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Abstract

To evaluate the effect of therapeutic dose of acetaminophen and ameliorative effects of some
antioxidant vitamins in Wistar albino rats. The animals were grouped to receive different doses of
acetaminophen only, acetaminophen + vitamins C or E, and normal control. Administrations were done
for weeks 1, 3, 5 and 7 while only feed and water administered on weeks 2, 4, and 6. Laboratory analysis
were done using standard methods. In 7" week, groups administered only paracetamol, had significant
increase in activities of AST, ALT, and ALP, as well as urea concentration, while at weeks 5 and 7, a
significant increase was observed in MDA concentration. Furthermore, activities of SOD, CAT, GPx and
GSH indicated significant increase in the groups treated with the antioxidant vitamins. Haematological
parameters of the untreated animals showed significant decrease at the 5" and 7™ week, while a
significant increase was observed in the treated groups, and histopathology seemingly corroborated
the serum chemistry. Therapeutic dose of acetaminophen consumed chronically could have deleterious
effect on proper body functioning, and co-administration of antioxidant vitamins could ameliorate
these effects.
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Introduction

Paracetamol, a common analgesic and anti-
pyretic drug, considered safe at therapeutic
doses, but possesses the toxicity potential
when consumed in overdose usually to the
liver and nephron.” It isa potent inducer of the
cytochrome-P450 class of enzyme, whose
effect leads to generation of very reactive
metabolite (N-acetylp-benzoquinone imine,
NAPQI) which has the toxic effect by its high
reactivity with the sulfhydryl group of
proteins, leading to oxidative damage of
cellular proteins.” Paracetamol toxicity also
causes depletion of both mitochondrial and
cytosolic pools of reduced glutathione.>*
Kidney is the second target organ of
paracetamol toxicity, even though
nephrotoxicity may exist in the absence of
hepatotoxicity following paracetamol
overdose’ and this has been widely ignored in
studies aimed at treatment of paracetamol
toxicity.

Vitamin C, discovered by Szent-Gyorgyi’
consists of dual inter-convertible compounds
known as the L-ascorbic acid and L
dehydroascorbic acid, and readily available in
fruits such as oranges, lemon, grapefruits, and
other citrus, as well as and most green
vegetables while animal sources include the
liver and kidney.® The administration of this
vitamin can be through the mouth or
intravenously® and well absorbed efficiently in
the small bowel via a saturable active
transport mechanism making it to be
sufficiently delivered in virtually every tissue
present in the human body, with significant
concentrations present in the adrenal glands,
pituitary and retina. Vitamin Cis very soluble in
water and is considered a very significant
antioxidant in bodily fluids, extinguishing
reactive oxygen species especially peroxide
from damaging the biological membranes.
Ascorbic acid is highly effective in scavenging
oxygen radicals (%0, O;, OH), and
hypochlorous acid.” Research have shown

that its effectiveness in free radical
scavenging is due to it being an important
distributor of electrons which is donated to
quench the activities of these free radicals.”

Vitamin E refers to a group of fat-soluble
compounds  with  notable  antioxidant
properties needed for essentiall good
health.” They are usually found in lipid-
containing foods,” making it a compound that
can be accumulated within the adipocytes. As
an effective chain-breaking antioxidant, it
serves to inhibit the generation of free
radicals when lipids are oxidized or in the
process of reactions involving free radicals.™
Research have indicated that a combination of
tocopherols possesses greater anti-lipid
peroxidation effects induced in human
erythrocytes compared to lone alpha-
tocopherol (another form of vitamin E)
alone.”

Acetaminophen is used frequently as an
over-the-counter analgesic and antipyretic
for minor aches and pains. When
consumed in overdose, it possesses
variety of consequences on the
hepatocytes and renal functions. Thus,
this research aims to study the chronic
dose-dependent toxicity of
acetaminophen and potential restoring
effects of ascorbic acid and tocopherol.

Methods

Animal handling

Fifty-six (56) male Wistar aged 10-12 weeks
and weighing 95 - 105 g procured from the
Veterinary Department, University of Nigeria,
Nsukka Enugu State were used for this study.
The animals were transported in standard
animal cages to the Department of
Biochemistry animal house, Michael Okpara
University of Agriculture, Umudike. They were
acclimatized for a period of 7 days and fed
Vital Growers Mash and water ad libitum.
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Experimental design

The animals were randomly grouped into
seven groups with eight animals in each group
thus:

Group 1: Feed +waterad libitum only

Group 2: Paracetamol only (1500 mg/70kg
body weight)

Group 3: Paracetamol only (1000 mg/70kg
body weight)

