There was 
no significant difference in the nitrite concentration of ethanol extract of the 
seeds and the leaves. The DPPH and ABTS radical scavenging activities 
of the leaves extracts of all the solvents were significantly increased at (p 
< 0.05) when compared to the seed extracts. These results indicated that 
baobab (Adansonia digitata) could be a good natural antioxidant agent.
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16.1  INTRODUCTION

Many natural plants, such as vegetables, fruits, and beverages, serve as 
sources of antioxidant. Dietary antioxidants such as flavonoids aid in reducing 
complications related to disease conditions such as diabetes mellitus, myocardial 
infarction, and cardiovascular disease.22,41

Presently, natural antioxidants have become the center of interest 
calling attention for search on possible treatment against oxidative stress. 
Imbalance between the antioxidants system and free-radicals components 
of the body system leading to accumulation of excess reactive species 
was the reason for oxidative stress causative damage to proteins, nucleic 
acids and carbohydrates macromolecules, and lipids membrane.7,35 The 
human body has an antioxidant defense system that protects it from oxida-
tive damages induced by the reactive species (free-radicals) generated 
during organism’s cellular respiration.7,39 However, natural antioxidants 
strengthen the endogenous antioxidants defense against the oxidant species 
by neutralizing the reactive oxygen species (ROS) thereby restoring the 
optimal balance.3,7,17

Over the years, traditional medicines or medicinal plants possess different 
phytochemical components that are of medicinal values that played roles in 
treating human or animal diseases.20 The use of medicinal plants was due 
to its little or no side effects, affordable price, and efficacy compared to the 
synthetic drugs with several side effects and out of reach to the common 
man.23 Bioactive compounds in plants (such as flavonoids, tannins, saponins, 
anthraquinones, quiterpenes, carotenoids, phenolic compounds, cumarin, 
glycosides, etc.) have shown potential of medicinal functions, such as 
antioxidant, anti-inflammatory, antidiabetic, antipyretic, immunomodula-
tory, and anticancer activities. Most medicinal plants function differently 
resulting from varieties in the concentrations and availability of the various 
bioactive compounds that have shown to possess great potential to scavenge 
ROS generated in the body.13,4,11

All parts of Adansonia digitata were reported to serve as traditional 
medicine due to active phytochemical constituents and high natural vitamin 
C content.12,16 A. digitata has been reported to possess phytoconstituents, 
such as alkaloids, terpenes, flavonoids, tannins, steroids, and saponins.7,31,21,25

This chapter focuses on antioxidant potential of seed and leaf extracts of 
A. digitata. The antioxidant capacity of seeds and leaves of African baobab 
was compared after extraction using different solvent mediums. The phenolic 
compounds, flavonoids, FRAP, DPPH, ABTS, and nitrite concentrations of 
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ethanol, ethyl acetate, and butanol extracts of the powdered leaves and seeds 
were also evaluated.

16.2  HISTORY AND HABITAT DISTRIBUTION

Baobab plant, scientifically known as A. digitata, is a word obtained from bu 
hobab, which is an Arabic word, which means “fruit with multiple seeds.” 
Baobab tree is about eight to nine species existing in the world, with six 
of the species known to originate from Madagascar while the rest were 
indigenous to Australia and mainland Africa. Adansonia perrieri, Aponogeton 
madagascariensis, A. za, Adansonia rubrostipa, Adansonia grandidieri, 
and Adansonia suarezensis are species indigenous to Madagascar, while 
Adansonia kilima and Adansonia digitata species are found majorly in 
Arabian Peninsula as well as mainland Africa.28 The baobab tree is recognized 
as significant to the African Sahara, and A. digitata species is mostly found 
in southern Sahara African countries where it is majorly located in South 
Africa, precisely in Mpumalanga and Limpopo provinces.9

Baobab is known of its distinctive silhouette, enormous-shinny-widal 
trunk, large-velvety fruit, and root-like branches. Baobab has special light 
and heat reflection adaptation, hence, it always give serene atmosphere 
even under heavy scotching sun.24 A. digitata has special adaptation feature 
of tetraploid chromosome that its wide range of distribution.9 It has a 
deciduous succulent stem and only native in savannah regions of tropical 
Africa.38,40

The characteristic features found on the six Madagascan baobab species 
were that the trunk appears gray-brown to red and possess taper shape that 
runs from the top to bottom in a bottle-shaped to cylindrical figure. More-
over, baobab tree is also distinctive in its shiny and slick outer bark that is 
scaly, which prevents water loss during drought or winter. The slippery skin 
helps to keep away monkeys and other climbing predators from eating its 
sprouting leaves and flowers. Moreso its shinny bark may serve to protect 
it from getting burnt in the case of wildfire outbreak.24 Gigantic baobab 
can thrives on land with a limited annual range of rainfall and can survive 
in adverse drought conditions. The leaves of baobab are completely shed 
during drought periods to help conserve water, the red or yellow, or white 
colors of the flowers are attractive to pollination insects or large animals 
like bats and lemurs, and sometimes by hawk moths. The baobab tree is a 
legendary plant with many values and different uses, probably locally named 
as the “tree of life.”40
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16.3  TRADITIONAL USE OF BAOBAB TREE

In the African continent, baobab has superstitious folklore assumptions and 
spiritual beliefs to be tree of the gods.14 It is very unique in the sense of its 
hugeness compared to other plants and it is called “monkey bread tree.” It is 
also called Senegal Calash, upside-down tree or bottle tree with a long-life 
span of up to 6000 years.27 Because of its tolerance to drought and high 
temperature, it can be found in Sahara and desert regions in the northern 
parts of Nigeria.15,18,22 Various parts of baobab tree serve traditional medic-
inal purposes as a beverage if the fruit pulp is mixed with milk or water.37 38 
The pulp can also be used in local brewery production as fermenting agent 
or in baking as tartar cream.30,38 The seeds, when fermented, it serves as a 
flavoring in soup, also, when roasted, are eaten as a peanut.2 Baobab seed 
oil is also good for cooking and the shaft can be used to make seed cake.33 
Proximate analysis, assessment of phytochemical, and mineral contents of 
baobab have shown that its medicinal values vary with soil type, climatic 
condition, and geographical locations. Baobab plants indigenous to different 
regions differ in their species, phytochemical components, and medicinal 
values.15

16.4  PHENOLIC, FLAVONOIDS, AND FRAP LEVEL IN ETHYL 
ACETATE, BUTANOL, AND ETHANOL EXTRACTS OF BAOBAB SEED 
AND LEAF

Baobab leaves serve as a regular food in African countries for people of the 
region mostly in Central and Western Africa.34 The leaves can be consumed 
as either fresh leaves or dried under the sun. Northern Nigeria used the 
leaves to prepare a popular sauce called “Miyan kuka” made by the use of 
baobab leaves.1 To establish the antioxidant potentials of baobab-derived 
foods, there is a need to assess the antioxidant capacity of the phytochemical 
constituents.

Phenolic content was significantly increased (p < 0.05) in the ethanol 
and butanol leaf extract when compared to the seed extracts (Table 16.1). In 
ethyl acetate extracts, there was no significant difference in the phenolics 
content. Arowora et al.5 expressed the high potential antioxidant capacity 
of baobab leaves relating to its high content of phenolic compounds. The 
highest phenolic compound (365.42 mg/mL) was obtained in the ethanolic-
ethyl acetate equal volume fraction. Irondi et al.23 indicated a high profile 
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of phenolic compound in the leaf extract sample of baobab when analyzed 
in-vitro. They revealed that the phenolic acids content present in baobab 
is gallic acid (4.15  ±  0.01), chlorogenic acid (6.28  ±  0.03), ellagic acid 
(2.43 ± 0.01), and caffeic acid (6.31 ± 0.02) indicating high combination of 
phenolic content.

The flavonoids content in the leaf extracts of all the solvents was 
increased significantly (p < 0.05) when compared to the seed extracts 
(Table 16.1). The leaves of baobab have been shown to be rich in flavo-
noids content in all the solvent medium used and possess the high potent 
antioxidant capacity. Arowora et al.5 revealed that ethyl acetate-ethanolic 
(30.05 mg/mL) extract fraction of the leaves has higher flavonoid content 
when assessed for the chemical composition. Braca et al.13 also showed 
that baobab used for staple food and ethnomedicinal purposes contains 
high concentration of antioxidant phenolics and flavonoids phytochemi-
cals, and other chelating minerals that help in scavenging reactive oxida-
tive species (ROS).

FRAP of antioxidant defense has the property of transferring electron 
transfer from the reducing agent in the plant extract.26 The ferric ion is 
reduced to the ferrous ion, and FRAP concentration is correspondent to the 
amounts of electrons donated by the antioxidant compounds present in the 
plant extract.10 The assessment of Baobab leaf and seed reducing power 
was focused on its ability to convert ferric ion to ferrous ion (Table 16.1). 
FRAP was found in higher concentration in the leaves extract of the various 
solvents used when compared to the seed extracts.

Muhammad et al.29 discovered that baobab leaves prepared under shade 
drying agents possessed significant high level of antioxidant capacity in 
reducing ferric iron to ferrous iron. Also, Okorie et al.32 further study on the 
action of baobab leaf extract in Wistar albino rats, discovered a reduction in 
oxidative stress generated due to diabetes mellitus disease condition. Their 
study on antidiabetic properties baobab leaves extract through analysis of 
blood glucose level suggested that baobab possess antidiabetic effect in 
the experimental rats. In vitro studies on the oxidative reducing potential 
of baobab leaf extract by Ayele et al.6 showed that FRAP concentration 
increased significantly in the leaf extract. DPPH, ABTS, FRAP, and nitrite 
concentration were determined to evaluate the antioxidant potentials of 
baobab leaves and seeds.
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TABLE 16.1  Total Phenolics, Flavonoids, and FRAP Concentrations in Seeds and Leaves 
of Baobab.

Solvents Leaves Seeds
Phenolic concentration (mg/mL)

Ethanol 3.33 ± 0.641b 21.04 ± 3.996a

Ethyl acetate 1.521 ± 0.875d 12.83 ± 3.419c

Butanol 0.479 ± 0.240f 15. 50 ± 5.900e

Flavonoids concentration (mg/mL)
Ethanol 1.750 ± 0.000b 2.60 ± 0.029a

Ethyl acetate 4.100 ± 0.173c 2.583 ± 0.303d

Butanol 2.950 ± 0.000e 1.90 ± 0.058f

FRAP (mg of AAE/g)
Ethanol 5.175 ± 0.046a 1.237 ± 0.198b

Ethyl acetate 4.539 ± 0.091c 0.790 ± 0.456d

Butanol 4.917 ± 0.027e 0.342 ± 0.261f

NOTE: Values with the same letter superscript showed insignificant difference while different 
letters showed significantly difference, in the row.

16.5  NITRITE, DPPH, AND ABTS ASSAY OF ETHYL ACETATE, 
BUTANOL, AND ETHANOL EXTRACTS OF SEED AND LEAF OF 
BAOBAB

The nitrite concentration of the ethanolic extract decreased significantly (p 
< 0.05) in the leaves extract when compared to the seed. The concentra-
tion in both ethyl acetate and butanol extracts of the leaves and the seeds 
was insignificantly different (Table 16.2). Nitrite, as oxidative molecule, is 
reduced to nitric oxide which can combine with oxygen to form the nitrogen 
radical known as peroxinitrite. Excess of nitrite in the body can react with 
the proteins and nucleic acids to form modified protein and DNA structure, 
hence, dysfunction the cell. Ethanol leaves extract of baobab showed a 
significant decrease in the nitrite concentrations while it was insignificant at 
(p < 0.05) in ethyl acetate and butanol leaves and seeds extracts.

Braca et al.13 study was on antioxidant effects of flavonol, phenolic, 
procyanidins, and glycosides of baobab fruits and leaves through inhibition of 
α-glucosidase and discovered that the leaves extract exhibited corresponding 
antioxidant capacity potentials in scavenging ROS.

DPPH is a molecule that donates reactive species which accept electron 
or hydrogen ions to form a nonreactive compound.25 One mechanism of 
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action of plant extract is to donate an electron or hydrogen atom to an active 
radical molecule, reducing to an inactive harmless molecule, hence, the free 
reactive oxygen scavenging characteristics of medicinal plants.21 The results 
obtained in this study showed that baobab leaves possess higher significant 
(p < 0.05) antioxidant activity when compared to the seeds extracts of all the 
solvents (Table 16.2). The ability of baobab leaf and seed to scavenge DPPH 
can be linked to its antioxidant property due to its chemical structures and 
the interaction with biological membranes, and its ability to quench singlet 
oxygen with higher efficiency, which is due to its number of conjugated 
bonds.19 In furtherance to establish the ability of the baobab leaves and seed 
extracts to scavenge reactive species, ability of baobab leaves and seeds to 
reduce oxidative species was determined using ABTS radical, which is a 
stable nitrogen-centered radical species scavenger.36 As presented in DPPH 
result, baobab leaves extracts have more significant (p < 0.05) ABTS scav-
enging ability when compared to the seed extracts (Table 16.2).

TABLE 16.2  The Percentage of DPPH, Nitrite Concentration, and ABTS Radical Scavenging 
Ability of Seeds and Leaves of Baobab.

Solvents Leaves Seeds
Percentage of DPPH

Ethanol 52.3 47.9
Ethyl acetate 61.5 49.9
Butanol 35.0 18.0

Nitrite concentration (mg/mL)
Ethanol 0.821 ± 0.003b 0.861 ± 0.008a

Ethyl acetate 0.861 ± 0.030c 0.828 ± 0.003c

Butanol 0.883 ± 0.017d 0.829 ± 0.002d

ABTS radical scavenging ability (mmol of TEAC/g)
Ethanol 6.005 ± 0.123a 2.512 ± 0.286b

Ethyl acetate 5.163 ± 0.091c 2.481 ± 0.203d

Butanol 3.824 ± 0.914e 2.624 ± 0.432f

NOTE: Values with the same letter superscript showed insignificant difference while different 
letters showed significantly difference, in the row.

