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Abstract 
The purpose of this research was to evaluate the overall safety or toxicological effects of ethanolic extracts of 

Annona squamosa (leaves and stems) and Piper nigrum (seeds and stems) in healthy Wistar rats. Dried 

powdered leaves and stem of Annona squamosa and Piper nigrum’s seed and stem were extracted in ratio 1:5 of 

80% ethanol for 24hours. Thirty male healthy Wistar rats with average weight of 120-150g were randomly 

distributed into six groups (A-F) of five animals each. 1ml of the extracts equivalent to 500mg/kg body weight 

were administered to the experimental animals (group C-F) while 1ml of Cyclophosphamide equivalent to 

50mg/kg body weight was administered to the reference group (group B) for a period of twenty one (21) days 

after one week of acclimatization, the control group on the other hand (group A) were administered 1ml of 

distilled water. The serum and organs (liver, kidney and heart) were collected for lipid profile, liver function 

indices and kidney function indices. Significant increase (P<0.05) in the serum AST, ALT, ALP level of the 

group administered with 50mg/kg body weight of Cyclophosphamide and a subsequent decrease of the enzymes 

level in the liver, kidney and heart was recorded.  In addition, there was a significant increase (p>0.05) in the 

total cholesterol, triacylglycerol, total and direct bilirubin, creatinine and urea concentration with a gradual 

reduction in the serum HDL and albumin concentration in the reference drug group as compared to control 

group and the test groups. However, this shows the reduced toxicity of Annona squamosa and Piper nigrum at 

500mg/kg body weight, which is an indication that the plants are safe for human consumption.  
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Introduction 
Medicinal plants are various plants thought by many to possess medicinal properties, but few of these plants or 

their phytochemical constituents have been proven by rigorous science to have medicinal effects (1). According 

to WHO survey, 80% populations living in the developing countries rely exclusively on traditional medicine for 

their primary health care needs of which most involve the use of plant extracts (2,3). Ammona squamosa and 

Piper nigrum plants have medicinal properties and their pharmacological and therapeutic properties have been 

established.  

The qualitative phytochemical analysis of Annona squamosal (4, 5) and Piper nigrum (1,6) extracts confirm the 

presence of various phytochemicals. Phytoconstituents of these plants have been reported for their anti-

inflammatory (8, 9, 10), antidiarrheal (11), antimicrobial (12, 13, 14, 15, 16, 17), antioxidant (18, 19, 20, 21, 22, 

23, 24) and insecticidal activities (25a), which makes them better and safer than orthodox medicines that usually 

have some side effects on vital organs (4, 5, 6, 7). However many of these plants are used locally without 

evaluating their toxicological effects on some vital organs which might cause cellular membrane damage. These 

two plants fall in this category; they are also used locally to manage cancer but detailed toxicological studies are 

yet to be conducted on them, hence the target of this research. 

 

Materials and Methods 
Dried leaves and stem of Annona squamosa and Piper nigrum’s seed and stem, were collected and botanically 

authenticated at the Herbarium unit of the Plant Biology Department, University of Ilorin, Kwara State, Nigeria, 

where voucher specimens were deposited. The voucher number are UILH/004/1167 and UILH/002/1203 

respectively. 

Preparation of Extracts 

The extracts were prepared as described in a previous study (25b). The dried Piper nigrum (seed and stem) were 

pulverized to powder.  Piper nigrum seed (85.67g) and Piper nigrum stem (70.59g) were successfully extracted 

in ratio 1:5 of 80% ethanol for 24hours. Similarly, the dried Annona squamosa (leaves and stem) were 

pulverized to powder. Annona squamosa leaves (163.80g), Annona squamosa stem (208.34g), were successfully 
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extracted in ratio 1: 5 of 80% ethanol for 24 hours.  The extracts were filtered using Whatman filter paper No. 1 

and the filtrate was concentrated on a water bath. The concentrates were exposed to air and residual solvent 

(ethanol) was allowed to evaporate at room temperature to obtain the final dry extracts. 

Animal Groupings: Thirty male healthy Wistar rats with average weight of 120-150g were randomly 

distributed into six groups (A-F) of five animals each. 1ml of the extracts equivalent to 500mg/kg body weight 

were administered to the experimental animals (group C-F) while 1ml of Cyclophosphamide equivalent to 

50mg/kg body weight was administered to the Cyclophosphamide treated group (group B) and the control group 

(group A) received 1ml of distilled water. Administration to all groups was done for a period of Twenty one (21) 

days after first one week of acclimatization. The serum and organs (liver, kidney and heart) were collected for 

biochemical analysis (Enzyme assay, lipid profile, liver function indices and kidney function indices). 

