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ABSTRACT

Coffee is the most frequently consumed beverage worldwide that affects several body organs

and systems. This work was designed to evaluate the possible modulating effects of caffeine on

hepatotoxicity induced by acute paracetamol (PCM) intoxication in rats.  Ninty adult male albi-

no rats were classified into 4 main groups: Group 1 (negative control) contains 10 rats, Group

2 (positive control) contains 40 rats which is divided equally into 4 subgroups: [2a] received

distilled water,  [2b] receiving 30 mg/kg caffeine, (2c) receiving 100 mg/kg caffeine, [2d] re-

ceiving PCM 2 g/kg, Group 3 contains 20 rats which is divided equally into 2 subgroups: [3a]

Rats were treated on the 14th day only with caffeine 30 mg/kg plus 2 g/kg PCM, [3b]:  Rats

were  treated on the 14th day only with caffeine 100 mg/kg plus 2 g/kg. PCM, Group 4  contains

20 rats which is divided equally into 2 subgroups: [4a]: Rats were treated daily with 30 mg/kg

caffeine then on the 14th day rats were given  also 2 g/kg PCM and [4b]: Rats were treated dai-

ly with 100 mg/kg caffeine then on the 14th day rats were given also 2 g/kg PCM. Blood sam-

ples were obtained for estimation of liver enzymes then rats were sacrificed and samples of liver

tissue were used for measurements of oxidative stress markers malondialdehyde and advanced

oxidation protein products and antioxidants superoxide dismutase and catalase also, the re-

maining tissue was subjected to histopathological and immunohistochemical localization of

Bcl2. Paracetamol induced acute hepatotoxicity which were evident biochemically and con-

firmed by histopathology (massive necrosis, hemorrhage and inflammation), and immunohisto-

chemistry (marked expression of Bcl2 indicating severe necrosis). The use of single dose 30 mg/

kg of caffeine did not improve the liver, but repeated caffeine 30 mg/kg, partially opposed the

toxic effect of PCM through some improvement in all previous parameters. However, increasing

the dose of caffeine to 100 mg/kg either in a single dose or in repeated doses enhanced the abili-

ty of caffeine to provide nearly complete improvement of hepatotoxicity. Caffeine can modulate

hepatic damage induced by acute PCM intoxication. 

Keywords: Paracetamol, caffeine, acute hepatotoxicity, MDA, AOPP, antioxidants and Bcl2

protein.
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Acute liver injury can be induced ex-
perimentally by many chemicals such as
carbon tetrachloride (CCL4), thiocetamide
(TAA), and ethionine. In addition, many
experimental models of toxic liver injury
were induced by PCM. Thus, it may be
useful to evaluate the effects produced by
many compounds such as coffee and/or
caffeine (Manibusan et al., 2007).

Coffee is the most frequently consumed
beverage worldwide, mainly due to the
psychoactive properties of caffeine and its
moderate intake has been considered to be
beneficial for human health due to its ef-
fects on several body organs and systems
(Butt and Sultan, 2011).

Caffeine consumption, particularly
from regular coffee, above a threshold of
approximately two coffee-cups equiva-
lents per day, was associated with less se-
vere hepatic fibrosis (Modi et al., 2010).

Caffeine (1, 3, 7-trimethylxanthine), a
white crystalline xanthine alkaloid, is
found mainly in coffee. Additionally, sev-
eral analgesic drugs contain caffeine asso-
ciated with PCM or with anti-
inflammatory drugs, which in many occa-
sions are sold without prescription (Gold-
stein et al., 2006).

Despite various epidemiological and
experimental studies that have reported
beneficial effects of coffee and/or caffeine

INTRODUCTlON

Paracetamol (PCM) is used worldwide
for its analgesic and antipyretic action. Al-
though PCM is generally safe at usual
therapeutic doses, it may cause hepatic
toxicity in case of chronic or acute over-
dose and even in therapeutic doses in sus-
ceptible individuals (Graham et al., 2013).

The first reports of PCM poisoning in
humans describing hepatic necrosis pro-
voked a series of animal studies which
demonstrated that acute centrilobular he-
patic necrosis with collapse of the reticu-
lum frame work could be produced in
some species (Ekam and Ebong, 2007).

Apoptosis plays a significant role in the
course of hepatocytes death in acute and
chronic hepatitis. Antiapoptotic protein
Bcl2 prevents apoptosis induced by vari-
ous treatments (Mochizuki et al., 1999).

The hepatic cell injuries caused the
leaking of cellular enzymes into the blood
stream and thus can be measured in the
serum (Yahya et al., 2013). Lactate dehy-
drogenase localized in the cytoplasm is ex-
truded into the serum and increases in
damaged or necrotic liver cells, thus con-
sidered as a sensitive indicator of acute
liver damage in addition to ALT along
with the AST and ALP that are routinely
assessed to monitor liver function (Kim et
al., 2001; Avila et al., 2011).
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solved in distilled water. Freshly prepared
caffeine solutions were administrated oral-
ly at a volume of 2 ml/day at doses 30 and
100 mg/kg body weight (Demirtas et al.,
2012). 

