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ABSTRACT 

Pyrenacantha staudtii Hutch and Dalz (Icacinaceae) is a woody climber used in folk medicine for the treatment 

of stomach colic, gastric ulcer, dysmenorrhea, threatened abortion and liver diseases. Earlier studies with 3-

carbomethoxypyridine (3-CMP) isolated and characterized from P. staudtii had shown potential 

hepatoprotective effects on acute hepatocellular damage. The present study evaluates the hepatoprotective 

effects of the methanol leaf ext ract of P. staudtii (PS) and 3-CMP isolated from it on chronically-induced 

hepatocellular damage, using rodent models of hepatotoxicity and assesses the short -term toxicity profile of 3-

CMP.Rats were administered P. staudtii (25- 100 mg/kg body weight/day) and 3-CMP (5-20 mg/kg body 

weight/day) orally for 56 days. Liver damage was induced by twice weekly intraperitoneal administrations of 

carbon tetrachloride (CCl4, 1 ml/kg), or thioacetamide (TAA, 200 mg/kg) for eight weeks. Body weight 

changes, biochemical {alanine transaminases (ALT), aspartate transaminases (AST), alkaline phosphatase 

(ALP), albumin and bilirubin} and histopathologic parameters were evaluated. The urine ascorbic acid content 

of the 3-CMP treated rats was also determined. A 42-day short-term oral toxicity evaluation of 3-CMP was also 

carried out. Oral administration of the methanol extract, for 56 days, did not significantly decrease the serum 

enzyme levels or increase the total protein/albumin levels but reversed the decreased body weight induced by 

CCl4. Treatment with 3-CMP significantly (p<0.05) and dose-dependently increased the total body weight and 

urine ascorbic acid content and reduced the ALT, AST and ALP levels without affecting bilirubin or total 

protein in CCl4-intoxicated rats. However, 3-CMP had no significant effects on the body weight changes, 

biochemical markers or urine ascorbic acid content in TAA-hepatotoxic rats. Liver sections from both CCl4- and 

TAA-hepatotoxic rats showed improved histological appearances on treatment with all doses of 3-CMP and P. 

staudtii. 3-CMP possesses significant antihepatotoxic effect greater than methanol extract of PS, as seen by its 

ability to decrease liver enzymes increased by CCl4, in a dose-dependent manner, similar to the standard drug 

sylimarin. This was further confirmed by its effect on urine ascorbic acid content as well as  improved liver 

histology. The more pronounced effect of 3-CMP on CCl4-induced than on TAA-induced liver damage suggests 

that it might have greater efficacy in liver fibrosis than cirrhosis. Short term toxicity studies indicated that 3-

CMP has no immediate or delayed toxic effects on rats. 
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INTRODUCTION 

The liver has the tremendous capacity for 

detoxificat ion and excret ion of many toxic end 

products of metabolism as well as synthesis of 

useful ones. Therefore damage to the liver by 

hepatotoxic agents is of grave consequences. 

Chronic hepatic diseases are a major global public 

health concern, especially in developing nations, 

such as Nigeria, because of their high morb idity 

and mortality rate. These may result from 

consumption of contaminated or over-processed 

foods, environmental chemicals, synthetic 

therapeutic agents and viruses or autoimmune 

diseases. The management of liver diseases is still a  

challenge to orthodox medicine. The conventional 

drugs have little to offer and some adversely affect 

the liver function (Meyer and Kulkarni, 2001 

Mohan et al, 2007; Kamble et al., 2008), hence the 

tendency towards alternative herbal remedies.  
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Herbal drugs have gained prominence and 

popularity in recent years because of their 

perceived safety, efficacy and cost effectiveness.  

One of the important and well documented uses of 

plant products is their use as hepatoprotective 

agents. Hence, liver disorders have benefited from 

therapeutic strategies employing compounds 

extracted from plants and herbs (Alshawsh et al., 

2011).  

Pyrenacantha staudtii (Icacinaceae) is a high 

climbing glabrous shrub that inhabits the tropical 

rainforest and farmlands. It has pure green or pink 

leaves in mostly fairly low corymbrose 

inflorescence, with fruiting follicles over 0.6 m 

long, and fruits mainly during dry season (Busari, 

1976).  P. staudtii finds ethnopharmacological 

usage in the treatment of various intestinal 

disorders/worm infections, stomach colic, 

dysmenorrhea and threatened abortion (Hutchinson 

and Dalziel, 1966). Scientific studies of 

Pyrenacantha staudtii have shown anti-

abortifacient, anti-dysmenorrheal (Aguwa and 

Okunji, 1986) and in vitro antimalarial (Mesia et 

al., 2005) activit ies. Others include antiulcer 

(Aguwa and Mittal, 1981; Akubue et al., 1983; 

Aguwa and Okunji, 1986); tocolytic (Falodun et 

al., 2005) and hepatoprotective (Anosike et al., 

2008) act ivities.  

Phytochemical screening of the various 

morphological parts of P. staudtii  had revealed the 

presence of alkaloids, saponins, tannins, fatty acids, 

flavonoids and sugars (Aguwa and Mittal, 1981, 

Falodun et al., 2009). A chemical compound, 3-

carbomethoxypyridine (3-CMP), consisting of pale 

yellow to brown crystals with a melt ing point of 

40-42°C has been isolated and characterized from 

the plant (Falodun et al., 2006). The compound is 

reported to have a vasodilating effect on the skin of 

humans (Leopold et al., 1995), a relaxant effect on 

uterine smooth muscle (Falodun et al., 2006) and 

anti-ulcer act ivity (Okpo et al., 2012).   

The protective effect of 3-CMP isolated from 

Pyrenacantha staudtii on acute hepatocellular 

damage induced by carbon tetrachloride had earlier 

been demonstrated  (Okpo et al., 2013).The present 

study evaluates the effects of 3-

carbomethoxypyridine and methanol leaf ext ract of 

Pyrenacantha staudtii on chronic hepatotoxicity 

induced by carbon tetrachloride (CCl4) and 

thioacetamide (TAA). The short time toxicity 

profile of 3-CMP has also been assessed. 

