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ABSTRACT 

Objective: Investigating the hepatoprotective effects of Pentoxifylline (PTX) in carbon tetrachloride (CCl4) induced 

liver injury in rat model. 

Study Design: Experimental study 

Place and Duration of Study: This study was conducted at the Animal house of Sindh Agriculture University 

Tando Jam and Isra University from January 2017 to August 2017. 

Materials and Methods: 45 male rats were selected by purposive sampling through criteria of inclusion. Animals 

were housed in stainless steel cages under standard conditions. Rats were divided into Group A (control), Group B 

(CCl4) and Group C (CCl4 + PTX 200 mg/kg). Blood samples were centrifuged to get sera for the estimation of 

serum bilirubin, creatinine and liver enzymes. Liver tissue sections (3-5μ thickness) were stained with H & E and 

Microscopic tissue findings were noted. Statistical software SPSS version 22.0 (IBM corporation) was used for 

statistical analysis (P≤0.5). 

Results: Serum bilirubin and creatinine in control group in experimental groups B and C were raised (P<0.05). 

Pentoxifylline treated group C rats revealed reduction of 65% in ALT, 58% in AST, 48% LDH and 71% ALP 

(P<0.05). Liver histology was also improved in PTX treated group C (P<0.05). 

Conclusion: Pentoxifylline shows hepatoprotective potential against chemical induced liver injury, however 

mechanism of action remains to be elucidated. 
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INTRODUCTION 

The Pentoxifylline (PTX) is one of the methylxanthine 

drugs that have been used in clinical practice for the 

medicinal purpose. Sole indication of PTX is for the 

peripheral arterial diseases (PAD). PTX is used for 

treating the PAD for dilating the occluded arteries since 

decades back.
1-3

 PTX is prescribed as vasodilator agent 

for the dilating the arteries in PAD, particularly in those 

suffering from severe intermittent claudicating (IC). 
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It`s pharmacological effects are exerted through 

blockade of the phosphodiesterase-4 type (PDE-4) that 

leads to improvement in blood flow through 

microcirculation and clogged capillaries, perfusing the 

tissues better. Increased blood supply to tissues 

improves the cell functioning. Anti- inflammatory 

effect has been reported by previous studies.
1-3

 Anti 

inflammatory effect has been exploited for treating the 

liver affections. Hepato protective effects have been 

proved in previous studies.
1-3 

Liver is a major glandular 

organ destined for metabolic reactions. Anatomically, it 

is described as the largest glandular organ of human 

body. The functional parenchyma cells are called the 

‘hepatocyte’. Hepatocytes are engaged in the handling, 

distribution and re-distribution of digested food. Thus 

liver is metabolically active gland involved in 

biochemical reactions. Metabolic reactions of 

carbohydrate, protein and lipids are the major 

biochemical reactions.
4
 Beside this, liver is involved in 

the detoxification of toxins, poisons and drugs. It also 

scavenges and neutralizes oxygen derived free radicals, 

called the reactive oxygen species (ROS). Many of 

acute and chronic liver diseases have been caused by 

these ROS. The ROS are involved in causing 

inflammatory and non- inflammatory liver diseases. 

Inflammatory diseases include viral and alcoholic 
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hepatitis; while non- inflammatory diseases include; 

ischemia/reperfusion induced liver injury, non- 

alcoholic steatohepatitis, non- alcoholic fatty liver 

disease, drug induced liver necrosis, and toxin induced 

hepatotoxicity and cholestasis. Anti tubercular drug 

toxicity has been observed commonly in the clinical 

practice.
5 

Many of xenobiotics are detoxified by the 

liver. Thus liver is the seat of detoxification mainly 

because of two reasons; first – it neutralizes the 

intestinal toxins reaching to it through the porto-

systemic circulations mixed in the digested and 

absorbed nutrients; and second – it is the major site of 

detoxification of toxins and drugs and their excretion 

through the entero- hepatic pathway. In cases of liver 

diseases, the toxins and drugs skip detoxification, enter 

porto-systemic circulation and interfere with the 

metabolic reaction in the body.
6,7

 Liver disease in 

experimental animal models of chemical induced injury 

have been studied for the hepatoprotective effect of 

drugs and herbs. One such liver disease model is 

induced by carbon tetrachloride (CCl4) to in animal 

models to analyze the hepatoprotective effects of drugs. 

