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ABSTRACT

Moringa oleifera Lam. (Moringaceae) and Andrographis paniculata Burm.f. (Acanthaceae) are
commonly used medicine plants in several parts of Nigeria. The leaf extract of M. oleifera (MO)
has been extensively studied and used traditionally for its anti-inflammatory and diuretic
activities. Because of the wide medicinal benefits of these plants they are often used together in
polyherbal formulation(s).

This study was aimed at evaluating some biological activities of MO and A. paniculata (AP)
administered singly and in combination. This aim was pursued using in vivo acute toxicity study,
formalin induced rat paw edema and diuretic assay.

The leaf extracts MO and AP were observed to be safe up to 5000 mg/kg body weight. The
extract of MO and AP at 100 mg/kg body weight displayed 69.44 and 10.10 % inhibition of rat
paw edema respectively, while the combination of extract elicited weaker inhibition (11.29 %) of
paw volume. The extract of MO and AP when administered singly and in various combination at
different doses elicited similar diuretic activity compared to the hydrochlorothiazide except at a
combined dose of MO 50 mg/kg + AP 50 mg/kg, where the urine volume (1.27£0.60 mL) was
lower compared to the negative control (1.62+0.52 mL).

The extracts of MO and AP were observed to be relatively safe. The extract of MO had
significant anti-inflammatory and diuretic activities compared to AP. However the combination
of both plants extracts led to inhibition of the anti-inflammatory and diuretic activities of MO.

Keywords: Moringa oleifera, Andrographis paniculata, Combination, Anti-inflammatory,
Diuretic activity, Polyherbal formulation
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INTRODUCTION

Man has depended on plants for his food and
medicines from ancient times* and over 80%
of Africans still use phytomedicines for their
health care needs®. Several plants have been
implicated in the treatment of different
disease conditions®. Medicinal plants are
often used in combination to manage
different disease conditions®. Polyherbal
formulations include two or more herbs co-

formulated. The active phytochemical
constituents of individual plants are
insufficient to achieve the desirable

therapeutic effects. When combining the
multiple herbs in a particular ratio, it will
give a better therapeutic effect and reduce
the toxicity".

Moringa oleifera (MO) is a commonly used
as food and medicine in several parts of
Nigeria. It is locally called Ewe igbale
(Yoruba), Okweoyibo (lgho) and Zogali
(Hausa) among the three major Nigerian
ethnic groups and commonly referred to
as drumstick tree®. The leaves and seeds of
the plant have been reported to have
numerous health benefits. It is also claimed
to have nutritional, medicinal,
chemopreventive potentials and is a rich
source of antioxidants” & Studies conducted
on various parts of the plant have been
reported. The hydro-alcoholic extract of the
seeds was studied and reported to have anti-
inflammatory activity against acetic acid-
induced colitis in rats’. MO had been co-
administered with other medicinal principles
in several studies. In a report, Curcumin was
observed to enhance the antioxidant
potential of MO root extract in a beryllium
induced toxicity model’®. The anti-
inflammatory activity of MO root extract
was enhanced when combined with Citrus
sinensis fruit rind extract in acetic acid-
induced ulcerative colitis in mice®.
Andrographis paniculata (AP) is another
commonly used medicinal plant in several
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parts of the world that belongs to the
Acanthaceae family. It is an erect annual
herb, extremely bitter and commonly known
as "king of bitters"*!. Similar to MO, AP is
also used traditionally in treatment of
different diseases and has been reported to
have a broad range of pharmacological
effects including anticancer, antidiarrheal,
anti-hepatitis, anti-HIV, anti-hyperglycemic,
anti-inflammatory, antimicrobial,
antimalarial, antioxidant, cardiovascular,
cytotoxic, hepatoprotective and immune
stimulatory™. Because of its wide medicinal
benefits AP is a major ingredient of
polyherbal formulations™.

The leaf extract of MO has been extensively
studied and used traditionally for its anti-
inflammatory and diuretic activities'® *°.
This study was aimed at evaluating the anti-
inflammatory and diuretic activity of MO
and AP administered singly and in
combination.

METHOD

Plant Collection

The leaves of MO and AP were collected
from the Demonstration Farm of the
Department of Pharmacognosy and Drug
Development, University of llorin. The
plants collected were identified and
confirmed as MO and AP. The leaves were
air-dried and milled into fine powder.