Group 4: Paracetamol (1500 mg/70kg body
weight) + vitamin C (100 mg/kg body weight)
Group 5: Paracetamol (1000 mg/70kg body
weight) + vitamin C (100 mg/kg body weight)
Group 6: Paracetamol (1500 mg/70kg body
weight) + vitamin E (1000 iy/70kg body
weight)

Group 7: Paracetamol (1000 mg/f70kg body
weight) + vitamin E (1000 iy/70kg body
weight)

The administration was done for weeks 1, 3, 5
and 7; twice daily, while vitamin E was
administered once daily using gavage.
Nothing, but water and feed were
administered on the 2", 4™ and 6™ week. At
the end of the experiment, the animals were
anesthetized and sacrificed at the end of each
administrative week. Blood samples were
collected using 2 ml syringes and stored in
EDTA, as well as non-EDTA sample bottles and
used for laboratory analysis while the organs
(kidney  and liver)  were  harvest
histopathological studies.

Tissue preparation for analyses

The blood samples for biochemical analysis
were allowed to clot after which they were
centrifuged and the sera collected for the
analysis while the harvested organs were
carefully dissected, made to be blood-free and
fixed in 10% formalin.

Biochemical analyses

The concentrations of some renal function
parameters (urea and total protein), activities
of liver marker enzymes (aspartate amino
transferase, alanine amino transferase and
alkaline phosphatase), endogenous
antioxidant enzymes (superoxide dismutase,

catalase, glutathione  peroxidase and
glutathione), lipid peroxidation marker
(malondialdehyde) and hematological
parameters were determined using standard
methods of analysis. Analytical grade reagent
kits were obtained from Biosystems
Laboratories (S. A. Costa Brava, Barcelona,
Spain) and Randox Laboratories (United
Kingdom) were utilized.

Results
Results were statistically analyzed using one-
way ANOVA (SPSS vs 22.0) and presented as
mean * S.E.M. Significance was accepted at
p<0.05

Effect of acetaminophen on AST activity in
Wistar rats

From the result in fig. 1, the enzyme activity in
weeks 1 and 3 shows a non-significant
(p>0.05) increase in the groups treated only
with acetaminophen when compared against
the control group. Also, the group
administered 1500 mg/70 kg (55.02  3.00) and
1000 mg/f70 kg (54.67 *+ 3.33) acetaminophen
only had a significant (p<0.05) increase when
compared with other groups in weeks 5 and 7
while the groups co-administered the various
antioxidant vitamins and acetaminophen
showed no significant (p>0.05) increase when
compared with the control group in weeks 5
and 7, respectively.

Effect of acetaminophen on ALT activity in
Wistar rats

In fig. 2, there was a significant (p<0.05)
increase in the ALT activity when the group
administered 1500 mg/70 kg acetaminophen
(89.50 *+ 1.83) is compared with the control
(81.01 = 4.50) in weeks 5 and 7 and non-
significantly ~ (p>0.05) increased  when
compared with the other groups. In week 7,
there was a significant (p<0.05) increase when
compared with the control group and other
groups while the group administered 1000
mg/70 kg acetaminophen (90.20 #1.12)
showed a non-significant (p>0.05) increase
when compared with the other treated
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groups and significantly (p<0.05) increased
when compared with the control group.

Effect of acetaminophen on ALP activity in
Wistar rats

Fig. 3 shows that the result of week 5 shows
that the enzyme activity was significantly
(p<0.05) increased when the groups
administered 1500 mg/70 kg (3.51 + 0.04) and
1000 mg/70 kg (3.31 * 0.22) acetaminophen
are compared with the control (2.98 + 0.14). In
week 7, there was marked significant (p<0.05)
increase  when the acetaminophen-only
treated groups were compared with the
control and other groups.

Effect of acetaminophen on serum urea
concentration in Wistar rats

The result of fig. 4 shows a significant (p<0.05)
week-dependent increase when the group
administered 1500 mg/70 kg acetaminophen is
compared with the control group (37.64 =
2.63). Also, the group administered 1000
mg/70 kg acetaminophen showed a marked
significant (p<0.05) increase in the 7™ week
when compared with the control and other
groups.

Effect of acetaminophen on serum total
protein concentration in Wistar rats

The result for total protein (fig. 5) shows a
significant (p<0.05) decrease in the group
administered acetaminophen-only at doses of
1500 mg/70 kg and 1000 mg/70 kg at weeks 5
and 7 while the groups with acetaminophen
and co-administration of antioxidant vitamins
shows a significant (p<0.05) increase when
compared with the acetaminophen-only and
the control groups at week 7.

Effect of acetaminophen on serum
malondialdehyde concentration in Wistar rats
Fig. 6 shows that MDA was non-significantly
(p>0.05) increased in the acetaminophen-only
groups at doses of 1500 mg/70 kg and 1000
mg/70 kg when compared with the control
and other groups at weeks 1, 3 and 5 while
there was a significant (p<0.05) increase at
week 7.