 Enzyme Assay 

Aspartate Aminotransferase Activity (AST) 

The method described by Reitman and Frankel (26) was used in the assay of the activity of aspartate 

aminotransferase.  

Alanine Aminotransferase Activity (ALT) 

 The method described by Reitman and Frankel (26) was used to assay for the activity of alanine 

aminotransferase.  

Alkaline phosphatase activity (ALP) 

The method described by Wright et al. (27) was employed. Test tubes were labeled according to the animal 

groupings. To each test tube was pipetted 0.01mls test sample followed by 0.05mls of the reconstituted reagent. 

This was mixed thoroughly and absorbance was taken immediately at a wavelength of 405 nm as well as after 1, 

2, and 3 mins. Enzyme activity was calculated using the formula: U/I=2760 × A405 nm/min   Where A = 

Change in absorbance. 

Liver Function Indices 

Serum Albumin 

The procedure described by Doumas and colleagues (28) was used for the determination of albumin in the serum 

of the animals. 3.0 ml of reagent 2 was added to test tubes containing 0.01 ml of serum (appropriately diluted). 

The blank and standard were constituted by replacing the serum with 0.01 ml of distilled water and reagent 1 

respectively. The solution was incubated at 37oC for 10 minutes. Absorbance was read spectrophotometrically at 

630 nm.   

Calculation: 

Albumin concentration (g/dl) =     Where Concentration of standard = 4.48 g/dL 

Serum Bilirubin  

Bilirubin was determined using the method described by Libor (29).    

Direct Bilirubin: 0.2 ml of reagent 1, 0.05 ml of reagent 2 and 2.0 ml of 0.9% NaCl were added to 0.2 ml of the 

sample. The blank was constituted the same way as the test except 0.05 ml of reagent 2. The solution was mixed 

and incubated for 10 minutes at 25oC. The absorbance of the sample was read at 546 nm against the sample 

blank.  

Total Bilirubin: 0.2 ml of reagent 1, 0.05 ml of reagent 2 and 1.0 ml of reagent 3 were added to 0.2ml of the 

sample. The blank was constituted the same way as the test except 0.05 ml of reagent 2. The solution was mixed 

and incubated for 10 minutes at 25oC. Then, 1.0 ml of reagent 4 was added to the solution (including the blank, 

this was mixed and incubated again for 15 minutes at 25oC. The absorbance of the sample was read at 578 nm 

against the sample blank. 

Calculation: Total bilirubin (mg/dl) = 10.8 × ATB   

Conjugated bilirubin (mg/dl) = 14.4 × ADB   

Where; ATB = Absorbance of total bilirubin   and ADB = Absorbance of direct bilirubin 

Triglycerides 

The triglycerides are determined after enzymatic hydrolysis with lipases.  The indicator is a quinoneimine 

formed from Hydrogen Peroxide, 4- aminophenazone   and 4-chlorophenol under the catalytic influence of 

peroxidase 

Procedure: 500µl of reagent 1 was added to 5µl of the sample. The blank and standard were constituted the same 

way as the test except adding 5µl of Distilled water  and 5µl of the standard respectively to each 500µl of reagent 

1. The solution were mixed and incubated for 10 minutes at 25oC. The absorbance of the sample was read at 578 

nm against the sample blank. 

Kidney Function Indices 

Serum Urea 

The method used for the determination of urea in the serum of the animals was as described by Veniamin and 

Vakirtzi (30).  
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Serum Creatinine 

This was done using the method described by Bartels and Bohmer (31).  

Statistical Analysis  
Data were expressed as the means ± SEM of 5 determinations. Statistical analysis was performed using graph 

pad. The data were considered statistically significant at P < 0.05.  

 

Results 
Enzyme activities 

Aspartate Aminotransferase 
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Figure 1: Aspartate Aminotransferase (AST) activity in the serum of animals administered with extracts of 

Annona squamosa and Piper nigrum 
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Figure 2: Aspartate Aminotransferase (AST) activity in the liver of animals administered with extracts of 

Annona squamosa and Piper nigrum 
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Figure 3: Aspartate Aminotransferase (AST) activity in the kidney of animals administered with extracts of 

Annona squamosa and Piper nigrum 
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Figure 4: Aspartate Aminotransferase (AST) activity in the heart of animals administered with  extracts of 

Annona squamosa and Piper nigrum 

 

Alanine Aminotransferase Activities 
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Figure 5: Alanine Aminotransferase (ALT) activity in the serum of animals administered with extracts of 