Animal models are used for the deliberate induction of 

liver injury in laboratory animals for research purpose. 

Many drugs are tested in laboratory animals of their 

therapeutic significance. CCl4 induces hepatocellular 

damage through the ROS generation. The ROS 

damages cell membrane, and nucleus, etc through lipid 

peroxidation.
7 

ROS generation is one of the postulated 

mechanism of liver injury beside others. ROS 

medicated cell injury releases liver enzymes that are 

measured for research purpose. The ROS annihilates 

the hepatocyte cell membrane by oxidation and lipid 

peroxidation.
7-9 

Both, liver micro anatomy and 

physiological functions are altered CCl4 treated animal 

models. Microscopy shows the basic liver architecture 

in animal models.
7-9 

Cytoplasmic and mitochondrial 

enzymes leak into the systemic circulation that are 

measured for determining the extent of liver injury. 

Liver enzymes are biomarkers of liver injury in drug 

and toxin induced animal models. They are also of 

clinical value in monitoring and treating acute and 

chronic liver diseases.
10

 In the present experimental 

study, carbon tetrachloride induced liver injury rat 

model was prepared for researching the pharmaco- 

therapeutic effects of Pentoxifylline and its possible 

hepatoprotective effects were evaluated through the 

liver enzymes estimation.  

MATERIALS AND METHODS 

The present experimental study was conducted at the 

animal house of Sindh Agriculture University Tando 

Jam and Isra University on rat model. The study 

covered time period from January 2017 to August 2017. 

The research proposal for the present thesis based study 

was already taken from the ethical committee. Adult 

rats were selected by purposive sampling through 

criteria of inclusion of; body weight 150 – 200 grams, 

male rats, Wistar bred, active mobile and feeding well. 

While female rats and rats of different body weight, not 

feeding well, and feeling immobile and lazy were 

excluded from the study.  Animals were kept under 

standard conditions. They were housed in stainless steel 

cages with nozzles of water bottles. Humidity and room 

temperature were held at 55-60% and 25 
0
C 

respectively. 12/12 hour dark light cycle was 

maintained. Water was available freely 24 hours. 

Similarly the diet was fresh chaw. Pentoxifylline was 

purchased from Pharmacy of the institute. It was given 

in doses of 200 mg/kg orally daily.
1
 Carbon 

tetrachloride was dissolved in olive oil in equal (1:1) 

ratio. It was given in dose of 1.9 ml/kg orally daily for 

21 days.
1
 Rats were divided into control and 

experimental groups. Control group were tagged as 

Group A (n=15) - received 0.9% isotonic saline orally 

for 21 days, Experimental control Group B (n=15) – 

treated with CCl4 orally. Drug was mixed in olive oil 

for 21 days, and Experimental Group C (n=15) - rats 

were given CCl4 on alternate day + Pentoxifylline (200 

mg/kg) orally daily for 21 days. The blood samples 

were collected by lancet from the retro orbital space at 

twenty four hours of experimental period. Blood was 

centrifuged to separate sera that were used for liver 

enzymes estimation. Liver enzyme assays kits were 

purchased and sera were run on Hitachi Chemistry 

Analyzer for the enzyme measurement. Serum 

Bilirubin, Serum Creatinine, ALT (Alanine 

transaminase), AST (Aspartate transaminase), ALP 

(Alkaline phosphatase) and LDH (lactate 

dehyderogenase) were estimated. Rats were sacrificed 

by cervical dislocation.
11 

Abdomen was dissected in 

midline, peritoneum was sectioned and liver was 

approached. Liver pieces were collected and stored in 

4% formaldehyde filled plastic jars. Tissue pieces were 

embedded in paraffin blocks. Tissue sections of 

approximately 3-5μ thickness were prepared with 

microtome. Tissue sections were stained H & E 

(Haematoxylin and Eosin staining). Microscopic slides 

were prepared and mounted on light microscopy. 

