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HISTOLOGICAL, HISTOCHEMICAL AND SERUM PROTEIN
ELECTROPHORESIS STUDY ON THE EFFECT OF PARACETAMOL
AND CAFFEINE COMBINATION ON FEMALE RAT LIVER.

MOHAMED I. RADY

Department of Zoology, Faculty of Science, Al-Azhar University

Abstract

This study aimed to evaluate the histochemical changes in the liver and protein changes in
the serum, induced by combination of paracetamol (analgesic and antipyretic drug) and
caffeine in female rats.

Female rats were divided into four groups, the first group served as control, the second
received multiple oral doses of paracetamol and caffeine (125 and 20 mg/kg bw,
respectively), the third group received oral dose of paracetamol and caffeine (250 and 40
mg/kg bw, respectively) and the fourth received oral dose of paracetamol and caffeine (500
and 75 mg/kg bw, respectively). The treatment lasted for four weeks.

The obtained results showed that this combination caused different histological changes
and caused significant diminutions in the contents of total protein, nuclear DNA and esterase
enzyme in the liver. Also the treatments with this combination discomfort the normal protein
patterns of serum in comparison with control. These effects were evidently dose dependent.
These results support the suggestion that the previously known effect of the analgesic drug
may be enhanced with caffeine administration.

Introduction

Paracetamol (acetaminophen) is one of the most widely used drugs extensively
prescribed as anti-inflammatory, analgesic and antipyretic (Kastrup and Olin, 1987).
Caffeine is considered as one of the compounds most widely consumed by the world
population, it is a central nervous system stimulant used in several pharmaceutical
compounds and as a constituent of foods (Felipo et al., 1986). Because of the
widespread use of these drugs, any unintended effect could have serious adverse
public health consequences (De-Kun et al., 2003).

Several animal and human studies on hepatotoxicity (Rady, 2001 and Gill et al.,
2002) induced by exposure to different drugs have been done. The latter authors
added that the combination of acute fatty liver and acetaminophen toxicity resulted
in acute liver failure. Also, caffeine injection resulted in slight increase in absolute
and relative liver weight denoting considerable enlargement in the organ in spite of
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the loss in total body weight (Daubert, 1976). Mitchell et al. (1973) administered
one dose of 375 mg/kg paracetamol ip. to mice and found liver necrosis in 45% of
the animals examined. Also, combined effects of acetaminophen and caffeine on
pregnant and non-pregnant rats were studied by Burdan et al. (2001, b) and Burdan
(2003).

The effects of different drugs single or incombination on the histochemistry of
the liver of experimental animals have been documented (Burdan et al., 2001a and
Marrif et al., 2003). Also, Janson and Ryden (1989) declared that fundamental to
electrophoretical separations is the facts that proteins are electrically charged
particles in addition the proteins often have associated charged components of non-
protein origin. EPA (1990) reported that protein adducts can be used as biomarkers
of chemicals exposure.

Accordingly, this work was designed to study the effects of combination of
paracetamol and caffeine on the liver including histological and histochemical
changes as well as protein patterns of the serum in female rats.

Materials And Methods

This work was carried out on female albino rats, Rattus norvegicus, with average
body weight of 150 + 20gm. These animals were obtained from Egyptian
Organization for Vaccine and Biological preparation at Helwan. They were marked
and housed in cages in the laboratory at room temperature and fed on a standard
rodent pellet manufactured by Egyptian Company for Qil and Soap as well as some
vegetables as a source of vitamins, also water was supplied ad libitum.