 
2. Animals
This study was carried out on 90 adult

male albino rats, their weights ranged
from 180-220 g. The animals were ob-
tained from the experimental animal
house of faculty of veterinary medicine,
Zagazig University. All animals were left
for one week of passive preliminaries in
order to adapt themselves to their new en-
vironment. They were maintained on a
standard diet and allowed water ad-
libitum. The animals were divided equally
into four groups (two control and two
treated): 

Group 1 [Negative control group], ten
rats were given no medications to meas-
ure the basic parameters.

Group 2 [Positive control group], forty
rats were divided equally into 4 sub-
groups:

- Group 2a:  Each  rat  was  given  2 ml
of  distilled  water  by  gavage  for  14
days.

- Group 2b: Each rat was given caffeine
30mg/kg B.W. by gavage for 14 days. 

- Group 2c:  Each  rat  was  given  caf-
feine 100 mg/kg B.W. by gavage for 14
days.

in the prevention of liver disease and the
benefit of rapid analgesic effect due to
combination of caffeine with PCM, some
studies have suggested potential health
risks with coffee consumption and its pro-
tective role on chemically induced liver in-
jury are still inconclusive and controver-
sial (Ita et al., 2009).

As coffee is the most popular beverage
in the world and combination prepara-
tions or products of PCM with caffeine are
very common, many researches swing be-
tween health benefits and risks against
PCM- induced hepatic toxicity, so the aim
of this work was to study the possible
modulating effects of caffeine on liver
damage induced by acute paracetamol
(PCM) toxicity and detect the role of Bcl2
expression as an immune marker in adult
male albino rats.

MATERIAL and METHODS

Material:
1. Chemicals
A- Paracetamol (PCM): It was obtained

from Sigma Chemical Company (St. Louis,
USA) in the form of white powder.  It was
dissolved in distilled water and given
orally to rats in a single toxic dose (2 g/kg
BW) (Ekor et al., 2006 ; Prabu et al., 2011).

B- Caffeine: It was obtained from Sig-
ma Chemical Company (St. Louis, USA) in
the form of white powder. It was dis-
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Methods
1. Biochemical parameters:
Venous blood samples were taken from

animals by means of capillary glass tubes
from the retro- orbital plexus, under light
ether anesthesia (Semler, 1992) and 3 ml of
blood was collected in non- heparinized
capillary tube and used for assessment of
liver function, including alanine amino-
transferase (ALT) and aspartate amino-
transferase (AST) according to Reitman
and Frankel (1957), alkaline phosphatase
(ALP) according to Kind and King (1954),
and lactate dehydrogenase (LDH) accord-
ing to Kim et al. (2001).

 
2. Tissue parameters:
Rats were anaesthetized with ether and

sacrificed. Liver tissues were immediately
dissected and grossly inspected to access
any gross abnormalities then washed out
with cold normal saline.

[A] Determination of oxidative stress
markers in liver tissues:

Tissue samples from liver were imme-
diately preserved in liquid nitrogen at -80
°C till analysis to measure malondialde-
hyde (MDA) according to the guidelines
of Ohkawa et al. (1979), advanced oxida-
tion protein products (AOPP) according to
Witko-Sarsat et al. (1998)  and  catalase
(CAT) activity according to Aebi et al.
(1974).

The remaining clear supernatants were

- Group 2d (PCM-induced toxicity
model): Each rat was given single oral
dose of PCM 2 g /kg B.W. on the 14th day
only.

Group 3 [Single caffeine dose plus
PCM], twenty rats were divided equally
into 2 subgroups:

- Group 3a: Rats were given on the 14th

day only a single dose of combined low
caffeine dose 30 mg/kg plus toxic PCM
dose 2 g/kg B.W.

- Group 3b: Rats were given on the
14th day only a single dose of combined

high caffeine dose 100 mg/kg plus toxic
PCM dose 2 g/kg B.W. 

Group 4 [Repeated caffeine doses plus
PCM], twenty rats were divided equally
into 2 subgroups:

- Group 4a: Rats were given repeated
daily dose of 30 mg/kg caffeine for 14
days before combined treatment of PCM 2
g/kg plus caffeine 30mg/kg which was
given on the 14th day. 

- Group 4b: Rats were given repeated
daily dose of 100 mg/kg caffeine for 14
days before combined treatment with
PCM 2 g/kg and caffeine 100 mg/kg that
was given on the 14th day.

