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Abstract

The effect of pentoxifylline (PTX) on acute liver injury caused by CCl� or acetaminophen was studied in the rat. PTX was given

twice daily (18, 36 or 72 mg/kg), intraperitoneally (ip) for 5 days prior to CCl� or acetaminophen. In addition, the effect of PTX

administered simultaneously with CCl� or acetaminophen was evaluated. Rats were killed 72 h or 48 h after CCl� or acetaminophen

administration, respectively. The administration of PTX at 72 mg/kg, conferred significant protection against the hepatotoxic actions

of CCl�, reducing serum aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) levels

to 31%, 59.2% and 63%, respectively. Histological examination showed a decrease in centrilobular necrotic areas in rats pretreated

with PTX. Histochemical investigation revealed a decrease in glycogen and protein contents caused by CCl� and these were

prevented by PTX preteatment. When administered with CCl�, PTX did not reduce CCl�-induced hepatic injury. In contrast, hepatic

injury induced by acetaminophen was prevented by prior or co-treatment with PTX. Accordingly, with 72 mg/kg of PTX, the

elevation of AST, ALT and ALP levels was lower by 45%, 80.6%, 54.3% for the former and by 32.4%, 77.2%, 52.4% for the latter,

respectively. Stained sections were subjected to morphometric evaluation using computerized image analyzer. Quantitative analysis

of the acetaminophen area of damage showed a reduction by 34.8, 65.5 and 89.2% by 18, 36 or 72 mg/kg for PTX, respectively. Rats

treated with PTX revealed more or less normal hepatocyte architecture as well as marked improvement in protein and glycogen

content. The study demonstrates that prior but not co-toxicant administration of PTX in a model of CCl�-induced liver injury results

in less liver damage. In contrast, PTX is equally protective, when given either as a pretreatment or with acetaminophen exposure.
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Introduction

In the search for novel drugs that can alleviate hepato-

cyte injury and reduce fibrosis, pentoxifylline (PTX)

has received considerable interest [32, 33]. PTX is

a methylxanthine derivative and a phosphodiesterase

inhibitor with rheologic and vasodilating properties.

By increasing the red blood cell flexibility, the drug

leads to increased tissue perfusion and improved re-

gional microcirculation [30]. The drug is used in pa-

tients with venous leg ulcers or peripheral vascular

disease to improve blood flow [8]. Apart from its ef-

fect on blood cell rheology, PTX has, in addition, an

anti-inflammatory [1, 4] and immune-modulating proper-

ties [31]. Interest in other pharmacological actions for

PTX is growing [28]. There is also accumulating ex-
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perimental evidence to suggest that PTX might be of

therapeutic value in chronic hepatic disorders charac-

terized by excessive hepatic fibrosis. This is because,

treatment with the drug was associated with a reduc-

tion in fibrosis evoked by feeding yellow phosphorus

in swine [22] or bile duct ligation in rats [23]. In dif-

ferent studies, PTX, however, showed variable effects

on hepatocyte injury from failure to alter indices of

cell necrosis and cholestasis [6, 14], to prevention of

liver cell damage [21, 25]. The present study was,

therefore, conduced to examine the effect of PTX in

two different models of hepatocyte injury, namely

those caused by CCl4 or acetaminophen in the rat. The

effect of the drug administered either as a pretreat-

ment or simultaneously with the hepatotoxic agent

was studied. The effect of PTX was evaluated both on

biochemical markers, histologically as well as by his-

tochemical techniques.

Materials and Methods

Animals

Adult Sprague-Dawley rats of either sex (150–180 g)

were used throughout the experiments and fed with

standard laboratory chow and water ad libitum. All

animal procedures were performed according to ap-

proved protocols and in accordance with the recom-

mendations for the proper care and use of laboratory

animals.

Drugs and chemicals

Carbon tertrachloride (BDH Chemicals, England),

acetaminophen (Kahira Pharm & Chem. IND Co.,

Cairo, A.R.E.), pentoxifylline (Hoechst, Germany)

were used in the experiments.