 

 

 

MATERIALS AND METHODS  

Collection and preparation of extract and 

compound (3-CMP) 

The leaves of Pyrenacantha staudtii were collected 

around the premises of University of Benin, 

Ugbowo, Benin City, Nigeria and authenticated at 

the Forestry Research Institute of Nigeria (FRIN) 

Ibadan, where a herbarium specimen (No FHI 

107624) was deposited. The leaves were dried 

under the shade, pulverized into coarse powder and 

extracted with absolute methanol using a soxhlet 

extractor.  The resulting methanol extract was 

evaporated to dryness in a rotary evaporator set at 

40
o
C. A stock solution of the dried extract 

(200mg/ml) was prepared from which other 

concentrations were made as required. 3-

carbomethoxypyridine, isolated and characterized 

from the methanolic leaf ext ract of Pyrenacantha 

staudtii using gradient chromatography was 

provided pure and in crystalline form (Falodun and 

Usifo, 2006). 

Animals 

Albino mice (28±3.5g) and Sprague-Dawley rats 

(230±60g) were in-bred or obtained from the 

Animal House of Ambrose Alli University, 

Ekpoma, Edo State, Nigeria. Animals were 

maintained under standard environmental 

conditions, with access to food and water ad 

lib itum, and handled according to standard 

protocols for the use of laboratory animals 

(National Institute of Health USA; Public Health 

Service Po licy on Humane Care and Use of 

Laboratory Animals, 2002).  

Acute toxicity study 

Rats and mice were randomly selected into 

different control and test groups of 5 animals each.  

Four doses of 3-CMP (0.25, 0.5, 1 and 2g/kg body 

weight) were given by oral intubation and the 

control Group received distilled water orally. 

General symptoms of toxicity and mortality were 

recorded for 48 hours and a further 2 weeks for any 

signs of delayed toxicity.  

Short term toxicity study 

Rats were randomly allotted to control and 

different test groups of 6 an imals per group. Three 

doses of 3-CMP (50, 100 and 200 mg/kg body 

weight/day) were given by oral intubation for 42 

days. Control group received water (5ml/kg) v ia the 

same route. Body weight of each rat was recorded 

at weekly intervals. Behavioral changes and any 

external general symptoms of toxicity were noted. 

On day 42, blood was collected, under light ether 
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anaesthesia, via the abdominal aorta for 

haematological and biochemical assays. 

Carbon tetrachloride- and Thioacetamide-

induced liver damage 

Rats were randomly divided into 8 groups of at 

least 10 animals each and starved for 24 hours with 

free access to water. Group 1 (vehicle control) was 

given distilled water (2 ml/kg). Animals in groups 

2, 3 and 4 received via the oral route 25, 50 and 

100 mg/kg/day of methanolic extract of 

Pyrenacantha staudtii respectively, while groups 5, 

6 and 7 were administered 3-carbomethoxypyrid ine 

at doses of 5, 10 and 20 mg/kg/day, respectively. 

Silymarin (50 mg/kg/day), used as the standard 

drug, was admin istered orally to animals in group 

8. Liver damage was induced by intraperitoneal 

administration of carbon tetrachloride (CCl4) in 

30% v/v olive oil (1ml/kg, twice weekly) to rats in 

group 9 (Reddy et al., 1992). All administrations 

were for 56 days. 

In thioacetamide-induced hepatotoxicity study, 3-

CMP (5, 10 and 20 mg/kg/day) and the standard 

drug, silymarin (50mg/kg/day) were given for 56 

days. Liver damage was induced in rats by oral 

administration of thioacetamide (200 mg/kg, twice 

weekly) for 56 days (Saraswat et al., 1996). 

The body weight of each rat was recorded at 

weekly intervals and behavioural changes and any 

external general symptoms of toxicity were noted. 

Animals in all the groups were placed in metabolic 

cages and urine collected over 24 hours (Ishak, 

1982; Visweswarm et al., 1994). Ascorbic acid 

content of the urine was determined according to a 

standard method (Roe and Keuther, 1943) slightly 

modified by Niro and Shah (1986) using 2, 4-

dinitrophenylhydrazine. 

On the 57th day, blood was collected via the 

abdominal aorta under light ether anaesthesia, in all 

the groups. Assessment of liver function using 

serum marker enzymes such as aspartate 

aminotransferase, alanine aminotransferase 

(Reitman and Frankel, 1957), alkaline phosphatase 

(Young et al., 1975), bilirubin (Jendrassik et al, 

1938); and total protein (Thomas, 1998) levels 

were done using standard techniques.  

Haematological estimat ions of red blood cell 

(RBC), white blood cell (WBC), haemoglobin (Hb) 

and platelet count (PLT) were done using standard 

laboratory procedures (Dacie and Lewis, 1991; 

Ghai, 1995; John, 1972). 

 

After collection of blood samples, the rats in 

different groups were sacrificed and their liver 

isolated. Sections of the liver were fixed in 10% 

buffered formalin for histopathological studies. 

Data analysis 

Results are presented as mean ± standard error of 

mean (SEM) and n represents  the number of 

animals per group. Data comparisons were made 

using one-way ANOVA with Dunnett’sposthoc test 

(GraphPad Prism 5, GraphPad Software, Inc. San 

Diego, Californ ia, USA) and values were 

considered significant at p<0.05.  

RES ULTS  

Acute toxicity studies  

3-carbomethoxypyridine up to an oral dose of 2 

g/kg caused neither death nor any observable 

symptoms of toxicity in the rats. In addition, no 

delayed toxic effects were observed in rats after 

two weeks.  

Short-term toxicity studies 

Body weight and organ weight indices 

Rats in the control group (given water over a six 

week period) exh ibited a slight increase (4.42%) in 

the total body weight. Admin istration of 3-CMP 

during the period showed significant (p<0.05) 

weight reductions for the 100 and 200 mg/kg 

groups compared to control. However the lowest 

dose (50 mg/kg) g roup showed an increase in the 

total body weight similar to the control. All the 

doses of 3-CMP admin istered did not cause any 

significant changes in heart, liver and kidney 

weight indices compared to control (Table 1).  

Haematological parameters 

All doses of 3-CMP administered for 42 days 

showed no significant alterations in the 

haematological parameters (namely : WBC count, 

RBC count, haemoglobin concentration, 

haematocrit and platelet count compared to control 

(Table 2).  