Preparation of the Plant Extracts

The powdered leaves of MO and AP (2509
each) were separately extracted with
methanol by maceration for 72 hours at
room temperature (25°C). The crude extract
was filtered, concentrated in vacuo, weighed
and stored until needed.

Animals

Albino rats of both sexes were obtained
from the Animal House of the Department
of Biochemistry, University of llorin, llorin
Nigeria. The animals were housed in metal
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activity cages and kept in a well-ventilated
room. Animals were fed with standard
laboratory feed and provided access to water
ad libitum. A cycle of light and dark (12 h
light and 12 h dark) and a temperature of 24
+ 2°C were maintained in the room. The
animals were acclimatized for one week
before use. All experiments were conducted
in accordance with the guidelines set by
University of llorin  Animal Ethics
Committee.

Acute Toxicity Testing

The acute toxicity study for MO extract was
conducted by determining the dose of the
extracts that will kill 50 % of the animal
population (LDsp) using the method
described by Lorke'®. The study was
conducted in two phases using a total of
thirteen rats. In the first phase, nine rats
were randomly divided into 3 groups (n =3).
Group 1, 2 and 3 animals were given 10,
100 and 1000mg/kg body weight (b.w.) of
the extract via oral cannula respectively, to
establish the range of doses producing any
toxic effect. The animals were observed
periodically for 24 h for signs of toxicity.
Thereafter animals were observed for
mortality, weight loss, tremor or paralysis.
In the second phase, higher doses (1000,
1600, 2900, 5000mg/kg b.w.) of the extract
were administered orally to a new set of four
rats (one rat per dose) to further determine
the correct lethal dose. The same procedure
was repeated with AP extract to estimate the
dose of the extract lethal to 50 % of the
animal population (LDsp).All the animals
were observed frequently on the day of
treatment and the animals were monitored
daily for 2 weeks for signs of acute toxicity
or lethality. Recovery and weight gain were
seen as indications of surviving acute
toxicity.

Anti-Inflammatory Activity
Formalin-Induced Rat Paw Edema
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The anti-inflammatory activity of MO and
AP extracts when administered singly and in
combination was determined using a
modified method described by Sudipta and
co-worker'”. The animals were randomly
divided into five groups (n = 6).Acute
inflammation of the rat paw was induced by
subplantar administration of 0.1 mL of 1%
Yy formalin in normal saline in the right
paw. Wistar rats were divided into five
groups (n=3). Groupl received normal
saline (i.p). Groups 2, 3 and 4 were pre-
treated with the MO100 mg/kg body weight,
MO50 mg/kg +AP 50 mg/kg body weight
and AP100 mg/kg body weight respectively.
Animals in groups 5 were treated with
indomethacin  (10mg/kg). After 1 hour,
0.1mLof 1% Y/, formalin was injected into
the plantar surface of the left hind paw of
each rat. The paw volumes were measured
with a plethysmometer at 0 hour and 3 hours
after the administration of formalin.

The ratio of the anti-inflammatory effect of
extracts was calculated by the formula
below:

Anti-inflammatory activity (%)= 1-D

100
Where D = Difference in paw volume after
extracts were administered to the rats

C = Control group paw volume.

Evaluation of Diuretic Activity

The diuretic activity of MO and AP extracts
administered singly and in combination was
determined using the methods used by
Lahlou et al.,'®. The male albino rats were
randomly assigned into seven groups (n =5).
Diuretic activity of the extracts was carried
out via two routes of administration (oral
and intraperitoneal routes).The negative
controls were treated with 0.2 mL normal
saline, while the positive controls group was
treated with standard drug (hydrochlorothiaz
-ide 10 mg/kg body weight). The other five
groups were treated with different doses of
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the extracts as follows: MO100 mg/kg,
MO75 mg/kg+AP25 mg/kg, MO 50
mg/kg+AP 50 mg/kg, AP25 mg/kg+MO75
mg/kg and AP 100 mg/kg respectively. Each
rat was placed in a metabolic cage 24 hours
prior to commencement of the experiment
for adaptation and then fasted overnight with
free access to water. The rats were
pretreated with 1mLnormal saline (0.9%
NaCl) solution subcutaneously at 1.5 h and
0.5h prior to the start of the experiment to
impose a uniform water and salt load [19].
Immediately after administration, the rats
were individually placed in a metabolic
cage. Urine was then collected and
measured 1, 2, 3, and 4 hours after dosing.
The urine volume and pH was determined
for each group. The same procedure was

repeated for intra-peritoneal route of

administration using fresh set of rats.