CCl
4
-induced hepatic injury

Different groups of rats (n = 7–8 per group) received

PTX twice daily at doses of 18, 36 or 72 mg/kg ip for

5 days, then acute hepatic injury was induced by treat-

ing rats by gavage with a single dose of CCl4-olive oil

(1:1, 0.2 ml/100 g), whereas control rats were treated

with a single dose of olive oil (0.2 ml/100 g); the

treated animals were killed on day 3 after CCl4 or ol-

ive oil administration. The effect of PTX given simul-

taneously with CCl4 was also examined. Rats were

treated by gavage with a single dose of CCl4 followed

thereafter with ip PTX at 72 mg/kg. PTX dose was re-

peated again 4 h following CCl4; the treated animals

were killed on day 3 after CCl4. In addition, a seventh

group received the highest dose of PTX (72 mg/kg)

twice daily, but no CCl4 in order to examine the effect

of PTX alone on the liver function. Rats had free ac-

cess to food and drinking water during the study.

The acetaminophen-induced hepatic damage

Rats were administered acetaminophen at a dose of

1 g/kg, ip so as to induce hepatic injury and fibrosis

[2]. The control group received saline instead. Rats

were killed on day 2 after acetaminophen. Rats had

free access to food and drinking water. The studies

were carried out in seven groups of animals

(7–8/group) as mentioned for the CCl4 model, but us-

ing acetaminophen as a hepato-injurious agent in-

stead.

Biochemical assessment

Blood samples were obtained from the retro-orbital

vein plexus 72 h after CCl4 administration or 48 h af-

ter acetaminophen administration. Aspartate amino-

transferase (AST) and alanine aminotransferase

(ALT) activities in serum were measured according to

Reitman-Frankel colorimetric transaminase procedure

[5], whereas colorimetric determination of alkaline

phosphatase (ALP) activity was done according to the

method of Belfield and Goldberg [3], using commer-

cially available kits (BioMérieux, France).

Histological studies

After the end of the treatment period, rats were killed,

livers were excised and fixed in 10% formaline, saline,

Bouin’s and Carnoy’s fluids, sections were prepared

and stained with hematoxylin and eosin-stained (H &

E) for the histological investigations. For histochemi-

cal investigations, periodic acid-Schiff’s reagent and

bromophenol blue techniques were used for staining

the intracellular glycogen and protein contents.

Further histological evaluation was done. Mor-

phometric parameters were measured by a computer-

assisted image analyzer (Qwin Leica image process-

ing and analysis system, Cambridge-England) on
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slides stained by H & E by analyzing 15 random

fields per slide. The percentage of necrotic areas was

measured and the degeneration was estimated as

a percent of the total section area.

Statistical analysis

All results are expressed as the means ± SE. Multiple

group comparisons were performed by ANOVA fol-

lowed by Duncan test; p < 0.05 was considered statis-

tically significant.

Results

BIOCHEMICAL CHANGES

CCl
4
-induced hepatic injury

When given to saline-treated rats, PTX at a dose of

72 mg/kg, had no sigificant effect on serum AST,

ALT, and ALP levels (Tab.1). In the CCl4-induced

acute liver injury, the levels of AST, ALT and ALP

were markedly raised in plasma indicating the sever-

ity of hepatic injury caused by CCl4. Seventy-two

hours after administration of CCl4, the serum ALT

and AST levels were significantly elevated from 49.5

± 5.3 and 92.9 ± 4.1 (olive oil) to 278 ± 14.8 and

253.8 ± 7.3 IU/l, respectively (p < 0.01). The admini-

stration of PTX at three doses twice daily ip for 5 days

prior to CCl4, caused a dose-dependent reduction in

the levels of the serum enzymes ALT and AST (Tab. 1).