Biochemical markers 

Treatment of rats with 3-CMP did not cause any 

significant changes in ALT, total and conjugated 

bilirubin. The highest dose of the extract (200 

mg/kg/day) caused appreciable reductions in ALP, 

total protein and albumin. However, these were not 

significantly different from the control (Table 3).  
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Table 1: Effect of 42-day oral administration of 3-CMP on body weight and relat ive organ weights of rats 

Treatment 

Dose 

(mg/kg) 

Body weight 

change (% )  

Relative organ weight (g/100g) 

Liver Heart Kidney 

Control 

 

2 ml/kg  4.42±1.28 

4.42 ± 1.28 

2.80 ± 0.18 0.36 ± 0.03 0.28 ± 0.02 

3-CMP 

 

3-CMP 

 

50 4.17±1.83 

4.17 ± 1.83 

2.77 ± 0.14 0.33 ± 0.01 0.27 ± 0.01 

 

 

 

100 -0.44±1.28*  

-0.44 ± 1.29*  

2.69 ± 0.07 0.37 ± 0.01 0.28 ± 0.01 

 

 

 

200 -0.34±0.66*  

-0.34 ± 0.66*  

2.91 ± 0.04 0.35 ± 0.01 0.29 ± 0.01 

Values are mean ± SEM.*p<0.05, significantly different from control; (n= 6 animals).  

 

 

Table 2: Effects of 42-day oral administration of 3-CMP on haematological parameters in rats  

Treatment Dose 

(mg/kg) 

WBC 

(x10
3
/ µL) 

RBC 

(x10
6
/ µL) 

Hb conc.      

(g/dL) 

HCT 

(%) 

PLT 

(x10
3
/µL) 

Control 2 ml/kg 6.50± 0.93  6.03± 0.29  11.08± 0.67  32.13± 1.71  625.0± 76.84  

3-CMP 50 7.25± 1.96  6.68± 0.26  12.30± 0.84  34.12± 0.89  777.50± 131.22  

 100 7.21± 1.19  6.52± 0.12  11.55± 0.17  33.50± 0.40  717.33± 102.58  

 200 5.52± 0.28  6.03± 0.20  10.80± 0.38  32.41± 1.11  671.17± 75.68  

Values are mean ± SEM  

3-CMP  = 3-Carbomethoxypyridine; Hb conc = Haemoglobin concentration; HCT = Haematocrit; PLT = 

Platelet; RBC = Red Blood Cell; WBC = White Blood Cell  

 

 

 

Table 3: Effect of 42-day oral administration of 3-CMPon biochemical parameters  

Treatment Dose 

(mg/kg) 

ALT  

(IU/L) 

ALP  

(IU/L) 

Total 

protein 

(g/dL) 

Albumin 

(g/dL) 

Total 

bilirubin 

(mg/dL) 

Conjugated 

bilirubin 

(mg/dL) 

Control 2 ml/kg 159.00± 13.20 60.50± 7.32 0.54± 0.18 0.30± 0.10 12.62± 0.24 5.68± 0.11 

3-CMP 50 180.00± 21.11  53.33± 10.15 0.58± 0.16 0.34± 0.10 12.35± 0.26 5.57± 0.12 

 100 143.17± 9.71 45.79± 9.33 0.36± 0.08 0.24± 0.06 11.77± 0.30 5.36± 0.13 

 200 165.50± 9.09   36.68± 3.27 0.34± 0.08 0.14± 0.02 11.92± 0.21 5.37± 0.10 

Values are mean ± SEM  

3-CMP  = 3-Carbomethoxypyridine; ALP  = A lkaline phosphatase;ALT = Alanine transaminase 
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Figure 1: Sections of the liver (A), kidney (B) and heart (C) of control rats given water for 42 days showing normal structure and 

architecture. Treatment with 3-CMP (200 mg/kg/day)  shows mild vascular congestion in the liver (D); mild interstitial congestion in the 

kidney (E) and moderate transmural oedema and mild infiltrates of chronic inflammatory cells in the heart (F)  [H&E x40]. Arrows (↓) show 

points at which lesions occurred. 

Table 4: Effects of Pyrenacantha staudtii and 3-CMP on body weight in CCl4-induced hepatotoxicity. 

 

Treatment 

Dose 

(mg/kg/day) 

Total change in body weight (%) 

P. staudtii 3-CMP 

CCl4 alone - 4.66 ± 2.72 4.66 ± 2.72 

P staudtii 10 11.76 ± 3.78 - 

 25 14.66 ± 4.86* - 

 50 14.61 ± 3.48* - 

3-CMP  5 - 13.42 ± 4.88* 

 10 - 17.46 ± 4.45** 

 20 - 21.96 ± 5.92** 

Sylimarin 50 25.61 ± 5.01** 25.61 ± 5.01** 

Distilled water 5ml 6.76 ± 3.30 6.76 ± 3.30 

Values are mean ± SEM. *p<0.05, **p<0.001 significantly different from CCl4 alone; (n= 8 animals).  

 

Histopathologic evaluation 

C 

D E F 

A B 



Nigerian Journal of Pharmaceutical and Applied Science Research, 5(1):21-35,        

April 2016 
 

Ogbeide et al. Evaluation Of The Protective Potential Of Methanol Leaf Extract Of Pyrenacantha staudtii And 3-Carbomethoxypyridine 
Isolated From It On Liver Damage In Rats Page 26 
 

Histological examination of the various organs 

(Figures 1A, 1C and 1E), showed that control rats 

given distilled water during the 42 days study 

period maintained normal structure and architecture 

of the liver, heart and kidney. The group treated 

with 3-CMP (200 mg/kg/day) showed mild 

vascular congestion of the liver (Figure 1B), mild 

interstitial congestion of the kidney (Figure 1D) 

and moderate transmural oedema of the heart 

(Figure 1F).  

 

Table 5: Effects of Pyrenacantha staudtii and 3-CMP on biochemical parameters in CCl4-induced 

hepatotoxicity 

Treatment Dose 

(mg/kg) 

AST  

(IU/L) 

ALT  

(IU/L) 

ALP  

(IU/L) 

Albumin 

(g/dL) 

Total protein 

(g/dL) 

Total 

bilirubin 

(mg/dL) 

Conjugated 

bilirubin 

(mg/dL) 

Control  104.80±7.25  39.50±10.75
b
 35.55±8.12

b
 3.42±0.29  7.64±0.67  0.58±0.16  0.18±0.06  

CCl4 alone - 158.00±12.31  82.86±13.45  101.03±10.95  3.16±0.32  7.07±0.79  0.71±0.15  0.43±0.08  

CCl4 +         

P. staudtii 10 156.29±17.75  97.21±5.61  92.85±11.11  2.97±0.26  8.12±0.74  1.02±0.28  0.51±0.07  

 25 136.63±8.69
 a
 76.69±12.49  57.48±8.96  3.07± 0.71  7.41±0.49  0.41±0.07  0.30±0.06  

 50 172.90±22.43  87.57±8.68  85.70±10.59  2.58±0.25  7.96±0.42  0.35±0.06  0.21±0.06  

CCl4 + 

3-CMP 

 

5 

 

86.86± 9.88
b
 

 

26.04± 1.78
c
 

 