Microscopic tissue findings were noted according to the 

grading of; normal = 0, mild tissue architecture injury = 

1+, moderate tissue architecture injury = 2+, severe 

tissue architecture injury = 3+ and very severe tissue 

architecture injury = 4+. Mild, moderate, severe and 

very sever tissue injury was defined as swollen and pale 

cytoplasm, vacuolated cytoplasm, myelin sheaths, and 

pyknotic nuclei with eosinophilic cytoplasm 

respectively.
12

 Statistical software SPSS version 22.0 

(IBM corporation) was used for statistical analysis, 

using one- way analysis of variance (1-ANOVA) for 

Gaussian distributed numerical variables. Post- Hoc 

Fischer LSD was used for difference between 

individual groups for continuous variables. Chi-square 
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test tested the categorical variables. Variable were 

analyzed at 95% confidence interval (P≤0.5). 

RESULTS 

Serum bilirubin, serum creatinine, alanine transaminase 

(ALT), aspartate transaminase (AST), lactate 

dehydrogenase (LDH) and alkaline phosphatase (ALP) 

are shown in the table 1. Results of experimental groups 

B and C were compared with control group A. Serum 

bilirubin in control group A was 0.73± 0.31 mg/dl 

compared to 6.12±1.91 mg/dl in group B and 4.01± 

1.13 mg/dl (P<0.05). Serum creatinine in control group 

A was 0.65 ± 0.21 mg/dl compared to 3.15±0.81 mg/dl 

in group B and 2.01±0.39 mg/dl (P<0.05). Alanine 

transaminase (ALT), aspartate transaminase (AST), 

lactate dehydrogenase (LDH) and alkaline phosphatase 

(ALP) showed manifold rise in group B compared to 

Pentoxifylline treated group C and control group A 

(P<0.001). Pentoxifylline treated group C rats revealed 

a decrease of 65% in ALT, 58% in AST, 48% LDH and 

71% ALP (P<0.05).  Experimental group B revealed +3 

to +4 grade very severe liver injury compared to +1 to 

+3 grade of severe liver injury in Pentoxifylline treated 

group C (P<0.05). Histological microphotographs 1-3 

show the findings in groups A, B and C. 

 

 

Table No. 1: Bilirubin, Creatinine and Liver Enzymes in Animal Groups 

Parameter Groups   

P-value Group A Group B Group C 

S. Bilirubin (mg/dl) 0.73± 0.31 6.12±1.91 4.01± 1.13 0.0001 

S. Creatinine (mg/dl) 0.65 ± 0.21 3.15±0.81 2.01±0.39 0.0003 

Alanine transaminase  (IU/L) 35.87±3.10 199.7 ±11.9 131.3±11.3 0.0001 

Aspartate transaminase (IU/L) 41.07±3.11 187.3±13.7 110.3±10.3 0.0001 

Lactate dehydrogenase (IU/L) 145.2±9.30 435.3±21.5 210.3±31.73 0.0001 

Alkaline phosphatase (IU/L) 99.87±5.71 189.6±11.01 135.1±15.3 0.0001 

Table No. 2: Histological findings in Animal Groups 

Parameter Groups  P-value 

Group A Group B Group C  

Inflammation 0 +4 +3 0.0001 

Congestion 0 +3 +2 0.0003 

Vacuolar degeneration 0 +4 +3 0.0011 

Pyknotic nuclei 0 +4 +2 0.001 

Eosinophilic cytoplasm 0 +4 +2 0.001 

Necrosis 0 +3 +1 0.0001 

*0=normal, +1= mild injury, +2= moderate injury, +3 severe injury, +4 very severe injury 

 

 
Figure No.1: Microscopy of control group A showing 

normal anatomical architecture of liver 

 
Figure No.2: CCl4 group showing distorted tissue 

architecture, inflammatory cell infiltrate and necrosis 
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Figure No.3: Pentoxifyllline treated group C showing 

hepatocyte cords with congestion in sinusoids & few 

lymphocytic infiltrations. 