Statistical Analysis

The data obtained from the study were
expressed as Mean + standard error of the
mean (SEM) and analyzed using one—way
analysis of variance (ANOVA) followed by
Dunnett’s Multiple Comparison Test. The
difference between the means of treated
groups and the non-treated control group
was evaluated using paired Student’s t-test.
A probability value of p < 0.05 was
considered to denote a statistically
significant  difference. The statistical
software used was GraphPad Prism version
6.0 software.

RESULTS
Table 1: In vivo acute toxicity study of M. oleifera and A. paniculata extracts.
Extract Percentage D(I)Dsr:;ze I(n =3)/group Dosal;gase 11(n =1)/group
Yield (%"/ Grou
(%67 P (mg/kg) Mortality  (mg/kg) Mortality
. 1 10 0/3 1000 0/1
M. oleifera 2 100 0/3 1600 0/1
5.66
3 1000 0/3 2900 0/1
4 5000 0/1
A. paniculata 8.86
1 10 0/3 1000 0/1
2 100 0/3 1600 0/1
3 1000 0/3 2900 0/1
4 5000 0/1
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Table 2: Anti-inflammatory activity of M. oleifera and A. paniculata extracts in formalin-
induced rat paw edema

Treatment (n = 6) Dose(mg/kg) Percentage(%o)Inhibition
Normal saline
MO 100 69.44+2.15**
MO+AP 50:50 11.29+1.36*
AP 100 10.10+1.01*
Indomethacin 10 48.30+2.14
Key

MO = M. oleiferaextract

AP = A.paniculataextract
* = No significant difference (P> 0.05) when compared with control group..There is no need to indicate with a * if there is no significant difference

** = Significant difference (P< 0.05) when compared with control group

Table 3: Effect of M.oleifera and A. paniculata on urine volume and pH

Oral Administration Intraperitoneal Administration

Treatment Dose (mg/kg Urine Output Urine Output
(n=5) body weight)
(mL) pH (mL) pH
Control 1.62 +0.52 5.83 + 1.53 2.70 £ 0.00 5.80 + 0.48
Hydrochlorothiazide 10 2.76 + 0.45 6.95 + 0.58 5.22 +0.52 7.21+0.31
MO 100 2.18 + 0.63* 7.15 + 0.52% 1.24 + 0.32% 5.60 + 1.41*
MO + AP 75+25 1.86 + 0.42* 6.84 + 0.58* 0.32+0.23* 4.0 +1.63*
MO + AP 50+50 1.27 + 0.60 4.55 + 1.90 0.40 + 0.40 1.31+1.31
MO + AP 25+75 1.60 + 0.86* 4.32 +1.85*% 0.90 + 0.32* 4.93 +1.23*
AP 100 154 + 0.49% 492 + 123* 2.10+0.42 * 7.28 +0.22%
Key

MO = M. oleiferaextract

AP = A.paniculataextract

* = No significant difference (P> 0.05)when compared with control group
** = Significant difference (P< 0.05)when compared with control group

RESULTS AND DISCUSSION

The leaves of MO and AP had the yield of
5.66 % “/,, and 8.86 % “/,, respectively, as
shown in Table 1. The leaf extract of AP
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however had a higher yield compared to the
leaf extract of MO. Air dried plant material
have been observed to provide the advantage
of preserving the phytochemical constituents
of the plant material compared to fresh plant
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material extraction, interestingly in a
previous study by Vongsak et al.,?, it was
observed that there was no significant
difference in total phenolic content between
the fresh and dried MO leaves but a higher
flavonoids content was in dried sample.
Cold maceration method has been adopted
and widely used in medicinal plants
research, it is often preferred because it is
easy and guarantees the stability of the
phytochemical constituents, unlike soxhlet
extraction or hot continuous extraction that
provide higher yield and requires a smaller
volume of solvent compared to maceration
but has the short fall that phytochemical
principles in the extract maybe denatured
due to exposure to high temperature?’,

From the acute toxicity study of the leaf
extract MO and AP it was observed that
both extracts produce no mortality at even at
5000 mg/kg body weight as displayed in
Table 1. Also, no mortality was observed
after the period of two weeks. The LDs
value for both MO and AP extract was
estimated to be greater than 5000 mg/kg. In
previous human studies MO leaf extract was
found to be safe even at high doses?’. The
result of the study is also in agreement with
another report where AP was observed to
relatively safe®.