50.98± 12.41
a
 

 

3.46± 0.47  

 

8.76± 0.32  

 

0.49± 0.09  

 

0.32± 0.08 

 10 69.93± 7.08
c
 23.87± 2.29

c
 65.59± 17.80  2.52± 0.17  8.32± 1.39  0.50± 0.13  0.39± 0.12 

 20 46.40± 4.09
 c
 24.10± 3.18

c
 47.17± 11.78

b
 2.42± 0.18  6.29± 0.39  0.53± 0.16  0.36± 0.04 

Sylimarin 50 90.23±10.21
a
 21.45±3.68

c
 37.65±12.48

b
 3.74±0.88  7.77±1.10  0.56±0.13  0.32±0.05 

Values are mean ± SEM. 
a
p<0.05, 

b
p<0.01, 

c
p<0.001 compared to CCl4 alone 

 

Effect of P. staudtii and 3-CMP on CCl4 - 

induced hepatotoxicity 

Body weight changes  

The higher doses of the extract (25 and 50 mg/kg) 

caused significant increases in the body weight of 

the treated rats compared to control. Administration 

of 3-CMP significantly increased, in a dose-

dependent manner, the total body weight of rats 

compared to the CCl4 –alone group (Table 4). 

 Biochemical markers 

In the CCl4 alone-treated control group, serum 

enzymes and bilirubin increased appreciably with 

decreased levels of total protein and albumin when 

compared to normal control group (Table 5). No 

significant changes in these biochemical 

parameters were observed with all doses of extract 

compared to control (Table 5). In contrast, serum 

enzymes (AST, ALT and ALP) decreased in the 

groups treated with 5, 10 and 20 mg/kg of 3-CMP 

in a dose-dependent manner but these tended 

towards normal values, especially at the highest 

dose of the compound, comparable to the effects 

produced by sylimarin. The bilirubin and protein 

levels were not significantly altered. 

Haematological parameters 

The study showed significant reduction in WBC 

count with 10 and 20 mg/kg of 3-CMP compared to 

control. Sylimarin also showed a similar effect. 

Further analysis revealed no significant difference 

in RBC count, haemoglob in concentration and 

platelets count between control and treatment 

groups (Table 6). 

Table 6: Effects of 3-CMP on haematological parameters in CCl4-inducedhepatotoxicity 
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Treatment Dose 

(mg/kg) 

WBC (x10
3
/µL) RBC  

( x10
6
/µL) 

Hgb Conc. 

(g/dL) 

PLT 

(x10
3
/µL) 

Control - 13.37± 2.07  8.59± 1.92  13.45± 0.34 783.17± 136.54  

CCl4 alone - 28.03± 4.10  7.83± 0.46  11.77± 0.60 516.25± 74.92  

CCl4 +      

3-CMP  5 25.69± 3.18  7.12± 0.24  12.77± 0.41  481.43±51.84  

 10 17.47± 1.19*  7.24± 0.11  12.59± 0.22  503.78± 28.31  

 20 17.43± 2.10*  7.03± 0.21  12.17± 0.61 519.29± 33.36  

Sylimarin 50 14.68± 1.86**  7.19± 0.26  12.73± 0.37  557.33± 64.29  

Values are mean ± SEM. *p<0.05, **p<0.01 significantly different from CCl4 alone group; n=8 an imals. 

3-CMP  = 3-Carbomethoxypyridine; WBC = White Blood Cell;RBC = Red Blood Cell; Hb conc = 

Haemoglobin concentration; PLT = Platelet  

  

 

 Table 7: Effect of 3-CMP on body weight in thioacetamide-induced hepatotoxicity. 

Treatment Dose (mg/kg) Total body weight change 

(% ) 

Thioacetamide alone  - 8.00 ± 5.53 

3-CMP  5 -1.72 ± 2.92 

 10 -2.26 ± 4.34 

 20 -7.07 ± 2.78 

Sylimarin 50 15.07 ± 5.37*  

Distilled water 5ml 6.76 ± 3.30 

Values are mean ± SEM. *p<0.05, significantly different from thioacetamidealone;(n= 8 animals).  
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Figure. 2.Histological sections of the liver; (A): normal rats (given water) showing normal hepatocytes, (B) CCl4 (1 ml/kg, twice weekly) 

showing focal inflammatory infiltrates withlymphocytes and plasma cells, (C) Pyrenacantha staudtii (50 mg/kg/day) + CCl4 and (D) 

Sylimarin (50 mg/kg/day) + CCl4 treatedrats showing normal hepatocytes with round to ovoid nuclei and abundant eosinophilic cytoplasm 

(H&E x 400). Arrows (↓) show points at which lesions occurred. 

Liver histopathology 

The extract (50 mg/kg) and sylimarin partially 

restored the structure and architecture of the liver 

by reducing the focal inflammatory infiltrates 

consisting of lymphocyte and plasma cells present 

in the control (Figure 2).  

There was a significant change in the structure of 

the liver between control and the treatment group 

given 3-CMP (20 mg/kg) and sylimarin both 

showing mild vascular congestion (Figures 3C and 

3D) and mild microvesicular steatosis, in sylimarin 

(Figure 3D). Liver from rats given CCl4 alone 

showed focal inflammatory infiltrates with 

lymphocytes and plasma cells (Figure 3B).  

Effect of 3-CMP in thioacetamide (TAA)-

induced hepatotoxicity 

Body weight changes  

There was a slight increase in body weight in the 

group given thioacetamide alone for 8 weeks. 

Treatment of the rats with different doses of 3-

CMP caused marked decreases in body weight 

which were not significantly different from the 

thioacetamide alone group. However it was 

observed that there was a proportional increase in 

weight reduction as the dose of 3-CMP increased 

(Table 7). The Sylimarin group showed a 

significant (p<0.01) gain in total body weight when 

compared to the group given thioacetamide alone.  

Biochemical markers  

A significant elevation of the AST level was 

observed with the two higher doses of 3-CMP (10 

and 20 mg/kg) (Table 8). No significant differences 

were observed between control and treatment 

groups in the other biochemical parameters (Table 

8). 