Food was withdrawn before PCM in-
toxication for 12 hours to trigger acute liv-
er damage. Animals were sacrificed 24
hours after PCM administration then all
rats were subjected to the tested parame-
ters.  
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Statistical analysis: 
Data were coded, entered and analyzed

using an SPSS (Windows, Version 12.0,
SPSS Inc., and USA). Statistical analysis
was expressed as mean values and stan-
dard deviation (SD). Statistical compari-
sons among the means of different experi-
mental groups were done using one-way
analysis of variance (ANOVA) and least
significant difference (LSD). Significance
was expressed in terms of P-value and the
level of significance was 0.05.

RESULTS

1- Biochemical results (liver function
tests) (Table 1, 2 and 5):

A non- significant difference (P>0.05) in
liver enzymes (ALT, AST, ALP and LDH)
were found among normal control groups
(group 1, 2a, 2b and 2c) (non-PCM-
intoxicated control groups), so negative
control group (group 1) was used for com-
parison with other groups. 

These enzymes were highly significant-
ly increased (P<0.001) in PCM intoxicated
group (2d) and in treated group with com-
bined single low caffeine dose 30 mg/kg
plus PCM intoxication (group 3a) when
compared with group (1). Interestingly, re-
peated daily dose of 30 mg/kg caffeine
plus PCM (group 4a) revealed significant
decrease in these enzymes (P<0.01) when
compared to PCM group alone (group 2d),
however showed significant increase

used to measure superoxide dismutase
(SOD) according to Yi-Sun et al. (1988). All
the diagnostic kits assaying hepatic func-
tion tests, lipid peroxidation and antioxi-
dants levels were obtained from Sigma
Chemical Company (St. Louis, USA).

[B] Histopathological study:
The liver tissue was immediately re-

moved and fixed in 10% neutral buffer for-
malin and embedded in paraffin, sec-
tioned to a thickness of approximately 5-6
µm and stained with Hematoxylin and Eo-
sin (H and E) for histological examination
by light microscopy according to Bancroft
and Gamble (2008).

[C] Immunohistrochemical study:
Immunohistochemical study was con-

ducted using Meyer’s hematoxylin coun-
terstain method. Paraffin sections of liver
specimens were deparaffinized and rehy-
drated in decreasing concentrations of
ethyl alcohol, and induced overnight with
the primary antibody specific for Bcl2 im-
munostain (Bcl2: code no.: PMD016, mon-
ocolonal mouse antibody, DBS, CA, USA).
Universal DAB (Diaminobenzidine tetra-
hydrochloride) kits (Code no.: K0673,
DAKO, Carpinteria, CA, USA) were used
to demonstrate antibodies expression ac-
cording to the manufacturer’s instructions.
Negative control slides were prepared by
replacing the primary antiserum with
phosphate-buffered saline (PBS) (Ramos-
Vera et al., 2014).
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peroxidation MDA and protein oxidation
AOPP) and (antioxidant enzymes SOD
and CAT) revealed non- significant differ-
ence (P>0.05) among normal control
groups (non-PCM-intoxicated groups)
(groups 1, 2a, 2b and 2c). 

These markers showed highly signifi-
cant increase in MDA and AOPP with
concomitant highly significant decrease
(P<0.001) in CAT and SOD enzymes in
PCM- intoxicated positive control group
(group 2d) when compared to negative
control group.

The same previous result in PCM- in-
toxicated control group (group 2d) was
found in treated group with combined sin-
gle low caffeine dose 30 mg/kg plus PCM
(group 3a). However, repeated daily dose
of 30 mg/kg caffeine plus PCM (group 4a)
revealed significant decrease (P<0.05) in
the mean values of MDA and AOPP with
concomitant increase in antioxidant en-
zymes when compared with group (1) and
a highly significant decrease in MDA and
AOPP (P<0.001) with concomitant highly
significant decrease in antioxidant en-
zymes was detected when compared to
PCM group (group 2d).

Single high caffeine dose 100 mg/kg
plus PCM (group 3b) showed highly sig-
nificant decrease (P<0.001) in the mean
values of MDA  and  AOPP at the same
time, highly significant increase in antioxi-

(P<0.01) in the mean values of liver en-
zymes when compared with group (1).

Single high caffeine dose 100 mg/kg
plus PCM (group 3b) showed highly sig-
nificant decrease (P<0.001) in liver en-
zymes when compared with single low
caffeine dose 30 mg/kg plus PCM intoxi-
cation (group 3a). However, repeated high
caffeine dose 100 mg/kg plus PCM (group
4b) showed significant decrease (P<0.01)
in the mean values of liver enzymes when
compared with repeated low caffeine dose
30 mg/kg plus PCM intoxication (group
4a).

There was a non -significant difference
(P>0.05) in these enzymes when 100 mg/
kg caffeine (either single or repeated)
(groups 3b and 4b) was compared with
negative control group.

A highly significant decrease in the
mean values of liver enzymes (P<0.001)
was found between single and repeated
low caffeine dose 30 mg/kg B.W (group
3a and 4a). However, no significant differ-
ence (P>0.05) was found in all of these val-
ues between single and repeated high caf-
feine dose 100 mg/kg B.W (groups 4a and
4b). 