16.6  SUMMARY

Baobab plant has proved a potent antioxidant medicinal plant that functions 
in amelioration of oxidative stress caused by reactive oxidative species as 
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a result of imbalance in oxidant/antioxidant ratio in the body. The results 
obtained in this study have shown the potency of the leaves extract of various 
solvents in reducing oxidative stress compared to the seed extracts. Polyphe-
nols, flavonoids, and anthocyanidins phytochemicals present in the leaves 
play vital role in antioxidant activities compared to the seeds. The butanol, 
ethanol, and ethyl acetate extracts of baobab seeds and leaves have proved 
to contain bioactive compounds with great antioxidant activity. The nitrite 
radical, FRAP, ABTS, and DPPH scavenging activities of baobab seed and 
leaf extracts showed that it is rich in antioxidant compounds. Hence, this 
baobab can serve as natural source of antioxidants for therapeutic purposes 
to prevent or slowdown aging processes and its associated degenerative 
diseases. It can also be applied in the industry as natural antioxidants for food 
preservative additives to prevent food deterioration. The incessant and regular 
use of baobab leaves by the local settlers for different purposes of food and 
medicine has proved its benefit in both the health and beverage industries.
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CHAPTER 17

ABSTRACT

In this study, in vitro antioxidant, anti-inflammatory, and thrombolytic 
activities of Monodora tenuifolia Benth seed extract were explored. The 
procedure involved identification, collection, authentication, and extraction 
of M. tenuifolia seed extract with 80% (v/v) ethanol. The evaluation of anti-
oxidant capacity (DPPH, FRAP, H2O2, and ABTS) of the extract was done 
using established protocols. The anti-inflammatory as well as thrombolytic 
activities of the extract were also investigated with standard methods. Results 
obtained showed that alkaloids, flavonoids, tannins, and proteins were present 
in the extract while saponin was absent. Quantitatively, the extract contained 
total phenolic 21.43 ± 0.03 mg/g extract (TAE), flavonoid 190.40 ± 2.52 
QE/g, Vitamin C content was 40.60 ± 0.60 mg/g, and vitamin E content 
was 14.20 ± 0.04 mg/g QE and protein 6.80 ± 0.01 mg/g. Moreover, extract 
exhibited anti-inflammatory potential by inhibiting albumin denaturation in 
all the different concentrations used in the study. The extract also showed 
appreciable thrombolytic activities in concentration-dependent manner but 
not as effective as the standard drug. Even though the extract showed anti-
oxidant potentials, these activities were significantly lower than the standard 
drugs used. Summarily, the study indicated that M. tenuifolia seeds contain 
bioactive compounds with anti-inflammatory and thrombolytic effects.
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17.1  INTRODUCTION

Inflammation can be defined as the mechanism of immune response to 
injury or invasion of pathogenic organisms and initiate the process of 
healing. It is, therefore, a vital mechanism of wound healing, pathogen, 
or toxic compound eradication healing of damaged cells or tissues.33 
Inflammatory response brings efficient interaction of the cells and cellular 
molecules to minimize injuries and infections, hence, contributing to tissue 
restoration and inflammatory resolution commonly known as homeostasis. 
However, prolonged and uncontrolled inflammation is a disease condition 
of chronic inflammation characterized with heat, redness of skin, pain, 
swelling, and loss of tissue.2,34 Embolism is the process of formation of 
blood clotting taking place within the blood vessel or arterial endothelium 
that may cause full or partial blockage of blood flow in the form of plaque 
that results to a severe disease known as arteriosclerosis or thrombosis. 
In the case of pulmonary embolism or blood clot, it causes difficulty in 
breathing, chest pain in the case of cardiovascular blockage, and oedema 
when the big vein of the limb is blocked.20 These are linked to the genera-
tion of ROS, such as O2

.−, H2O2 pro-oxidant, peroxi-nitrite, singlet oxygen 
that cause damage to cells or tissues and triggers inflammatory responses. 
Antioxidant remains the class of biochemical molecules responsible for 
neutralization of the free radicals to prevent oxidative stress from cells 
and tissue damage.32 Oxidative stress has been implicated in several 
diseases associated with inflammation such as cancer, cellular necrosis, 
muscular dystrophy, neurological disorder, Parkinson’s dementia, and 
liver disorder.6

Research and clinical trials have proved the inefficiency of nonsteroidal 
anti-inflammatory synthetic drugs in the treatment of thromboembolic 
disease as well as in oxidative and inflammatory diseases due to several side 
effects.12 Moreso, the thrombolytic agents readily available possess certain 
deficiencies that involve that necessitate the usage of large doses before 
it becomes effective. The drug is nonspecific to fibrin degradation and is 
also associated with bleeding, hence there is a need to develop improved 
recombinant therapy or use of less toxic and readily available natural 
products of medicinal plant origin in order to prevent the antagonistic 
response of the thrombolytic drugs.21 Different plant phytochemicals, 
such as ajoene, thiosulfate, diallyl disulfide, allicin, and diallyl trisulfide, 
are found in Allium sativum and sesamol, sesamolin, and sesamin from 
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Sesamum indicum have shown to be effective inhibitors in the formation of 
thrombosis.23

This study focuses on the in vitro investigation of antioxidant, anti-inflam-
matory, and thrombolytic potentials of Monodora tenuifolia seed extract.

17.2  HISTORY AND DISTRIBUTION OF THE MONODORA 
TENUIFOLIA

Medicinal plants or herbal medicines have formed the basis of the primary 
health care system in both developed and developing countries for ages 
because these are less toxic, efficient, and cost-effective in comparative to 
synthetic drugs.16 Monodora plant genus contains about 35 species belonging 
to the family of annonaceae and is widely distributed in Africa with two 
majorly known species found in Western Africa, Nigeria. The two species of 
M. myristica and M. tenuifolia grow mostly in Eastern and Western parts of 
Nigeria and are known as “African Nutmeg” in English and “Ehu” in Igbo 
or “Ariwo” in Yoruba.

M. tenuifolia is a rich ethno-botanical traditional medicinal plant used in 
toothache relief, diarrhea, skin rashes, dysentery, dermatitis, and vermifuge.13,14 
M. tenuifolia is a spice that has been shown to possess antioxidant activity, 
hence, it is assumed to be used for effective management and treatment of 
diseases related to oxidative stress.26 The curative or preventive potentials of 
M. tenuifolia plants have been attributed to their phytochemical constituents 
such as phenolic acids, tannins, flavonoids, terpenoids, alkaloids, saponins, 
and stilbenes.4 M. tenuifolia, Benth (Figure 17.1) is a wild growing orchid 
flowering tree that consists of rarely woody vines, deciduous, or evergreen, 
with aromatic bark, fruits, leaves, and flower.14

The fruits are in orange sizes that appear greenish with pale spots when 
unripen but turn orange or sunshine-yellow when ripe. The fruit contains 
multiple pea-sized seeds that are brown with aromatic scent when broken 
to remove the endocarp. M. tenuifolia is a seasonal plant, fruiting between 
May and August during the rainy season and when ripped, the fruits are 
plucked, then cut open to harvest the seeds. The growth of the seedlings of 
M. tenuifolia is best done under shade as its growth is slow and can take up 
to 12 weeks after germination to adapt to full sunny climatic conditions. The 
seeds have a good aroma, hence can serve as spice and condiments in almost 
all foods in Nigeria.18,26
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FIGURE 17.1  The fruit and seeds of M. tenuifolia Benth plant (own camera).

17.3  MEDICINAL USE OF MONODORA TENUIFOLIA BENTH

M. tenuifolia has ethnobotanical archive in traditional treatment of different 
diseases including tooth ache, skin rashes, dysentery, vermifuge, and diar-
rhea.14 It has been shown to possess good antioxidant potentials, which is a 
vital property in the treatment and management of stress-induced diseases.26 
In food, it gives flavor and enhances appetite, hence it is used as spices and 
condiments.14 Spices are well-known plant products used for food spicing and 
appetite enhancement to give maximum satisfaction during consumption. M. 
tenuifolia is an important member of spices that have been shown to possess 
antipyretic, antioxidant, antidiarrhea, and antilipidaemia properties.14,26

17.4  MATERIALS AND METHODS

17.4.1  COLLECTION OF MONODORA TENUIFOLIA SEEDS

Matured ripped fruits of M. tenuifolia were harvested from Obafemi 
Awolowo University Ile-Ife, Nigeria, and identified by a botanist. A copy 
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of the specimen was deposited at the University Herbarium with a voucher 
number-17979.

17.4.2  PREPARATION OF BLOOD SAMPLES

Ethical clearance was obtained from the Ethical Review Committee, Adeleke 
University, Ede, Nigeria (Reference number: AUERC/FOS/BCH/02). Fresh 
bovine blood sample was collected from an abattoir at Halleluya Estate, 
Osogbo, Nigeria into EDTA bottles. The blood was spinned at 3000 rpm 
with a centrifuge for 10 min and rinsed with normal saline (0.85% NaCl) 
until supernatant becomes colorless. Two milliliters of erythrocytes were 
added up with normal saline to make 100 mL of 2% RBC suspension. Also, 
blood sample (3 mL) from healthy human volunteers, without a history of 
anticoagulant therapy or oral contraceptive were collected into dry sterile 
Eppendorf tubes and stand for 45 min at room temperature to coagulate, then, 
the samples were centrifuged for 5 min at 10,000 rpm to obtain the serum.

17.4.3  PROCESSING OF PLANT MATERIALS

The fruits were sliced and opened to expose the seeds which were collected. 
The fresh seeds of M. tenuifolia were removed from the opened fruits, 
washed clean with water, and sun-dried over a period of 2 weeks. The seed 
coat was removed by cracking, the cotyledon was removed, and followed by 
grinding to powder using both hand operator grinder and electric blender.

17.4.4  PREPARATION OF HYDRO-ETHANOL EXTRACT OF  
M. TENUIFOLIA SEEDS

Hydro-ethanol solution (80%) was prepared by mixing 800 mL ethanol with 
200 mL of distilled water according to the method of Oyedapo and Amos.30 
Typically, 200 g of powdered seed was soaked in 100 mL of the solvent at 
the ratio of 1:5 (w/v) for 72 h and stirred occasionally, then filtered through 
doubled-layered cotton cloth. The residue was washed severally and refiltered 
until a colorless solution is obtained. The filtrates were concentrated using 
rotary evaporator at 40oC. The slurry was carefully dispensed into clean-dry 
petri dish, exposed to hot air to yield dry ethanol seed extract of M. tenuifolia. 
The residue was kept in the desiccator for further use.
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17.4.5  QUALITATIVE PHYTOCHEMICAL ANALYSIS OF THE 
EXTRACT OF M. TENUIFOLIA SEEDS

Different phytochemicals such as cardiac glycoside, alkaloids, flavonoid, 
saponin, tannin, protein, and phenolics in the extract were identified using 
different standard methods of Oyedapo et al.31 and Al-Tannak et al.5

17.4.5.1  TEST FOR ALKALOIDS

Extract of M. tenuifolia (0.5 g) was dissolved in 10 mL of HCl (10% v/v) and 
gently warmed, then filtered. In four different test tubes, 1 mL of the filtrate 
was added into each, followed by the addition of a few drops of Draggen-
dorff’s, Wagner’s, and Mayer’s reagents separately. Equal volume of 10% 
(v/v) HCl was used as parallel control. Cloudiness or suspension indicated 
that alkaloid was present.

17.4.5.2  TEST FOR FLAVONOIDS

Powdered seed (0.25 g) was soaked with 10 mL ethyl acetate for 30 min, then 
filtered. Ethanolic potassium hydroxide solution (0.5 M) was prepared and 
added in a few drops to 1 mL of filtrate, then observed for cloudy yellowish 
suspension which indicated the presence of flavonoid.

17.4.5.3  TEST FOR TANNINS

Powdered seed (10 mg) was added 10 mL distilled water, shaken, heated 
in the warm water bath, and then filtered. Then, 0.5 M FeCl3 (few drops) 
dissolved in glacial acetic acid was added to the filtrate (1 mL). The appear-
ance of blue-black precipitate was an indication of the presence of tannin.

17.4.5.4  TEST FOR PROTEIN

The powdered seeds (0.1 g) were soaked in 5 mL distilled water, shaken 
with a vortex mixer, and filtered. Biuret reagent (1 mL) was added to the 
filtrate (1 mL), gently shaken, and allowed to stand for 5 min. A violet color 
appearance showed the presence of protein.
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17.4.5.5  TEST FOR SAPONIN

The presence of saponin was tested by soaking 50 mg of the sample in 
distilled water (2 mL) and shaken extensively to observe froth formation. 
It was then warmed at 55oC for 5 min and vigorously shaken again. The 
absence of frothing before or after warming indicated the absence of 
saponin.

17.4.6  QUANTITATIVE PHYTOCHEMICALS ANALYSIS OF THE 
SEED EXTRACT OF M. TENUIFOLIA

17.4.6.1  DETERMINATION OF PHENOLIC CONTENT

This was carried out by the procedure of Singleton et al.37 Typically, standard 
sample stock of 1 mg/mL extract was prepared using 10 mg extract in 200 
µL of DMSO and made up to 10 mL. Tannic acid (20 µg/mL) was prepared 
as standard stock and divided into five dilutions (0.0–1.00 µg/mL). Then, 
Na2CO3 (1.5 mL, 7.5% w/v) and Folin–Ciocalteu reagent (1:10 v/v) were 
added into the different test tubes containing 500 µL of both the sample 
and standard, respectively, and incubated for 1.5 h. The solutions were read 
at 725 nm to obtain the absorbance values and the result was presented in 
milligram per gram tannic acid equivalent (µg/g TAE).

17.4.6.2  DETERMINATION OF FLAVONOID CONTENT

This was done using Sun et al.38 method. Briefly, NaNO2 (3 mL, 5% w/v) 
with AlCl3 (0.3 mL, 10% w/v) and NaOH (2.0 mL, 4% w/v) were added 
to 200 µL of 1 mg/mL standard and sample solutions. The resulting solu-
tion was measured at 500 nm to obtain absorbance values after 10 min 
incubation at 25oC against reagent blank and the result was expressed in 
mg/g QE.

17.4.6.3  EVALUATION OF VITAMIN C CONTENT

This was estimated according to Omaye et al.27 method and as explained by 
Fajobi et al.15 The mixture contained 0.5 mL extract (1 mg/mL) and 2,4-dini-
trophenyl hydrazine (DNPH) reagent (0.5 mL), then incubated at 37oC for 
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10 min and cooled in ice cold. Thereafter, 8.5% (v/v) H2SO4 (2.5 mL) was 
added and incubate at 25oC for 30 min. Ascorbic acid (50 µg/mL) was used 
as standard stock divided into 0–50 µg/mL, and blank containing 0.5 mL 
of distilled water. The absorbance was obtained at 530 nm and the result 
expressed in mg/mL after plotting a calibration curve.

17.4.6.4  EVALUATION OF VITAMIN E CONTENT

This was evaluated according to the method of Baker and Frank8 and as 
described by Fajobi et al.15 Briefly, 0.2 mL extract in 1 mg/mL was added 
with 2′,2′,α-bipyridyl reagent (0.5 mL, 0.12% w/v) and ferric chloride (0.5 
mL, 0.12% w/v). Trolox standard sample (25 µg/mL) in ethanol was divided 
into six dilutions of 0–0.25 µg/mL and treated in the similar way as the 
sample. Absorbance at 492 nm was read against the reaction blank that 
contains 0.2 mL distilled water and expressed in mg TE/g of sample.

17.4.7  ANTIOXIDANT POTENTIAL OF THE SEED EXTRACT OF  
M. TENUIFOLIA

17.4.7.1  DPPH SCAVENGING ABILITY

This was determined using Blois (1985) method as modified and reported in 
the work of Aina and Oyedapo.3 Extract stock (1 mg/mL) was divided into 
six dilutions ranging from 0 to 250 µg/mL and standard ascorbic acid (0.25 
µg/mL) divided in six varying volumes 0–0.6 mL. In total, 200 µL of the 
extract and standard ascorbic acid was mixed with DPPH (1 mL, 0.3 mM) 
in methanol, then incubated inside cupboard for 30 min. The absorbance at 
wavelength 517 nm was taken against the blank containing distilled water. 
DPPH radical percentage scavenging ability was calculated as stated below:

( )Absorbance of control – Absorbance of test
% DPPH Scavenging Ability = 100

Absorbance of control
×

17.4.7.2  FERRIC REDUCING ANTIOXIDANT POWER

The method of Benzie and Strain9 was employed for this assay. It 
consisted of different concentrations ranging from 0 to 300 µg/mL of 
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extract. Then, 500 µL of the sample and different concentrations of 
ascorbic acid as the standard was added into a solution of potassium 
ferricyanide ([K3Fe(CN)6] (2.5 mL, 1% w/v) and phosphate buffer (2.5 
mL, 0.2 M, pH 6.6). The resulting solution was heated in the warm water 
bath at 50oC in 20 min and added with tricholoroacetic acid (2.5 mL, 10% 
(w/v), centrifuge with 3000 rpm for 10 min and decanted. Thereafter, 2.5 
mL of supernatant was added to dH2O (2.5 mL) and FeCl3 (0.5 mL, 0.1% 
w/v) and absorbance was read at 700 nm. The result was expressed in 
µg/g ascorbic acid equivalent.

17.4.7.3  ABTS SCAVENGING ABILITY

This was carried out with the method of Rezzagui et al.1 The cation radical 
(ABTS+) of ABTS was prepared by reacting the stock solution (7 mM) with 
potassium persulphate (2.45 mM) then made up to 1 L with distilled water 
and incubated in the dark cupboard overnight. The assay mixture was extract 
of varying volumes (0–0.05 mL) adjusted with dH2O (2 mL) and ABTS+ 

solution (1.0 mL) was added to 500 µL from each test tube and incubated 
at 25oC for 30 min. The absorbance values were obtained at 734 nm against 
distilled water as blank. Trolox served as the standard and percentage ABTS 
scavenging potential was determined as stated below:

( )Absorbance of control – Absorbance of test
% ABTS Scavenging potential = 100

Absorbance of control
×

17.4.7.4  H2O2 SCAVENGING ASSAY

This was done as described by Modi et al.25 and as reported by Archana and 
Vijayalakshmi.7 The reaction mixture contained extract (0–250 µg/ mL) in 
varying volumes from 0 to 0.25 mL and added up to 1 mL dH2O. Thereafter, 
200 µL of the extract was added with phosphate buffer (0.5 mL, 20 mM, pH 
7.4), hydrogen peroxide (0.4 mL, 2 mM), then incubate at 25oC for 5 min. 
Then, a 2 mL dichromate-acetic acid reagent (5 %, w/v) was added and read 
at 570 nm. Ascorbic acid was used as the standard.