Effect of acetaminophen on serum
superoxide dismutase activity in Wistar rats

In fig. 7, it was observed that results of week 1,
3, 5 and 7 show a significant (p<0.05) decrease
in superoxide dismutase activity of the groups
administered only acetaminophen at doses of
1500 and 1000 mg/70 kg when compared with
the control and other groups while the groups
administered  acetaminophen  with  co-
administration of antioxidant vitamins showed
no significant (p>0.05) increase when
compared with the control group.

Effect of acetaminophen on serum catalase
activity in Wistar rats

The result of fig. 8 above shows a non-
significant (p>0.05) increase for all the
duration of the study when the
acetaminophen-only treated groups were
compared with the control group.

Effect of acetaminophen on serum
glutathione peroxidase activity in Wistar rats
From the chart (fig. 9), there is a non-
significant (p>0.05) decrease in glutathione
peroxidise activity in the group administered
only acetaminophen from weeks 1 through
the 3™ week. In the 7" week, there was a
significant decrease in groups administered
only acetaminophen when compared with the
controlgroup and other treated groups.

Effect of acetaminophen on serum
glutathione activity in Wistar rats

From fig.10, there was a non-significant
decrease in the groups administered only
acetaminophen when compared with the
control group and the other treated groups in
the first week. From weeks 3 through 7, there
was a significant (p<0.05) decrease when the
acetaminophen-only groups are compared
with the control and other treated groups.

Discussion

In this research, the effect of chronic
therapeutic dose of acetaminophen and
ameliorative potentials of vitamins C and E on
Wistar  albino rats were evaluated.
Acetaminophen, a widely used analgesic and
antipyretic has been regarded as the
promoter of liver failure™ making its ease of
access a cause for concem with respect to the
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negative effects. Although liver toxicity
caused by paracetamol is dose-dependent
usually occurring with an overdose, it may
likely occur at therapeutic doses when taken
under some predisposing health conditions
such as in frequent consumption of alcohol
use or in the setting of an underlying liver
disease".

Enzymes of the cytoplasm such as ALP, ALT
and AST are utilized in assessing hepatic
disorders and as such, an alteration in their
activities reflects the liver’s integrity and an
increased value is a indication of inflammation
in the hepatocytes.” From this study, it was
observed that there is a significant (p<0.05)
increase in these cytoplasmic liver enzymes in
the 5™ and 7" weeks when the group treated
with paracetamol only at therapeutic and
modified therapeutic doses are compared
with  the control and  antioxidant-
coadministered groups. A study by Watkins et
al.” in a study involving randomized placebo-
controlled trial of 94 patients with no prior
history of liver dysfunction reported that
some patients had increased ALT levels of
about 3 times the normal value. Considering
their cytoplasmic nature, an injury to the liver
causes a distortion of the membrane integrity
and leakage of these enzymes into the
circulatory  system.  Acetaminophen s
considered safe at therapeutic doses* and to
some people, a little above is seen as an ideal
dose. Paracetamol metabolism normally
undergoes glucuronidation and sulfation to
the corresponding conjugates but when
consumed in excess, there is usually an
overwhelming metabolic condition whereby
the glucuronidation and sulfation pathways
are saturated and the cytochrome P450
pathway becomes heavily important. When
this condition persists over time, it results to
decreased hepatic glutathione which in most
cases is not regenerated soon enough; this
leads to accumulation of NAPQI, a very
reactive and toxic metabolite. In the absence
of maximum concentration of intracellular
antioxidants such as glutathione, NAPQI

reacts with the nucleophilic groups present on
cellular macromolecules such as proteins or
lipids to generate toxic free radicals leading to
hepatotoxicity.”

Additionally, the activities of ALT, AST and ALP
indicated a significant (p<0.05) decrease in the
Wistar rats administered paracetamol with
concomitant Vitamin C and Vitamin E when
compared against those administered only
paracetamol. This is an indicator that as a free
radical suppressor, vitamin C possibly
restricted reaction chain involved in
generation of free radicals through chemical
agents or mopped up reactive species before
they got to their target hepatic cells.

Research on animal®® and human® studies
have depicted ascorbic acid as an effective
free radical scavenger, mediating its effect by
the termination of free reactive oxygen
species (ROS). Therefore, it could be
suggested from this study that the protective
effects of ascorbic acid is likely as a result of
its  toxicity ameliorating effects, and
quenching/scavenging of generation of free
radicals and their activities.” The possible
mechanisms of action of antioxidants were
first established when it was observed that
substances with anti-oxidative potentials are
possibly those that are readily self-oxidized.
Studies into the activities of vitamin E in the
prevention of lipid peroxidation primed the
realization of antioxidants as reducing agents
that neutralize oxidative reactions, usually by
the removal of reactive oxygen species prior
to damaging Dbiological cells. These
observations agree with previous studies *?°
which presented vitamin C as an efficient
antioxidant compound in numerous biological
systems.