Female rats were divided into four groups, each group contained 10 rats, the first
group (GI) served as control, the second (GllI), third (GlII) and fourth (GIV) were
treated with combination of paracetamol (acetaminophen) and caffeine for four
weeks. GII received daily oral combined dose of paracetamol and caffeine (125
mg/kg and 20 mg/kg, respectively), GllII received daily oral dose of paracetamol and
caffeine (250 mg/kg and 40mg/kg, respectively). The fourth group (GIV) received
daily oral dose of paracetamol and caffeine (500 mg/kg and 75 mg/kg, respectively).
These doses were chosen according to Burdan et al. (2001, a). At the end of
experimentation, rats were anesthetized with ether; specimens of liver from the four
groups were used in histological and histochemical investigations. Blood was
collected in centrifuge tubes and left for % hour, and then sera were separated and
stored at -4C°.
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Histological and histochemical investigations:

For study of the histological and histochemical changes, specimens of the liver
were fixed in neutral formalin. Then the fixed tissues were subsequently processed
for microtomy at 6p thickness. For study of the histological changes, routine
haematoxylin and eosin liver sections were made. For visualization of total proteins,
the mercury bromphenol blue method of Mazia et al. (1953) was applied. Feulgen
reaction method for DNA demonstration (Pearse, 1972) was used. For
demonstration of non-specific esterases activity in the liver, frozen sections were
made using cryostat according to the method described by Gomori (1952).

The histochemical interpretation was done using computer image analyzing
system (Leica Model). Estimation of the optical density of thirty cells in each group
was made. The data obtained were statistically analyzed according to Sendecor
(1987). Differences between the group means were assessed using t-test. P< 0.05
was considered significant, and the percentage of change was calculated as follows:

Data of treated — Data of control

% =Percentage of change = X 100
Data of control

Electrophoresis investigation:

The protein fractions of serum of control and treated groups were separated using
sodium dodecyle sulfate polyacrylamide gel electrophoresis (SDS-PAGE) according
to the method described by Stgemann et al. (1988). Molecular weight of different
proteins were determined using standard sigma proteins marker (wide range cat #
4038).

Results

The normal histological structure of control female rat liver is presented in figure
(1). Liver sections obtained from rats belonging to GIlI showed slight
histopathological changes in the hepatic tissue. These changes were manifested in
lymphocytic infiltration around the blood vessels, and slight congestion in blood
vessels (Fig.2). Also Kupffer cells were greatly encountered and they were
hypertrophied in different areas of the hepatic tissue. Most of the hepatocytes were
approximately similar to those of control animals with eosinophilic cytoplasm.
Combination of paracetamol and caffeine for four weeks (in daily dose equal 250
mg/kg and 40 mg/kg) resulted in dilated and congested blood vessels and slight
areas of haemorrhage. Also some pyknotic nuclei, increased number of Kupffer
cells and macrophages were noticed (Figs. 3 and 4).
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Inspected liver sections obtained from GIV (500 mg and 75 mg/kg b w,
paracetamol and caffeine respectively) displayed necrobiotic changes in the
hepatocytes. Pyknotic nuclei, karyolysis and even necrotic cells were perceptive
(Figs. 5 and 6). In other parts of the liver tissue, hydropic degeneration and
vacuolation in the hepatocytes, complete degenerated hepatocytes and oedematous
blood vessels were ratified.

Combination of paracetamol and caffeine induced reduction in the total protein
of the liver in female rats in a dose dependent manner. This reduction was non
significant in GIl and GIII but significant in GIV. The percentage of reduction
reached 7.477%, 12.068% and 28.856% in GII, GllIl and GIV respectively, as
compared with control (Table 1). Figures 7- 10 represent the total protein contents in
the liver of control and treated groups. The measurements of DNA content in the
liver cells revealed significant reduction in all treated groups (Figs. 11-14); the
highest reduction was recorded in GIV, being 37.610% while the lowest was
recorded in GlI, being 18.912%, when compared with control. The activity of the
esterase enzyme was affected by the treatment with paracetamol and caffeine
combination (Figs. 15- 18). The liver cells of groups Il and 1V showed significant
reduction in esterase activity, while GIlI recorded non significant reduction. The
percentages of reduction were 8.045%, 27.976% and 24.481% in Gll, GllI and GIV
respectively.