2 2
(Absorbance of test – Absorbance of control)% H O  inhibition = 100

Absorbance of test
×
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17.4.8  ANTI-INFLAMMATORY POTENTIAL OF THE SEED EXTRACT 
OF M. TENUIFOLIA

17.4.8.1  ASSAY OF MEMBRANE STABILITY ACTIVITY

The membrane stability potential of M. tenuifolia seed extract was deter-
mined by the method of Aina and Oyedapo3 using a freshly collected bovine 
blood into an EDTA bottle. The blood was spinned at 3000 rpm for 10 
min and washed in normal saline (0.85% NaCl) until supernatant becomes 
colorless. The erythrocyte residue was prepared in 2% suspension made up 
of normal saline (0.85%). The assay mixture contained different concentra-
tions (0–350 µg/mL) of the extract measured in varying volumes (0.00, 
0.05, 0.10, 0.15, 0.20 mL) with (0.85% (w/v) NaCl normal saline (1 mL) 
followed by addition of hypo saline NaCl (1.0 mL, 0.42% w/v), phosphate 
buffer (0.5 mL, 0.15M, pH 7.4), then erythrocyte suspension (0.5 mL, 2% 
(v/v) was added and incubated at 56°C for 30 min, cooled and spun at 3000 
rpm for 10 min. Ibuprofen served as the standard drug (1 mg/mL). The 
supernatant collected was read at 560 nm and result presented as percentage 
stability.

Percentage stability = 100 − cnt

control

Abs  Abs sample
 

Abs
 −
 
 

× 100

17.4.8.2  INHIBITORY ASSAY OF ALBUMIN DENATURATION

The inhibitory effect of M. tenuifolia in albumin denaturation using the 
method described by Mizushima and Kobayashi24 and as reported by Aina 
and Oyedapo.3 Different concentrations of extracts ranging between 0 and 
350 µg/mL was prepared in normal saline (0.85%) and phosphate buffered 
saline pH 6.3 (1.5 mL) and bovine serum albumin (0.5 mL) was added. The 
mixed solution was incubated at 37oC for 20 min and absorbance was read 
at 660 nm against phosphate buffered saline as blank. Ibuprofen (1 mg/
mL) served as the standard drug and inhibition were calculated as described 
below:

100 (1 Absorbance of samples)% inhibition = 
Absorbance of blank

Then graph of % inhibition plotted against extract concentration.
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17.4.8.3  ASSAY OF INHIBITION OF HYPOTONIC-INDUCED RBC 
HEMOLYSIS

The inhibitory effect of the hypotonic-induced RBC hemolysis was done by 
the method of Shinde36 and slightly modified as reported by Oyedapo et al.29 
Briefly, extract of different concentrations (0–250 µg/mL) was prepared at 
varying volumes (0–0.125 mL) made up to 3.0 mL with phosphate-buffered 
saline (2.5 mL, 0.15 M, pH 7.4) and red blood cell (0.5 mL, 2% v/v) was 
added, then mixed slowly by turning the test tubes upside-down. The solu-
tion was then incubated for 5 min under cupboard and then at 37oC for 15 

min in a water bath. After cooling, the resulting solution was spun for 10 
min at 3000 rpm and absorbance values were obtained at 540 nm. Ibuprofen 
served as a standard drug and percentage inhibition was calculated as 
described below:

100 (1 Absorbance of samples)% inhibition
Absorbance of blank

× −
=

Then the graph of % inhibition plotted against extract concentration.

17.4.8.4  ASSAY OF INHIBITION OF HEAT-INDUCED RBC 
HEMOLYSIS

The inhibitory effect M. tenuifolia seed extract on heat-induced RBC 
hemolysis was assayed by the method of Mizushima and Kobayashi24 
with modifications by Aina and Oyedapo.3 Different concentrations 
(0–250 µg/mL) of the extract were pipetted varying volumes (0–0.125 
mL), then adjusted to 1.0 mL with normal saline and phosphate buffered 
saline (1.5 mL, 0.15 M, pH 7.4) and RBC (0.5mL, 2%) suspension were 
added. The solution was slowly mixed by turning upside down severally 
and incubated for 5 min at 37oC and then for 15 min at 54oC, cooled, and 
spinned for 10 min at 3000 rpm. The absorbance values were obtained 
at 540 nm while ibuprofen was used as a standard drug and % inhibition 
was calculated as:

100 (1 Absorbance of samples)Percentage inhibition
Absorbance of blank
−

=
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17.4.9  THROMBOLYTIC ACTIVITY OF THE SEED EXTRACT OF  
M. TENUIFOLIA

Thrombolytic activity of M. tenuifolia seed extract was done using the method 
described by reyad-ul-Ferdous et al.35 Briefly, 500 µL of blood sample was 
collected and transferred to sterile preweighed eppendorf tubes (M1) and stood 
to coagulate for 45 min at 25°C and centrifuge at 3000 rpm for 5 min. Blood 
clots residue obtained was weighed (M2) and added with 100 µL of extract 
(1 mg/mL) and 100 µL of Aspirin (1 mg/mL) as positive control. They were 
all incubated in water bath for 1.5 h at 37oC. The released fluid was removed 
after incubation and tubes containing the blood clot were reweighed (M3). 
The percentage of clot lysis is calculated as:

Percentage clot lysis = 
Weight of released clot ( 3 1)  ×1 00

Clot Weight ( 2 1)
M M

M M
−

−

17.5  STATISTICAL ANALYSIS OF DATA

One-way ANOVA was used to determine mean ± standard error of mean. 
Significant differences in the mean values were considered when p < 0.05 
using GraphPad Prism Software.

17.6  RESULTS AND DISCUSSION

17.6.1  PHYTOCHEMICAL CONSTITUENTS OF THE SEED 
EXTRACT M. TENUIFOLIA SEEDS

The phytochemical constituent screened showed that alkaloids, protein, 
flavonoids, tannins, and saponin were present (Table 17.1). This implies 
that the M. tenuifolia is rich in vital biomolecules with known biological 
activities. The extract of M. tenuifolia seeds contained total phenolic 
(190.40  ± 2.52 mg/g TAE), total flavonoids (21.43 ± 0.03 mg/g QE), total 
protein (26.80 ± 0.01 mg/g), vitamin C (40.60 ± 0.06 mg/g), and vitamin 
E (14.21 ±  0.60 mg/g) (Table 17.2). These bioactive components with 
beneficial effects have been demonstrated to possess and exhibit different 
health-promoting properties ranging from antioxidants, anti-inflammatory, 
antiproliferative, anticancer, antispasmodic, antidepressant, antiulcer, and 
protection against degenerative and chronic diseases, that is, cardiovas-
cular diseases.44
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TABLE 17.1  Phytochemical Constituents of the Seed Extract of M. tenuifolia.

Phytoconstituents Test Observation Remark
Saponin Extract + shake + warm Frothing Present
Flavonoid 0.5 M Ethanolic KOH + 

Extract
Yellow cloudy Precipitate Present

Protein Extract + Biuret reagent Pink/violet precipitate Present
Tannin Extract + FeCl3 in acetic 

acid
Blue/black precipitate Present

Alkaloids

Mayer’s reagent

Wagner’s reagent

Dragendorff’s 
reagent

Extract + Mayer’s reagent

Extract + Wagner’s reagent

Extract + Dragendorff’s 
reagent

Cream precipitate

Brownish/yellow precipitate

Orange-red precipitate

Present

Present

Present

TABLE 17.2  Quantitative Levels of Phytoconstituents in the Seed Extract of M. tenuifolia.

Phytochemical constituent Concentration (mg/g)
Total phenol 190.40 ± 2.52 (mg/g QE)
Total flavonoid 21.43 ± 0.03(mg/g TAE)
Total protein 26.80 ± 0.01 (mg/g)
Vitamin C 40.60 ± 0.60 (mg/g)
Vitamin E 14.21 ± 0.60 (mg/g)

17.6.2  ANTIOXIDANT POTENTIALS OF M. TENUIFOLIA SEED 
EXTRACT

17.6.2.1  DPPH SCAVENGING ACTIVITY OF THE SEED EXTRACT 
OF M. TENUIFOLIA

The study showed that M. tenuifolia seed extract exhibited an appreciable 
amount of DPPH scavenging ability at 62.86% compared to that ascorbic 
acid standard at 94.83%. This is an indication that the extract exhibited an 
appreciable scavenging activity in a concentration-dependent manner but 
was not as effective as the standard drug. This effect might be a result of the 
presence of phenolic compounds especially tannins in the extract. Hagerman 
et al.17 have shown that high molecular weight phenolic compounds such as 
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tannins have the capacity to scavenge free radicals. This study agreed with the 
previous reports of Usunobun and Igwe42 and Yembeau et al.45 that studied the 
concentration-dependent DPPH scavenging activities for extracts of P. mild-
braedii and Theobroma cacao, respectively. This study revealed that the seed 
extract of M. tenuifolia scavenged DPPH radical maximally at a percentage of 
62.86% while that of the standard drug scavenged DPPH radical maximally at 
94.83%. This showed that there was an appreciable antioxidant activity by the 
extract though not as high as that of the standard drug (Table 17.3).

TABLE 17.3  DPPH Scavenging Activity of the Seed Extract of M. tenuifolia.

Concentration (µg/mL) DRSA of extract (%) DRSA of ascorbic acid(%)
50 17.07 ± 0.48 19.38 ± 0.78
100 30.18 ± 0.48 58.05 ± 0.26a

150 38.53 ± 1.17 75.50 ± 0.43a

200 48.72 ± 0.64 88.78 ± 2.26a

250 54.87 ± 1.08 93.97 ± 0.00a

300 62.86 ± 2.20 94.83 ± 0.43

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05

17.6.2.2  H2O2 SCAVENGING ACTIVITY OF THE SEED EXTRACT OF 
M. TENUIFOLIA

Hydrogen peroxide is a weak oxidizing agent that renders some enzymes 
inactive by the oxidation of essential thio (–SH) group and can sometimes 
be toxic to the cell when it crosses the cell membrane giving rise to hydroxyl 
radicals through the Fenton reaction.7 This study revealed that the extract 
scavenged hydrogen peroxide maximally at 17.09% while the standard drug 
scavenged hydrogen peroxide at 45.16%. It implies that though the extract 
showed a level of scavenging activity that was concentration dependent, 
the extract was not as effective as the standard drug. This is in agreement 
with a previous study that reported a dose-dependent inhibition of hydrogen 
peroxide by phloroglucinol, a polyphenol component of Laminariaceae 
family.7 The results revealed that the extract of M. tenuifolia seed scavenged 
hydrogen peroxide radical maximally at 17.09% while the standard drug 
scavenged maximally at 45.16%. This implies that the hydrogen peroxide 
scavenging action of the seed extract is significantly lower compared to the 
standard drug (Table 17.4).
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TABLE 17.4  H2O2 Scavenging Activity of the Seed Extract of M. tenuifolia.

Concentration (µg/mL) HPRSA of extract (%) HPRSA of ascorbic acid
0 0 0
50 1.83 ± 1.05 24.19 ± 1.88a 
100 8.06 ± 0.91 37.30 ± 1.82a

150 9.37 ± 5.85 39.26 ± 5.18a

200 17.09 ± 0.91 45.16 ± 1.82a

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05

17.6.2.3  FRAP OF THE SEED EXTRACT OF M. TENUIFOLIA

FRAP assay evaluates the reduction potential of the extract of M. tenuifolia 
seeds when it reacted with potassium ferrocyanide, which then reacts with ferric 
chloride to form a Perl’s Prussian blue ferric ferrous complex when reduced, 
thereby showing reducing ability of the agent or compound.28 The reducing 
ability of the extract gave a maximum FRAP value of 49.37 mg/g while the 
standard drug had a maximum FRAP value of 272.90 mg/g. This finding reveals 
that though the extract has a reducing ability that was concentration dependent, 
this activity is far less than that of the standard drug (Table 17.5).

TABLE 17.5  Ferric Reducing Antioxidant Power (FRAP) of the Seed Extract of M. tenuifolia.

Concentration (µg/mL) HPRSA of extract (%) HPRSA of ascorbic acid
0 0 0
50 43.86 ± 0.41 53.80 ± 0.41a

100 45.01 ± 0.45 94.74 ± 0.99a

150 47.82 ± 1.93 149.55 ± 1.63a

200 47.99 ± 1.12 161.22 ± 13.22a

250 49.37 ± 0.13 272.90 ± 1.19a

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05

17.6.2.4  ABTS RADICAL SCAVENGING ABILITY OF SEED EXTRACT 
OF M. TENUIFOLIA

ABTS assay is a measure of the capacity of antioxidants to scavenge the 
produced ABTS in the aqueous phase when compared with the Trolox 
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standard.11 ABTS radical maximally at 11.77% while the standard drug 
scavenged maximally at 90.88%. This further implies that the antioxidant 
activity of M. tenuifolia seed extract by inhibiting ABTS radical was 
significantly lower than the standard drug in a dose-dependent manner 
(Table 17.6).

TABLE 17.6  ABTS Radical Scavenging Ability of the Seed Extract of M. tenuifolia.

Concentration (µg/mL) ARSA of extract (%) ARSA of trolox

0 0 0

10 6.56 ± 0.48 55.02 ± 1.47a

20 7.40 ± 1.68 60.89 ± 0.30a

30 8.75 ± 1.25 76.04 ± 3.55a

40 11.77 ± 1.03 90.88 ± 2.13a

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05

17.6.3  ANTI-INFLAMMATORY ACTIVITIES OF SEED EXTRACT  
M. TENUIFOLIA

17.6.3.1  INHIBITORY EFFECT OF M. TENUIFOLIA SEED EXTRACT 
ON HEAT-INDUCED RBC HEMOLYSIS

The exposure of cell membranes and RBCs to injuries such as heat and 
hypotonic solution leads to the lysis of membrane associated with hemo-
lysis.3,39 This study revealed that hydro-ethanolic extract of M. tenuifolia 
seeds inhibited the hemolysis of RBC maximally at 50.52% while that of 
the standard drug was 81.23%. The result showed that the inhibitory activity 
of the extract was significantly lower in comparison to the standard drug at 
p < 0.05 in concentration-dependent manner (Table 17.7).

17.6.3.2  INHIBITORY EFFECT OF M. TENUIFOLIA SEED EXTRACT 
ON HYPOTONIC-INDUCED RBC HEMOLYSIS

The inhibitory effect of M. tenuifolia seed extract on hypotonic RBC 
hemolysis is shown in Table 17.8. The result revealed that the extract of 
seeds of M. tenuifolia inhibited hemolysis of hypotonic induced red blood 
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cell maximally at 55.27% and that of the standard drug with a percentage 
inhibition of 74.35%. It was shown in this study that the percentage inhibition 
by the extract was significantly lower when compared with the standard drug 
at p < 0.05 in concentration-dependent manner.

TABLE 17.7  Inhibitory Effect of M. tenuifolia Seed Extract on Heat-Induced RBC Hemolysis.

Concentration (µg/mL) IE of extract (%) IE of ibuprofen (%)
0 0 0
50 19.82 ± 0.29 22.90 ± 0.38a

100 22.65 ± 0.14 29.37 ± 0.97a

150 33.75 ± 0.08 45.93 ± 0.87a

200 47.85 ± 0.42 62.95 ± 0.38a

250 50.52 ± 0.93 81.23 ± 0.43a

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05.

TABLE 17.8  Inhibitory of M. tenuifolia Seed Extract on Hypotonic Induced RBC Hemolysis.

Concentration (µg/mL) IE of extract (%) IE of ibuprofen (%)
0 0 0
50 10.38 ± 0.67 24.56 ± 1.19a

100 22.19 ± 0.37 24.55 ± 1.25
150 25.40 ± 0.74 50.38 ± 1.41a

200 46.84 ± 0.73 55.11 ± 0.30a

250 55.27 ± 0.37 74.35 ± 0.47a

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05.

17.6.3.3  INHIBITORY EFFECT OF M. TENUIFOLIA SEED EXTRACT 
ON ALBUMIN DENATURATION

The mechanism of denaturation probably involves the alteration of the bonds 
associated with the tertiary structure of proteins. It has been well established 
that denaturation of tissue proteins leads to inflammatory disorders, such as 
arthritis.43 The inhibition of albumin denaturation by the extract is shown in 
Table 17.9. The result revealed that the percentage inhibitory activity of the 
extract on albumin denaturation was maximal at 87.84% compared to the 
standard drug with 84.23%. The study showed that the percentage inhibitory 
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activity of the extract was not significantly different when compared with the 
standard drug at p < 0.05. This further implies that the M. tenuifolia seeds 
could be used as an agent against diseases like rheumatoid arthritis and other 
inflammatory diseases.