Also in this study, serum protein showed a
significant (p<0.05) decrease in the 7 week
of the groups administered paracetamol only
when compared with the control group while
those with concomitant administration of the
antioxidant vitamins showed significant
(p<0.05) increase when compared against the
control and the paracetamol-only groups.
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Proteins, known as the basic components of
every living cell, include various substances
viz: enzymes, hormones, as well as antibodies
responsible for adequate and effective
organisms.”® Plasma protein has numerous
roles which include transportation, biological
defence, clotting and inflammation defence.
Its concentration and laboratory assays are
imperative in estimating nutritional status,
infection and various disorders®, and as an
indicator in the assessment of blood plasma or
serum protein. Various research has explained
that a significant decrease is usually attributed
to the presence or possibility of chronic
disorder of the hepatocytes.”

Through  research, it has become
understandably known of the boundless and
awesome roles biological signifiers such as
malondialdehyde, superoxide dismutase, and
glutathione as antioxidants play in protecting
the biological systems from various
unpleasant effects and damages because of
oxidative stress. This work shows changes in
these endogenous biological antioxidants and
marker of lipid peroxidation marker after
administration of paracetamol. The significant
(p<0.05) decrease in these enzymes at the 7"
week in the group administered only
paracetamol is a possible indication of the
efficacy of the compound in generating free
radicals and are concaurrently extinguished by
the biological antioxidants. This is in
accordance with the increase in concentration
of MDA at same positions. These observations
(markers for oxidative stress) were seen to be
reversed when the antioxidant vitamins were
administered alongside acetaminophen.

The increased lipid peroxidation was
associated by a significant decrease
concentration of GSH. Glutathione is a
tripeptide, present in numerous tissues and a
very necessary scavenger of free radicals and
NAPQI - the reactive intermediate in
acetaminophen metabolism.* Glutathione
plays a crucial part in the antioxidant
resistance system; eliminating reactive oxygen

species, and maintaining membrane protein
thiols.®® The significant (p<0.05) decrease in
SOD and GSH levels as seen in the 7™ week
and the implicate increase in MDA
concentration are in agreement with previous
studies on acetaminophen-induced
nephrotoxicity.3*

Through the administration of antioxidant
vitamins, there was a decrease in
concentration of serum MDA, while GSH levels
and SOD activity increased, showing the
antioxidant potential of the vitamins. These
suggest that antioxidant vitamins could bring
about a reduction in oxidative stress. From
this work, it was seen that glutathione
peroxidase (GPx) was non-significantly
(p>0.05) increased in the groups administered
paracetamol and the vitamins when compared
with the control group. Glutathione
peroxidase is a significant intracellular
compound mostly dependent on selenium as
the cofactor. Its responsibility is in breaking
down hydrogen peroxides (H,0,) and
converting same to water; as well as and lipid
peroxides to their respective alcohols chiefly
in the cell powerhouse (mitochondria) and in
other instances, the cytosol matrix.
Therefore, GPx executes an important and
effective role in inhibition of the processes
involved in lipid peroxidation which helps in
shielding the cells from damages caused by
free radicals.?®

Further in this research, it was seen that
administration of the vitamins concomitantly
with paracetamol showed a significant
increase in the serum antioxidants erythrocyte
activity and decrease in MDA. Vitamin C
modulates immune responses in several ways
which include modulation of leukocyte
function and lymphocyte proliferation®® and
reports of Hermsdorff et al. have lend
credence to this by indicating an important
improvement in activities of SOD and GPx
after vitamin C supplementation.® Also,
Bernardo et al.* reported that administration
of vitamin C in small-bowel mucosal biopsy
organ culture system averts toxicity due to
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free radicals and boosts biological scavengers
which include SOD, GPx, and CAT; while the
second line of defence against oxidative stress
is given by the scavengers with low molecular
weight scavengers; and these include the
thiols, particularly GSH, vitamin E, vitamin C
etc.

Paracetamol toxic overdose has been
associated with many metabolic disorders
such as serum electrolyte and urea
derangements* which was supported by
Ghosh et al.>* who reported that, exposure of
rats with a nephrotoxic dose of paracetamol
altered some number of biomarkers. These
changes were reported to ensue due to the
inactivation of the mitochondrial pathway
during acetaminophen-induced cell death. In
this present study, administration of the
varying doses of paracetamol shows no
significant (p>0.05) effect on the serum
electrolytes (chloride and sodium) so
analysed.