Annona squamosa and Piper nigrum 
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Figure 6: Alanine Aminotransferase (ALT) activity in the liver of animals administered with extracts of Annona 

squamosa and Piper nigrum 
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Figure 7: Alanine Aminotransferase (ALT) activity in the kidney of animals administered with extracts of 

Annona squamosa and Piper nigrum 
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Figure 8: Alanine Aminotransferase (ALT) activity in the heart of animals administered with extracts of Annona 

squamosa and Piper nigrum 

 

Alkaline phosphatase Activities 
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Figure 9: Alkaline phosphatase (ALP) activity in the serum of animals administered with extracts of Annona 

squamosa and Piper nigrum 
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Figure 10: Alkaline phosphatase (ALP) activity in the liver of animals administered with extracts of Annona 

squamosa and Piper nigrum 
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Figure 11: Alkaline phosphatase (ALP) activity in the kidney of animals administered with extracts of Annona 

squamosa and Piper nigrum 
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Figure 12: Alkaline phosphatase (ALP) activity in the heart of animals administered with extracts of Annona 

squamosa and Piper nigrum 

 

Lipid Profile 
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Figure 13: Cholesterol concentration in the serum of animals administered with extracts of Annona squamosa 

and Piper nigrum 
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Figure 14: Triacylglycerol concentration in the serum of animals administered with extracts of Annona 

squamosa and Piper nigrum 
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Figure 15: HDL concentration in the serum of animals administered with extracts of Annona squamosa and 

Piper nigrum 
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 Liver Function Indices 
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Figure 16: Total bilirubin concentration in the serum of animals administered with extracts of Annona squamosa 

and Piper nigrum 
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Figure 17: Direct bilirubin concentration in the serum of animals administered with extracts of Annona 

squamosa and Piper nigrum 
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Figure 18: Albumin concentration in the serum of animals administered with extracts of Annona squamosa and 

Piper nigrum 
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Figure 19: Creatinine concentration in the serum of animals administered with extracts of Annona squamosa and 

Piper nigrum 
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Figure 20: Urea concentration in the serum of animals administered with extracts of Annona squamosa and 

Piper nigrum 

 

Discussion 
Cyclophosphamide is a cancer drug (33), they are DNA alkylating agents. These anticancer pro-drugs are 

metabolized by two alternative cytochrome P450 (P450) pathways, drug activation by 4-hydroxylation and drug 

inactivation by N-dechloroethylation, which generates the neurotoxic and nephrotoxic by product 

chloroacetaldehyde (32). However, these activated metabolites also gain entry to normal body tissues, where 

they may induce host toxicity such as hepatotoxicity and nephrotoxicity (33). 

There has been a growing awareness in recent years that dietary non-nutrient compounds can have important 

effects as chemopreventive agents (34, 35), and considerable work on the cancer chemopreventive effects of 

such compounds in animal models which has been undertaken (32). A number of common medicinal plants have 

good antioxidant properties and therefore may act as chemoprotector and radioprotector (34, 35). The 

antioxidant, hepatoprotective and anticancer properties of A. squamosa and P. nigrum have very well been 

established (32, 36) but not its toxicological effect. 

From the result obtained there was significant rise in the serum AST, ALT, ALP level of the group treated with 

Cyclophosphamide and a subsequent decrease of the enzymes level in the liver, kidney and heart. This rise in the 

serum AST, ALT, ALP level may suggest cellular membrane damage caused by the cytotoxic effect of 

Cyclophosphamide as compared to the Annona squamosa and Piper nigrum extracts which maintained the 

integrity of the cell membrane.  

While a significant increase (p>0.05) was recorded in the total cholesterol, triacylglycerol, total bilirubin, direct 

bilirubin, creatinine and urea concentration in the serum of the group administered 50mg/kg body weight 

cyclophosphamide as compared to the control and other test groups. However, the concentration of HDL and 

albumin reduced significantly (p<0.05) in the reference drug group as compared to control group and the groups 

administered 500mg/kg body weight  of the extracts  were observed. This shows enhanced protective activity 

(hepatoprotective, nephroprotective and cardioprotective effect) and reduced toxicity of Annona squamosa and 

Piper nigrum at 500mg/kg body weight, which is an indication that the plants are safe for human consumption. 

Enzyme Activities 

Most enzymes are present in cells at much higher concentrations than in plasma. Some occur predominantly in 

cells of certain tissues, where they may be located in different cellular compartments such as the cytoplasm or 

the mitochondria. 'Normal' plasma enzyme levels reflect the balance between the rate of synthesis and release 

into plasma during cell turnover, and the rate of clearance from the circulation. The measurement of the activities 

of the marker enzymes in tissues and body fluid play a significant and important role in diagnosis, disease 

investigation and in the assessment of drug or plant extract for safety/ toxicity risk (37, 38, 39). 