Effect of 3-CMP on liver histology of 

thioacetamide hepatotoxic rats  

Liver sections from the thioacetamide-intoxicated 

rats showed moderate bridging fibrosis (cirrhosis) 

manifesting as radiating arms (Fig. 4B). In the 3-

CMP-treated group, there was mild vascular 

congestion and attenuation of the bridging fibrosis 

(Fig. 4C). These effects were similar to those 

observed with the group treated with sylimarin 

(Fig. 4D). 
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Figure. 3.Histopathological sections of the liver showing (a) normal healthy rats given water alone showing hepatocytes (A), portal triad (B) 

and sinusoids (C); (b) rats given CCl4 (1 ml/kg, twice weekly) for 8 weeks showing severe macrovesicular steatosis (A) and mild vascular 

congestion (B); (c)rats treated with 3-CMP (20 mg/kg) + CCl4 showing mild vascular congestion A; (d) Sylimarin (50 mg/kg) + CCl4 

showing mild vascular congestion (A) and mild microvesicular steatosis (B) (H&E x 400). Arrows (↓) show points at which lesions 

occurred. 

 

 

Haematological indices  

Treatment of rats with 3-CMP did not significantly 

alter the haematological profile compared to 

thioacetamide alone-treated animals (Table 9). 

However, there was an increase in WBC with 

decreased RBC, haemoglobin and platelet counts in 

thioacetamide-hepatotoxic rats compared to the 

normal control. 

Effect of 3-CMP on urine ascorbic acid content 

of CCl4 and thioacetamide treated rats   

The effect of 3-CMP on urine ascorbic acid content 

in CCl4 and thioacetamide intoxicated rats is 

shown in Table 10. There was a significant 

decrease in ascorbic acid content in the CCl4 and 

thioacetamide groups compared to the normal 

control (distilled water) group. Treatment with 

different doses of 3-CMP resulted in dose-

dependent elevations in urine ascorbic acid content 

compared to CCl4 alone group, with a significant 

increase at the highest dose (20 mg/kg/day), an 

effect comparable to that of sylimarin. Conversely, 

in the thioacetamide-induced hepatotoxic rats, 3-

CMP caused a non-significant dose-dependent 

reduction in the ascorbic acid concentration of the 

urine compared to the thioacetamide alone group 

(Table 10). Sy limarin elicited a significant 

elevation of the ascorbic acid content relative to the 

control. This effect was comparable to the sham-

treated (distilled water) group.  
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Table 8: Effects of 3-CMP on biochemical parameters in TAA-induced hepatotoxicity 

Treatment Dose 

(mg/kg) 

AST  

(IU/L) 

ALT  

(IU/L) 

ALP  

(IU/L) 

Total protein 

(g/dL) 

Albumin 

(g/dL) 

Total 

bilirubin 

(mg/dL) 

Conjugated 

bilirubin 

(mg/dL) 

Control  104.80±7.25  39.50± 10.75  35.55± 8.12
b
 7.64± 0.67

b
 3.42± 0.29  0.58± 0.16  0.18± 0.06 

TAA alone - 50.12± 5.32  28.10± 2.05  91.56± 17.81  5.92± 0.35  2.24± 0.24  0.53± 0.11  0.50± 0.11  

TAA +         

3-CMP 5 83.18± 11.97
a
 28.18± 0.69  70.52± 15.56  7.29± 0.28  2.67± 0.18  0.75± 0.14  0.26± 0.07 

 10 108.53± 5.49
c
 32.92± 2.19  61.21± 7.93  8.49± 0.75

a
 3.14± 0.24  0.87± 0.15  0.35± 0.11  

 20 102.47± 10.79
c
 25.07± 0.88  129.63± 19.45  6.47± 0.28  2.88± 0.23  0.71± 0.19  0.58± 0.11  

Sylimarin 50 77.63± 8.02  24.22± 2.08  86.21± 9.64  7.11± 0.31  2.57± 0.18  0.80± 0.13  0.31± 0.07  

Values are mean ± SEM. 
a
p<0.05, 

b
p<0.01, 

c
p<0.001 

ALP = Alkaline phosphatase; ALT = Alkaline transaminase; AST = Aspartate transaminase;  

3CMP = 3 Carbomethoxypyridine; TAA = Thioacetamide  

 

 

Table 9: Effect of 3-CMP on haematological parameters in th ioacetamide-induced hepatotoxicity  

Treatment Dose 

(mg/kg) 

WBC  

(x10
3
/µL) 

RBC  

(x10
6
/µL) 

Hgb Conc. (g/dL) PLT  

(x10
3
/µL)  

Control 2 13.37± 2.07  8.59± 1.92  12.17± 0.61  783.17± 136.54  

TAA alone - 19.63± 1.97  7.58± 0.15  11.77± 0.60 543.50± 85.36  

TAA +      

3-CMP 5 16.10± 3.07  7.35± 0.18  13.28± 0.53  432.25±50.41  

 10 17.58± 1.62  7.53± 0.18  13.60± 0.32  470.43± 56.42  

 20 17.43± 2.10  7.03± 0.21  13.62± 0.30 519.29± 33.36  

Sylimarin 50 13.80± 1.16  7.63± 0.26  14.20± 0.50  616.00± 83.08  

Values are mean ± SEM; n = 8 

3-CMP  = 3-Carbomethoxypyridine; WBC = White Blood Cell; RBC = Red Blood Cell; Hb conc  = 

Haemoglobin concentration; PLT = Platelet. 

 

 

 

 

Table 10: Effects of 3-CMP on urine ascorbic acid content in CCl4-and thioacetamide - induced hepatotoxicity 

in rats 
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Treatment 

Dose 

(mg/kg/day) 

Ascorbic acid content (mg/dL) 

+ CCl4 +Thioacetamide 

Alone - 1.63± 0.49 2.19± 0.55 

3-CMP  5 1.14± 0.31 0.99± 0.44 

 10 3.30± 0.67 0.60± 0.29 

 20 4.02± 0.29* 0.54± 0.16 

Sylimarin 50 4.42± 1.11* 4.14± 0.53* 

Distilled water 5ml 4.23± 0.51* 4.23± 0.51* 

Values are mean ± SEM. *p<0.05, significantly different from CCl4 or thioacetamide alone; (n= 8 animals) 

 

 

Figure. 4. Histopathological sections of the liver of rats given(a): water for 56 days showing hepatocytes (A), portal triad (B) and sinusoids 

(C); (b) Thioacetamide alone (200 mg/kg, twice weekly) for 8 weeks showing moderate bridging fibrosis (cirrhosis) A. (c) 3-CMP (20mg/kg) 

+ Thioacetamide showing mild vascular congestion (A) and mild bridging fibrosis (B) and (d)Sylimarin (50mg/kg) + Thioacetamide showing 

severe vascular congestion(A) and mild bridging fibrosis (B) (H&E x 100). Arrows (↓) show points at which lesions occurred. 
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DISCUSS ION 

This study evaluated the hepatoprotective effect of 

methanol leaf ext ract of Pyrenacantha staudtii (PS) 

and its isolated compound, 3-

Carbomethoxypyridine (3-CMP) in hepatocellular 

damage induced by carbon tetrachloride (CCl4) and 

thioacetamide (TAA). Prev ious studies had 

reported the hepatoprotective effects of P.S and 3-

CMP (Anosike et al., 2008; Okpo et al., 2013). 