The results of the SDS-PAGE gel of sera proteins for control and treated rats are
presented in figure (19) and table (2). The obtained results revealed that the
exposure to paracetamol and caffeine combination for four weeks discomposed the
normal pattern of the serum protein in treated animals.

The most changes induced in the serum proteins were represented in changes in
the intensity of the major protein bands and appearance of some new bands, in GlI
and GIV. The number of bands in group post exposure to 125 mg/kg and 20 mg/kg,
paracetamol and caffeine, respectively, recorded 17 bands, while in groups post
exposure to 500 mg/kg and 75 mg/kg paracetamol and caffeine respectively the
number of recorded was 20 bands. The number of bands in TIII recorded the same
number as control.

The most changes in the protein band intensity were mostly found in a molecular
weight area between 66 and 29 K Dt. Also the new bands that appeared post
treatment with this combination were found in a low molecular weight area, being
between 36 and 14 K Dt, approximately. The percentages of similarity between
control and each of the treated groups are presented in figure (20). The highest
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percentage of similarity was recorded in GIlIlI being 89.8%, while the lowest
percentage was recorded in GIV being 79.73%. The dissimilarity between control
and Gl reached 17.58%.

Discussion

Non steroidal anti-inflammatory drugs represent one of the most highly utilized
classes of pharmaceutical agents in medicine. Several reports have indicated that,
using of most drugs, including analgesic drugs, were usually accompanied with
hepatotoxic effect in different experimental animals as well as human (Gill et al.,
2002; Burdan, 2003; Marrif et al., 2003 and Simmons et al., 2004). The present
study showed that treatment with combination of paracetamol and caffeine for four
weeks induced different histological and histochemical effects that were increased
according to the increase dose in the liver of female rats, Rattus norvegicus.

The histological changes in the liver of female rats were mainly found with the
middle and high dose of the combination treatment in the present study. These
changes were represented in congestion and dilatation in blood vessels, haemorrhage
and lymphocytic infiltration. These effects were increased in GIV where hydropic
degeneration, oedematous blood vessels and necrobiotic changes were perceptive. In
coincidence, Laub et al. (2000) reported that paracetamol administration in high
doses induced significant decreases in the antioxidant level of the liver of female
mice which promote the increase of the free radicals generated by the drug causing
hepatotoxicity. Also, Sato and Isumi (1989) and Farag and Abdel-Meguid (1994)
discussed that paracetamol enhanced the caffeine depleted antioxidants to a greater
extent. In agreement with the present findings, Wahba and Ziada (1992) similarly
reported that combination of caffeine and nicotine administered to rats resulted in
degeneration in the hepatocytes. Riordan and Williams (2002) reported that at low
doses of paracetamol a reduced hepatic content of antioxidant, required to detoxify
the reactive metabolites, has been pointed out.

Degeneration and necrosis of the hepatic cells following paracetamol and
caffeine combination treatment could be explained according to the suggestion of
Ritter (1977). He reported that liver cell necrosis may be either due to progressive
degenerative action of intracellular enzymes of the injured cells or to a metabolic
disturbance and inhibition of synthesis neded of DNA and hence protein synthesis
for the growth and maturation of the liver.

Drug metabolism system can be induced or activated by a large number of
exogenous agents including drug, alcohol, components in the diet and caffeine as
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well as endogenous factors (Park et al., 1996). The histochemical investigations in
the present work showed that the treatment with paracetamol and caffeine in
combination caused significant reduction in the total protein in GIV and non
significant in GII and GlII. Also the present results revealed significant diminution
of DNA content of the hepatocytes in all treated groups and significant reduction in
the activity of the non specific esterase enzyme in GllI and GIV. Similar effects of
paracetamol and caffeine on the liver of experimental animals have been
documented by many authors (Schlegel et al., 1987; Lehmann et al., 1996 and
Burdan et al., 2001a and b). Keith and Weber (1979) suggested that reduced protein
could be attributed to several pathological processes including plasma dissolution,
renal damage and elimination in the urine, decreased liver protein synthesis,
alteration in hepatic blood flow and/or haemorrhage.