TABLE 17.9  Inhibitory Effect of M. tenuifolia Seed Extract on Albumin Denaturation.

Concentration (µg/mL) IE of extract (%) IE of ibuprofen (%)
0 0 0
50 66.67 ± 1.19 20.72 ± 2.51a

100 71.17 ± 1.91 33.78 ± 5.40a

150 77.48 ± 1.62 50.00 ± 3.40a

200 81.53 ± 1.19 61.26 ± 3.52a

250 85.14 ± 0.78 70.27 ± 2.34a

300 87.84 ± 0.78 84.23 ± 2.25

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05

17.6.3.4  MEMBRANE STABILITY EFFECT OF M. TENUIFOLIA SEED 
EXTRACT

This study showed a significant increase in membrane stabilization in a 
dose-dependent manner similar to that standard drug. The membrane stability 
activity of M. tenuifolia seed extract is shown in Table 17.10. The percentage 
membrane stability of the extract has a maximum activity at 96.59% while that 
of the standard drug has a percentage membrane stability activity of 91.28%. 
The potency of the extract could be as a result of synergistic activities of its 
many constituents and the high content of its polyphenol constituents.29,41

TABLE 17.10  Membrane Stability Effect of M. tenuifolia Seed Extract.

Concentration (µg/mL) MSA of extract (%) MSA of ibuprofen (%)
0 0 0
50 67.92 ± 5.41 85.80 ± 3.41a

100 84.73 ± 11.12 88.77 ± 5.39
150 87.51 ± 0.87 88.86 ± 2.92
200 96.59 ± 12.73 91.28 ± 3.60

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05
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17.6.4  THROMBOLYTIC ACTIVITY OF M. TENUIFOLIA SEED 
EXTRACT ON HUMAN RBC CLOT

Thrombosis refers to the formation of a typical mass (blood clot) in the artery 
of a living vascular system linked with myocardial infarction and stroke, 
while thrombolysis is regarded as the breakdown of blood clots through 
pharmacological means involving thrombolytic drugs which dissolve 
clots.40,19 Thrombolytic activity of the extract of M. tenuifolia seeds on 
human RBC clot is shown in Table 17.11. The result revealed that the extract 
has an appreciable thrombolytic activity of 47.54% when compared with that 
of the standard drug at 69.24%.

TABLE 17.11  Thrombolytic Activity of the Extract of M. tenuifolia Seeds.

Concentration (µg/mL) MSA of extract (%) MSA of ibuprofen (%)
1 83.87 50.00
2 64.00 46.15 
3 75.00 50.01
4 73.91 40.60
5 87.27 66.67
6 57.14 40.62
7 58.62 45.45
8 75.00 41.94
9 61.11 48.48
10 56.52 45.50
Mean 47.54 ± 4.37 69.24 ± 6.50a

Each value represents the mean ± SEM, (Standard Error of Mean), n = 3.
aIndicates significant difference between the extract and standard (ascorbic acid) at p < 0.05

17.7  SUMMARY

M. tenuifolia is known as African nutmeg commonly used as spices in most 
African dishes. The study concludes that the ethanol seed extract of M. tenui-
folia could act as anti-inflammatory and thrombotic agent. Though the seed 
extract showed antioxidant activities but not significantly in comparison to 
standard drug. These activities may be a function of certain phytochemical 
present in the seeds. Further studies are recommended for an in vivo inves-
tigation of the extract of M. tenuifolia seeds in animal models to confirm the 
findings of this study.
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Effects of Taraxacum officinale Extract 
on Hematological Parameters in Female 
Wistar Rats With Ethanol-Induced 
Toxicity
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CHAPTER 18

ABSTRACT

The ability of Taraxacum officinale (TO) (dandelion) aqueous leaf extract 
to ameliorate the effect of ethanol-induced toxicity on hematological 
parameters in female Wistar Rats was evaluated. Twenty-four female Wistar 
rats were grouped into four, each group had six (6) rats each: normal, TO 
extract, ethanol (EtOH), and TO extract + EtOH, where each group included 
six animals. TO leaf extract was administered orally for 7 days before orally 
administering a single dose of 50% ethanol. Results obtained showed that 
the plant extract caused WBC count, hematocrit, mean corpuscular volume, 
hemoglobin, and platelet in the TO extract group to increase significantly 
compared with the normal group at (p < 0.05). TO extract + EtOH group 
increased significantly in platelet and lymphocyte levels when compared 
with the EtOH group while the levels of hemoglobin and hematocrit in the 
TO extract + EtOH group significantly decreased compared to EtOH group. 
From this study, alcohol intake has a significant negative effect on some 
blood parameters; however, when TO leaf extract was prophylactically 
administered to the rats, it prevented the ethanol-induced toxicity effect 
in the blood parameters, such as platelet, lymphocyte, hemoglobin, and 
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hematocrit. It is concluded that TO leaf extract improved some hematological 
abnormalities in ethanol toxicity.

18.1  INTRODUCTION

Alcoholic beverages contain ethanol, which is an organic compound with a 
hydroxyl functional group.15 Researches have established reasons behind 
excessive alcohol intake, these include to enhance relationship, increase energy, 
lighten up difficult moments, cope with stress, entertainment or celebration, 
and social influences.25 Research has proved that poor dietary habits practiced 
by alcoholics cause nutritional deficiencies, which may be compounded by the 
burden of the alcohol, and the absorption and utilization of vitamins.31 Alcoholics 
are predisposed to signs of vitamin deficiency, especially thiamine, riboflavin, 
pyridoxine, ascorbic acid, and folic acid. The frequency of these deficiencies 
is related to the amount of alcohol consumed, with a corresponding decrease in 
vitamin absorption.16 Alcohol is metabolized in the liver by cytoplasm enzyme 
alcohol dehydrogenase (ADH). The metabolism of alcohol occurs through the 
oxidative pathway that is controlled by two different enzymes, ADH which 
is firstly involved in the oxidative breakdown of alcohol to aldehyde, while 
aldehyde dehydrogenase then converts aldehyde to acetate.22,8

Alcohol intake affects nutrient absorption by damaging the stomach 
and intestine endothelial cell linings, thereby preventing the absorption and 
transport of nutrients through the blood causing organ injury as a result of 
alcohol interactions with nutrients.28 Alcohol abuse is associated with dete-
rioration in behavior and cognitive processes such as learning and memory7, 
therefore, impairing some of the brain function. The indirect consequences 
of this excessive alcohol intake include impaired yellow marrow of the bone, 
decreased precursors production of the blood cells, and immature erythro-
cytes, lymphocytes, and platelets production that cause immunodeficiency.5,27 
Therefore, hematological abnormalities are dominant in chronic alcoholics, 
leading to anemia as a general symptom in alcohol consumers where RBC 
count, MCH concentration, PCV, mean corpuscular volume (MCV), platelet, 
and WBC count, also cell morphology are affected.25,32

This chapter examined the ability of leaf extract of Taraxacum officinale 
(TO), through evaluation of hematological parameters in ethanol-induced 
toxicity in female Wistar rats, to reduce the damaging effects on the cell-wall 
linings of the gastrointestinal tract, and impaired nutrients transport into the 
bloodstream due to interactions of the cells with alcohol, which may be as a 
result of digestive organ damage in the presence of alcohol.
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18.2  HISTORY AND HABITAT DISTRIBUTION

TO (L.) Wigg is a medicinal plant also known as “Dandelion” majorly found 
growing naturally in different parts of the world such as Europe, America, 
Asia, and Africa.30 The distribution of dandelion in the disturbed rainforest 
of south west Nigeria (where it is called “efo-yanrin” or referred to as 
forest vegetable) has been recorded.2,29 The seeds of TO are planted through 
dispersion, and when germinated, the young shoot forms a rosette of blade-
like leaves.1 Thick root develop later on and remain in the ground during 
the dry season. New rosettes spring out along the roots in the rainy season, 
which are good for consumption as a vegetable as it is not yet very bitter in 
this early stage. Flower shoot grows from the rosette, the stem leaves are 
very bitter mostly when they are matured while fruiting, and seeds maturity 
occurs within 3 to 4 months after planting. Seed dispersion is majorly by 
wind enhanced through the pappus which is attached to the fruits. The rate 
of germination of TO seeds is low, hence, this is compensated through the 
production of multiple seeds from each plant.1

TO which has a high regenerative potential is able to survive different 
environmental conditions, among diverse plant communities. It can also 
survive in different weather conditions and grow in large geographical 
areas.26 Additionally, TO is able to successfully spread to new areas through 
dispersion actions from several farm practices, wind, water, animal, and bird 
vectors (Figure 18.1). Majority of the plant species are dominant in non-
native areas, where the plants are being exposed to different environmental 
conditions.24 This suggests that invasive species of TO show vegetative and 
reproductive evolution for it to maximize their performance and establish in 
those new environments.11,23

18.3  MEDICINAL USE OF TARAXACUM OFFICINALE

TO is known to contain several biologically active constituents (such as 
taraxasterol, sesquiterpene lactones, taraxerol, chicoric acid, and chlorogenic 
acid), which are reported to possess potent anti-inflammatory, antirheumatic, 
antioxidative, and chloretic activities.4 The medicinal use of dandelion plants 
lies in the bioactive substances, most notably: alkaloids, tannins, steroids, 
flavonoids, and phenolic compounds. For this reason, dandelions have been 
employed to treat hepatic disorders.3
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FIGURE 18.1  Taraxacum officinale plant in the tropical rain forest.

TO is utilized in many traditional and contemporary herbal medicinal 
systems to enhance the response of the immune system to infections of the 
upper respiratory tract, pneumonia, or bronchitis.20 Almost all the plant parts 
are been used as a herbal remedy for many ages. The roots are regarded as 
digestion enhancers. In addition, the root and leaf extracts are generally used 
in rehydration and to correct electrolyte imbalance. The high potassium, 
sodium, and calcium contents of leaves posited for the plant’s use as diuretics 
and also as stimulants for digestion.12,18 The roots of TO are reported as a 
treatment for gastrointestinal conditions, thereby enhancing digestion and 
the function of liver.21 The flowering part of TO revealed different bioac-
tive phytochemicals that have antioxidant activities against free radicals, 
preventing the cells and macromolecules from radical-induced damage.19 
Furthermore, it is used in treating some viral infections like hepatitis B and 
indigestion, and also enhances androgenic hormones.2,6

18.4  MATERIALS AND METHODS

18.4.1  PLANT MATERIALS

The leaves of the plant TO were collected from a local farm in Ede, Osun 
State, Nigeria. The plants were authenticated at the Plant Biology Programme 
of Adeleke University, Osun State, Nigeria.
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18.4.2  CHEMICALS

Reagents and chemicals purchased and utilized for the study were of 
analytical grade.

18.4.3  PREPARATION OF PLANT EXTRACT

The collected fresh leaves of TO were carefully rinsed on a running tap 
and air dried at room temperature for 7 days. This was followed by pulver-
izing the dried leaf sample into powder. In total, 250 g of plant sample was 
soaked in 2500 mL of distilled water in a ratio 1:100 (w/v) of the sample for 
24 h, filtered with a cellophane material, and then with 0.1 mm Whatman 
filter paper. The filtrate was concentrated by freeze-drying to obtain the 
crude plant extract, kept in a tight container, and stored in the refrigerator 
for further use.

18.4.4  ANIMAL CARE

Twenty-four female Wistar rats of weight ranging from 130 to 280 g were 
procured from the Department of Anatomy, Adeleke University. The animals 
were kept in the animal facility of the Biochemistry Department, Adeleke 
University, where the animal experiment was conducted. The rats were 
initially acclimatized for 2 weeks and fed throughout the study with standard 
rat pellets and clean water ad libitum. The animals were subjected to natural 
photoperiod of 12 h daylight and night throughout the study period and other 
necessary care was provided for all the animals.

18.4.5  EXPERIMENTAL DESIGN

The experiment was designed to consist of four groups, with six rats per 
group. TO leaf extract was administered orally for 7 days before a single oral 
dose of ethanol was administered as below:

Group 1 (Normal): Normal group rats, taken 1 mL of distilled water 
only.
Group 2 (TO extract): Rats treated with leaf extract of TO (200 mg/kg 
body weight).
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Group 3 (Ethanol): Ethanol group rats were treated with a single dose of 
1 mL of 50% ethanol.
Group 4 (TO extract + EtOH): Rats pretreated with leaf extract of TO 
(200 mg/kg body weight) followed by 1 mL of 50% ethanol.

The weights of all experimental animals were determined before and 
after the experiment. Following the treatment, the Wistar rats were fasted 
for 12 h and then sacrificed. The blood samples were collected under light 
diethyl ether anesthesia for hematological analysis.

18.4.6  HEMATOLOGICAL PARAMETERS

A fully automated Beckman Coulter (LH 700 Series System) was used to 
analyze hematological indices.

18.5  RESULTS AND DISCUSSION

18.5.1  TARAXACUM OFFICINALE PROPHYLAXIS ON WHITE 
BLOOD CELL, RED BLOOD CELL COUNTS, AND PLATELET 
CONCENTRATION

Earlier studies have shown that chronic alcohol consumption through direct 
or indirect effects, suppresses hematopoiesis in individuals with alcohol 
dependence. This results in a decrease in the counts of red blood cells, white 
blood cells, and platelets.10,12,13 It is observed that excessive consumption 
of alcohol makes the host susceptible to pulmonary infections in particular 
as well as several other complications of infections. Chandini and Mathai9 
reported that alcohol consumption results in a decreased level of WBC. In 
this study, the ethanol (EtOH) group (9.0 ± 1.42 µL−1) recorded a significant 
decrease in the WBC when compared with the TO extract group. However, 
prophylactic 200 mg/kg TO extract had WBC (12.73 ± 2.86 µL−1) signifi-
cantly (p < 0.05) higher than the WBC in control group (5.97 ± 1.33 µL−1). 
Upon exposure to ethanol, there was a significant (p < 0.05) decrease in the 
WBC of TO extract + EtOH group (8.62 ± 1.38 µL−1) when compared with 
the unexposed TO extract group (Figure 18.2A).

The RBC count in the EtOH group (7.06 ± 0.34µL−1) significantly (p < 
0.05) increased than the level in the control group (5.96 ± 0.31 µL−1). The 
groups treated with TO and TO + EtOH (6.23 ± 0.44µL−1 and 6.64 ± 0.26 
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µL−1, respectively) had no a significant difference in RBC concentration as 
compared to control group(Figure 18.2B).

Reduced platelet count levels are noted with increased duration of 
alcohol use and period of alcohol dependence. Earlier studies have found 
an increased prevalence of thrombocytopenia in individuals with alcohol 
dependence syndrome. Platelet levels showed a significant decrease in EtOH 
group when compared with the TO + EtOH group (Figure 18.2C). The groups 
of rats administered with 200 mg/kg TO extract and TO + EtOH, platelet 
concentration (414.83 ± 82.83 µL−1 and 420.33 ± 39.05 µL−1, respectively) 
was significantly (p < 0.05) higher than the platelet concentration of control 
(327.83 ± 72.03 µL−1).

FIGURE 18.2  Effect of 200 mg/kg extract pretreatment on white blood cell count (A); red 
blood cell count (B); and platelet volume (C) in alcoholic rats. a,b,c above bars imply significance 
when compared with TO extract, EtOH, and TO extract + EtOH groups, respectively.
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18.5.1.1  TARAXACUM OFFICINALE PROPHYLAXIS ON 
HEMOGLOBIN AND MEAN CORPUSCULAR HEMOGLOBIN 
CONCENTRATIONS

Hisham et al. reported that Moringa oleifera improves the constituents of 
the blood with the erythrocytes, platelets, and other hematological indices in 
rats and rabbits.17 This study reveals that 200 mg/kg plant extract and EtOH 
alone caused hemoglobin (12.47 ± 1.01 g/dL and 13.77 ± 0.40 g/dL, respec-
tively) concentration significantly higher than the control. The hemoglobin 
concentration increased significantly in the ethanol group when compared 
to TO extract + EtOH group (Figure 18.3A). There were insignificant (p > 
0.05) differences in MCHC of all TO extract exposed and unexposed groups 
compared to the normal group (Figure 18.3B).