While these earlier studies investigated the effects 

of either the extract or the isolated compound on 

short-term hepatocellular damage and using high 

doses, the present study investigated their effects 

on chronic hepatocellular damage induced by two 

different hepatotoxins, namely carbon tetrachloride 

and thioacetamide.  

3-CMP is an isolated pure compound from the 

leaves of Pyrenacantha staudtii.  Acute and short-

term toxicity studies revealed that it has no toxic 

effect on rats and mice. No mortality was observed 

up to a maximum oral dose of 2 g/kg body weight, 

neither were there any signs of delayed toxicity, so 

the oral LD50 could not be determined. According 

to OECD-423 guidelines for acute oral toxicity, an 

LD50 dose of 2,000 mg/kg is categorized as 

unclassified (OECD, 2000).  

The reduction in body weight with the highest dose 

of 3-CMP in the short term toxicity studies may 

indicate an adverse reaction to the compound. 

Change in body weight of animals is useful in 

assessing response to therapy with drugs (Winder 

et al, 1969) and is indicative of adverse effects 

(Teo et al, 2002). 

The relative organ (liver, kidney, heart) weights 

remained normal in the treated groups suggesting 

that 3-CMP may not be toxic to these vital organs. 

Lower doses of 3-CMP did not reveal any 

significant toxic effects on the organs. There were 

no visible colour changes or irregularit ies in the 

architecture of the various organs examined (liver, 

kidney and heart). However, the highest dose 

(200mg/kg) caused mild/serious lesions in all the 

organs studied. Since management of liver diseases 

requires long term treatment, it is necessary to 

exercise caution in the use of the compound at such 

high doses. 

Hepatotoxicity caused by CCl4 results from its 

activation, by CYP P450¬, to trich loromethyl 

radical (CCl3.) which binds macromolecules, 

proteins, and lipids and with oxygen to yield other 

reactive oxygen species (ROS). Th is consequently 

leads to hepatic damage via alkylation of cellular 

proteins, lipid peroxidation and disruption of cell 

membrane structure and function (Brattin et al., 

1985; Rikans et al., 1994).Thioacetamide, on the 

other hand, also covalently binds cell 

macromolecules and is metabolized by CYPE21 to 

toxic products that cause hepatic damage (Kim et 

al., 2000; Sadasivan et al., 2006). Hepatotoxicity of 

TAA progresses from fibrosis to cirrhosis.  

The important functions of the liver are achieved 

through the involvement of various hepatic 

enzymes. Most hepatic damage disrupts cell 

membrane integrity and function causing leakage 

of hepatic enzymes into the systemic circulat ion, 

hence their increased serum concentrations (Ray et 

al, 2008). 

Methanol extract of Pyrenacantha staudtii at all 

dose levels used neither attenuated the effect of 

CCl4 on body weight nor reduced the level of 

serum biochemical markers. This is in converse to 

the study by Anosike et al. (2008), which reported 

significant attenuation of elevated biochemical 

markers associated with CCl4-induced 

hepatotoxicity. This may be as a result of the much 

lower dose of extract (10, 25 and 50 mg/kg/day) 

used in this study compared to the very high doses 

(750 mg/kg and 1500 mg/kg) employed by Anosike 

et al. (2008).  

Admin istration of 3-CMP significantly elevated the 

body weights of CCl4-intoxicated rats while 

decreasing those of TAA-intoxicated rats. This 

implies that 3-CMP attenuated the possible weight 

loss associated with hepatic disease only in CCl4-

induced hepatotoxicity.  

In addition to the effect on weight loss, 3-CMP 

significantly decreased the levels of the 

transaminases, AST and ALT, in a dose-dependent 

manner.  

Elevated serum levels of AST is a non-specific 

event as it can be from the myocardium, skeletal 

muscle or erythrocyte, but increased serum 

concentrations of ALT is most likely to reflect 

hepatic cell damage (Ozer et al., 2008). 

The reduced levels of these transaminases observed 

with CCl4 -intoxicated rats treated with the 3-CMP 

suggests a possible preservation of the structural 

integrity of the hepatocellular membrane (by 3-

CMP) to protect it against peroxidation by the 

reactive metabolites produced from exposure to 

CCl4. This possibly prevented further damage to 

more hepatocytes and hence reduced further 

leakage of AST and ALT due to cell destruction.  

On the other hand, the significantly increased 

serum AST levels (but not ALT) observed in TAA-

intoxicated rats treated with 3-CMP points to a 

possible interaction between 3-CMP and TAA, 
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which causes the release of AST from other sources 

leading to a worsened hepatic state. 

Total protein and serum albumin concentrations 

were not significantly elevated by 3-CMP in CCl4-

treated rats. However, in TAA-treated rats, it 

significantly improved total protein without any 

significant increase in serum albumin. This 

observation suggests an increase in the protein 

synthetic function of the liver, which could be as a 

result of possible restorative effect on the damaged 

hepatocytes induced by TAA.  

At all the dose levels used, 3-CMP decreased both 

conjugated and total bilirubin concentrations 

(though not significantly) without any significant 

changes in the same parameters on TAA 

intoxicated rats. Modulation of CCl4-induced 

increases in total and conjugated bilirubin by 3-

CMP further shows its protective effect against 

CCl4-induced liver toxicity; however, it failed to 

show similar effect in TAA-induced hepatotoxicity. 

Haematological evaluation revealed that 3-CMP 

and sylimarin significantly reduced WBC counts in 

CCl4-induced hepatotoxicity. This implies that 3-

CMP may possibly possess immunomodulatory 

effects against inflammation associated with CCl4 

type of hepatic damage. 3-CMP however, failed to 

significantly alter RBC count, haemoglobin 

concentration and platelets count in CCl4-induced 

hepatotoxicity as well as WBC count, RBC count 

and haemoglobin concentration in TAA treated 

rats.  

A non-invasive method employed in studying the 

hepatoprotective potential of 3-CMP was the 

estimation of urine ascorbic acid content. Ascorbic 

acid, a water soluble vitamin with antioxidant 

property, is not metabolized by the liver and thus is 

excreted unchanged. Hepatic damage due to lipid 

peroxidation and alteration of cellu lar p roteins 

reduce the membrane permeability to ascorbic acid 

leading to increased urine content. Hence, 

reduction in urinary excretion of ascorbic acid can 

be used as an index for CCl4 (and other 

hepatotoxins) - induced liver damage and to 

demonstrate hepatoprotective activity 

(Visweswaram et al., 1994.) 

