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ABSTRACT

The present work was conducted to evaluate the possible protective effect of pentoxifylﬁne (PTX) in
comparison to N-acetyl- cysteine (NAC) on the hepatotoxicity- induced by acetaminophen (AP) in mice.
Furthermore, this study aimed at declaring the effect of PTX on oxidative stress and tumor necrosis fac-
tor-alpha (TNF-@) in this model. The current work was carried out on 36 healthy male mice 'Wé!i;ghing
(25-30 grams), the animals were divided into 6 equal groups; Group (l), received intra-peritoneal (IP)
single dose of normal saline (0.5ml), group (II), received NAC in a single dose of 150mg/kg, IP, Group
(I11), received PTX in a single dose of 100 mglkg, IP. Group (1V), received AP in a single dose of 900 mg/
kg, IP; group (V) received once administration of NAC (150 mng/kg, 30 minutes before once injection of
900 mg/kg AP, IP), group (VI), received once administration of PTX in a dose of 100mg/kg, 1P, 30 min-
utes before IP once injection of 900 mg/kg AP). Serumm alanine aminotransferase (ALT), serum TNF-q,
hepatic tissue malondialdehyde (MDA) and hepatic tissue calcium were significantly elevated after 4
hours of AP administration in comparison to control groups. These changes were nearly reversed by pre-
treatment with either NAC or PTX. This improvement of the results may be due to high efficacy of NAC
and PTX as antioxidant and anti-TNF-q.

INTRODUCTION bolic conversion of AP to a highly re-
active intermediate, namely; N-acetyl-P-
benzoquinonimine (NAPQI) by cyto-
chrome P,5) mediated mixed function oxi-
dases; this metabolite is known to be de-
toxified by glutathione (Dambach et al.,

2006).

Acetaminophen is a commonly used
analgesic and antipyretic drug, however,
when used in high doses, it causes fulmi-
nant hepatic necrosis and nephrotoxic ef-
fects in humans and experimental animals.
(Sener et al., 2003). The biochemical mech-

anism by which AP-induced liver inju- Lipid peroxidation mediated by oxygen

ry has been elucidated in details and
is believed to be the result of meta-
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free radicals is believed to be an important
cause of destruction and damage to cell
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membranes and attention has been fo-
cused on the role of reactive oxygen spe-
cies in mediating the micro-vascular dis-
turbances that precede tissue damage
induced by various chemicals (Mah et al.,
1993 and Krahauer, 2000).

Pentoxifylline (PTX) has been used in
the treatment of peripheral vascular dis-
eases because of its potent effect on flexi-
bility of erythrocytes and reduction of
platelet aggregation (Gomez-Cambronero
et al., 2000). Subsequently, PTX was found
to have anti-inflammatory properties me-
diated via inhibition of phosphodiesterase
(Semmler et al.,, 1993). In vitro data sug-
gest that PTX may posse anti- (TNF-o)
properties (Maksymowych et al., 1995).
Furthermore, PTX inhibits lipopolysaccha-
ride-induced production of TNF-a by
monocytes (Gomez-Cambronero et al,
2000).

N-acetyl cysteine (NAC) is a well
known antioxidant prevented AP- in-
duced depletion of glutathione and super-
oxide dismutase as well as hepatotoxicity.
NAC also abrogated transcription factors
including nuclear factor Kappa-B (NF-kB)
which regulate the production of inflam-
matory mediators implicated in hepato-
toxicity (Dambach et al., 2006).

In large doses, AP is hepatotoxic caus-
ing oxidative stress and lipid peroxidation

therefore; antioxidatants such as NAC
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have been u$e;d' a;gaihst‘the‘hepétic toxicity
of AP. The present study aimed at declar-
ing the possible protective effect of PTX
(being antioxidant and anti-TNF-o) on
AP-induced hepatotoxicity in mice and to
examine the effect of PTX on TNF-o. and
lipid peroxidation in this specific situa-
tion.

MATERIALS AND METHODS
Drugs used: ¥ R
* Pentoxifylline (PTX) powder was pur-
chased from Sigma CO.; it was dis-
solved in sterile isotonic saline solu-
tion.

* Paracetamol powder (N-acetyl-4 ami-
nophenol; acetaminophen; AP) also
was purchased from Sigma chemicals
CO., USA. It was dissolved in sterile
isotonic saline.

* N-acetyl cysteine (NAC) was pur-
chased from Sigma CO.

Animals used :

The present work was conducted on
mice because of its greater susceptibility to
the toxic effects of AP as compared to rats
(Kuralay et al.,, 1998). The present study
was carried out on 36 healthy male mice
weighing 25-30 grams. All animals were
kept under similar housing conditions.
They were divided into 6 equal groups as
follows:
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Group (I) : received intraperitoneally
(IP) 0.5ml of normal saline
(single dose).

Group (ID) : received NAC in a single
dose of 150 mg/kg IP,
~(Sener et al., 2003).

Group (III) : received PTX in a single
o dose of 100mg/kg IP, (Re-
uter &Wallace, 1999).

Group (IV): received AP in a single
dose of 900 mg/kg IP,
(Sener et al., 2003).