Rats given CCl4 exhibited in addition elevated levels

of ALP in serum indicative of liver cell injury and re-

lease of membrane enzymes or congestion and cho-

lestasis. ALP activities were raised by 72.7% in the

CCl4-treated rats compared with the control group

that received only olive oil (p < 0.01). Pretreatment

with PTX prior to CCl4 reduced the liver injury as

evidenced by 52.2–63% decrease in ALP activity

(p < 0.05). On the other hand, PTX given simultane-

ously with CCl4 did not significantly affect the indi-

ces of hepatic injury and stasis (Tab. 1).

Acetaminophen-induced hepatic injury

In rats treated with acetaminophen, significant eleva-

tions in the levels of ALT, AST and ALP were ob-
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Tab 1. Effect of pentoxifylline (PTX) on CCl
�
-induced elevation of se-

rum aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) in rats

Treatment AST, IU/l ALT, IU/l ALP, IU/l

Vehicle control 92.9 ± 4.1 49.5 ± 5.3 54.1 ± 3.5

PTX 72 mg/kg 83.8 ± 6.8 43.2 ± 2.4 71.1 ± 4.1

CCl� control 253.8 ± 7.3 278.0 ± 14.8 198.6 ± 18.5

PTX 72 mg/kg

Combined with CCl�

256.3 ± 9.9 284.4 ± 23.2 218.6 ± 24.8

Pretreatment with PTX

18 mg/kg 242.6 ± 9.2�� 269.1 ± 17.9 �� 94.9 ± 7.9*

36 mg/kg 230.5 ± 11.9�� 231.0 ± 16.0 �� 85.8 ± 7.3*

72 mg/kg 175.9 ± 15.6* 113.5 ± 11.6* 73.5 ± 6.3*

Results are the means ± SE. Data were analyzed by one-way ANOVA
and the means of different groups were compared by Duncan’s mul-
tiple range test. Two-tailed probabilities of less than 0.05 were con-
sidered significant. Statistical comparisons between the CCl

�
control

group and PTX-treated groups are indicated by asterisks

Tab 2. Effect of pentoxifylline (PTX) on acetaminophen-induced ele-
vation of serum aspartate aminotransferase (AST), alanine amino-
transferase (ALT) and alkaline phosphatase (ALP) in rats

Treatment AST, IU/l ALT, IU/l ALP, IU/l

Vehicle control 86.1 ± 7.1 43.2 ± 4.4 49.1 ± 4.6

PTX 72 mg/kg 97.9 ± 10.9 56.8 ± 5.7 55.8 ± 6.3

Acetaminophen control 236.8 ± 12.0 256.5 ± 11.2 138.5 ± 9.9

PTX 72 mg/kg 160.0 ± 18.1* 62.9 ± 8.0* 66.0 ± 4.3*

Combined with acetaminophen

Pretreatment with PTX

18 mg/kg 207.4 ± 14.0�� 57.1 ± 5.1* 84.6 ± 5.1*

36 mg/kg 174.5 ± 13.2* 57.1 ± 5.8* 65.4 ± 6.8*

72 mg/kg 130.1 ± 11.6* 53.7 ± 5.0* 63.3 ± 7.0*

Results are the means ± SE. Data were analyzed by one-way ANOVA
and the means of different groups were compared by Duncan’s mul-
tiple range test. Two-tailed probabilities of less than 0.05 were con-
sidered significant. Statistical comparisons between the acetamino-
phen control group and PTX-treated groups are indicated by aster-
isks



served compared with the control group that received

saline. Elevations of the hepatic enzymes were dose-

dependently reduced by PTX. The drug was more ef-

fective in this model of hepatocyte injury with near

normalization of ALT and ALP levels (Tab. 2). This

protective effect of PTX was observed independently

of whether the drug was given before or together with

acetaminophen. The elevated serum AST, ALT and

ALP levels were reduced to 26.3, 77.7, 52.8% (p <

0.05) and 45.1, 79.1, 54.3% (p < 0.05) of controls in

those pretreated with PTX at 36 and 72 mg/kg, re-

spectively (Tab. 2).