3-CMP significantly increased the urine ascorbic 

acid content in CCl4-t reated rats but further 

potentiated the reduced urinary excret ion initiated 

by TAA in rats. This further lends credence to the 

protective effect of 3-CMP on liver damage 

induced by CCl4 and a possible hepatotoxic 

interaction between 3-CMP and TAA. 

The histologic analysis of  liver samples from 

animals given CCl4 or TAA alone revealed 

structural distortions with enlarged portal spaces 

and fine brush-like conjuctive connective tissue 

projections joining together to form bridges and 

ultimately cirrhotic nodules of different sizes, 

establishing liver cirrhosis. This was more 

discernible in TAA treated rats. Methanol leaf 

extract of Pyrenacantha staudtii showed recovery 

from CCl4-induced hepatic damage as 

demonstrated by the histopathology. This is 

contrary to the result of biochemical evaluation and 

may point to a possible hepatoprotective property 

of the plant.  

The histopathological changes of liver sections 

obtained from rats fed with 3-CMP showed 

improved histological appearances in both CCl4- 

and TAA-induced hepatic damage. 

3-CMP (like sylimarin) caused mild vascular 

congestion in CCl4-induced hepatic damage (as 

against the severe macrovesicular steatosis 

observed in rats given CCl4 alone) and in addition 

exhibited mild bridging fibrosis in TAA-induced 

hepatic damage. This further suggests that 3-CMP 

may possess hepatoprotective effects in CCl4-

induced hepatic damage which, however, may be 

subdued in TAA-induced damage. 

 CONCLUS IONS 

The study has revealed that although, the methanol 

leaf ext ract of Pyrenacantha staudtii did not 

significantly attenuate the effect of CCl4 on the 

serum biochemical and haematologic indices, its 

effects on the liver histology points to a possible 

hepatoprotective activity.  The lack of effect by the 

extract on the liver enzymes and other parameters 

evaluated may be a function of the doses used. 

Despite the seeming elevation of the liver enzymes 

and other biochemical ind ices caused by 3-CMP on 

thioacetamide-induced liver damage, attenuation of 

the nodularity of the liver architecture which 

presented as bridging fibrosis (cirrhosis) suggests a 

hepatoprotective effect. 

This study has revealed that 3-CMP causes no 

immediate or delayed toxic effects on rodents and 

has greater hepatoprotective efficacy on CCl4-

induced liver damage linked with liver fibrosis than 

liver cirrhosis caused by thioacetamide. However, 

the exact mechanism of hepatoprotective activity of 

Pyrenecantha staudtii methanol ext ract and 3-CMP 

in CCl4-induced liver damage and possible 

mechanis ms of interaction between 3-CMP and 

TAA need further elucidation. 

ACKNOWLEDGEMENT  

This work was partially supported by STEP-B 2010 

INNOVATORS OF TOMORROW grant. The 



Nigerian Journal of Pharmaceutical and Applied Science Research, 5(1):21-35,        

April 2016 
 

Ogbeide et al. Evaluation Of The Protective Potential Of Methanol Leaf Extract Of Pyrenacantha staudtii And 3-Carbomethoxypyridine 
Isolated From It On Liver Damage In Rats Page 34 
 

authors acknowledge the invaluable technical 

assistance of Mr. Dickson Uwaya.  

REFERENCES  

Aguwa CN, Mittal GC (1978). Study of the anti-

ulcer activity of aqueous extract of the leaves of 

Pyrenacantha staudtii (Icacinaceae) using various 

models of experimental gastric ulcer in rats. Eur J 

Pharmacol 74: 215-219.  

Aguwa CN, Okunji CO (1986).Gastrointestinal 

studies of Pyrenacantha staudtii leaf extracts. J 

Ethnopharmacol 151(1): 45-55.  

Akubue PI, Mittal GC, Aguwa CN (1983). 

Preliminary pharmacological study of some 

Nigerian medicinal plants. J Ethnopharmacol 8: 

53-63. 

Alshawsh, MA, Abdulla MA, Ismail S, Amin ZA 

(2011). Hepatoprotective effects of Orthosiphon 

stamineus extract on thioacetamide-induced liver 

cirrhosis in rats. Evid Based Complement Alternat 

Med. Article ID: 103039. 

Anosike CA, Ugwu UB, Nwakanma O (2008). 

Effect of ethanol ext ract of Pyrenacantha staudtii 

leaves on carbon tetrachloride-induced 

hepatotoxicity in rats. Biokemistri 20(1): 17-22. 

Brattin WJ, Glende EA, Recknagel RO (1985). 

Pathological mechanis ms of carbon tetrachloride 

hepatotoxicity. Free Rad Biol Med 1(1): 27-38. 

Brenner DA, A lcorn JM (1990). Therapy for 

hepatic fibrosis. Sem Liver Dis 10: 75-83. 

Busari AD (1976). Flo ra of Nigeria and their 

taxonomic importance, Lagos, Nigeria. Forest 

Guide Publisher; p. 1025. 

Dacie JV, Lewis SM (1991). Practical 

Haematology, 7th Ed. Churchill Liv ingstone, New 

York. 50-56. 

Falodun A,Usifoh CO (2006). Isolation and 

characterizat ion of 3-carbomethoxypyridine from 

the leaves of Pyrenacantha staudtii (Hutch and 

Dalz). Acta Pol Pharm Drug Res  63: 235-237.  

Falodun A, Chaudhry MA, Choudhary IM (2009). 

(2009). Phytotoxic and chemical investigations of a 

Nigerian medicinal p lant. Res J Phytochem 3: 13-

17 

Falodun A, Usifoh CO, Nworgu ZAM (2005). 

Phytochemical and active column fractions of 

Pyrenacantha staudtii on isolated rat uterus. Pak J 

Pharm Sci 18(4): 31-33.  

Falodun A, UsifohCO, Nworgu ZAM (2006). 

Isolation and characterizat ion of 3-

carbomethoxypyridine from  Pyrenacantha staudtii 

(Hutch) leaf on isolated rat uterus. Afr J Biotech 

5(12): 1271-1276. 

Ghai CL (1995). A Textbook of Practical 

Physiology. Jaypee, India. 119.  