The anti-inflammatory activity of MO and
AP is shown in Table 2. At dose of 100
mg/kg body weight the extract of MO and
AP exhibited 69.44 and 10.10 % inhibition
of the paw edema respectively. However,
the combination of MO and AP exhibited
weaker inhibition (11.29 %) of paw volume
compared to MO (69.44 %). Under the same
experimental conditions the standard drug
(indomethacin) exhibited 48.30 % inhibition
of the paw edema at 10 mg/kg body weight.
The extract of MO displayed a significant
(P<0.05) suppression of the rat paw edema
about six times better than AP extract. The
leaf extract of MO have been reported to
have anti-inflammatory activity. The anti-
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inflammatory effect of leaf extract was
attributed to the ability of the extract to
inhibit  cyclooxygenase enzyme and
subsequent inhibit prostaglandin synthesis*.
In another report, the hydroethanolic extract
of MO leaves was observed to significantly
inhibit the secretion of NO production and
other inflammatory markers such as
prostaglandin E2, tumor necrosis factor
alpha, interleukin (IL)-6, and IL-1p*. MO
had also been reported to display antioxidant
activity’. While andrographolide, isolated
from AP had been reported to reduce the
inflammation caused by histamine, dimethyl
benzene, and adrenaline?®®. However, the
combination of both extracts displayed a
weak suppression of the rat paw edema
similar to AP (100 mg/kg body weight).
This suggests antagonism of the anti-
inflammatory activity of the MO leaf extract
by the AP leaf extract. The ability of the MO
and AP extracts to influence urine volume
and pH as shown in Table 3.
Hydrochlorothiazide used as the positive
diuretic in both the oral and intraperitoneally
routes increased the urine volume by 2.76 +
0.45 and 5.22+0.52 respectively. The
various dose combinations of extracts had
similar diuretic activity compared to the
hydrochlorothiazide except the MO 50
mg/kg+AP 50 mg/kg combination where the
urine volume (1.27+0.60 mL) was lower
compared to the negative control (1.62+0.52
mL). MO 50 mg/kg+tAP 50 mg/kg
combination appears to have antidiuretic. It
was observed that MO 100 mg/kg and MO
75 mg/kg+AP 25 mg/kg displayed higher
diuretic activity than AP 100 mg/kg and MO
25 mg/kg+AP 75 mg/kg. This is perhaps due
to the complete absence or small amounts of
AP in the dose. This may suggest that MO
possesses some diuretic activity while AP
appears to possess antidiuretic activity. This
may explain why there was a decrease in the
urine volume with increase in concentration
of AP in the doses. When the extracts were
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administered orally and intraperitoneally
there was no significant change in the pH of
the urine except in the MO 50 mg/kg+AP 50
mg/kg combination. However, only MO100
mg/kg (po), MO 75 mg/kg+AP 25 mg/kg
(po) and AP 100 mg/kg (i.p.) maintained a
urine pH similar to the normal (negative
control). Unlike AP, MO has previously
been evaluated for diuretic activity. The
study is in consonance with previous
diuretic studies of MO?" %%,

Conclusion

The methanol extracts of MO and AP are
relatively safe with LDsy greater than 5000
mg/kg body weight. MO had significant
anti-inflammatory and diuretic activities. In
contrast to MO, AP extract displayed
antidiuretic activity. The co-administration
of AP with MO does not potentiate the anti-
inflammatory nor diuretic activity of MO
but the combination resulted in the
antagonism of the anti-inflammatory and
diuretic activity of MO. Thus, this study has
not found sufficient scientific evidence,
hence rationale to support the co-
administration of MO and AP as either an
anti-inflammatory or diuretic agent.