HISTOLOGICAL OBSERVATIONS

CCl
4
-induced hepatic injury

Examination of H & E stained liver sections obtained

from control rats showed a normal lobular architec-

ture with central veins and radiating hepatic cords

(Fig. 1A). The livers from rats treated with CCl4
showed perivascular necrosis, mononuclear cellular

infiltration, ballooning cells and fatty degeneration

manifested by rounded empty well circumscribed

spaces (Fig. 1B). Pretreatment with PTX resulted in

a decrease in ballooning cells and centrilobular necrotic

areas. Mononuclear cellular infiltration was, however,

increased around the periportal tracts and hepatocytes

showed vacuolar degeneration and small lipid drop-

lets (Fig. 1C). On the other hand, examination of liver

sections from rats administered PTX together with

CCl4 treatment revealed only a slight improvement in

hepatocyte injury (Fig. 1D). Quantitative analysis of

hepatic tissue damage by image analyzer showed

a 33% reduction of area of damage after pretreatment

with 72 mg/kg PTX, compared with the CCl4-treated

control group (p < 0.05) (Tab. 3).

Acetaminophen-induced hepatic injury

Histological evaluation of acetaminophen-induced

damage in the acetaminophen treatment group

showed disorganization of hepatocyte architecture,

massive fatty degeneration and vacuolar degeneration

with pyknotic nuclei (Fig. 2A). The liver from rats

pretreated with lower doses of PTX, still revealed

massive vacuolar degeneration with small lipid drop-

lets (Fig. 2B). With increasing doses of PTX to 72 mg/kg,

the area of liver damage was reduced and the mor-

phology at the higher dose of PTX (72 mg/kg) group

was close to that of normal control (Plate 2, Figs. C,

D). This occurred independently of whether the drug

was given before or together with acetaminophen.

Quantitative analysis of the area of damage by image

analysis techniques showed that there was a signifi-

cant decrease in the area of damage by PTX: area of

the damage was reduced by 34.8, 65.5 and 89.2% af-

ter pretreatment with 18, 36 and 72 mg/kg of PTX

(p < 0.05), respectively. In those administered the

drug together with acetaminophen, the area of dam-

age was reduced by 91.3% compared to the control

group (p < 0.05) (Tab. 3).

HISTOCHEMICAL CHANGES

CCl
4
-induced hepatic injury

Figure 3 shows the distribution of glycogen contents

in liver tissue stained by PAS reagent, characterized in

normal rats by deeply stained reddish granules in the

cytoplasm of hepatocytes (Fig. 3A). The glycogen

content was sharply reduced in CCl4-treated control

rats (Fig. 3B), indicating reduced glycogen synthesis

and glycogen stores. In saline-treated rats given PTX,
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Tab . 3. Effect of pentoxifylline (PTX) on area of damage in the CCl
�
-

or acetaminophen-induced hepatic injury in rats

Treatment Area of damage

CCl� Acetaminophen

Vehicle control 3.0 ± 0.5 2.9 ± 1.2

+ PTX 72 mg/kg 3.9 ± 0.6 3.3 ± 1.1

CCl� or acetaminophen control 41.6 ± 5.4 36.7 ± 5.2

+ PTX pretreatment

18 mg/kg 41.9 ± 4.6 23.9 ± 5.9

36 mg/kg 32.8 ± 3.9 12.6 ± 2.3*

72 mg/kg 27.6 ± 4.9* 4.0 ± 1.7*

+ PTX 72 mg/kg at time

of CCl� or acetaminophen

38.1 ± 3.1 3.2 ± 0.6*

Results are the means ± SE. Data were analyzed by one-way ANOVA
and the means of different groups were compared by Duncan’s mul-
tiple range test. Two-tailed probabilities of less than 0.05 were con-
sidered significant. Statistical comparisons between the CCl

�
or

acetaminophen control group and PTX-treated groups are indicated
by asterisks



marked increase in periodic acid-Schiff’s (PAS) reac-

tion in the heptacyte cytoplasm was seen (not shown),

while dose-dependent increase in hepatic glycogen

(PAS reaction) was evident in CCl4 + PTX-treated

rats compared with the control CCl4 group, except in

areas of patchy fibrosis where there was still marked

reduction of PAS reaction (Fig. 3C).