The present study showed that at the 7
week, the tissue sections obtained from the
liver of the rats administered 1500 mg/70kg
body weight showed some biological
alterations when compared with the control
group and others. These include a mild
widespread hepatocellular swelling with
partial occlusion of adjacent sinusoids
whereby the affected cells appear swollen and
contain numerous minute intracytoplasmic
clear vacuoles. Multifocal areas of leucocytic
aggregations were also observed with random
distribution in relation to the hepatic
sinusoids. These are likely due to the presence
of free radicals and the very reactive
metabolite NAPQI. Also, sections of the kidney
harvested from the animals in this group
indicated normo-renal histo-architecture when
compared with other groups.

The results for haematological parameters in
the present study shows non-significant
(p20.05) decrease in haemoglobin (Hb), red
blood cell count (RBC), packed cell volume
(PCV) as well as white blood cell (WBC) and
platelets count when groups 2 and 3 are

compared with the control in the 1°* and 3™
weeks. In the 5™ and 7" weeks, a significant
(p<0.05) decrease is seen when both
paracetamol-only groups are compared with
the control. This signifi@nt decrease was
ameliorated by the antioxidant vitamins C and
E as seen when groups 4 through 7 are
compared with the control group. The
observed  acetaminophen  toxicity to
haematological parameters agrees with the
report of Godwin et al.*®* who reported a
significant (p=0.05) decrease in
haematological parameters of the animals
administered the toxic dose of
acetaminophen. Platelets and white blood
cells count of the untreated group decreased
significantly. This agrees with a human study
report of Arun,* where patients who suffered
from a progressive deterioration of their renal
function experienced decline in their immune
status, following a decrease in white blood
cell count. Although the precise mechanism of
action behind this reduction has notbeen fully
understood.

A strong correlation has been established
between anaemia and the degree of renal
dysfunction, with the major cause being the
failure of the kidneys to produce
erythropoietin.** Renal impairment has been
linked directly to some haematological
distortions. Therefore, the reduced red blood
cell count could be due to a compromised
erythropoietin  production resulting from
damage caused by acetaminophen toxicity.
Erythropoietin is also implicated in the
humoral regulation of the platelet mass.*®
Vitamins C and E are synthetic antioxidant
drugs that prevents oxidative stress induced
damage in tissues of living organismes.

Conclusion

This present chronic study has shown that
adulteration of the approved therapeutic dose
of paracetamol by individuals or even
consumption of  the recommended
therapeutic dose is deleterious to the
biological system; causing accumulated
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metabolites to significantly induce adverse
damages majorly on the hepatic cells. The
corrective action as displayed by the
antioxidant vitamins goes further to indicate
the benefit of co-administration of these
vitamins with paracetamol, especially in a
situation where an individual finds it difficult
to manage some health disturbances without
consuming the compound, paracetamol.

The findings of this study have revealed the
necessity of alerting the public on the adverse
health consequences of over-consumption of
paracetamol while at same time, showing the
benefits of antioxidants vitamins for perceived
addicts of this drug. Owing to these, drug
regulatory body - the National Agency for
Food and Drug Administration and Control
(NAFDAC) should ensure to see that the
medical history of patients is being monitored
and if possible, patients should be made to
purchase these vitamins alongside
paracetamol whenever they want to consume
this compound. This is imperative because we
are in an environment where one can easily
get this drug across the counter - anytime,
any day.
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WEEK 1 WEEK 3
GROUPS RBC PLATELETS WBC HB PCV RBC PLATELETS WBC HB PCV

Groun 1 520.50 225.00 9800.00 13.20° 39.00° 520.50 225.00 9800.00 13.20° 39.00°
P +0.50° +25.00° +200.00° +1.00 +1.00 +0.50° +25.00° +200.00° +1.00 +1.00
498.00 220.50 9750.00 10.55 41.00 496.50 242.00 9700.00 9.23 35.00

Group 2 +0.55° +10.00° +120.00° +0.25° +1.00° +0.55° +12.00" +99.00° +0.10° +0.20°
Group 3 500.50 225.00 9800.00 1145 38.50 515.00 230.00 9800.00 11.05 35.00
P +0.50° +10.00° +89.00° +0.05° +0.50° +0.50° +8.10° +95.00° +0.15° +0.15°
515.50 224.00 9800.00 15.25 38.50 500.50 231.00 9830.00 1145 36.25

Group 4 +2.50° +0.50° +120.00° +1.05° +2.50° +2.50° +11.50° +110.00° +1.00° +112°
Grou 512.50 225.50 9850.00 11.30 36.50 515.50 231.50 9800.00 13.00 35.00
P5 +10.00° +7.50° +250.00° +0.90° +2.50° +10.00° +5.20° +150.00° +0.00° +1.50°
500.00 223.50 9850.00 12.35 34.50 500.00 228.50 9850.00 12.30 36.00