Group (V): received NAC (in a single
dose of 150 mg/kg, IP), 30
minutes before IP injec-
tion of 900 mg/kg AP.

Group (VI): received PTX (in a single
dose of 100 mg/kg, IP), 30
minutes before IP injec-
tion of 900 mg/kg AP.

All the administered agents are given
as a single dose. After 4 hours of adminis-
tration knifing decapitated all the animals.
Blood was collected and the serum sam-
ples were stored at -70°C. Liver tissues
were carefully excised, and also stored at
-700C. Tissue samples were homogenized
with ice-cold 150mM KCl for determina-
tion of MDA levels. The following param-
oters were estimated:
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*

Serum alanine

: aminotransferase
(ALT), utilizing Randox laboratories
kits, UK (Schmidt and Schmidt,

1973).

* Serum TNF-a according to (Carti et
al., 1992).

* Hepatic tissue malondialdehyde

(MDA) was meastired spectrophoto-

metrically using the method of Beuge

and Aust, (1978).

Hepatic tissue calcium content was
measured according to the method of
Sparaw and Johnstone (1964).

Statistical analysis:

Statistical analysis was done using the
computer system SPSS (statistical package
for social science program; version 10).
Student "t" test according to Pipkins,
(1984), was used to compare between each
two means. A value of p < 0.05 was con-
sidered statistically significant.

RESULTS

Serum ALT and TNF-a levels were in-
creased significantly following treatment
with AP in comparison to control group
(Tab. 1, Figs. 1 & 2). Intraperitoneal pre-
treatment with either NAC or PTX de-
creased significantly ALT and TNF-a lev-
els but the levels were still higher than the -
control (Table, 1 and Figs. 1&2). Liver tis-
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sue MDA (the end product of lipid peroxi-
dation) and hepatic tissue calcium con-
tents were significantly increased after IP
administration of AP to the mice. Admin-
istration of either NAC or PTX intraperito-
neally to mice, 30 minutes before injection
of AP induced significant decrease of he-
patic tissue MDA and calcium contents
but the levels were still higher than the
control (Table 2 & Fig. 2).

DISCUSSION

In the present study, serum ALT and
serum TNF-a significantly increased fol-
lowing AP treatment (Table 1 & Figs.
1&2). This rise in serum ALT demon-
strates deterioration of liver function. Fur-
thermore, in this model of AP-induced he-
patic injury, we observed a significant
increase in hepatic tissue MDA and cal-
cium levels (Table 2 & Fig. 3). These find-
ings are in accord with Kernna et al.,
(2006). As they reported that oxidative
stress plays an important role in AP-
induced hepatotoxicity. In addition to in-
ducing direct cellular damage, oxidants
can activate transcription of factors includ-
ing nuclear factor-kappa B (NF-KB),
which regulates the production of many
inflammatory mediators implicated in
pathogenesis of hepatotoxicity. In the cur-
rent study NAC as well as PTX pretreat-
ment reduced AP-induced hepatotoxicity
as documented from significantly de-
creased serum ALT. Furthermore, hepatic
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tissue MDA was restored to nearly control
level (Table 1 & Figs. 1&3). This is because
NAC is a known free radical Scavenger
(Karbownik et al., 2001), the involvement
of free radicals in the pathogenesis of AP-
induced hepatotoxic effect is supported by
previous studies done by Shibanuna et al.,
(1994), Rahman et al., (1998), Zhou et al.,
(2004), and Sullivan et al., (2005). They
have been demonstrated that TNF-o. ex-
erts its effects via (NF-KB) in various types
of cells. TNF-a induced NF-KB activation
suggested to be mediated by reactive oxy-
gen intermediates such as hydrogen per-
oxides. In addition, pretreatment with
NAC for 0.5h inhibited TNF-o- induced
generation of reactive oxygen species
(ROS) as well as activation of NF- KB.
NAC which is a sulfhydryl donor serving
as a precursor of glutathione (GSH) syn-
thesis and inhibiting formation of extra -
cellular reactive oxygen intermediates
(Dobrzynska et al.,, 2000). Moreover, it
may directly react with electrophilic com-
pounds such as NAPQI and free radicals.
As AP metabolism is related to reduced
GSH, at least part of the beneficial effects
of NAC may be ascribed to the inhibition
of lipo- peroxidative process. In additjon,
the antioxidant effect produced by PTX
in this study is supported by the work
of Kranse et al, (1991) and Ng et al,
(2003), where they documented that
PTX even in low doses (50mg/kg) has
been associated with suppression of
neutrophil function such as chemotaxis,

Vol. XII No.2, July 2005



Mokbel , S. A.

superoxide anion production, hydrogen
peroxide production, phagocytosis and
degranulation.