2- Tissues parameters:
[A] Oxidative stress markers in liver

tissues (Tables 3, 4 and 5):
The liver oxidative stress markers (lipid
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hemorrhage and inflammatory infiltrates
involving mainly centrilobular zone to-
gether with dilated central veins causing
pressure atrophy on the adjacent hepato-
cyte leading to necrosis around central
vein (centrizonal) in addition to focal
piecemeal necrosis in the periportal area.
Sinusoids are dilated and filled with RBCs
(B and C). 

Liver specimens of (group 3a) treated
with low single caffeine dose 30 mg/kg
plus PCM showed the same picture de-
scribed previously with PCM alone (D).
However, these changes were reduced to
nearly normal picture with increasing the
single dose of caffeine to 100 mg/kg plus
PCM (group 3b) (only slight congestion
with mild inflammation, no hemorrhage
or necrosis) (F).

Liver specimens of (group 4a) treated
with repeated daily low caffeine dose 30
mg/kg plus PCM revealed mild cell injury
appeared as cloudy swelling, slight con-
gestion in central vein with localized in-
flammatory infiltrates resulted in random
areas of necrosis (F), that appeared nearly
normal with increasing the dose of repeat-
ed daily caffeine to 100 mg/kg (group 4b)
(Figure G). 

[C] Immumohistochemical changes:
(Figure 2)

All normal control groups (non-PCM-
intoxicated liver in groups 1, 2a, 2b and

dant enzymes when compared with low
single caffeine dose 30 mg/kg plus PCM
intoxication, also, repeated daily high caf-
feine dose 100 mg/kg plus PCM (group
4b) showed significant decrease (P<0.01)
in the mean values of MDA and AOPP
with concomitant significant increase in
antioxidant enzymes when compared
with repeated daily low caffeine dose 30
mg/kg group plus PCM intoxication.

A non -significant difference (P>0.05) in
the mean values of these markers were de-
tected when 100 mg/kg caffeine (either
single or repeated) (groups 3b and 4b)
were compared with negative control
group.

A highly significant decrease (P<0.001)
was found in the mean values of MDA
and  AOPP with concomitant highly sig-
nificant increase in the mean values of
SOD and CAT between single and repeat-
ed low caffeine dose 30 mg/kg (group 3a
and  3b). However, no significant differ-
ence (P>0.05) was found in all of these val-
ues between single and repeated high caf-
feine dose 100 mg/kg (groups 4a and 4b). 

[B] Histopathological changes in the
liver: (Figure 1)

All normal control groups (Non-PCM
intoxicated liver in groups 1, 2a, 2b and
2c) showed normal lobular architecture
(A). Sections of PCM intoxicated liver
(group 2d), exhibited massive necrosis,
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normal picture with increasing the single
caffeine dose to100mg/kg plus PCM
(group 3b) (E). 

Liver specimens of (group 4a) treated
with repeated daily caffeine 30 mg/kg
plus PCM, revealed few scattered expres-
sion of Bcl2 (F) that appeared nearly nor-
mal through negative Bcl2 staining with
increasing the repeated daily caffeine dose
to100 mg/kg plus PCM (group 4b) (G).

2c) showed negative Bcl2 staining (A),
while sections of PCM intoxicated liver
(group 2d), exhibited positive cells with
marked expression of bcl2 (brown discol-
oration of Bcl2 immunotain) (B and C).
Liver specimens of (group 3a) treated with
low single caffeine dose (30 mg/kg plus
PCM), showed the same picture of
marked Bcl2 expression as PCM intoxica-
tion alone (group 2d) (D). However, these
Bcl2 expressions were reduced to nearly

Table (1) : Comparison between control and treated groups with single caffeine dose plus PCM as
regard liver function tests (n: 70).

SD : standard deviation, n: number, PCM: paracetamol, *Significant (P< 0.05); a: significant compared with nega-

tive, positive control groups (2a, 2b and 2c), b: significant compared to PCM and PCM with 30 mg caffeine,

ALT: alanine aminotransferase, AST: aspartate aminotransferase, ALP: alkaline phosphatase, LDH: lactate

dehydrogenase.
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Table (2) : Comparison between control and treated groups with repeated caffeine doses plus
PCM as regard liver function tests (n: 70).

SD: standard deviation, n: number, PCM: paracetamol, *Significant (P< 0.05); a: significant compared with

negative, positive control groups (2a, 2b and 2c) and treated groups (4a  and 4b), b: significant compared

to negative, positive control groups (2a, 2b and 2c) and treated group (4b), c: significant compared to

PCM  and  PCM +30 mg caffeine. ALT: alanine aminotransferase, AST: aspartate aminotransferase, ALP:

alkaline phosphatase, LDH: lactate dehydrogenase.