Group 6 +0.59° +2.50° +150.00° +0.15° +0.50° +0.59° +3.15° +225.00° +0.10° +0.10°
Group 7 507.50 224.50 9850.00 13.50 35.50 518.50 232.50 9800.00 13.00 35.00
+2.50° +7.50° +125.00° +0.30° +0.50° +2,50° +5.15° +105.00° +0.00° +0.00°

Table 1: Effect of acetaminophen on haematological parameters of Wistar at weeks 1and 3
*®Groups with different subscripts are significant (p<0.05) when compared with the control
Key:Group 1: Control

Group 2: Acetaminophen only (1500 mg/70 kg body weight) Group 5: Acetaminophen (1000 mg/70 kg body weight) + vitamin C
Group 3: Acetaminophen only (1000 mg/f70 kg body weight) Group 6: Acetaminophen (1500 mg/70 kg body weight) + vitamin E
Group 4: Acetaminophen (1500 mg/70 kg body weight) + vitamin C Group 7: Acetaminophen (1000 mg/70 kg body weight) + vitamin E
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Table 2: Effect of acetaminophen on haematological parameters of Wistar at weeks 5 and 7
**Groups with different subscripts are significant (p<0.05) when compared with the control

WEEK 5 WEEK 7

GROUPS RBC PLATELETS WBC HB PCV RBC PLATELETS WBC HB PCV
Groun 1 520.50 225.00 9800.00 13.20° 39.00° 520.50 225.00 9800.00 13.20° 39.00°
oup +0.50° +25.00° +200.00° +1.00 +1.00 +0.50° +25.00° +200.00° +1.00 +1.00
450.00 185.20 9050.00 8.33 30.00 450.00 185.20 9050.00 8.33 30.00
Group 2 +1.55° +5.00° +80.00° +0.00° +1.00° +1.55" +5.00° +80.00° +0.00° +1.00°

c 465.00 195.00 9000.00 9.55 32.00 465.00 195.00 9000.00 9.55 32.00
roup 3 +0.50° +410° +60.15° +0.05° +1.25" +0.50° +410° +60.15° +0.05° +1.25°
505.25 201.00 9500.00 10.00 33.00 505.25 201.00 9500.00 10.00 33.00
Group 4 +1.00° +2.05° +80.00" +1.05° +1,00° +1.00° +2.05° +80.00° +1.05° +1.00°
Group s 518.00 210.00 9800.00 11.05 37.00 518.00 210.00 9800.00 11.05 37.00
P +5.10° +4.00° +70.10° +0.00° +0.01° +5.10° +4.00° +70.10° +0.00° +0.01°

500.00 228.15 9550.00 12.00 35.00 500.00 228.15 9550.00 12.00 35.00
Group 6 +115° +3.15° +115.00° +0.00° +1.50° +115° +3.15° +115.00° +0.00° +1.50°
Group 7 515.00 222.10 9850.00 14.05 37.00 515.00 222.10 9850.00 14.05 37.00
+1.00° +3.05° +100.00° +0.02° +1.00° +1.00° +3.05° +100.00° +0.02° +1.00°

Key

Group 1: Control

Group 2: Acetaminophen only (1500 mg/70 kg body weight)
Group 3:Acetaminophen only (1000 mg/70 kg body weight)
Group 4: Acetaminophen (1500 mg/70 kg body weight) + vitamin C
Group 5: Acetaminophen (1000 mg/70 kg body weight) + vitamin C
Group 6: Acetaminophen (1500 mg/70 kg body weight) + vitamin E

Group 7: Acetaminophen (1000mg/70 kg body weight) + vitamin E
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Aspartate Amino Transferase Activity

70
60 - M Control
50 - M 1500 mg/70 kg Paracetamol
40 - 1000 mg/70 kg Paracetamol

<

2 30 - B 1500 mg/70 kg Paracetamol + vit C
20 - 1000 mg/70 kg Paracetamol + vit C
10 - 1500 mg/70 kg Paracetamol + vit E

0 - k41000 mg/70 kg Paracetamol + vit E

WK1 WK 3 WK 5 WK7

Fig. 1: Effect of acetaminophen on AST activity in Wistar rats

Alanine Amino Transferase Activity

120 +
H Control
100 -
M 1500 mg/70 kg Paracetamol
80 -
k1000 mg/70 kg Paracetamol
-
S 60 - )
= B 1500 mg/70 kg Paracetamol + vit C
40 1 1000 mg/70 kg Paracetamol + vit C
20 - 11500 mg/70 kg Paracetamol + vit E
0 - 1000 mg/70 kg Paracetamol + vit E