FIGURE 18.3  Effects of 200 mg/kg extract pretreatment on hemoglobin concentration (A); 
and mean corpuscular hemoglobin concentration (MCHC) in alcoholic rats (B). a,b,c above 
bars imply significance when compared with TO extract, EtOH, and TO extract + EtOH groups, 
respectively.

18.5.2  TARAXACUM OFFICINALE PROPHYLAXIS ON HEMATOCRIT 
AND LYMPHOCYTE PERCENTAGES, MEAN CORPUSCULAR VOLUME 
(MCV), AND MEAN CORPUSCULAR HEMOGLOBIN (MCH)

Rubina et al.27 reported a reduced MCV in social and chronic alcoholics. In 
this study, percentage hematocrit count significantly (p < 0.05) increased 
in TO extract and ethanol groups (38.58 ± 2.99% and 42.83 ± 1.04%, 
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respectively) when compared to the normal group (33.18 ± 1.73%). The TO 
and TO extract + EtOH were insignificantly raised than the control group. 
The EtOH group revealed a significant increase in hematocrit percentage 
compared with TO extract + EtOH (Figure 18.4A). In the TO extract + 
EtOH group, there was a significant increase in the lymphocyte concentra-
tion when compared with both TO extract and EtOH groups. There was an 
insignificant difference between the 200 mg/kg TE and the control (Figure 
18.4B). Administration of 200 mg/kg TO extract caused MCV (61.77 ± 0.93) 
to increased significantly (p < 0.05) when compared with the normal control 
group. Also, EtOH group has MCV (63.2333 ± 1.38) level significantly (p 
< 0.05) higher than the control (Figure 18.4C). An insignificant difference 
was observed in MCH of all the TO extract exposed and unexposed groups 
compared to the normal group (Figure 18.4D).

FIGURE 18.4  Effect of 200 mg/kg extract pretreatment on percentage % hematocrit (A), 
% lymphocyte (B), mean corpuscular volume (MCV) (C), and mean corpuscular hemoglobin 
(MCH) (D) in alcoholic rats. a,b,c above bars imply significance when compared with TO 
extract, EtOH, and TO extract + EtOH groups, respectively.
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18.6  SUMMARY

Chronic alcohol intake results in changes in full blood count and different 
adverse effects on the functionality of blood cells, which can result in moderate 
anemia due to reduced platelet count or thrombocytopenia, abnormal RBC, 
reduced WBC (basically the neutrophils), and complex aberrations of hema-
topoiesis may develop which can result into death. This chapter revealed 
the phytochemicals found in aqueous leaf extract of TO, such as cardiac 
glycosides, phenols, flavonoids, steroids, tannins, and alkaloids. There were 
increasing levels of blood parameters in ethanol-induced groups except for 
the value of platelet which was reduced significantly when compared to 
the control. Prophylactic administration of the plant extract normalized the 
majority of the assayed hematological parameters. This, therefore, suggests 
a clear indication that TO leaf extract protects against blood parameters 
abnormalities as a result of the acute toxicity of ethanol.

KEYWORDS

	• ethanol

	• hematological parameters
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	• Wistar rats
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Antimutagenic Activity of Moringa 
oleifera Seeds
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CHAPTER 19

ABSTRACT

Moringa oleifera has medicinal and nutritional values. This study assessed 
the antimutagenic potential of seeds of M. Oleifera. Ethanol was used for 
the extraction. Chemical analysis was done by following standard methods. 
Antimutagenicity was determined against nitrate-treated 1-amino pyrene 
in acid solution using the Salmonella assay. Preliminary phytochemical 
screening of seed extract M. Oleifera revealed tannin, alkaloid, flavonoid, 
terpenoid, saponin, cardiac glycoside, anthraquinone, and steroid; phlobatanin 
was not detected. Tannin was found to be in the highest amount (28.2 ± 0.63) 
mg/100 g, flavonoid (23.21 ± 0.44) mg/100 g, steroid (20.50 ± 2.15) mg/100 
g, alkaloid (18.68 ± 2.15) mg/100 g, and saponin (15.22 ± 0.63) mg/100 g. 
The extract showed a strong percentage inhibition in both strains at higher 
doses. The observed antimutagenic effect of the seed extract could be adduced 
to some phytochemical constituents therein.

19.1  INTRODUCTION

The second principal cause of death after cardiovascular diseases is cancer 
which is a group of over 100 diverse diseases that results in uninhibited 
growth of cells, confined tissue incursion, and spreading to other remote parts 
of the body, with genetic and epigenetic levels changes.26,43 Mutagens are 
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substances capable of altering the hereditary material in living things, thereby 
leading to build-up of genetic changes that exceed the normal fundamental 
rate.7 Mutagens cause alterations in the DNA which upon accumulation may 
lead to cancer as detrimental mutation can result in anomalous, damaged, or 
nonfunctional gene.41 An example of a mutagen is 1-amino pyrene (1-AP).22

Cancer can be linked to mutagens that induce oxidative stress in the 
cells as a result of overproduction of free radicals.21 These free radicals are 
generated in living systems as electrons escape from the electron transport 
chain to oxygen in the mitochondria.31 They can damage biomolecules as 
they are implicated in mutagenesis, genotoxicity, and carcinogenesis.35 A 
widely employed test for identifying mutagens at the early stage is the Ames 
test. It involves the use of Salmonella typhimurium bacterial strains which 
lack the ability to produce histidine.29

Antimutagenic agents are natural or synthetic compounds that can reduce 
or eliminate the genotoxic properties of mutagenic and carcinogenic factors.14 
This can be by inactivating the mutagen–DNA reaction or by preventing the 
conversion of a mutagenic compound into mutagen.9

Plants are rich sources of nutrients and in addition also contain various 
phytochemicals employed in the treatment of a wide range of diseases. 
Medicinal plants are now being utilized more than before as a source of 
potential chemotherapeutic drugs. Compounds from plants could behave 
as defensive substances against cancer-formation processes in humans16 or, 
perhaps, by destroying or inhibiting the mutagens that destroy DNA outside 
the cells, thereby forestalling cell mutations.38

This research study evaluated the medicinal and nutritional values; and 
antimutagenic potential of seeds of Moringa oleifera.

19.2  ORIGIN AND DISTRIBUTION OF MORINGA OLEIFERA

Moringa, popularly tagged “miracle tree,” belongs to Moringaceae family, 
grown for a long time especially, in bush thickets, and flourishes more in the 
tropics. Every of its component is utilized in different ways in earth regions 
at the middle of the globe.5,17 M. oleifera has fruits that resemble drumstick, 
tiny white flowers, and leaves with round shape (Figure 19.1).

19.3  PHARMACOLOGICAL PROPERTIES OF M. OLEIFERA

Diverse components of M. Oleifera plant possess pharmacological proper-
ties. It has been demonstrated that its leaves have potent hypotensive,18 useful 
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against diabetes,28 antimicroorganisms, spasms, and diuresis,46 and also 
reported to be helpful against inflammation in anaphylaxis, helminthesis, and 
scurvy.11 The pits are reported to be useful against microbes,10 demonstrate 
antifungal,12 antifertility,34 antihepatotoxic,39 analgesic,36 antiarthritic,27 anti-
tumor,20 antipyretic, and anti-inflammatory effects.48 Dried M. oleifera seeds 
have been utilized as purgative, tonic, eye ointments, and in the treatment of 
venereal infections.5

FIGURE 19.1  Moringa seeds.

19.4  METHODS AND MATERIALS

19.4.1  ASSORTMENT AND IDENTIFICATION

The seeds of Moringa were obtained in a local market. It was then identified 
at the Biological Science Department, University of Lagos, Akoka, Lagos 
State, and allotted the specimen numeral APR/2018/MO-2564.

19.4.2  CHEMICALS

Standard chemicals used in this study were bought from Sigma Aldrich, 
Munich, Germany. The Lagos University, Teaching Hospital Central Research 
Laboratory, supplied the technical grade chemicals, and TA98 and TA100 
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332	 Curative and Preventive Properties of Medicinal Plants

variants of S. typhimurium. The remaining chemicals utilized conformed to 
standard specifications.

19.4.3  PREPARATION OF PLANT EXTRACT

The method of Ref. [47] was used in preparing the extract. The seeds 
were washed and allowed to dry in the sun for 7 days before being 
blended into finer particles using a milling machine. In total, 1000 mL of 
ethanol was added to 100 g of the powdered M. oleifera seeds in a flask 
which resulted in a mixture. This was stirred gently and covered for 72 h 
followed by evaporation using a vacuum drier at 40ºC. A yield of 10.5% 
was obtained from the extract. It was then stored in the dark at +4ºC until 
when needed.

19.4.4  DETERMINATION OF THE CHEMICAL CONSTITUENTS

An initial qualitative investigation of the chemicals in the M. oleifera seed 
was done to identify the constituents using a method described by Ref. [45], 
followed by a quantitative analysis of some of the chemicals present.

19.4.5  EVALUATION OF ANTIMUTAGENICITY

The ability of the seed extract at different concentrations to counteract the 
actions of a known mutagen was determined by employing TA 98 and TA 
100 variants of S. typhimurium using the method of Ref. [29] with slight 
modifications. The inhibitory effect (antimutagenic efficacy) of seed extract 
of M. oleifera was calculated and expressed in percentage as previously 
reported by Ref. [32] using the following equation:

Inhibition (%) = [(A B)/(A − C)] × 100

where A represents the number of colonies observed on the plate after being 
exposed to the mutagen; B represents the number of colonies observed on 
the plate after being exposed to the mutagen and M. oleifera seed extract; C 
represents the number of spontaneous colonies observed per plate.

Antimutagenic effect was concluded to be efficacious if percentage inhi-
bition is greater than 60, modest (40–60), small (20–40), and insignificant if 
less than 20.
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19.4.6  STATISTICAL TEST

Results were expressed as average ± standard deviation. The results were 
subjected to a statistical test by first employing one-way analysis of variance 
(ANOVA) and afterward, Dunnett’s test (Graphpad software, San Diego, 
CA, USA). Probability (p) values at <0.05 were considered statistically 
significant when compared to the concentration of the ethanol extract (3.5, 
7.5, 15, 30 mg) on the number of revertants/plate (1000/Plate) and inhibition 
rate (%).

19.5  RESULTS

19.5.1  CHEMICAL ANALYSIS

Initial investigation revealed the presence of alkaloid, tannin, flavonoid, 
steroid, saponin, cardiac glycoside, anthraquinone, terpenoid in M. oleifera 
seed, while phlobatanin was not detected as shown in Table 19.1. The amount 
of some of the chemicals contained in the seed is also shown in Table 19.1. 
As seen from the table, tannins were most abundant, followed by flavonoid, 
steroid, alkaloid, and saponin.

TABLE 19.1  Qualitative Phytochemical Analysis of Seed Extract of Moringa oleifera.

Phytochemical Moringa oleifera seed extract

Present mg/100 g

Tannin + 28.2 ± 0.63

Alkaloid + 18.7 ± 2.15

Flavonoids + 23.2 ± 0.44

Phlobatanin − n/a

Terpenoid + n/a

Saponin + 15.2 ± 0.63

Cardiac glycoside + n/a

Anthraquinone + n/a

Steroid + 20.5 ± 2.15

(+) is present; (−) is not detected.
Values = mean ± SD of triplicate experiments.
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19.5.2  ANTIMUTAGENIC ACTIVITY

As seen in Table 19.2, a higher percentage of inhibition and a lower number 
of revertants per plate were recorded at higher concentrations for both TA 
98 and TA 100 variants. A decrease (p < 0.05) in the number of TA 98 and 
TA 100 revertants was recorded at M. Oleifera seed extract concentrations 
of 15 and 30 mg/mL as compared to those obtained at lower doses of the 
extract percentage, which resulted in a higher percentage of inhibition at 
those doses.

TABLE 19.2  Antimutagenicity Assay of Seed Extract Moringa Oleifera Against Nitrosated 
Products.

Moringa oleifera 
(mG/mL)

TA98 number of 
revertants/plate)

TA98 
inhibition (%)

TA100 number of 
revertants/plates

TA100 
inhibition (%)

3.5 388.20 ± 19.40** 11.92 ± 4.50* 858.60 ± 37.85* 12.36 ± 4.40*

7.5 307.60 ± 18.74** 30.61 ± 4.35* 729.00 ± 65.94* 27.43 ± 7.67*

15 180.80 ± 17.53*** 60.02 ± 4.16** 560.40 ± 20.77** 47.06 ± 2.42*

30 101.00 ± 11.25*** 78.53 ± 2.61*** 421.80 ± 25.78* 63.18 ± 3.00**

*Figures within the same column differ (p < 0.05); **, ***Figures differ greatly (p < 0.05).

19.6  DISCUSSION

In this research on M. oleifera seed extract, results revealed the presence 
of medicinally active constituents. These results agree with that of Refs. 
[15,35]. The explicit physiological action of diverse medicinal plants against 
an extensive array of diseases in the human body is due to the various phyto-
chemicals in those plants.44

The quantitative phytochemical analysis showed that seed extract of 
M. Oleifera is richer in tannins than other phytochemicals. Tannins are 
employed as caustic medicine for treating ailments that affect the intestine, 
for example, dysentery and diarrhea.37 They also prevent carcinogenesis and 
the treatment of swollen tissues.1

The seed extract of M. Oleifera also contains considerable amounts of 
flavonoids which possess antioxidant properties that are also able to counteract 
allergies, inflammation, viruses, proliferation, and carcinogenesis, thereby 
influencing some aspects of mammalian metabolism.3

Saponins are used medically for treating high blood cholesterol and 
are valuable in managing arteriosclerosis, hypertension, and the control of 
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postmenopausal syndrome. Saponins impede the assimilation of surplus 
cholesterol in the intestine, thereby reducing the likelihood of cardio 
dysfunction of which hypertension is an example.4,17 Alkaloids are used to 
treat malaria, cold, cough, hypertension, diabetes, and cancer.4 Moringa 
seeds contain saponins and terpenoids; hence, it is employed in managing 
hyperglycemia, which is a characteristic symptom of diabetes.24 Steroids are 
significant signaling molecules and membrane components.25

AMES test is a simple, cheap, and convenient preliminary screening test 
for mutagens and it involves the use of bacteria that rely on amino acid and 
is able to revert genetically upon exposure to mutagens a.30 The cells cannot 
form colonies when histidine is not available. However, on the reversion of 
mutation, the cells regain their ability to synthesize histidine and can produce 
colonies.

Table 19.2 shows the antimutagenic effect of ethanol extracts of M. 
oleifera seeds at various concentrations on S. typhimurium variants TA98 
and TA100 exposed to 1-aminopyrene. As it pertains to TA98, an efficacious 
antimutagenic property of the extract was observed at a concentration of 30 
mg/mL plate with 78.53% as the inhibition percentage. Regarding TA100, 
a relatively high inhibition percentage of 63.18% was also obtained at 30 
mg/plate. This might imply that mutagenic substances that work directly are 
generated through contact with acidified nitrosated products such as 1-AP to 
suppress some components in the M. oleifera extract. The method involved 
in the antimutagenic property of the extract remains vague. An antimutagenic 
substance is able to hamper the conversion of pro-mutagen to mutagenic 
substances, incapacitate the DNA changing agent, or thwart the association 
of the agent with the genetic material. Enzymes involved in the pathways 
of the repair, recombination, and replication of DNA may be stimulated by 
some antimutagens by direct or indirect mechanisms.9

Moreover, the ability of the seed extract to counteract the effect of the 
mutagenic agent might be due to its ability to form a complex attributed to 
its constituents which nullifies the mutagen. One other theory for the anti-
mutagenic property of the seed extract could be the activation of the trans-
membrane export system in bacteria which allows mutagens to be quickly 
eradicated from the bacteria thereby preventing contact between the DNA 
and the mutagen.2 Specific chemicals in plants like flavonoids group8,16,19 
and tannins13 have been linked to antimutagenic activities of certain plants.

Flavonoids do contribute hydrogens and behave as antioxidants6 by 
clearing free radicals, thereby preventing oxidative cell damage. The rela-
tively high amounts of tannins in seeds of M. oleifera could also be linked 
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to the considerable amounts of tannins present in the plant, as tannins are 
known to demonstrate antimutagenic activity.23,40,42

19.7  SUMMARY

Mutagenesis plays a significant role in carcinogenesis. M. Oleifera plant 
with antimutagenic properties can protect organisms against the initiation 
stage of carcinogenesis.