Table (3) : Comparison between control and treated groups with single caffeine doses plus PCM
as regard liver oxidative stress markers (n: 70).

SD: standard deviation, n: number, PCM: paracetamol, *Significant (P< 0.05); a: significant compared with

negative, positive control groups (2a, 2b and 2c) and treated groups (3a and 3b), b: significant compared

to negative, positive control groups (2a,2b and 2c) and treated groups (3b), MDA: malondialdehyde,

AOPP: advanced oxidation protein products, SOD: superoxide dismutase, CAT: catalase.
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Table (4) : Comparison between control groups and treated groups with repeated caffeine doses
plus PCM as regard liver oxidative stress markers (n: 70). 

SD: standard deviation, n: number, PCM: paracetamol, *Significant (P< 0.05), a: significant compared with

negative, positive control groups (2a,2b and 2c) and treated groups (3a  and 3b), b: significant compared

to negative, positive control groups (2a,2b and 2c) and treated groups (3b)., c: significant compared to

PCM and  PCM +30 mg caffeine. MDA: malondialdehyde, AOPP: advanced oxidation protein products,

SOD: superoxide dismutase, CAT: catalase.

Table (5) : Comparison between single and repeated caffeine doses either in low dose 30 mg/kg
or high 100 mg/kg as regard liver function tests and oxidative stress markers.  

SD: standard deviation, n: number, P>0.05: non-significant difference, ALT: alanine aminotransferase, AST:

aspartate aminotransferase, ALP: alkaline phosphatase, LDH: lactate dehydrogenase, MDA: malondial-

dehyde, AOPP: advanced oxidation protein products, SOD: superoxide dismutase, CAT: catalase.
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Figure (1) : Hematotoxlin  and  Eosin stained sections of the liver in control group (A), PCM intox-
icated group 2 g/kg B.W. showing massive hepatic necrosis, hemorrhage  and  inflam-
mation, in addition to piecemeal necrosis in the periportal areas (B and C), combined
PCM with single low caffeine dose 30 mg/k showing the same picture as Figs. B and
C (D), combined PCM with single high caffeine dose 100 mg/kg showing nearly nor-
mal hepatic cells (E), combined PCM with repeated daily low caffeine dose 30 mg/kg
showing some improvement manifested by few random necrosis, Hge and inflamma-
tion (F), and combined PCM with repeated daily high caffeine dose 100 mg/kg show-
ing nearly normal hepatic cells (G).
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Figure (2) : Immunolocalization of Bcl2 (arrow) in liver specimens reveals no cytoplasmic reaction
in hepatocytes of the control group (A), Positive Bcl2 reaction with marked expression
in PCM intoxicated group 2 g/kg B.W. indicating severe necrosis and apoptosis (B
and C), combined PCM with single low caffeine dose 30 mg/kg showing the same
picture as Figs. B and C (D), combined PCM with single high caffeine dose caffeine
100 mg/kg showing negative bcl2 reaction due to nearly normal hepatic cells (E),
combined PCM with repeated daily low caffeine dose 30 mg/kg showing moderate
expression of Bcl2 reaction with few scattered positive stained hepatocytes (F) and
combined PCM with repeated daily high caffeine dose 100 mg/kg showing negative
Bcl2 reaction due to nearly normal liver cells (G).
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PCM) to induce this intoxication in rats.
Ekor et al. (2006)  and  Prabu et al. (2011)
induced hepatotoxicity using 2 g/kg PCM
and recorded highly significant increase in
liver enzymes with increased lipid peroxi-
dation and associated reactive oxygen spe-
cies leads to collapse in membrane integri-
ty and other pathological changes in liver.

Excess PCM is oxidatively metabolized
by hepatic cytochrome P450 (CYP 450)
system to a toxic metabolite, N-acetyl-p-
benzoquinone imine (NAPQI) (Yen et al.,
2007). Also, the toxic dose of PCM caused
depletion of GSH resulting in accumula-
tion of NAPQI, which then covalently
binds to the cysteinyl sulfhydryl groups of
cellular proteins forming NAPQI-protein
adducts (Subramanian et al., 2013). This
can lead to generation of reactive oxygen
species (ROS) including the hydrogen per-
oxide (H2O2), superoxide anion (O2), and
hydroxyl (OH) radical that affect the cellu-
lar membrane to induce lipid peroxidation
and cause hepatic necrosis (Chen et al.,
2009). 

In the present study, PCM intoxicated
rats with single low caffeine dose (30 mg/
kg) showed the same results of hepatotox-
icity as with PCM intoxicated rats alone.