In addition, mercuric bromophenol blue staining

was used to demonstrate total protein content in liver

sections. Examination of liver sections in the control

group showed a strong bromophenol blue reaction in

the cytoplasm and in the nuclear membrane of the he-

patocytes of control rats (Fig. 4A). The CCl4-treated

rats showed marked decrease in protein reaction in the

necrotic periportal zones and the damaged hepato-

cytes (Fig. 4B). Obvious improvement in protein con-

tent in hepatocytes was seen in sections from rats that

were pretreated with PTX.
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A B

C D

Fig. 1. Effect of PTX on hepatic morphological damage induced by
CCl

�
. (A) Normal rat: (B) CCl

�
-treated rat: perivascular necrosis, bal-

looning of cells, fatty degeneration, hydropic changes, congestion of
central vein and sinusoids and portal chronic inflammatory cell infil-
trate are seen. (C, D) PTX 18, 72 mg/kg: decrease in ballooning cells
and centrilobular necrotic areas. Mononuclear cellular infiltration was
still increased around the periportal tracts and hepatocytes showed
vacuolar degeneration and few lipid droplets. (H & E x 300)

DC

BA

Fig. 2. Effect of PTX on hepatic morphological damage induced by
acetaminophen. (A) Acetaminophen-treated rat : massive fatty and
vacuolar degeneration. (B) PTX 18 mg/kg. (C) PTX 36 mg/kg. (D) PTX
72 mg/kg. (H & E x 300) A B

C D

Fig. 4. Histological examination of hepatic protein distribution with
mercury bromophenol blue stain. (A) Hepatocytes of rats treated with
saline as control showing high content of total protein. (B) Hepato-
cytes of rats treated with CCl

�
. (C) Hepatocytes of rats treated with

acetaminophen: depletion of total protein contents. (D) Hepatocytes
of rats treated with acetaminophen + PTX 72 mg/kg: increased total
protein contents compared to acetaminophen control. (Original mag-
nification x 300)

A B

C D

Fig. 3. Histological examination of hepatic glycogen distribution with
periodic acid-Schiff’s (PAS). (A) Normal distribution of PAS reaction in
liver cells. (B) Liver tissue from CCl

�
-treated rat: PAS staining for gly-

cogen content was sharply reduced. Similar changes were observed
after acetaminophen treatment. (C) Liver tissue from CCl

�
plus PTX

72 mg/kg-treated rat showing increased hepatic glycogen (PAS re-
action) compared with control CCl

�
. (D) Liver tissue from acetamino-

phen plus PTX 72 mg/kg-treated rat: prominent improvement in PAS
staining



Acetaminophen-induced hepatic injury

The reduction in glycogen content seen after aceta-

minophen, was prevented by administration of PTX,

with marked improvement in PAS reaction being seen

in the vast majority of hepatic cells (Fig. 3D). In liver

sections stained using mercury bromophenol blue

technique, marked decrease in protein reaction allover

the hepatocytes architecture was observed in the

acetaminophen-treated control group (Fig. 3C). In con-

trast, marked increase in total protein content was ob-

served in hepatocytes after PTX treatment (Fig. 3D).

Discussion

Findings of the present study indicate that PTX pro-

tected against hepatocyte injury evoked by admini-

stration of CCl4 or acetaminophen in the rat. In both

models, PTX administered prior to inducing hepatic

damage reduced the biochemical indices of hepatic

cell necrosis and cholestasis. When given together

with the toxicant, PTX protected against the aceta-

minophen- but not the CCl4-induced hepatic damage.

Cellular pertuberations such as reduced glycogen and

protein content induced by both toxicants were ame-

liorated by PTX.