KEYWORDS

	• 1-amino pyrene (1-AP)

	• antimutagenic

	• cancer

	• Moringa oleifera

	• mutagen

	• S. typhimurium
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Scope of Medicinal Plants for 
Uterotonic, Tocolytic, and Wellness 
Effects in Pregnant Women:  
A Cultural Perspective

Hertha Kasiku Haikera, Larai Aku-Akai, and Yapo Guillaume Aboua

CHAPTER 20

ABSTRACT

Before hospitals were established, childbirth took place in homes assisted 
by relatives or elders in the community. Newborn babies were breastfed 
and lived into adulthood to experience life. Cultural practices were applied 
to ensure safety, augment labor, and save lives. Cultural practices include 
the use of plants/herbs in caring for a pregnant woman and newborn baby. 
Despite the existence of hospitals, there are still women that deliver their 
babies at home and there are those that take labor cultural/traditional remedies 
and yet come to deliver at hospitals. A study conducted explored in-depth 
the cultural practices regarding pregnancy, childbirth, and postpartum care 
in the north-eastern part of Namibia in Southern Africa. A qualitative case 
study design was used, and data were collected through in-depth one-on-one 
interviews with key participants (such as elders), who are experts in cultural 
practices/traditional birth attendants (TBAs), pregnant women, mothers with 
a history of home deliveries, and health-care practitioners. The data obtained 
were analyzed using content analysis. Findings of this study revealed that 
till today some women in the rural and urban areas use traditional remedies 
during pregnancy, labor, and postnatal period, and practice treatment specific 
for newly born babies. The purpose for taking the concoctions ranges from 
safe childbirth, speeding up labor progress (uterotonic effect), and wellness of 
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babies. The administration of these remedies is facilitated by TBAs. The effects 
are positively described by givers and users while health care practitioners 
do not favor such practices. Some of the negative effects highlighted by 
health care practitioners are placenta abruption, uterine rupture, postpartum 
hemorrhage, fetal distress, and infertility highlighted as a late complication. 
The study also unearthed some practices during home delivery that is not 
safe. Evidence-based findings of this research can enhance understanding of 
the practices and this shared with relevant stakeholders to improve maternal 
and child health care in the regions. Based on the findings in this chapter, 
recommendations include, first, developing strategies to educate TBAs and 
pregnant women on the effects of using traditional remedies in labor; and 
second, to advise them on safe practices. Further research on these remedies 
is still needed to ascertain the strength and the actual effect it may possess.

20.1  INTRODUCTION

Midwifery as an art relating to childbirth is the oldest health care activity. 
When the first human being was born, someone severed the cord, removed 
the placenta, and placed the infant in the mother’s arms for warmth and put it 
to her breast for nourishment.39 In Namibia, the first hospital was established 
around 1893 in Windhoek.39 Before modern health care practices, traditional 
healers and traditional midwives played a very important role for their 
communities in healing the sick and helping women to give birth. According 
to World Health Organization (WHO), a traditional birth attendant (TBA), 
or traditional midwife is “a person who assists a mother during childbirth 
and who initially acquired her skills by delivering babies herself or through 
apprenticeship to other traditional attendants.”3

In some rural communities in Namibia, there were and still, are practices 
carried out when a woman is pregnant, when contractions start, during child-
birth as well as during the postpartum period the first 6 weeks after delivery. 
TBAs played a very important role in the implementation of these practices 
as they are regarded as midwives in the community.36 Cultural midwifery 
practices can still be observed in rural communities.36 The cultural practices 
involve administration of traditional remedies for labor; however, the tradi-
tional remedies used are not being tested in any laboratories to analyze the 
medicinal properties although there is subjective and objective evidence of 
the effect that it has either in augmenting labor or suppressing contraction. 
Evidence in literature reveal that administration of traditional concoctions 
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for labor can result in an overdose to cause harm to the laboring mother and/
or baby. A study done in Turkey stated that the traditional remedies have an 
adverse effect on maternal or baby’s condition.37

In the Namibian Region where this study was conducted, speculations 
are that the faster labor progress observed among some women in labor are 
revelations of them taking traditional concoctions to speed up/augment labor 
progress though they might not reveal it to the midwife. Other observations 
made in the clinical area are that after visiting hour by family members in 
the maternity ward, a woman who had slow progress suddenly experiences 
strong contractions followed by delivery of her baby. Although there is 
no physical proof of family members caught giving these remedies in the 
labor ward. There are assumptions that during visiting hour, the elders bring 
these remedies to the admitted woman. There are known TBAs that prepare 
women culturally for the birth of the newborn in different ways. Some of 
the maternity records for patients observed in the labor ward do show parto-
graphs/labor care guides that have faster progress than normal.

This chapter focuses on the sociocultural roles of TBAs and some of the 
traditional remedies used for purpose of augmenting or suppressing labor 
progress/initiation.

20.2  THE SOCIOCULTURAL ROLES OF TRADITIONAL BIRTH 
ATTENDANTS IN RURAL NAMIBIA

In rural Namibia, TBAs play a very important role in their communities. The 
traditional scope of practice for TBAs ranges from treating infertility, caring 
for pregnant women, assisting during childbirth/conducting delivery, care in 
the postpartum period, as well as caring for the newborn. Pregnant women 
approach TBAs for various services although they still book and attend 
antenatal care at health facilities or even when they plan to deliver at the 
hospital, visiting a TBA is still vital. TBAs educate pregnant women on how to 
behave during pregnancy, what to eat, and what is prohibited. They also give 
traditional treatment from locally available plants believed to help the baby 
to be active in utero as well as for safe delivery. Certain pregnancy-related 
ailments are also solved culturally either by giving traditional treatment or 
advice. Literature explored on sociocultural role for TBAs in rural Namibia 
did not yield any conclusions. However, these roles in the rural Namibian 
context do not differ from those explored in other countries. Research on 
the sociocultural roles of TBAs in Ghana shows that pregnant women do 
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seek support ranging from nonorthodox therapy and psychological support 
to relieve fear and anxiety as well as herbal medications to assist keep fetus 
strong and healthy.10 Evidence from the study shows care-seeking behavior 
of pregnant women is largely mediated by sociocultural influences that 
shape individual perceptions of threats to pregnancy and these beliefs are 
often associated with early disclosure, sorcery, and witchcraft.10

20.3  THE IMPACT OF CULTURAL PRACTICES ON PREGNANCY, 
CHILDBIRTH, AND POSTPARTUM ROLES IN RURAL NAMIBIA

A study that was done in one of the rural areas of Oshikoto, Oshana, and 
Ohangwena regions in Namibia indicated that some or most of the cultural 
practices relating to pregnancy have a greater influence on pregnancy and 
childbirth.28 Some of the health advice given is beneficial to the pregnant 
women, for instance, resting, being faithful, and eating well. However, the 
study revealed that there are some cultural restrictions that could be harmful 
or deprive the pregnant woman of something beneficial, for example, telling 
the woman not to eat a certain type of food as it could deprive her of valuable 
nutrients. WHO recommends that all pregnant women should be attended 
by skilled health care providers at health facilities from antenatal period 
and also at delivery. However, because some pregnant women prefer to be 
attended to by TBAs, there are records of home deliveries. The NDHS data 
show that about 87% of births occurred in health facilities.27 More studies 
need to be done in rural Namibia concerning the impact of traditional treat-
ment given to pregnant women on pregnancy, childbirth, and postpartum. 
The research that was done in this area in other countries revealed that the 
use of herbal remedies could cause harm to the mother and newborn or may 
cause complication.

20.4  HERBAL/TRADITIONAL REMEDIES CONSUMED BY 
PREGNANT WOMEN

There are various herbal remedies consumed by some pregnant women 
influenced by cultural beliefs with the aim of keeping a pregnant woman 
healthy throughout the semesters of pregnancy, facilitating childbirth, and 
for postpartum wellbeing. Some of the vegetation commonly used are 
summarized in Table 20.1 in relation to stages in or after pregnancy, where 
they are relevant.
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TABLE 20.1  Herbal and/or Traditional Remedies Used by Some Pregnant Women in Namibia.

Plant/traditional 
remedy

Scientific 
name

Stage used Purpose

Eromborora Sesanum 
triphyllum

During 
pregnancy

For perineal massage. If used, the 
perineal muscles will stretch and the 
woman will not sustain tears during the 
vaginal delivery nor require episiotomy 

Kawesa-
Masini

Unknown Postpartum 
period

For milk production and works as a 
family planning method

Mbuumbu (local 
name)

Vangueria 
esculenta

During 
pregnancy

Wellness of pregnant mother and 
unborn baby

Mpindu Ancylantus 
bainesii

During 
pregnancy and at 
onset of labor

Keeps baby active in uterus, and when 
mixed with other roots it augments 
labor

Mukekete Ziziphus 
Mucronata

For wellness of the pregnant mother 
and for speedy delivery when given as 
a concoction with other herbs

Mukwevo Unknown In forth stage of 
labor

Aid in expelling clots if a woman 
bleeds excessively after delivery

Munandwa Pavonia 
senegalensis

During 
pregnancy

For perineal massage. If used, the 
perineal muscles will stretch and the 
woman will not sustain tears during the 
vaginal delivery nor require episiotomy

Muroro Helinus 
integrifolis

During 
pregnancy and at 
onset of labor

For wellness of the pregnant mother 
and for speedy delivery when given as 
a concoction with other herbs (sivatu)

Mutundungu Burkea 
afrikana 
hook

During 
pregnancy

For treatment of preterm labor as a 
tocolytic

Other remedies

Chicken 
droppings

In a complicated 
third stage of 
labor

Loosens/separates a stuck/retained 
placenta from the uterine wall

Elephant Dung At onset of labor Tea made from dry elephant dung is 
believed to speed up/shorten labor 
duration

Participants, who have used the traditional remedies during pregnancy, 
describe it as vital in the cultural context. Traditional care includes 
abdominal and perineal massages and oral treatments based on certain herbal 
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concoctions ranging from roots, leaves, bark/phloem of medicinal plants to 
the elephant dung. It is alluded to that cultural treatment is necessary for 
every pregnant woman even if she plans to deliver at hospital. The persons 
involved in this practice believe that the concoctions given are powerful and 
efficient to prevent maternal or fetus/neonatal death. The participants also 
feel that the care at home prepares the pregnant women for safe delivery. 
The expectation is that when the perineal massage is done at home; on the 
delivery time, the vaginal opening will stretch to allow the baby to pass 
through without sustaining any perineal tears. The participants claim that 
this kind of information or care is not being given at health facilities even 
though they attend antenatal care. These sentiments are echoed in a study 
conducted in Nigeria, where participants described the services of TBAs as 
loving, caring, more considerate, and always available when needed.1

Another study done in Ethiopia also revealed that culturally pregnant 
women feel that the care they receive from TBAs assures them of less 
complications from pregnancy.26 The use of elephant dung to speed up labor 
is common in the northern region of Ethiopia. A study done in Zimbabwe 
showed a high prevalence rate in women using elephant dung, anthill soil, 
Fadogia ancylantha, and muddy nest of mud daubers.25 F. ancylantha 
(mentioned in a study for Zimbabwe) and Vangueria esculenta (mentioned 
in this research) seems to be the same plants, which means this particular 
plant is used for the same purpose in Namibia as well as in Zimbabwe.

Preterm labor in the cultural context of the vaKavango people is treated 
using the phloem or bark of mutundungu tree scientifically known as Burkea 
afrikana mixed with mud from the nest of mud dauber wasp. It is not yet 
known what medical properties are found in this concoction but users are 
certain that it is highly effective for that purpose. Some of the ethno-pharma-
cological studies done in South Africa found evidence of Burkea Africana to 
have antioxidant, anti-inflammatory, and has the highest 15 antilipoxygenase 
activities with 86% inhibition at 100 µg/mL.13

A study that was done in Kigoma region in Tanzania also found that 
local herbs (no specific names mentioned) are very useful in preventing 
miscarriage or preterm labor.15 However in modern medicine more is done 
not just focusing on the mother but the baby as well. WHO recommends 
that preterm labor is managed holistically to make sure fetal and maternal 
wellbeing is not compromised. Treatment, therefore, includes giving 
tocolytics to suppress contractions, if possible, corticosteroids to mature 
the fetal lungs, and last but not least prophylactic antibiotics to prevent 
infection.38
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20.5  THE EFFECT OF TRADITIONAL REMEDIES ON LABOR 
OUTCOME

The health-care professionals other than skilled birth attendants believe that 
these traditional remedies do more harm than good based on the experience 
they have with the clients. Midwives, whose primary role is to execute the 
monitoring of labor, shared that the contractions are hypertonic (very strong) 
and more frequent than normal in pregnant women that have taken concoc-
tion to speed up the labor. This results in maternal exhaustion and once the 
mother is tired whilst still in labor, she may end up with fetal distress (a 
decrease or increase in fetal heart rate) whereby the woman can end up being 
operated to extract the baby because regardless of the strong contractions, 
the cervix fails to dilate sometimes. There are also those pregnant mothers 
that progress abnormally fast and deliver very fast because of taking the 
traditional oxytocin. The midwives always discourage this practice because 
of the complications.

Literature supports the views stated here “the uterine contractions 
compress the placenta in the upper uterine segment, and this can retard the 
amount of oxygen to the fetus to a greater or lesser degree especially at the 
peak of a contraction.”35 This means in the case of continuous contractions 
secondary to having consumed traditional Pitocin, the fetus is subjected to a 
certain amount of hypoxia (not enough oxygen), hence the decrease in fetal 
heart rate (fetal bradycardia). In such cases, even the delivery outcome might 
be affected because the baby might be born floppy and need resuscitation.

Doctors have the same opinion as midwives but also added that some of 
the complications do present immediately (like in the case of fetal distress) but 
some may present later in life (e.g., infertility). The unfortunate part is both 
mother and baby can be affected by this and suffer complications. In worst-
case scenarios, some women end up with uterine rupture, which may lead 
to permanent infertility if uterus is removed (hysterectomy), DIC, HELLP 
syndrome, sepsis, necrotic bowels, and some even succumb to this phenom-
enon due to multiple organ failure. In babies, possible complications may 
include fetal distress, IUFD, hypoxic ischemic encephalopathy, which may 
affect the child’s performance as he/she grows. A study in Rundu Hospital in 
Kavango east region revealed that in a period of 3 months (January–March 
2017), 242 caesarean sections were done of which 25% were attributed to 
fetal distress and 6.7% were due to prolonged labor.19

Several studies also found that the use of herbs in pregnancy and in labor 
may have negative effects on both mother and baby causing heart defects, 
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liver damage, cardiorespiratory depression, and poor Apgar score in babies.12 
Another study done in Malawi also revealed that the use of herbs leads to 
obstetric complications. There is also very little evidence with regard to 
safety when using traditional medicine in labor.