REFERENCE

1. Soladoye, M. O., Amusa, N. A., Raji
-Esan, S. O., Taiwo, A. A. (2010).
Ethnobotanical Survey of Anti-
Cancer Plants in Ogun State, Nigeria
. Annals of Biological Research. 1
(4): 261-273.

2. World Health Organization (2003).
Traditional Medicine World Health
Organization. Fact sheet N°134
Revised May 2003.

3. Elujoba, A. A., Odeleye, O. M,
Ogunyemi, C. M. (2005). Traditional
Medical Development for Medical
and Dental Primary Health Care
Delivery System in Africa. The

65

African Journal of Traditional, Comp
lementary and Alternative medicines.
2 (1): 46-61.

Parasuraman, S., Thing, G. S., Dhana
raj, S.A. (2014). Polyherbal formulat
ion: Concept of Ayurveda. Pharmac

ognosy Review. 8 (16):73-80.

Parasuraman, S., Thing, G. S., Dhana
raj, S. A. (2014). Polyherbal formula
tion: Concept of ayurveda. Pharmac

ognosy Review. 8(16):73-80.

. Gholap, P. A., Nirmal, S. A., Pattan,

S. R,Pal, S. C,Mandal, S. C.
(2012). Potential of Moringa oleifera
Root and Citrus sinensis Fruit Rind
Extracts in the Treatment of
Ulcerative Colitis in Mice. Pharmac
eutical Biology. 50(10):1297-1302.

ljarotimi, O. S., Adeoti, O. A., Ariyo
, 0.(2013). Comparative study on
nutrient composition, Phytochemical,
and functional characteristics of raw,
germinated, and fermented Moringa

oleifera seed flour. Food Science and
Nutrition. 1(6):452-63.

Karim, N. A., Ibrahim, M. D., Kntay

. ya, S. B., Rukayadi, Y., Hamid, H.

A., Razis, A. F.(2016). Moringa
oleifera Lam: Targeting Chemopreve
ntion. Asian Pacific Journal Cancer
Prevention. 17(8): 3675-86.

Minaiyan, M., Asghari, G., Taheri,
D., Saeidi, M., Nasr Esfahani, S. (20
14). Anti-inflammatory  Effect of
Moringa oleifera Lam. Seeds on
Acetic Acid-induced Acute Colitis in
Rats. Avicenna Journal of Phytomedi
cines. 4(2):127-136.



Lawal et al., J. Pharm. Res. Dev. & Pract., December, 2016, Vol. 1 No. 1, P 60-68 ISSN:2579-0455

10.

11.

12.

13.

14.

15.

Agrawal, N. D., Nirala, S. K., Shukla
, S., Mathur, R. (2015). Co administr
ation of adjuvants along with Moring
a oleifera Attenuates Beryllium indu
ced Oxidative Stress and Histopathol
ogical Alterations in Rats. Pharmace
utical Biology. 53 (10): 1465-1473.

Kumar, A., Dora, J., Singh, A., Tripa
thi, R. (2012). A Review on King of
Bitter (Kalmegh). International Jour
nal of Research in Pharmacy and
Chemistry. 2(1):116-124.

Hossain, S., Urbi, Z., Sule, A., Rahm
an, K. M. H. (2014). Andrographis
paniculata (Burm. f.) Wall.exNees:
A Review of Ethnobotany, Phytoche
mistry, and Pharmacology. Scientific
World Journal. 2014: 274905. doi: 1
0.1155/2014/274905.

Sasi, K. M., Parthiban P., Vijaya K.
S. (2014). Siddha Medicine and Clini
cal Presentation of Dengue Fever at
Tertiary Care Hospital of Chennai,
Tamil Nadu, India. International Jou
rnal of Advanced Ayurveda, Yoga,
Unani, Siddha and Homeopathy. 3(1
): 209-212.

Adedapo, A. A,, Falayi, O. O., Oyag

bemi, A. A. (2015). Evaluation of the
analgesic, antiinflammatory, antioxid
ant, phytochemical and toxicological
properties of the methanolic leaf extr
act of commercially processed Morin
ga oleifera in some laboratory anima
Is. Journal of Basic Clinical Physiolo
gy and Pharmacology. 26(5):491-9.