PTX has been evaluated in different models of ex-

perimental hepatic injury, but with different effects re-

ported on hepatocyte injury and fibrosis. In CCl4-

induced hepatocellular necrosis, PTX decreased the

release of ALT into blood, but did not decrease the de-

gree of hepatocellular necrosis evaluated histologi-

cally [14]. In bile duct-obstructed rats, neither the se-

rum indices of cholestasis (ALP, gamma glutamyl-

transferase and bilirubin) nor those of inflammation

and necrosis (ALT, AST) were affected by PTX treat-

ment [23]. In contrast, the drug appeared to exert an

antifibrotic effect, by an action on activated hepatic

stellate or myofibroblast-like cells [7, 14]. Hepatic fi-

brosis induced by feeding yellow phosphorus to swine

was also reduced by 20% after treatment with PTX

[22]. A clear protective effect of PTX on hepatocyte

injury, can be observed, however, in models of

ischemia-reperfusion injury, in which the generation

of reactive oxygen metabolites is thought to be mainly

responsible for the liver cell damage. Survival rate

was doubled, serum transaminases decreased and his-

tological evidence of necrosis reduced following

treatment with PTX [16, 21, 26].

The primary site of action for PTX is the vascula-

ture. The drug has largely been used in peripheral ve-

nous and cerebral circulatory disorders characterized

by defective regional microcirculation. PTX increases

red blood cell flexibility, reduces blood viscosity, and

decreases platelet aggregation, thereby improving mi-

crocirculation and tissue oxygenation [8, 30]. The

agent also exerts vasodilator effects that depended in

part on the release of nitric oxide or prostacyclin [12,

17]. This is important because early vascular events

were suggested to have a role in liver damage caused

by CCl4 [29] or acetaminophen [10] and increased he-

patic arterial blood flow may act to lessen CCl4-

induced acute hepatic injury [9, 29]. PTX might pro-

tect the liver by alleviating early circulatory disturb-

ance produced by CCl4 or acetaminophen, thereby

preventing acute liver damage. In addition, PTX pos-

sesses other important pharmacological actions that

can be of relevance in its observed hepatocyte protec-

tive effect . The drug is a potent inhibitor of a number

of pro-inflammatory cytokines and in particular tumor

necrosis factor-� (TNF-�), a cytokine implicated in

the pathogenesis of a number of inflammatory disor-

ders [15] and might be involved in the protective ef-

fect of PTX on hepatic injury [25]. In this context,

TNF. �-induced activation of polymorphonuclear

neutrophils is blocked by PTX when cells are exposed

to PTX prior to TNF-� or after TNF-� [20]. Apart

from the beneficial effect of PTX on microvascular

perfusion, there is evidence that PTX effectively pre-

serves vascular integrity in the microcirculation by

acting primarily on leukocyte adhesion along the en-

dothelium of postcapillary venules, which is consid-

ered to be an important step in the inflammatory re-

sponse [24]. The agent further reduced superoxide an-

ion and hydrogen peroxide production in vitro from

activated neutrophils [18]. The reduction of neutro-

phil oxidant production and neutrophil-dependent tis-

sue damage by PTX is important since increased oxi-

dative stress is a feature of both CCl4 [19]- and acet-

aminophen [13, 27]-induced liver injury and signifi-

cant protection was obtained with the use of antioxi-

dants [11].

In summary, in the CCl4-induced hepatic injury,

prior treatment with PTX was found necessary for

protection. Simultaneous and subsequent administra-

tion of PTX with CCl4 challenge did not afford such

protection. In contrast, PTX prevented hepatic injury

�����������	��� 
������ ����� ��� ������� 601

Pentoxifylline and hepatic injury
���� ���� �	
�� ���� �� ���



caused by acetaminophen independently of whether

administered before or simultaneoulsy with the hepa-

totoxin. In conclusion, PTX holds promise as a useful

therapeutic intervention for patients with acetaminophen-

induced hepatotoxicity.
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