Hutchinson J, Dalziel JM (1966). Flora of West 

Tropical Africa. Crown Agents for Overseas 

Governments and Admin istration, London 1: 72 

Ishak KG (1982). The liver. In : Riddell RH, ed. 

Pathology of drug-induced and toxic diseases. New 

York: Churchill Livingstone, 457–513. 

Jendrassik L, Grof P (1938). Quantitative 

determination of total and direct bilirubin in serum 

and plasma. Biochemistry 297: 81-89. 

John MB (1972). Laboratory Medicine 

Haematology, 4th Ed, CV Mosby Co, St. Louis, p. 

1198. 

Kamble MB, Dumbre RK, Rangari VD (2008). 

Hepatoprotective activity studies of herbal 

formulat ions. Int J Green Pharmacol 2(3): 147-

151.   

Kim KH, Bae JH, Cha SW, Han SS, Park KH, 

Jeong TC (2000). Role of metabolic act ivation by 

cytochrome P-450 in thioacetamide-induced 

suppression of antibody response in male BALB/c 

mice. Toxicol Lett 14(1-3): 225-235.  

Leopold CS, Lippold BC (1995). Enhancing effects 

of lipophillic  vehicles on skin penetration of methyl 

nicotinate in vivo. Pharm Sci 84(2): 195-198 

Mesia GK, Tona GL, Penge O, Lusakibanza M, 

Nanga TM, Cimanga RK, Apers S, Van  Miert  S, 

Totte J, Pieters L, Vliet inck AJ (2005). 

Antimalarial act ivities and toxicit ies of three plants 

used as traditional remedies for malaria in the 

Democratic Republic of Congo: Croton mubango, 

Nauclea pobeguinii and Pyrenacantha staudtii. Ann 

Trop Med Parasitol 99(4): 345-357.  

Meyer SA, Kulkarn i AP (2001). Hepatotoxicity. In: 

Hodgson E, Smart, R. C. (eds). Introduction to 

Biochemical Toxicology, 3rd Ed. John Wiley and 

Sons Inc., New York, pp 487-490  

Mohan GK, Pallavi E, Ravi Kumar B, Ramesh 

M,Venkatesh S (2007). Activ ity of carica leaf 

extract against carbon tetrachloride-induced 

hepatotoxicity in rats. DARU J PharmSci 15: 162. 



Nigerian Journal of Pharmaceutical and Applied Science Research, 5(1):21-35,        

April 2016 
 

Ogbeide et al. Evaluation Of The Protective Potential Of Methanol Leaf Extract Of Pyrenacantha staudtii And 3-Carbomethoxypyridine 
Isolated From It On Liver Damage In Rats Page 35 
 

Niro HV, Shah W (1986). Vitamins. In: Tietz NW 

(ed.) Fundamentals of Clinical  Chemistry. 2nd 

edition. WB. Saunders, Philadelphia, pp. 547-550.  

OECD (2000) Guidance Document on Acute Oral 

Toxicity. Environmental Health and Safety 

Monograph Series on Testing and Assessment, No. 

24. 

Okpo SO, Falodun A, Inegbenebor ME, Eze GI 

(2013). Hepatoprotective effect of 3-

carbomethoxypyridine isolated from Pyrenacantha 

staudtii (Icacinaceae) leaves on carbon 

tetrachloride-induced liver damage. Nig J 

Pharmaceut Sci 12(1): 55-65  

Okpo SO, Orhue J, Falodun A, Alonge PO, 

Airemwen CO (2012). Evaluation of the gastro-

protective activity of 3-carbomethoxypyrid ine 

isolated and characterized from the leaves of 

Pyrenacantha staudtii (Icacinaceae) in rats. J 

Pharm Biores 9(2): 85-91.  

OzerJ, Ratner M, Shaw M, Bailey W, Schomaker S 

(2008). The current state of serum biomarkers of 

hepatotoxicity.  Toxicology 245: 194-205.  

Ray KW, Flamm SL, Di Bisceglie AM, 

Bodenheimer HC (2008). Serum activ ity of alanine 

aminotransferase (ALT) as an indicator of health 

and disease. Wiley InterSci 47: 1365-1370. 

Reddy BP, Murthy VM, Venkateshwarlu V, 

Kokate CK, Rambhau D (1992). Antihepatotoxic 

activity of Phyllantus amarus, Tinospora 

cordifolia, and Ricinus communis. Indian Drugs 

30: 338-341. 

Reitman S, Frankel S (1957). A colourimetric 

method for the determination of serum glutamic 

oxaloacetic acid and serum glutamic pyruvic 

transaminases. Am J Clin Pathol 28:56 

Rikans LE, Hornbrook KR,Cai Y (1994). Carbon 

tetrachloride hepatotoxicity as a function of age in 

female Fischer 344 rats. Mech Ageing Dev 76: 89-

99. 

Roe JH, Kuether CA (1943). The determination of 

ascorbic acid in whole blood and urine through the 

2, 4-din itrophenyhydrazine. J BiolChem 147: 399-

407.  

Sadasivan S, Latha PG, Sasikumar JM, 

Rajashekaran S, Shyamal S, Shine VJ (2006). 

Hepatoprotective studies on Hedyotis corymbosa 

(L.) Lam. J Ethnopharmacol 106(2): 245-249.  

Saraswat B, Visen P, Dayal R, Agarwal  DP, 

Patnaik GK (1996). Protective action of ursolic 

acid against chemical induced hepatotoxicity in 

rats. Indian J Pharmacol 28: 232-239.  

Teo S, Stirling D, Thomas S, Hobermann A, 

Kiorpes A, Khetani V (2002). A 90-day oral 

gavage toxicity study of D-methylphenidate and 

DL-methylphenidate in Sprague-Dawley rats. 

Toxicology 179: 183-187. 

Thomas L (1998). Clinical Laboratory Diagnostics, 

1st Edit ion, Frankfurt, TH-books, 

Verlagsegeselleschaft, pp. 644 - 647 

Visweswaram D, Rao PR, Satyanarayana S(1994). 

A non-invasive method for evaluating 

hepatoprotective drugs against carbon tetrachloride 

induced hepatotoxicity. Indian J Pharmacol 26 (4): 

301-303. 

Winder CV, Lembke LA, Stephens MD (1969). 

Comparative bioassay of drugs in adjuvant induced 

arthritis in rats, flufenamic acid, mefenamic acid 

and phenylbutazone. Arth Rheum 12: 472-482. 

Young DS, Pestarter LC, Gibberman V (1975). 

Effect of drugs on clinical laboratory tests. Clin 

Chem 21(5): 1D-432D.  

 

 