DISCUSSION 

The present experimental animal study investigated the 

hepatoprotective effects of Pentoxifylline (PTX) against 

chemical (CCl4) induced liver injury in rat model. The 

present study reproved the hepatoprotective effects of 

Pentoxifylline (PTX) against chemical (CCl4) induced 

liver injury. The findings are in agreement with 

previous studies.
1,4,5

 The present study rejects null 

hypothesis (H0) because the statistically significant 

differences were observed in both biochemical and 

histological markers of liver injury among control and 

experimental groups (P<0.05). The serum bilirubin and 

creatinine shows major improvement in the PTX treated 

rats group C compared to group B (P<0.05). The 

findings are in agreement with previous studies.
1,4,5

 A 

previous study
1
 analyzed the hepatoprotective effects of 

Pentoxifylline in ecstasy treated liver damage and 

reported positive findings. The hepatoprotective 

effective of above study supports the finding of present 

study. Pharmacological efficacy of PTX has been 

reported in alcoholic hepatitis,
13 

hepatic 

encephalopathy
14,15

 and hepatorenal syndrome.
16

 A 

previous study
17

 reported hepatoprotective effect 

similar to the present study. That previous study further 

added that the PTX prevents liver fibrosis through 

inhibition of cytokine and pro-collagen- I gene 

expression, as both facilitate fibrosis.
 
Another previous 

study
18

 reported pharmacological efficacy of PTX in 

non-alcoholic steatohepatitis (NASH) and non-

alcoholic fatty liver disease (NALFD). They reported
18

 

that the PTX ameliorates liver aminotransferase and 

PTX inhibits tumor necrosis factor-α (TNF-α) that is 

profibrinogenic cytokine. The findings amelioration of 

liver aminotransferase of above study is consistent with 

the present study as hepatoprotective effect has been 

observed as indicated by biochemical and histological 

parameters (table 1 and 2). The present study shows 

that the damage of liver caused by CCl4 is evident by 

the rise in serum enzymes levels beside the histological 

changes in liver tissue. This is in agreement with 

previous studies
19.20

 that reported the carbon 

tetrachloride is proven to cause liver damage with 

concomitant rise in liver enzymes that are the reliable 

indices of liver parenchyma damage and leakage of 

enzymes into general circulation.
19.20

 In present study, 

the Pentoxifylline treated group C rats revealed a 

decrease of 65% in ALT, 58% in AST, 48% LDH and 

71% ALP (P<0.05).  Experimental group B revealed +3 

to +4 grade very severe liver injury compared to +1 to 

+3 grade of severe liver injury in Pentoxifylline treated 

group C (P<0.05). These findings are in keeping with 

previous studies.
17.20

 In carbon tetrachloride induced 

liver injury in group B shows severe rise in liver 

cytoplasmic and mitochondrial enzymes and liver tissue 

injury. This is in agreement with a previous study.
21

 

Above study
21

 reported the carbon tetrachloride induces 

sever liver tissue injury with multifold rise in liver 

aminotransferase in experimental rats. The finding of 

severe rise in ALT, AST, LDH and ALP indicates 

severe cellular injury of liver with release of 

cytoplasmic and mitochondrial enzymes into the 

general circulation. This finding is in keeping with 

previous studies.
17-21 

The histological findings of 

inflammation, congestion, vacuolar degeneration, 

pyknotic nuclei, eosinophilic cytoplasm and necrosis 

was prominently observed in the carbon tetrachloride 

treated group B and these findings shows improvement 

in the PTX treated group C. Pyknotic nuclei and 

eosinophilic cytoplasm are indices of severe hepato-

cellular injury caused by carbon tetrachloride. These 

findings are in agreement with previous studies.
23,24

 The 

evidence based findings of present study correlates well 

with previous studies, hence PTX may be used for 

clinical purpose for those suffering from chemical 

induced liver injury. 

CONCLUSION 

It is concluded that the Pentoxifylline has 

hepatoprotective potential against chemical induced 

liver injury. However, mechanism of hepatoprotective 

effect of Pentoxifylline remains to be elucidated. 

Pentoxifylline may be used for those suffering from 

chemical induced liver injury. 
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