From the result obtained there was significant rise in the serum AST, ALT, ALP level of the group treated with 

Cyclophosphamide and a subsequent decrease of the enzymes level in the liver, kidney and heart. This rise in the 

serum AST, ALT, ALP level may suggest cellular membrane damage caused by the cytotoxic effect of 

Cyclophosphamide as compared to the Annona squamosa and Piper nigrum extracts which maintained the 

integrity of the cell membrane.  

 Lipid Profile 
Hypertriglyceridemia and hypercholesterolemia in combination with abnormally low concentrations of HDL 

cholesterol (high density lipoprotein cholesterol) is one of the most common atherogenic profiles of lipid 

metabolism of high prevalence seen in several populations (20, 35). Hyperlipidemia is reported as the major risk 

factor in life style related diseases such atherosclerosis and related cardiovascular complications including 

cerebral paralysis and myocardial infarction (40, 41).  

The extracts reduced the triacylglycerol and the total cholesterol with a gradual increase in the HDL cholesterol 

level as compared to the group treated with Cyclophosphamide. The high concentration of triacylglycerol, 
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cholesterol and a subsequent decrease in HDL concentration observed in the group treated with 

cyclophosphamide as compared to other groups shows the administration of the drug might have posed a 

potential risk factor to the heart as a result of accumulation of triacylglycerol and cholesterol in arterial wall, this 

can lead to complications related to the heart. 

Liver Function Indices 

Bilirubin and Albumin are indicators of liver functioning capacity (28, 29, 40). Bilirubin is formed by the 

breakdown of haemoglobin in the spleen, liver and bone marrow. High levels of conjugated bilirubin means the 

bile is not properly excreted therefore an obstruction may be present in the gall bladder or bile duct. High levels 

of unconjugated bilirubin mean too much haemoglobin is being destroyed or that the liver is not actively treating 

the haemoglobin it receives.  

There was a high serum concentration of the total and direct bilirubin in the group treated with 

Cyclophosphamide as compared to the groups treated with the extracts. This high concentration of the total and 

direct bilirubin obtained in Cyclophosphamide treated group as compared to the control and other test groups 

may suggest an obstruction in the gall bladder or inability of the liver to process Haemoglobin taken up from the 

blood. 

Albumin on the other hand helps to maintain water balance in the serum and also helps to transport a wide range 

of ligands, e.g. fatty acids, bilirubin, calcium, as well as hormones, such as tyrosine. Low levels of albumin in 

the serum can result in conditions like analbuminaemia; the reduction may also be as a result of impaired 

albumin synthesis in the liver, and kidney disease amongst others. High levels of albumin however have little 

diagnostic relevance except perhaps in dehydration (28). 

A rise in the albumin concentration in all the groups except for the Cyclophosphamide treated group was 

observed. The significant rise in albumin concentration in all groups except for the cyclophosphamide treated 

group may signify that the synthesis ability of the liver is intact which implies that water balance and hormone 

transportation in the serum was not distorted during the period of study. The cytotoxic effect of 

cyclophosphamide on liver cells could be the cause for the low albumin concentration observed in this study. 

 Kidney Function Indices 
Plasma creatinine and urea concentrations are kidney function indices (31). Creatinine is a waste product of 

muscle turn over i.e. it is the breakdown product of creatine phosphate released from skeletal muscle at a steady 

rate. It is filtered by the renal glomerulus. Generally it is more sensitive and specific test for renal function than 

the blood urea nitrogen (BUN). Urea is a waste product produced from the breakdown of protein. Blood urea is 

removed from the body via the urine, so BUN level increases when glomerular filtration in the kidney is 

adversely affected.  

Increase in urea and creatinine concentration in the Cyclophosphamide treated group as compared to the groups 

treated with the extracts was observed. The significant increase in the cyclophosphamide treatment group may be 

an indication of nephrotoxicity which might be due to the loss of function of the glomerulus. 

Conclusion 

Annona squamosa and Piper nigrum are tropical fruit and spice respectively on which extensive phytochemical 

and bioactive investigations have been implemented. From the detailed literatures survey done, they were found 

to contain anticancer and antioxidant activities and are considered as chemo-protector and radio-protector due to 

the presence of alkaloid, flavonoid.  

The result of this study shows enhanced protective activity (hepato-protective, nephron-protective and cardio-

protective effects) and reduced toxicity of Annona squamosa and Piper nigrum at 500mg/kg body weight, which 

is an indication that the plants are safe for human consumption as it is currently being used locally. 
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