However, Rocha et al. (2001) declared that caffeine greatly potentiated the effect
of paracetamol, pointing to a potential danger of the mixture. They added that
paracetamol inhibited the synthesis of DNA and caused chromosomal aberration due
to inhibition of ribonucleotide reductase. Harman (1983) suggested that the
accumulation of free radicals, generated by the drug, in the cells attacked DNA and
led to cross-linkage with the molecule resulting in reduction of its biological
activity.

Park et al. (1996) reported that the toxicological implication will be determined
either by change in the route of metabolism or by a disturbance of the balance
between activation and detoxication processes which may be isozyme selective.
Burdan et al. (2001a) noted that combination of paracetamol and caffeine induced
significant decreases in total protein, aminotransferase, alanine transaminase,
glucose-6-phosphatase and glutamate dehydrogenase in the liver of rats. The present
results exhibited significant decreases of the liver esterase activity in both Gl and
GIV and non significant decrease in GIlI post four weeks of the treatments with
paracetamol and caffeine combination. Broughan and Soloway (2000) mentioned
that paracetamol overdose induced hepatic toxicity in human through the elevation
in the transaminase level in plasma. Also, the necrosis and degeneration in the tissue
following drug treatment were usually secondary to those of free radicals which had
damaging effects on the cell membrane and led to release of enzymes (O'Brien et al.
2000).

Chromatographic separations in conjunction with physical and chemical
detection method can provide extremely accurate and highly precise of drugs in
biological matrices (Evenson and Wiktorowicz, 1992). Electrophoresis studies on
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the chronic oral toxicity of an analgesic drug combination consisting of
acetylsalicylic acid, paracetamol and caffeine in rat demonstrated several protein
changes resulting from caffeine treatment (Lehmann et al., 1996). In coincidence,
the present study revealed that the exposure to paracetamol and caffeine
combination induced changes in the intensity of the major proteins of the serum of
treated animals and aroused the appearance of new protein bands, which suggest that
this combination induced protein adduct, these changes were mostly found in a low
molecular weight area of SDS-PAGE. The appearance of new proteins due to
different chemical treatments in these areas of the gel was also evident by many
authors as sensitive proteins (Dutta et al., 1992 and Abou Zeid, 1995). Also, Hinson
et al. (1998) proved that paracetamol hepatotoxicity was associated with increased
expression of nitric oxide synthase and formation of nitrotyrosine-protein adducts.

Table (1): Statistical analyses of the quantitative measurements of total protein
(Bromophenol blue stain), DNA (Feulgen reaction) and esterase enzyme
(Gomori method) in the liver cells of control and treated groups.

C?gtlgo' Gl Gl GIV
Total protein Average 1.102 1.0196 0.969 0.784
SD 0.17964 0.165659 0.163245 0.156749
SE 0.08034 0.074087 0.073008 0.070102
t test 0.147596 0.086257 0.001803
Probability N.S. N. S. S.
%of change -1.477 -12.068 -28.856
DNA Average 1.2172 0.987 0.8554 0.7594
SD 0.332523 0.198754 0.09823 0.088344
SE 0.148713 0.088888 0.043931 0.03951
t test 0.003237 0.002531 0.001402
Probability S. S. S.
%of change -18.912 -29.723 -37.610
Esterases Average 1.0416 0.9578 0.7502 0.7866
SD 0.079829 0.073128 0.13684 0.171884
SE 0.035702 0.032705 0.061198 0.076871
t test 0.163915 0.000109 0.003219
Probability N.S. S. S.
%of change -8.045 -27.976 -24.481
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Fig. (1): Liver section of control female rat showing normal structures, central vein (C.V.) and
hepatic cords (H.C.). (H/E X 250).