Tahkur, R. S., Soren, G., Pathapati,
R. M., Buchineni M. (2016). Diuretic
Activity of Moringa oleifera Leaves
Extract in Swiss Albino Rats. The

66

16.

17.

18.

19.

20.

21.

Pharma Innovation Journal. 5(3):
08-10.

Lorke, D. (1983). A New Approach
to Practical Acute Toxicity Testing.
Archives of Toxicology.54:275-287.

Sudipta, D., Pallab, K. H., Goutam,
P., Suresh, R. B. (2010). Evaluation
of Anti-Inflammatory Activity of
Clerodendron infortunatum Linn.
Extract in Rats. Global Journal of
Pharmacology. 4 (1): 48-50, 2010
ISSN 1992-0075

Lahlou, S., Tahraoui, A., Israili, Z.,
Lyoussi, B. (2007).Diuretic Activity
of the Aqueous Extracts of
Carumcarvi and Tanacetum vulgare
in Normal Rats. Journal of Ethnopha
rmacology. 110 (3), 458-463.

Benjumea, D., Abdala, S., Hermande
z-Luis, F., Perez-Paz, P., Martin-
Herrea, D. (2005). Diuretic Activity
of Artemesia thuscula, an Endemic
Canary Species. Journal of Ethnopha
rmacology. 100:205-209.

Vongsak, B., Sithisarn, P., Mangmoo
I, S., Thongpraditchote, S., Wongkraj
ang, Y. (2013). Maximizing Total
Phenolics, Total Flavonoids Contents
and Antioxidant Activity of Moringa
oleifera leaf Extract by the
Appropriate Extraction Method.Indu
strial Crops and Products.44:  566-
571.

Azwanida, N. N. (2015).A Review
on the Extraction Methods Use in
Medicinal Plants, Principle, Strength
and Limitation. Medicinal and Arom
atic Plants. 4:196. doi:10.4172/2167-
0412.1000196.



Lawal et al., J. Pharm. Res. Dev. & Pract., December, 2016, Vol. 1 No. 1, P 60-68 ISSN:2579-0455

22.

23.

24,

25.

Stohs, S. J., Hartman, M. J. (2015).
Review of the Safety and Efficacy of
Moringa oleifera.  Phytotherapy
Research. 29(6):796-804.

Nasir, A., Abubakar, M. G., Shehu,
R. A., Aliyu, U., Toge B. K. (2013).
Hepatoprotective Effect of the
Aqueous Leaf Extract of
Andrographis paniculata Nees again
st Carbon Tetrachloride — Induced
Hepatotoxicity in Rats. Nigerian
Journal of Basic and Applied
Science. 21(1): 45-54.

Singh, G. P., Garg, R., Bhardwaj S.,
Sharma, S. K. (2012). Anti-
inflammatory Evaluation of Leaf
Extract of Moringa oleifera. Journal
of Pharmaceutical Science and
Innovation. 1(1): 22-24.

Fard, M. T., Arulselvan, P., Karthiva
shan, G., Adam, S. K., Fakurazi, S.
(2015). Bioactive Extract from Mori
nga oleifera Inhibits the Pro-
inflammatory Mediators in Lipopoly
saccharide Stimulated Macrophages.
Pharmacognosy Magazine. 4:S556-
S563.

67

26.

27.

28.

Jayakumar, T., Hsieh, C., Lee, J.,
Sheu R. (2013). Experimental and
Clinical Pharmacology of Andrograp
his paniculata and its Major Bioactiv
e Phytoconstituent andrographolide.
Evidence-Based Complementary and
Alternative  Medicine.Article 1D
846740, 16 pages, 2013. doi:10.1155/2
013/846740.

Patel, P., Patel, N., Patel, D., Desali,
S., Meshram, D. 2014. Phytochemica
I Analysis and Antifungal Activity of
Moringa oleifera. International
Journalof Pharmacy and Pharmaceu
tical Sciences. 6(5): 144-147.

Geleta, B., Eyasu, M., Fekadu, N.,
Debella, A.,Challa, F.(2015).Evaluati
on of Diuretic Activity of Hydro-
Ethanolic Extract of Moringa Stenop
etala Leaves in Swiss Albino Mice.
Clinical and Experimental Pharmac
ology. 5:190. doi:10.4172/2161-
1459.1000190.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Hartman%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=25808883