Early research reports stated that simul-
taneous administration of caffeine poten-
tiates PCM-induced hepatotoxicity more
than in rats taking PCM only (Sato et al.,

DISCUSSION
The liver is the main organ for xenobio-

tic detoxification therefore; it is very sus-
ceptible to being damaged by hepatotoxic
agents. Drug induced liver disorders oc-
curred frequently could be life threating
and mimic all forms of liver diseases (Wat-
kins and Seef, 2006). Paracetamol, an over-
the counter medication, is a commonly
used antipyretic and analgesic which can
lead to liver damage if taken in overdose
and in severe cases may progress to acute
liver failure and need for liver transplanta-
tion (Yahya et al., 2013).

The PCM-induced toxicity model is
used to study the hepatoprotective effect
of many herbal substances (Zakaria et al.,
2011). In the present study, PCM- induced
hepatotoxicity is used to evaluate the
modulating effect of caffeine (either single
or repeated) in two different doses (low
and  high non-toxic dose) on this hepatic
damage. As expected, PCM showed
marked elevation of serum levels of liver
enzymes, lipid peroxidation and protein
oxidation, in addition to marked decrease
in liver antioxidant enzymes when all
were compared with negative control
group. These biochemical studies were
confirmed by both histopathological and
immunohistochemical studies. 

The results of acute PCM intoxication in
the current study are similar to many pre-
vious studies used the same dose (2 g/kg
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cell's ability to protect against the oxida-
tive injury imposed by caffeine, which is
dose dependent, while in this study this
dose doesn't exhibit any improvement on
liver damaged by PCM intoxication. The
increased formation of lipid peroxidation
MDA and protein oxidation AOPP with
associated reactive oxygen species leads to
collapse in membrane integrity that was
responsible for the pathological changes in
liver (Prabu et al., 2011).

Ohta et al. (2007) demonstrated the en-
hancement and exacerbation of acute in-
flammatory liver injury by two small dos-
es of caffeine (10 and 20mg/kg) and, this
effect was induced using two independent
hepatitis models other than PCM. Liver
damage was due to the inhibition of the
tissue-protecting adenosine-A2AR path-
way so, caffeine enhanced pro-inflamma-
tory cytokine induction and subsequently
tissue destruction as a mechanism of the
exaggeration of tissue damage and this
can be done by the administration of low
caffeine dose during ongoing acute in-
flammation. 

In people who do not consume coffee,
caffeine half-life is twice as high, which
explains a higher incidence of intoxication.
As caffeine increases PCM bioavailability,
it may increase their plasma concentra-
tions and consequently the likelihood of
adverse effects, thus, it explained the per-
sistence of liver damage with low dose

1985). This was confirmed by Sato and
Izumi (1989) who stated that caffeine can
interact with an enzyme that cause in-
creasing the formation of toxic metabolite
of PCM causing more depletion in hepatic
glutathione.

Persistence of liver damage by low caf-
feine dose in this study seems to be con-
troversial with many epidemiological
studies which strongly suggest the benefi-
cial effects of caffeine consumption on
chronic liver diseases including cirrhosis
but, the mechanism for these beneficial ef-
fects of caffeine in chronic liver inflamma-
tion may be different from tissue damag-
ing effects of coffee/caffeine during acute
inflammation (Ruhl and Everhart, 2005). 

A new marker of protein oxidation,
AOPP, has recently attracted the attention
of various investigators. The oxidative
damage done to proteins is marked by an
increase in the levels of protein carbonyls
and a decrease in the levels of protein thi-
ols (Çakatay et al., 2003). This protein
marker is more accurate than markers of
lipid peroxidation due to their relatively
early stability and longer life span (Per-
rone et al., 2007).

Pasaoglu et al. (2011) investigated for
the first time the effect of caffeine on
AOPP levels in rat's liver, which showed a
decrease in AOPP levels even with 30
mg/kg caffeine, and this may reflect the
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Demirtas et al. (2012) reported that oral
caffeine administration at low dose (30
mg/kg) for a short time interval (14 days)
showed a decrease in liver MDA level and
increase in SOD, catalase and GPx enzyme
activities.

The present study was in accordance
with Mukhopadhyay et al. (2003) who
stated that caffeine administration to rats
in low dose (20 mg/kg for 30 days) caused
augmentation of hepatic catalase and SOD
activities and a reduction in MDA levels.
Additionally, Noschang et al. (2009) con-
cluded that chronic administration of re-
peated daily dose of caffeine led to in-
creased activity of antioxidant enzymes.
However, these effects were not observed
in the stressed animals.

These results could be explained by Jo-
hansson et al. (1997)  and  Fredholm et al.
(1999) who indicated the development of
tolerance by the effect of caffeine on the
immune system just as tolerance to caf-
feine develops in the CNS. Thus, after
long-term caffeine treatment, up-
regulation of adenosine receptors includ-
ing A2AR may have increased sensitivity
to the anti-inflammatory action of adeno-
sine and consequently reduced the liver
damage. Also, it is interesting that caffeine
is detected in habitual caffeine-consuming
humans at concentration capable of antag-
onizing A2AR in moderate to heavy caf-
feine consumers (Cook et al., 1996).

caffeine in this study (Sawynok, 2011).
This was expressed by marked increase in
lipid peroxidation and protein oxidation
with marked decrease in the antioxidants
and confirmed by histopathological and
immunohistochemical pictures.