In the present study, AP-treated mice
showed a significant increase in the hepat-
ic tissue calcium (Table 2 & Fig. 3). This re-
sult is supported by the work of Ota et al.,
(1995) as they proposed that alteration in
calcium homeostasis played a major role
in cell necrosis- induced by a variety of
chemical agents including AP. Pretreat-
ment with either NAC or PTX signifi-
cantly decreased hepatic tissue calcium as
compared to control groups. This finding
could be explained on the light of the
work conducted by Beatric et al., (1989).
They reported that the intrahepatocytes
calcium concentration is controlled by ac-
tive transport of these ions across the mi-
tochondria, endoplasmic reticulum and
plasma membrane. The liver mitochondria
are protected against high cytosolic Ca*2
levels by the presence of glutathione, but
became permeable to calcium when oxida-
tive events convert GSH to oxidized glu-
tathione (Li et al., 1995). In the present
study NAC and PTX improved intrahepat-
ocyte calcium homeostasis secondary to
their antioxidant activity achieved by sig-
nificant decrease of hepatic tissue MDA
(Table 2 & Fig. ). These results also sup-
ported by the study of Anderson et al.,
(2005), where they demonstrated that oxi-
dative stress provokated by alteration of
hepatocyte calcium homeostasis played a
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major role in cell necrosis occurs in ische-
mia reperfusion injury.

Furthermore, the current work showed
that the level of TNF-a. was significantly
increased following AP dosing (Table 1 &
Fig. 2), suggesting that TNF-a. may be in-
volved in liver injury elicited by AP over-
dose. These data corroborated by Blaz-
ka et al., (1995), they demonstrated that
TNF-a played a role in:AP-induced hepat-
otoxicity. In addition, Nagai et al., (2002),
reported that reduced glutathione deple-
tion causes necrosis and sensitization to
tumor necrosis factor-a- induced apopto-
sis in cultured mouse hepatocytes. On the
other hand, Boess et al., (1998) and Simpsn -
et al., (2000), have suggested that TNF-o is
not involved in AP-induced liver injury
because both TNF-a- knock out mice and
wild type are equally susceptible to AP-
induced toxicity. Also the inhibition of
TNF-a. activity fails to attenuate the liver
injury elicited by AP.

On the light of the present study it
could be concluded that PTX produced a
prophylactic effect against acetamino-
phen-induced liver injury in mice. This is
due to its antioxidant and anti- TNF-o ef-
fects. The action of PTX was comparable
to the prophylactic effect of NAC in such
condition. We are in need to further exper-
imental studied on other different animal
species and also human studies especially
on those with normal liver functions.
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Table (1): Changes in serum alanine aminotransferase (ALT) and tumor necrosis factor alpha
(TNF-0) in various groups. Mean + SEM. (n = 6 mice/group):
Group (VI
Group (V) PVD :
Group (II) | Group (III) PTX (100
Group (I) NAC (150
NAC PTX Group (IV) AP mg/kg, 30
Control mg/kg, 30
Parameter treated treated treated minutes
(0.5 ml minutes
. (150mg/kg | (100mg/kg | (900mg/kg/1P) before IP
saline, IP) 1P) 1P) before IP 900
. m
900 mg AP) vke
AP)
Serum ALT
11.540.2 11.9+0.4 11.840.3 750+8.6+ 75.34+4.6*+" | 98.846.3¢
(IU/ml)
TNF-a
0.95+0.02 0.97+0.06 0.98+0.03 4.5+0.04+ 1.2+0.01* 1.840.05¢+
(Pg/ml)

SEM = Standard error of mean.

*; P value is significant (<0.05) between AP treated and control group.

*: P value is significant (<0.05) between (NAC + AP) group and (AP) group
+" P value is significant (<0.05) between (NAC + AP) and (NAC) groups.
*¢; P value is significant (<0.05) between (PTX +AP) and (AP) groups.

+; P value is significant (<0.05) between (PTX +AP) and (PTX) groups.

NAC = N-acetylcysteine
PTX= Pentoxifylline

AP = acetaminophen.
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Table (2): Changes in hepatic tissue calcium and malondialdehyde (MDA) in various groups.
Mean +SEM. (n=6 mice/group):

Group (V) Group (VI)
Group () | Group(I) | Group NAC (150 PTX (100
Control NAC (I11) PTX Group (IV)
/kg, IP /kg, IP,
Parameter (150mg/kg | (100mg/k AP tl)“i gAP e b f30
X mg/kg m, efore minutes before
@5 m & | 90omg/kgip)
saline, IP) /1P) /1P) (900 mg /kg AP (900 mg/kg
IP) IP)
Hepatic 1.440.001 | 1.5+0.002 | 0.99£0.001 | 3,7+0.03e 1.99£0.005%+" | 2.140.01+e¢
tissue
MDA
(nmol/gm
tissue)
Hepatic 0.99+0.002 | 0.98+0.001 [ 0.88+0.001 | 3.8+0.01¢ 1.940.03%+" | 2.140.02+e¢
tissue
Ca+2(mg/g
m tissue)

SEM = Standard error of mean.

*; P value is significant (<0.05) between AP treated and control group.

*; P value is significant (<0.05) between (NAC + AP) group and (AP) group
+" P value is significant (<0.05) between (NAC + AP) and (NAC) groups.
*¢; P value is significant (<0.05) between (PTX +AP) and (AP) groups.

+; P value is significant (<0.05) between (PTX +AP) and (PTX) groups.
NAC = N-acetylcysteine

PTX= Pentoxifylline

AP = acetaminophen.
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