Fig. (2): Liver section of female rat of GIl showing Kupffer cells (K.) and increase number of
lymphocytes (L.). (H/E X 400).

Fig. (3): Liver section of female rat of Gl11 showing dilated blood vessel (D.B.) and swelling in the
hepatocytes. (H/E X 250).

Fig. (4): Liver section of female rat of Glll showing pyknotic nuclei (P.), macrophage (M.) and
increase of Kupffer cells number (K.). (H/E X 400).

Fig. (5): Liver section of female rat of GIV showing oedematous blood vessels (O.B.V.). (H/E X
250).

Fig. (6): Liver section of female rat of GIV showing infiltration of lymphocytes (1.C.) and necrotic
cells (N.). (H/E X 400).
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Fig. (7): Liver section of control female rat showing the normal content of total protein.
(Bromphenol blue X 250).

Fig. (8): Liver section of female rat of Gll showing slight reduction in the total protein
content. (Bromphenol blue X 250).

Fig. (9): Liver section of female rat of GI11 showing slight reduction in the total protein
content. (Bromphenol blue X 250).

Fig. (10): Liver section of female rat of GIV showing obvious reduction in the total
protein content. (Bromphenol blue X 250).

Fig. (11): Liver section of control female rat showing the normal content of the nuclear
DNA. Feulgen reaction X 400).

Fig. (12): Liver section of female rat of GIl showing the nuclear DNA content is reduced.
(Feulgen reaction X 400).
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Fig. (13): Liver section of female rat of GlIlI showing the nuclear DNA content is
reduced. (Feulgen reaction X 400).

Fig. (14): Liver section of female rat of GIV showing the nuclear DNA content is
prominently reduced. (Feulgen reaction X 400).

Fig. (15): Liver section of control female rat showing the normal activity of the esterase's
enzymes. (Gomori method X 250).

Fig. (16): Liver section of female rat of GII showing decrease activity of the esterase's
enzymes. (Gomori method X 250).

Fig. (17): Liver section of female rat of GI11 showing pronounced decrease activity of the
esterase's enzymes. (Gomori method X 250).

Fig. (18): Liver section of female rat of GIV showing prominent decrease activity of the
esterase's enzymes. (Gomori method X 250).
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Table (2): The percentage of intensity and migration distance of serum protein bands of
control and treated groups.

Band M. D. Control Standard Mol.
No. (cm.) (GI) Gl Gl TIV W. (kDt)
1 0.23 2.9 3.4 35 6.6
2 0.48 0.7 1.7 0.9 2.8 205
3 0.60 0.8 3.4 0.7 5.2
4 0.92 2.2 3.0 1.7 3.2
5 1.12 1.7 1.7 1.6 2.1 116
6 1.53 5.6 2.7 4.6 35
7 1.85 5.0 1.2 5.3 1.2 97
8 2.25 3.6 7.5 2.9 7.6 94
9 3.11 9.3 30.0 1.2 25.4 66
10 3.98 25.1 17.2 7.2 7.0 55
11 4.54 18.2 2.6 28.8 8.4 45
12 4.93 2.7 1.6 36
13 5.27 2.7 3.0 18.8 4.2 29
14 5.61 ---- ---- ---- 1.9 ----
15 5.97 55 1.9 3.8 1.3 24
16 623 | - 1.4 20
17 658 | @ --—--- - ---- 3.2 -
18 6.90 2.4 14.3 2.8 6.7 14
19 7.30 13.4 1.4 0.7 3.0
20 7.76 0.9 2.3 15.5 3.7 6.5

Gl Gl GIlII GIV

Figure (19): Photographic picture of the gel electrophoresis of serum proteins of
female rats, Control (Gl), treated groups and standard (St).
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Figure (20): Similarity percentages among the serum protein lanes of control and

treated groups.
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