In this study, treatment with 100 mg/
kg caffeine (either single or repeated) plus
PCM intoxication was significantly re-
duced the elevated levels of those en-
zymes, oxidative stress markers in liver
tissue towards the normal values. Also,
this dose elevates the decreased levels of
antioxidant enzymes to normal values and
improves the histopathological and immu-
nohistochemical pictures.

In parallel with this study, Ohta et al.
(2007) found that high dose of caffeine
(100 mg/kg) provided strong protection
against acute liver damage because high
dose of caffeine suppressed  tissue  dam-
age which was  explained by the inhibi-
tion of pro-inflammatory cytokine re-
sponses (TNF, IL4,  and  IL12,  p53 levels)
and the induction of an anti-inflammatory
cytokine IL10. So, single caffeine dose (ei-
ther low or high) could have opposite ef-
fect on liver inflammation (proinflamma-
tory versus anti-inflammatory). But
repeated caffeine consumption for 14 days
before triggering acute liver inflammation
by PCM reduce liver damage induced by
PCM intoxication  in  a dose  dependent
manner. 
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The histopathological results revealed
nearly complete protection of liver after
treatment with 100 mg/kg caffeine plus
PCM intoxication that can be explained by
Ekam and Ebong (2007) who reported that
the molecular mechanism by which caf-
feine reduce liver damage may be due to
their ability to maintain liver cell integrity
and triggering immune system. even in
the presence of hepatotoxic agent such as
PCM.

 
In contrast to the present study, Ita et

al. (2009) reported that high dose of caf-
feine increase risk of PCM hepatotoxicity
marked by high levels of liver enzymes, so
used herbal extract to protect rats from
PCM 600 mg/kg and caffeine 100 mg/kg.
Also, Johnkennedy and Adamma (2011)
revealed that 600 mg/kg PCM plus 100mg
caffeine for 14 days elevated serum en-
zyme activities such as AST, ALT, and
ALT higher than the PCM group only.

There are very little data regarding the
apoptosis after acute caffeine consumption
in vivo. However, in vitro studies, caffeine
has been reported to affect cell cycle func-
tion, including programmed cell death or
apoptosis and perturbing key cell cycle
regulatory proteins. Therefore, the family
of Bcl-2 related proteins plays a key role in
the regulation of apoptosis (Bode and
Dong, 2007). 

Normal liver sections showed no evi-

Our data showed that high dose of caf-
feine (either single or repeated) does not
seem to have any pro-apoptotic properties
on hepatocytes in vivo but, on contrary
caffeine produce anti-apoptotic properties,
and this is in consistence with Corsetti et
al. (2008) who reported that even a single
very high dose of caffeine does not seem
to have any pro-apoptotic properties on
cardiomyocytes in vivo.

  
Caffeine in high dose decreased liver

enzymes and these biochemical restora-
tions could be due to its ability to inhibit
the cytochrome P450, also, coffee ingestion
modulates phase II of the hepatic biotrans-
formation system improving the hepatic
detoxification enzyme system against tox-
ic xenobiotic like PCM (Abreu and Mo-
raes-Santos, 2011).

Yukawa et al. (2004) suggested that con-
suming 150 ml (8 g) of coffee 3 times a day
for 7 days resulted in reduction in the lev-
el of MDA in the serum indicating the
benefit of high caffeine dose. The previous
results together with the results of Pasao-
glu et al. (2011) who reported that reduced
level of MDA in liver is especially sensi-
tive to dosage so, provide high liver pro-
tection with the use of high caffeine dose
100 mg/kg, in addition to our results that
revealed high degree of liver protection by
using the same high caffeine dose, sug-
gesting that the effect of caffeine may be
dose dependent .
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sary to identify the optimal dose range at
which caffeine is beneficial. Also, chronic
caffeine consumption even at low doses
can protect against PCM hepatotoxicity.
Other studies must be performed to evalu-
ate the effect of caffeine on other body or-
gans and systems.
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عدلة للكافي ضد الأضرار الكبدية الناتجة عن التسمم دراسة التأثيرات ا
الحاد بالباراسيتامول في ذكور الجرذان البيضاء

شتركون فى البحث ا

ــــان طاهــــر* سحر عبد الرشيد أحمد              إ
من أقسام الطب الشرعي والسموم الإكلينيكية والباثولوجي* - كلية الطب البشري - جامعة الزقازيق