A plant known as Cissampelos mucronata was researched using rat 
models. The result of this study indicated that this particular plant induced 
labor with an increasingly high level of maternal stress, which led to prema-
ture labor and cannibalism in rodents; however, no uterine rupture was 
observed.21 Several other studies also concurred with the views of skilled 
birth attendants that herbal medicine leads to continuous contractions not 
corresponding to slow cervix dilatation.21 Postnatal complications revealed 
by other studies include vaginal discharge, pelvic pains, and fever which 
may lead to puerperal sepsis.15

20.6  SUMMARY

This chapter explored the local plants used by some women in some regions 
in the northern part of Namibia. Participants that provided the necessary 
data included the pregnant women, the elders, and/or TBAs, mothers with 
a history of home deliveries, and skilled birth attendants. Various plants/
herbs locally available and a few only found in neighboring Angola are 
used for either tocolytic or uterotonic effects. Participants had different 
views regarding utilization of herbs/roots or other traditional remedies while 
pregnant, in labor or postpartum. Participants speak greatly about the use of 
herbs that it has many advantages ranging from helping prepare for the birth, 
keeping mother and baby safe, keeping baby active in uterus, preventing 
maternal or neonatal death, preparing perineum to prevent tears during 
childbirth, speeding up labor process, and many more. Once again, this is 
their understanding and beliefs according to culture. These are not unique to 
the northern region but it is evident from the literature that these are common 
practices in Africa and even beyond. In America, women use a plant known 
as blue cohosh for the same purpose. Postnatal-care culturally includes 
staying indoors, sitz bath, giving some sort of vaginal enema to expel clots, 
and giving kawesa-masini. On the contrary, health professionals have an 
opposite view and there are many reports also supporting their views. From 
the health professionals’ experience, they observed more harm or negative 
effects secondary to herbal use and in worst-case scenarios the woman may 
suffer uterine rupture due to hypertonic uterus, permanent coagulation disor-
ders, infertility, multiple organ failure, and even death.
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Regardless of the different views, culture is what defines people or commu-
nities and they do certain practices according to their beliefs because they feel 
if it is not done something might go wrong. And yet, there is no evidence of 
toxicity on these plants commonly used locally. In conclusion, the evidence 
presented in this report can serve as a stepping stone for further studies to 
analyze traditional herbs utilized in rural area (for the purpose of inducing or 
augmenting labor) for chemical properties, safety, and physiological effects.
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Role of Phytonutrients in 
Chemoprevention of Cancer: A Review

Oluwaseyi Adegoke Adetunji, Modupe Olusola Adetayo,  
Babafemi Tosin Ogunbiyi, and Gogonte Hezekiah Amah

CHAPTER 21

ABSTRACT

The evidence from in vivo and in vitro research studies have proven that plant 
dietary source reduces the incidence of diseases due to the presence of biologi-
cally active plant compounds or phytochemicals. Cancer is a progressive 
disease that develops in distinct stages (initiation, promotion, and progression) 
that are separated by a long period of latency. The bioactive compound’s 
anticancer activity depends on multitarget mechanisms that blocking muta-
genic activities of other compounds, reduce macromolecular damage induced 
by oxidative stress, suppress abnormal cell proliferation, and modulate 
immune response, inflammation, cell metabolism, and genome instability. 
The bioactive compounds used in targeting cancer include curcumin that 
inhibits nuclear factor-kappa B, induces anti-inflammatory, antioxidant, and 
inhibits cancer cell growth, quercetin modulation of apoptotic ligand-induced 
cytotoxicity by tumor necrosis factor, epigallocatechin-3-gallate which has 
antiangiogenic effect. Other bioactive compounds in cancer chemoprevention 
and treatment are camptothecin, luteolin, lycopene, resveratrol, β-sitosterol, 
genistein, sulforaphane, indole-3-carbinol, 3,3′-diindolylmethane, vinblastine, 
vincristine, and piperin. Based on the understanding of the several molecular 
signaling pathways in cancer chemoprevention by bioactive compounds, a 
synergistic and additive approach combined with other cancer therapeutics 
including radiotherapy, immunotherapy, and chemotherapy could limit toxicity 
in the management and prevention of cancer.
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21.1  INTRODUCTION

The incidence of cancer is increasing despite the intense study on carcino-
genesis for the past six decades.9 Cancer is defined as a population of cells 
that have lost their normal control of cell growth and differentiation and 
are proliferating without check with the ability to spread to other parts of 
the body.13,22 Intentional moves can be taken to minimize the risk of cancer 
initiation, recurrence, or progression via primary and secondary cancer 
chemoprevention.

Bioactive compounds found in natural products have been recorded to 
have chemopreventive functions that are highly effective at preventing or 
reversing the carcinogenic process.9 Bioactive compounds are referred to as 
secondary metabolites with eliciting pharmacological potentials.1 Most food 
plants are capable of producing bioactive compounds, but average medicinal 
plants contain higher concentration of active compounds.1

Chemoprevention uses natural or synthetic substances to reduce or 
hinder the onset of cancer progression. Oncogenesis involves the change in 
the genetic and regulation system of the cell induced by carcinogens.3 The 
use of chemotherapy involves the development of biological, nutritional, and 
pharmacological interventions to prevent, reverse, or delay carcinogenesis.4

This chapter focuses on the role of plant-based phytochemicals in the 
chemoprevention of cancer.

21.2  PATHOLOGY OF CANCER

Hippocrate coined “carcinoma” from karkinos (the word crab).10 Cancer as 
a group of diseases has been in existence for all human history. Francois 
de la BoeSylvius believed that all diseases were the outcome of chemical 
processes, and that cancer is caused by acidic lymph fluid. Campbell De 
Morgan (an English surgeon) formulated between 1871 and 1874 that cancer 
is a poison that proliferate from primary tumor through the lymph nodes to 
other organs.27

Environmental factors are major causative agents in the development of 
cancer in which genes that encode important regulatory proteins are mutated 
that results to cells with uncontrollable growth and destroying surrounding 
normal tissue, spreading to vital organs, and leads to disseminated disease.13 
Effects of exogenous and endogenous agents on DNA damage during carci-
nogenesis are shown in Figure 21.1.
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FIGURE 21.1  Effects of exogenous and endogenous agents on DNA damage during 
carcinogenesis.18

21.2.1  TYPES OF TUMORS

•	 Benign tumors are growing masses that press on their primary sites 
and do not spread to other parts of the body. The tumor cells do not 
metastasis to other organs, and in most cases, they can be removed 
but many of them have malignant potential if not removed on time.26 
Examples of benign tumors include papilloma, adenoma, lipoma, 
osteoma, myoma, angioma, and nevus.

•	 Malignant tumors are usually fast proliferating and spread to other 
body tissues by entering the bloodstream or lymphatic nodes. The 
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cancerous cells can spread and damage nearby tissues and organs. 
This ability of cancer cells to invade other parts of the body is a 
characteristic feature to proliferate uncontrollably and independently 
from the primary tissue of malignancy.10 Metastasis (development of 
a secondary tumor) is the term used to describe the spread of cancer 
from the original mass (the primary tumor) to other parts of the 
body and this is a proof of malignancy. Malignant tumor is generally 
classified as carcinoma, sarcoma, lymphoma and leukemia, germ 
cell tumor, and blastoma. The characteristics of malignancy are self-
sufficient in growth signaling; it causes insensitivity to antigrowth 
signals; it can evade apoptosis; it enables limitless in replication 
potential; it induces and sustains angiogenesis; it leads to activation 
of metastasis and invasion of tissue.

21.2.2  CAUSES OF CANCER

The causes of particular cancer differ from the other and they are dependent 
on many factors. It is a very complex process involving both environmental 
and cellular factors.10 The causes of most cancers have no known source 
from environmental, genetic, chemical, or viral organisms while it can also 
be spontaneous.18 The possible causes of cancer are listed below:

•	 Chemicals that are known to cause cancer are called carcinogens. 
Exposure to certain chemicals, metals, or pesticides predisposes a 
person to the risk of cancer. Uranium, benzidene, nickel, cadmium, 
radon, asbestos, benzene, and vinyl chloride are examples common 
carcinogens. Cigarette smokes a major contributing chemical factor 
in the cause of lung, mouth, and esophagus cancer.18

•	 Ionizing radiation rays, such as X-rays and ultraviolet rays can cause 
the DNA of cells to mutate and lead to the incidence of cancerous cells.

Symptoms of cancer

Early symptoms of cancer include:
•	 Persistent weight loss.
•	 Frequent bleeding or discharge.
•	 Continuous indigestion.
•	 Patches in the mouth or tongue.
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21.2.3  CARCINOGENESIS

Carcinogenesis is a complex process that interplays genetics, environmental 
exposure, and age combined, to create favorable conditions for the devel-
opment and dissemination of cancer. Several research and experiments on 
animals have brought us to the knowledge on chemical carcinogenesis which 
aid in identifying cancer-causing chemicals and how human can reduce the 
risk of exposure.

Carcinogenesis which is caused by mutation of the genome is also referred 
to as oncogenesis or tumorigenesis. The uncontrollable growth of cells can 
cause the development of benign tumor which can become malignant over 
time if not removed. Many different types of chemical exposure can increase 
tumors in human before the carcinogenic risk of exposure is manifested. 
Carcinogenesis is now recognized as more complex. Two distinct classes of 
genes that are proto-oncogenes and tumor suppressor gene are involved in 
cancer processes.

21.2.4  STEPS INVOLVED IN CARCINOGENESIS

Cancer development is involved in a multistep processes, as shown in 
Figure 21.2. The carcinogenesis includes the following steps.

21.2.4.1  TUMOR INITIATION

The inactivation of tumor suppressor gene by DNA methylation of promoter 
region of gene by a carcinogenic chemical agent leads to gene mutation 
through the modification of the DNA structure during the synthetic phase, 
to form adducts between the chemical carcinogen and the DNA. The DNA 
adducts are known to initiate tumorigenesis by inactivating the tumor 
suppressor gene or activating proto-oncogene. Initiation also involves damage 
to the genome, these can be caused by damage to the gene, epigenome (that 
regulates the use of gene in gene expression), or damage to chromosomes 
which result from an irreversible genetic alteration. It also needs an initiator, 
which must be metabolized before becoming active. Initiators are often 
specified to a particular species or type of tissue.24 The effect of an initiator 
is irreversible and susceptible to promotion.18
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FIGURE 21.2  Steps involved in carcinogenesis.

Source: Reprinted from Ref. [28]. Open access.

21.2.4.2  TUMOR PROMOTION

Tumor promotion is selective clonal expansion of initiated cells. Tumor 
promoters often mediate their biological effect without metabolic activation 
but are generally nonmutagenic. Tumor promoters enhance the proliferation 
of the cells by producing increased number of daughter cells containing 
the mutated genetic materials.27 Croton oil bioactive compound, 12-otet-
radecamoyl phorbol-13 acetate, is used in murine skin carcinogenesis as 
promoter of tumor growth promoter, by activating protein kinase C (PKC). 
It is the best-used tumor promoter.

21.2.4.3  TUMOR PROGRESSION

Tumor progression involves the development of malignant cells that possess 
hostile traits. It also involves tumor growth, clonal growth, tumor angiogen-
esis, and invasion metastasis.26 Furthermore, the primary cause of cancer in 
carcinogenesis is DNA damage and deficiency of DNA repair.
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21.2.4.4  MALIGNANT CONVERSION

Malignant conversion (metastasis) occurs spontaneously at a low frequency. 
It is a process that changes a preneoplastic cell into one that conveys the 
malignant phenotype.2 The rate of the cell becoming malignant will be 
increased proportionally to the rate and quality of dividing cells into benign 
tumor. The low chance of a tumor to metastasize is further enhanced by 
exposure of benign cells to carcinogenic agents which activates proto-
oncogenes and inactivates tumor suppressor genes.16

21.3  BIOACTIVE PHYTOCHEMICALS

Phytochemicals are chemicals produce by plants. They are sometimes called 
secondary metabolites; these metabolites include carotenoids, saponins, 
alkaloids tannins, oxalates, phytate, etc.11 The beneficial medicinal effects 
of plants, typically result from the secondary products found in plants. 
Studies on the protective effect of diet rich in vegetables and fruits are giving 
consideration to the possibility that bioactive plant secondary metabolites 
possess anticarcinogenic activities.23 Phytochemicals provide much of the 
color and flavors of edible plant, having antioxidant, or hormone-like action. 
Many plant-derived bioactive compounds play an immunomodulatory role.6 
Phytochemicals are beneficial and important to the human system, due to 
their anti-inflammatory, anticancer, antimicrobial antibacterial activities, etc.

21.3.1  IMPORTANCE OF BIOACTIVE PHYTOCHEMICALS

Researchers have found that phytochemicals have the potential to stimulate 
the immune system, prevent carcinogenic effects, reduced inflammation, 
type-2 diabetes through hormonal regulation, and other related diseases 
which include reducing the rate of cancer, triggers damaged cell to self-
destruction (apoptosis) before they can carry out their physiological and 
biochemical activities. Each phytochemicals act differently in carrying out 
these activities as we have the alkaloid for antibacterial effect, flavonoids for 
anti-inflammatory, etc.7
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21.3.2  BIOLOGICAL FUNCTIONS OF PHYTOCHEMICALS6.7

•	 Antioxidant activity: The antioxidant activities of most phytochemi-
cals prevent oxidative stress damage in cells, which minimizes the 
onset of carcinogenesis.

•	 Hormonal action: Isoflavones found in human estrogen help to reduce 
menopausal symptom and osteoporosis. Stimulation of enzymes in 
reducing the risk of cancer (breast cancer) by stimulating the enzyme 
that makes estrogen less effective.

•	 Antibacterial like allicin from garlic aid in disrupting the action of 
free radicals and reactive oxygen species.

•	 Physical action: Physical action by phytochemicals protects human 
cells by preventing the binding of pathogenic organisms.

•	 Interference with DNA replication by preventing the multiplication 
of cancer cells and preventing DNA from carcinogens.

21.4  ROLE OF BIOACTIVE COMPOUNDS IN CANCER 
CHEMOPREVENTION

Traditional and experimental studies have recommended numerous plants to 
have anticancer activities. These plants contain several bioactive phytochemicals 
that exert pro-apoptotic, antiproliferative, antimetastatic, and antiangiogenic 
effects on tumor cells.12

Based on the literature review, the following bioactive compounds have 
been used in targeting cancer chemoprevention (Figures 21.3 and 21.4):

•	 Curcumin (tumor regression in advanced pancreatic cancer; histo-
logical improvement in uterine cervical neoplasm, urinary bladder 
cancer, and intestinal metaplasia.15

•	 Camptothecin (leads to tumor regression in breast, prostate, and mela-
noma cancer).19

•	 Resveratrol (increases apoptosis in malignant colorectal and 
hepatic metastases, decreased tumor proliferation in colorectal 
adenocarcinoma).25,21

•	 Others include lycopene, panax ginseng, genistein, luteolin epigal-
locatechin-3-gallate (EGCG),15 vinblastine, vincristine, sulforaphane, 
camptothecin,19 indole-3-carbinol, quercetin, β-sistosterol,15 and 
resveratrol.25,21
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FIGURE 21.3  The exertion of phytochemical chemopreventive effects in the multistep 
process of carcinogenesis.15

Source: Reprinted from Ref. [15]. © 2016 Kotecha et al. https://creativecommons.org/
licenses/by/4.0/

FIGURE 21.4  Chemical structures of various bioactive compounds.