WK1 WK 3 WK 5 WK7

Fig. 2: Effect of acetaminophen on ALT activity in Wistar rats

http://pharmacologyonline.silae.it
ISSN: 1827-8620




PhOL Omeoga, et al. 721 (page 707-728)

Alkaline Phosphatase Activity

4,5
4 - i Control
3,5 1500 mg/70 kg Paracetamol
3 -
1000 mg/70 kg Paracetamol
< 25 g/70kg
2 2 1500 mg/70 kg Paracetamol + vit C
L5 1000 mg/70 kg Paracetamol + vit C
1 4
0,5 1500 mg/70 kg Paracetamol + vit E
0 4

1000 mg/70 kg Paracetamol + vit E
WK1 WK 3 WK 5 WK7

Fig. 3: Effect of acetaminophen on ALP activity in Wistar rats

Urea

i Control

M 1500 mg/70 kg Paracetamol

i 1000 mg/70 kg Paracetamol

M 1500 mg/70 kg Paracetamol + vit C
i 1000 mg/70 kg Paracetamol + vit C

i 1500 mg/70 kg Paracetamol + vit E

1000 mg/70 kg Paracetamol + vit E

WK 1 WK 3 WK 5 WK 7

Fig. 4: Effect of acetaminophen on urea concentration in Wistar rats
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Total Protein

9 —
8 - i Control
77 #1500 mg/70 kg Paracetamol
6 -
1000 mg/70 kg Paracetamol
5 0 |
L M 1500 mg/70 kg Paracetamol + vit C
37 1000 mg/70 kg Paracetamol + vit C
2 —
1500 mg/70 kg Paracetamol + vit E
1 —
o - 1000 mg/70 kg Paracetamol + vit E

WK 1 WK 3 WK 5 WK 7

Fig. 5: Effect of acetaminophen on total protein concentration in Wistar rats

Malondialdehyde
6 -
H Control
5 -
M 1500 mg/70 kg Paracetamol
4 -

£ 1000 mg/70 kg Paracetamol

= 3 -

& B 1500 mg/70 kg Paracetamol + vit C
27 1000 mg/70 kg Paracetamol + vit C
17 1500 mg/70 kg Paracetamol + vit E
0 -

i 1000 mg/70 kg Paracetamol + vit E

WK1 WK 3 WK 5 WK7

Fig. 6: Effect of acetaminophen on MDA concentration in Wistar rats
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Superoxidedismutase

1,2
H Control
1 —
M 1500 mg/70 kg Paracetamol
0,8 -
k1000 mg/70 kg Paracetamol

-

= 0 6 -

27 1500 mg/70 kg Paracetamol + vit C
04 7 1000 mg/70 kg Paracetamol + vit C
0,2 1500 mg/70 kg Paracetamol + vit E

0 - 1000 mg/70 kg Paracetamol + vit E

WK 1 WK 3 WK 5 WK 7

Fig. 7: Effect of acetaminophen on SOD activity in Wistar rats

Catalase
6 -
 Control
5 —
M 1500 mg/70 kg Paracetamol
4 —
1000 mg/70 kg Paracetamol

-

53 H 1500 mg/70 kg Paracetamol + vit C
27 1000 mg/70 kg Paracetamol + vit C
17 i 1500 mg/70 kg Paracetamol + vit E
0 - i 1000 mg/70 kg Paracetamol + vit E

WK 1 WK 3 WK 5 WK 7

Fig. 8: Effect of acetaminophen on CAT activity in Wistar rats
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Glutathione peroxidase

40 -
35 - i Control
30 - M 1500 mg/70 kg Paracetamol
25 7 1000 mg/70 kg Paracetamol
-
— 20 —
2 M 1500 mg/70 kg Paracetamol + vit C
15 -
1o 1000 mg/70 kg Paracetamol + vit C
5 - 1500 mg/70 kg Paracetamol + vit E
0 - 1000 mg/70 kg Paracetamol + vit E

WK 1 WK 3 WK 5 WK 7

Fig. 9: Effect of acetaminophen on GPx activity in Wistar rats

Glutathione
9,9
0,8 M Control
0,7
B 1500 mg/70 kg Paracetamol
0,6
k1000 mg/70 kg Paracetamol
__-E'__ 0,5
ED 0,4 B 1500 mg/70 kg Paracetamol + vit C
0,3 1000 mg/70 kg Paracetamol + vit C
0}2 .
1500 mg/70 kg Paracetamol + vit E
0,1
o k1000 mg/70 kg Paracetamol + vit E

WK 1 WK 3 WK 5 WK 7

Fig. 10: Effect of acetaminophen on GSH activity in Wistar rats
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Histopathology
The liver at 7" week of administration