عدلة للـكافي على شروب الأكثـر استهلاكاُ في العـالم حيث أنها تـؤثر على جميع أعـضاء وأجهزة الجـسم. دراسة التأثيـرات ا تعد القـهوة ا
برمج للخلايا وت ا الأضرار الكبـدية الناتجة من التسمم الحاد بالباراسيتامول في ذكور الجرذان البـيضاء البالغة وأيضا دراسة مدى دلالة مضاد ا
الـبي سي ل ٢ على هذه الـتأثيـرات .  استخـدام ٨٠ جرذ قسـمت إلى ٤ مجمـوعات رئيـسية متـساوية: المجـموعة الأولى: (المجـموعة الـضابطة
قطر (٢ ب) اء ا وجبة) والتي قسمت إلى ٤ مجموعـات فرعية متساوية: (٢ أ) أعطيت ا السالبة) المجموعة الثانية: (المجموعـة الضابطة ا
سـببة للـتسمم الحاد ـدة ١٤يوم (٢ د) أعطـيت الجرعة ا ـدة ١٤يوم (٢ج) أعطيـت ١٠٠مللجم/كـجم كافي  أعطيت ٣٠ مـللجم/كـجم كافي 
بـالباراسيـتامول ٢جم/كـجم وذلك في اليوم الرابع عـشر فقط المجمـوعة الثـالثة (مجـموعة مركب الـباراسيتـامول والكافـي ولم تعطى الـكافي
مسبقاً أي جرعة واحدة) والـتي قسمت إلى مجموعت فرعيت متساويت (٣ أ) أعطيت ٣٠ مللجم/ كـجم من الكافي مع الباراسيتامول في
اليوم الرابع عشر فقط والأخرى (٣ ب) أعطيت ١٠٠ مللجم/ كجم من الكافي مع الباراسيتامول في اليوم الرابع عشر فقط المجموعة الرابعة
ـدة ١٤ يوم) والتي قسمت إلى مجموعتـ فرعيت متساويت (مجـموعة مركب الباراسيتامـول والكافي وقد أعطيت الكـافي بتكرار يومياً 
عتـاد مع الباراسيتـامول في اليوم الـرابع عشر  والأخرى (٤ب) أعطـيت ١٠٠مللجم/ كجم من (٤ أ) أعطيت ٣٠ مـللجم/ كجم من الكـافي ا
عتاد مع الباراسيتامول في اليوم الرابع عشر.  ذبح الجرذان والحصول على عينات من الدم لقياس وظائف الكبد كما  أخذ عينات الكافي ا
من أنسجة الكبد لتحليل دلالات أكسدة الدهون والبروتينات بها وكذلك فحص الأنسجة بواسطة المجهر الضوئي باستخدام صبغة الهيماتوكسل
ـناعي من خلال استخـدام بروت البي سي ل ٢ . أدى التسـمم الحاد بالـباراسيتـامول إلى إرتفاع ذو والأيوس وأيضـاَ الفحص الهـستوكيـميائي ا
ات الكبـد بالدم وودلالات أكـسدة الدهون والـبروتيـنات في أنسـجة الكبـد أما الفـحص المجهري فقـد أظهر وجـود إلتهاب دلالة إحصـائية في إنـز
ناعي يتضح أعلى ظهور إيجابي لبروت البي سي كبدي حاد في صـورة نخروموت الكثير من خلايا الكبد مع وجود نزيف شديد بهـا وبالفحص ا
إل ٢ والتي لم تتأثر عنـد إعطاء جرعة واحدة صـغيرة من الكافيـ مع الباراسيتامول فـي ح لوحظ تحسن واضح في كل الفحـوص السابقة عند
. وعند استـخدام جرعة كبـيرة من الكافي سـواء جرعة واحدة أو متـكررة فقد لوحظ تحسن دة ١٤يومَ استـخدام نفس الجرعة من الكـافي يوميـاً 
مـلحوظ في خلايـا الكبد يـقترب من الـطبيعي مع حـدوث تفاعل سـلبي للبي سي ل ٢. أظـهرت النـتائج أن الكافـي له آثار إيـجابية عـلى الكبد
اته عـند الـتعـرض لـلتـسمم الحـاد بالـبـاراسيـتامـول بالإضـافـة إلى تحسن دلالات أكـسدة الـدهـون والبـروتيـنات وكـذلك الـصورة الـباثـولوجـية وإنـز
نـاعية وذلك عـند تكـرار أخذه ولو بجـرعات صغـيرة. أما عـند استـخدامه بجـرعات كبـيرة نجد سـرعة عودة خلايـا الكبد إلى والهسـتوكيـميائـية ا

طبيعتها سواء كان هناك تكرار أخذ الكافيي مسبقاً أم لا.
 لذا في ضوء نـتائج الدراسة الحـالية نوصي بـاعتياد تـناول الكـافي بجـرعات صغيـرة مع عمل متابـعة مسـتمرة لوظـائف الكبد كـما ننصح

عرفة تأثيرالكافي على أجهزة الجسم المختلفة. بزيادة نسبة الكافي وتقليل نسبة الباراسيتامول كما نوصي بإجراء أبحاث أخرى 