21.4.1  MECHANISMS OF BIOACTIVE COMPOUNDS IN CANCER 
CHEMOPREVENTION

The phytochemicals anticancer activity involves multitarget mechanisms of 
action, such as antioxidation, antiproliferation, carcinogen inactivation, cell 
cycle arrest, apoptotic induction, and angiogenic inhibition.12
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21.4.1.1  ANTIPROLIFERATIVE MECHANISM BY β-SISTOSTEROL IN 
CANCER CHEMOPREVENTION

β-sistosterol are found in nuts, grain, and seeds. They are effective against 
breast and colon tumor, leukemia, prostate cancer, and fibrous sarcoma. 
β-sitosterol activates caspase 3 and 8, increases mitogen-activated protein 
kinase (MAPK) activity and Fas levels and modulates the expression of 
Bcl-2 to prevent tumor cell multiplication and initiate apoptosis. It sensitizes 
breast cancer cells to induced cytotoxicity by tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL).5

21.4.1.2  ANTIOXIDATIVE MECHANISM OF SULPHORAPHANE 
AND ISOTHOCYANATE IN CANCER CHEMPREVENTION

Sulphoraphane and isothiocyanate are found in cruciferous vegetables and 
green tea. They modulate cytoprotective enzyme activation to prevent the 
initiation phase of carcinogenesis. This involves regulation of nuclear factor-
E2 related factor 2 (Nrf2) that is induced by oxidative stress. The modula-
tion of Nrf2 targets maintains genomic integrity and reduces the effects of 
oxidative stress on DNA. They inhibit conversion of pro-carcinogens to 
DNA-damaging species.15

21.4.1.3  PREVENTION OF GENOMIC INSTABILITY, ANTIOXIDANT 
AND ANTI-INFLAMMATORY MECHANISM BY CURCUMIN

Curcumin is harvested from rhizomes of turmeric plants. The molecular 
multitargets of curcumin are beneficial to all three stages of cancer. 
It is effective against colon, pancreatic cancer, and myeloma. It also 
inhibits nuclear factor-kappa B pathway (mediator of inflammation and 
pro-proliferation of cancer cells), which consequently leads to anti-
inflammatory, antioxidant, cellular apoptotic response, and antitumor 
effects.5 Curcumin modulates Bcl-2 and up-regulates p53. It suppresses 
matrix metalloproteinases (MMP) that promote metastatic progression, 
hence, reducing invasion and subsequent metastasis of cancer cells. 
It also promotes immune surveillance by modulating T-cells effectors 
against tumor cells.14
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21.4.1.4  ANTI-INFLAMMATORY MECHANISM OF LUTEOLIN IN 
CANCER CHEMOPREVENTION

Luteolin is found in medicinal vegetables and herbs, celery, and pepper. 
They decreases the incidences of ovarian cancer and breast cancer. Luteolin 
decreases protein expression of prostaglandin E2 (PGE2) and cyclo-
oxygenase-2 (cox-2) in macrophage-like cells to induce anti-inflammatory 
action. It activates superoxide and hydroxyl radical scavenging which limit 
reactive oxygen species production that plays a major role in the early stages 
of tumor development.14

21.4.1.5  ANTIMUTAGENIC MECHANISM OF QUERCETIN IN 
CANCER CHEMOPREVENTION

Quercetin is found in green tea, apple, and onions. It possesses free radical 
scavenging antioxidant, antimutagenic, and antiproliferative activities. Quer-
cetin inhibits PI3K/Akt survival signaling pathway, Hedgehog signaling, PGE 
2, and Cox-2 production. It sensitizes colon, prostate, and lung cancer cells to 
TRAIL-induced cytotoxicity due to the up-regulation of death receptor 5 and 
down-regulation of surviving.25

21.4.1.6  ANTIMETASTATIC MECHANISM BY EPIGALLOCATECHIN-
3-GALLATE, CURCUMINAND RESVERATROL IN CANCER 
CHEMOPREVENTION

They induce the increased expression of E-cadherin molecule related to 
epithelial phenotype that inhibits motility and invasiveness of cancer cells 
by inhibiting epithelial–mesenchymal transition pathway.25 It inhibits 
MMP which supports increased dissemination of cancer cells to distant 
sites.17

21.4.1.7  ANTIMETASTATIC MECHANISM BY RESVERATROL IN 
CANCER CHEMOPREVENTION

Resveratrol is found in grapes, peanuts, berries, and other fruits. It induces 
both antioxidant and anti-inflammatory effects and inhibits the proliferation 
of different cancer cells. Antiproliferative effects involve up-regulation of 
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p53, caspases, and Bax, inhibition of transcription factors, down-regulation 
of survivin, cyclin, and Bcl-2 [5]. Resveratrol is effective in all stages of 
cancer as illustrated in Figures 21.5 and 21.6.4,8,25

FIGURE 21.5  Activation of p53 pathway in tumor cell death by resveratrol.

Source: Reprinted from Ref. [8]. © 2017 by the authors. Licensee MDPI, Basel, Switzerland. 
https://creativecommons.org/licenses/by/4.0/

21.4.1.8  IMMUNOSURVEILLANCE MECHANISM OF 
EPIGALLOCATECHIN-3-GALLATE (EGCG) IN CANCER 
CHEMOPREVENTION

Immunosurveillance suppression by cancer cells involves the secre-
tion of immunosuppresive cytokines, resistance to apoptosis, reduced 
expression of immunomodulatory molecules, and MHC class 1 antigens. 
EGCG antiangiogenic activities inhibit vascular endothelial growth factor 
(VEGF)/VEGF receptor axis. ECGC increases immune surveillance against 
tumor, down-regulates the expression of indole-amine 2,3-doxygenase, 
through antiproliferative and pro-apoptotic effects on T cells in the cancer 
environment.17

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Role of Phytonutrients in Chemoprevention of Cancer	 365

FIGURE 21.6  Inactivation of intracellular signal transduction pathways involved in by 
resveratrol carcinogenesis.

Source: Reprinted from Ref. [4]. © 2009 American Association for Cancer Research. https://
creativecommons.org/licenses/by/4.0/

Much of the anticancer bioactive compounds should be cleared for their 
activities, drug interaction, standard dosages, prolong safety, and deleterious 
effects. Characterization of bioactive compounds should be done based on 
individual genetic makeup. The effect of different polymorphism on the 
activity of the bioactive compounds should be considered as well. Bioactive 
compounds have been shown to elicit their anticancer effects by targeting 
multiple molecular pathways and regulating signaling pathways in several 
stages of cancer development. Bioactive compounds can act on these 
molecular pathways with the aim of multitargeted therapies. Hence, bioac-
tive compounds could be used and combined with other therapies for cancer 
prevention, by limiting the dose and greatly reducing the toxicity effect.

21.5  SUMMARY

The evidence from in vivo and in vitro studies have proven that plant-based 
diet reduces the risk of chronic diseases due to the presence of biologically 
active plant compounds or phytochemicals. Cancer is a progressive disease 
that develops in distinct stages (initiation, promotion, and progression) 
that are separated by a long period of latency. The bioactive compound's 
anticancer activity depends on multitarget mechanisms that blocking 
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mutagenic activities of other compounds, reduce macromolecular damage 
induced by oxidative stress, suppress abnormal cell proliferation, and 
modulate the immune response, inflammation, cell metabolism, and genome 
instability. The bioactive compounds used in targeting cancer include 
curcumin that inhibits nuclear factor-kappa B, induces anti-inflammatory, 
antioxidant, and inhibits cancer cell growth, quercetin which modulates 
tumor necrosis factor-related apoptosis induced ligand-induced cytotoxity, 
epigallocatechin-3-gallate which has antiangiogenic effect. Other bioactive 
compounds in cancer chemoprevention and treatment include camptothecin, 
luteolin, lycopene, resveratrol, β-sitosterol, genistein, sulforaphane, indole-
3-carbinol, 3,3′-diindolylmethane, vinblastine, vincristine, and piperin. 
Based on the understanding of the several molecular signaling pathways in 
cancer chemoprevention by bioactive compounds, a synergistic and additive 
approach combined with other cancer therapeutics including radiotherapy, 
immunotherapy, and chemotherapy could limit toxicity in the management 
and prevention of cancer.
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Leaf extract
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anti-inflammatory potential
assay of membrane stability activity, 

302
heat-induced RBC hemolysis, 303
hypotonic-induced RBC hemolysis, 303
inhibitory assay of albumin 

denaturation, 302
antioxidant potentials

ABTS radical scavenging ability, 
307–308

ABTS scavenging ability, 301
DPPH scavenging ability, 300
DPPH scavenging activity, 305–306
FERRIC reducing antioxidant power, 

300–301
H2O2 scavenging activity, 306–307
H2O2 scavenging assay, 301

seed, frap, 306–307
DPPH scavenging activity, 306
ferric reducing antioxidant power 

(FRAP), 307
heat-induced RBC hemolysis

inhibitory effect, 309
history and distribution, 295–296
H2O2 scavenging activity, 307
inhibitory effect

albumin denaturation, 309–310
heat-induced RBC hemolysis, 308
hypotonic-induced RBC hemolysis, 

308–309
materials and methods

collection, 296–297
preparation of blood samples, 297
processing of plant, 297
reparation of hydro-ethanol, 297

membrane stability, 310
phytochemical constituents, 305
qualitative phytochemical analysis

determination of phenolic content, 299
flavonoids, 298
protein, 298
saponin, 299
vitamin C content, evaluation of, 

299–300
vitamin E content, evaluation of, 300

quantitative levels of phytoconstituents, 
305

results and discussion
phytochemical constituents, 304–305

statistical analysis of data, 304
test for

alkaloids, 298
flavonoids, 298
protein, 298
saponin, 299

thrombolytic activity, 304, 310, 311
use, medicinal, 296

Moringa oleifera, 329
antimutagenicity assay, 334
distribution, 330
hypertension

Nω-Nitro-L-Arginine Methyl Ester 
(L-NAME) Model, 55–56

spontaneous hypertensive rats, 56–57
methods and materials
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antimutagenicity, evaluation of, 332
assortment, 331
chemical constituents, determination, 

332
chemicals, 331–332
identification, 331
plant extract, preparation of, 332
statistical test, 333

myocardial infarction/injury
isoprotrenol-induced, 58–59

origin, 330
pharmacological properties, 330–331
qualitative phytochemical analysis, 333
results

antimutagenic activity, 334
chemical analysis, 333

scientific evidence
cardiotoxicity, 59–60
diabetic cardiomyopathy, 59
hypertension, 55
vascular disease, 57–58

Multiple organ dysfunction syndrome
animal models, 144–145
applications, 149–155

medicinal plants relevant, 155
experimental

nonocclusive techniques, 146–147
occlusive techniques, 146

intestinal ischemia-reperfusion injury 
(IIRI), 145
experimental, 145–146

ischemia-reperfusion injury, 151–154
medicinal plants

antiapoptotic, 156–157
anti-inflammatory, 156
antioxidant activities, 155
immuno-modulatory, 157

pathophysiological links, 147–149
recommendations, 157–158

N
Neuroprotective efficacy

ethnomedicinal plants
Abelmoschus Esculentus (L.), 109–110
Allium Cepa, 108–109
Allium Sativum (GARLIC), 113–114
Aloe Barbadensis Miller, 117–118
Bacopa Monnieri, 114–115

correlating animal, herbal extracts, 108
Curcuma Longa, 110–113
Garcinia Kola, 116–117
Lavandula Angustifolia, 115–116
Moringa Oleifera, 117
Zingiber Officinalis, 113

Nonocclusive techniques
hemorrhagic shock models, 146–147
hypoxia and re-oxygenation models, 147

Nω-Nitro-L-Arginine Methyl Ester 
(L-NAME) Model, 55–56

O
Occlusive techniques

aortic clamping models, 146
cranial mesenteric artery (CMA), 146
superior mesenteric artery (SMA), 146

Origanum majorana extract (OME), 207

P
Plant-based antioxidants

illness, 87–88
Amyloid-B Fibril Targets, 88–91
cholinesterase, 94–95
immunomodulatory, 91–94
α-synuclein, 88–91

neurodegenerative diseases, 84–85
Alzheimer’s disease (AD), 85–86
Parkinson’s disease (PD), 86–87

plant-derived, 89
plant-sourced, 82–84

Pulicaria petiolaris methanol extract 
(PPME), 208

Q
Qualitative phytochemical analysis

phenolic content
determination of, 299

test for
alkaloids, 298
flavonoids, 298
protein, 298
saponin, 299

vitamin C
evaluation of, 299–300

Quercetin (QCT), 194
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R
Red ginseng alcohol extract (RGAE), 207
Red ginseng water extract (RGWE), 207
RHUS-verniciflua-stokes (RVS), 206

S
Stevia extract (STE-EXT), 206
Sun ginseng methanol extract (SGME), 203
Syzygium aromaticum (Cloves)

animals, 169–170
toxicological, 170

biochemical constituents, 165
estimation, 172
ethanolic

extract of, 172
extract preparation, 167
hematological parameters, 174

test, 170–171
histological, 171
histopathological studies

liver of rats, 174–175
rats kidney, 175–176

materials and methods
animals, 169–170
extract preparation, 167
hematological parameters test, 170–171
histological analysis, 171
mineral contents determination, 169
phytochemical screening and 

quantification, 169
plant material collection, 167
plasma and organ collection, 170
proximate analysis, 168
statistical analysis, 171

mineral contents, 169
minerals, estimation, 173
minerals present, 173
phytochemical screening, 169
plant material collection, 167
plasma and organ, 170
proximate analysis, 168

ash determination, 168
carbohydrate, 169
fat, 168–169
fiber, 169
protein, 168

proximate analysis of

ash determination, 168
carbohydrate determination, 169
fat determination, 168–169
fiber determination, 169
protein determination, 168

results
buds, mineral composition, 172–173
estimation of phytochemical 

constituents, 172
hematological parameters, 173–174
phytochemical constituents, 171–172
proximate analysis, 172

statistical, 171
and toxicological effects, 165, 170

animal grouping for toxicological 
effect, 170

varying concentrations, 174

T
Taraxacum officinale, 317

habitat distribution, 319
history, 319
materials and methods

animal care, 321
chemicals, 321
experimental design, 321–322
hematological parameters, 322
plant extract, preparation of, 321
plant materials, 320

medicinal use, 319–320
platelet concentration, prophylaxis

hemoglobin, 324
mean corpuscular hemoglobin, 324

red blood cell, prophylaxis
hemoglobin, 324
mean corpuscular hemoglobin, 324

results
hematocrit and lymphocyte 

percentages, 324–325
mean corpuscular hemoglobin (MCH), 

324–325
mean corpuscular volume (MCV), 

324–325
platelet concentration, prophylaxis, 

322–323
red blood cell, prophylaxis, 322–323
white blood, prophylaxis, 322–323

white blood, prophylaxis
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hemoglobin, 324
mean corpuscular hemoglobin, 324

Telfairia occidentalis, 215
materials and methods

animals and treatment, 218
isolation of RNA, 218–220
kits and reagents, 217
plant preparation, 218
real-time quantitative PCR, 218–220
statistical analysis, 220

real-time PCR primers, 220
results

methanolic extract, 220–222
Therapeutic mechanisms of bioactive 

compounds, 183
LPS-induced acute liver injury

active fraction of aqueous ethanol 
extract of Scirpus yagara tuber 
(AF-EESYT), 205

amygdalin (AMG), 194–195
aqueous green tea extract (AGTE), 

202–203
aqueous rooibos extract (ARE), 204
Berberis vulgaris ethanolic extracts 

(BVEE), 204
Calluna vulgaris ethanolic extracts 

(CVEE), 204
carnosic acid (CAN), 193
chlorogenic acid (CGA), 195
curcumin (CUR), 188, 192
damaurone D (DAD), 194
danhong injection (DHI), 207
dioscin (DIO), 193
emodin (EMD), 194
ethanol-extract-of Illicium-Henryi 

(EEIH), 208
ethanolic extracts of Scutellaria 

Baicalensis root (EESBR), 205
forsythia-suspensa-extract-(FSE), 205
Gardenia jasminoides water extract 

(GJWE), 208
grape seed procyanidin extract (GSPE), 

196
green tea polyphenols (GTPS), 196, 

202
hepatic injury, 187
hesperidin (HDN), 192–193

hydroethanolic extract of Buchholzia 
Coriacea seed (HEBCS), 203–204

inflammatory response, 185–186
Lonicera caerulea berry extract 

(LCBE), 205–206
lotus seedpod extract (LSE), 208–209
LPS signaling, 185
murine models, protective roles, 189–191
Origanum majorana extract (OME), 207
oxidative stress, 186–187
pathophysiology, 184–185
plant extracts, effects, 195–209
plant-based extracts, 197–201
plant-derived compounds, protective 

roles, 187–195
Pulicaria petiolaris methanol extract 

(PPME), 208
quercetin (QCT), 194
red ginseng alcohol extract (RGAE), 

207
red ginseng water extract (RGWE), 

207
RHUS-verniciflua-stokes (RVS), 206
stevia extract (STE-EXT), 206
sun ginseng methanol extract (SGME), 

203
thymoquinone (TMQ), 195

Thymoquinone (TMQ), 195
TNF-α

CDNA synthesis, 9
reverse transcription, 9
RNA isolation, 8–9

Tocolytic
medicinal plants

childbirth, 344
herbal/traditional remedies, 344–346
labor outcome, 347–348
postpartum, 344
pregnancy, cultural practices, 344
rural Namibia, sociocultural roles, 

343–344
some pregnant women, 345

Tofu (Soybean meal), 265
control and experimental diets

preparation, 268
experimental animals

blood glucose levels, 271–272
body weight gain, 272–273
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glucose levels, 271
lipid profile, 271, 273–275
oxidative stress, 275–277

methods and materials
catalase activity analysis, 270
chemicals, 267
control and experimental diets, 268
diabetes mellitus, 267–268
experimental animals, 267
feeding regimen, 269
lipid peroxidation analysis, 270
lipid profile test, 269–270
quality control, 270
reagents, 267
sacrificing, 269
statistical analysis, 270–271
weight gain, 269

U
Uterotonic

medicinal plants
childbirth, 344
herbal/traditional remedies, 344–346

labor outcome, 347–348
postpartum, 344
pregnancy, cultural practices, 344
rural Namibia, sociocultural roles, 

343–344
some pregnant women, 345

W
Wellness and scope

medicinal plants
childbirth, 344
herbal/traditional remedies, 344–346
labor outcome, 347–348
postpartum, 344
pregnancy, cultural practices, 344
rural Namibia, sociocultural roles, 

343–344
some pregnant women, 345

Z
Zingiber officinalis, 113
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