A

http://pharmacologyonline.silae.it
ISSN: 1827-8620




PhOL Omeoga, et al. 726 (page 707-728)

A: Sections of the liver collected from the control group showed the normal features of the hepatic histomorphology/histo-
architecture for laboratory rodents. Normal hepatic lobules, with normal hepatocytes arranged in interconnecting cords
around the central veins (V) were observed. The hepatic cords are separated from each other by the hepatic sinusoids as
they radiate towards the periphery of the hepatic lobules where they meet with the components of the portal areas
(P)/portal triad (Hepatic artery, Hepatic vein and Bile duct) suspended in loose connective tissue matrix. H&E x400. B:
Sections of the liver collected from the animals administered 1500mg/70kg Acetaminophen only showed a mild widespread
hepatocellular swelling with partial occlusion of adjacent sinusoids. The affected cells appear swallen and contain numerous
minute intracytoplasmic clear vacuoles (arrow). Central vein (V). H&E x400. C: Sections of the liver collected from the animals
administered 1000mg/70kg acetaminophen showed the normal hepatic histo-architecture for laboratory rodents. Central
vein (V). H&E x400. D: Sections of the liver collected from the animals administered 1500mg/70kg Acetaminophen + Vitamin C
showed a very mild widespread hepatocellular swelling with partial occlusion of adjacent sinusoids. The affected cells appear
swollen and contain numerous minute intracytoplasmic clear vacuoles (arrow). Central vein (V). H&E x400. E: Sections of the
liver collected from the animals administered 100omg/70kg Acetaminophen + Vitamin C showed the normal hepatic histo-
architecture for laboratory rodents (See control group for detailed histopathological descriptions). Central vein (V). H&E
x400. F: Sections of the liver collected from the animals administered 1500mg/70kg Acetaminophen + Vitamin E showed a
mild widespread, centrilobular hepatocellular swelling with partial occlusion of adjacent sinusoids. The affected cells appear
swollen and contain numerous minute intracytoplasmic clear vacuoles (amrow). Central vein (V). H&E x400. G: Sections of the
liver collected from the animals administered 100omg/kg Acetaminophen + Vitamin E showed a mild periportal infiltration of
inflammatory cells. The inflammatory cells composed primarily of mononuclear leucocytes aggregate around the
components of the portal triads. A few random aggregates in the hepatic lobules were also observed. Hepatic artery (HA);
Bile duct (BD). H&Ex400.
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The kidney at 7" week of administration
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2A: Sections of the kidney collected from the animals in the control group showed the normal features of the renal
histomorphology/histo-architecture for laboratory rodents. The sections showed normal Glomeruli (G) in their thin Bowman’s
capsules (arrow) surrounded by a sea of renal tubules (RT) (proximal convoluted tubules, pars recta, distal convoluted
tubules and collecting ducts) in the cortex and outer medulla. The inner medulla also showed normal renal tubules. The
sections also showed normal renal interstitium composed of loose connective tissue with rich capillary network. H&E x160;
X400. 2B: Sections of the kidney collected from the animals administered 1500mg/70kg Acetaminophen showed the normal
renal histo-architecture (see control group for detailed histological description). Glomeruli (G); Bowman’s capsule (Arrow);
Renal tubules (RT); Blood vessel (BV). H&E x400. 2C: Sections of the kidney collected from the animals in this group showed
the normal renal histo-architecture (see control group for detailed histological description). Glomeruli (G); Bowman’s capsule
(Arrow); Renal tubules (RT). H&E x400. 2D: Sections of the kidney collected from the animals administered 1500mg/70kg
Acetaminophen + Vitamin C showed the normal renal histo-architecture (see control group for detailed histological
description). Glomeruli (G); Bowman’s capsule (Arrow); Renal tubules (RT); Blood vessel (BV). H&E x400. 2E: Sections of the
kidney collected from the animals administered 1000mg/kg Acetaminophen + Vitamin C showed the normal renal histo-
architecture (see control group for detailed histological description). Glomeruli (G); Bowman’s capsule (Arrow); Renal
tubules (RT). H&E x400. 2F: Sections of the kidney collected from the animals administered 1500mg/70kg Acetaminophen +
Vitamin E showed the normal renal histo-architecture (see control group for detailed histological description). Glomeruli (G);
Bowman’s capsule (Arow); Renal tubules (RT)Blood vessel (BV). H&E x400. 2G: Sections of the kidney collected from the
animals administered 1000mg/kg Acetaminophen + Vitamin E showed the normal renal histo-architecture (see control group
for detailed histological description). Glomeruli (G); Bowman’s capsule (Arrow); Renal tubules (RT). H&E x400.
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