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Paracetamol is a commonly prescribed analgesic and antipyretic medication
with potentially lethal side effects when used in large doses. The current
experiment sought to determine if vitamin C (ascorbic acid) alleviates the
hepatotoxicity and hematotoxicity induced by paracetamol in rats. Thirty-two
male rats were divided into four groups and treated for 4 weeks: control group;
paracetamol treated group (APAP 400 mg/kg, orally); vitamin C treated group
(200 mg/kg, orally); vitamin C-paracetamol treated group (vitamin C 200 mg/kg
orally and APAP 400 mg/kg orally). The findings of this study showed that
paracetamol administration significantly elevated the liver enzymes (AST and
ALT), WBCs, and MCHC values while significantly reducing the MCV level.
Vitamin C restored the AST, ALT levels, and WBCs count to their normal levels
and reversed the paracetamol effects on hematological markers. The current
study's findings show that vitamin C greatly reduces APAP -induced
hepatotoxicity while only slightly protecting against hematotoxicity.

Keywords: Paracetamol, Vitamin C, Hepatotoxicity, Liver enzymes, Complete
blood count.

1. Introduction

Paracetamol

(Acetaminophen;

N-acetyl- medication, an excessive amount can have fatal

Paminophenol (APAP) is a widely used analgesic and
antipyretic both over the counter and on prescription
[1]. It was first made available on the market by Von
Mering in 1893 as an analgesic medication [2].

Although paracetamol is generally regarded as a safe
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consequences for both humans and lab animals due to
hepatotoxicity [3].

Vitamin C (VC), also known as L-ascorbic acid, is an
organic compound that exists in nature and has

antioxidant properties [4]. Furthermore, it is a crucial
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co-factor to produce collagen, the metabolism of
carnitine and catecholamines, and the assimilation of
dietary iron [5]. V C is a water-soluble vitamin found
in many foods, particularly vegetables like cabbage,
cauliflower, turnips, potatoes, peas, sweet potatoes,
and tomatoes as well as fruits like kiwi, mango,
orange, strawberry, and watermelon
The liver is the largest organ in the body. It is
responsible for detoxifying medicines and poisons
, as well as storing nutrients, breaking down
erythrocytes, secreting bile, producing plasma
proteins, and producing steroid alcohol [8]. Aspartate
aminotransferase (AST) and Alanine
aminotransferase (ALT) are aminotransferases that
are involved in the liver's gluconeogenesis.
Hepatocytes' cytoplasm and mitochondria both
contain AST, however, only the cytosol of these cells
contains ALT. Whenever there is hepatocytic
damage, these enzymes leak into the circulation
ALT is mostly located in the liver, as opposed to
AST, which is also plentiful in other organs such as
cardiac muscle and the kidneys. As a result of the
concurrent increase in ALT and AST levels, ALT is
more specific than AST in diagnosing hepatic
Hematological changes are frequent biomarkers of
physiological state . One of the most popular
laboratory tests conducted today is the complete
blood count (CBC) with differential. The assessment
of red blood cell (RBC) indices, hemoglobin (Hb),
and hematocrit (HCT), provides details regarding the
synthesis of all blood cells and determines the
patient's capacity to carry oxygen. Through a
differential analysis of the white blood cell (WBC)
count, it also offers insight into the immune system.
These tests are useful for identifying anemia, some
types of cancer, infections, acute hemorrhagic
conditions, allergies, and immunodeficiencies. They

can also be used to check for the side effects of
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specific medications that can result in blood
dyscrasias
Previous research has demonstrated that paracetamol
can cause liver toxicity in humans, rats, and mice
and that vitamin C can function as a
preventive antioxidant against this toxicity
Hassanin and his colleagues claimed that the
administration of paracetamol (two doses of 600
mg/kg, orally) resulted in a significant increase in
AST and ALT enzymes. However, pre-
administration of vitamin C (dose of 500 mg/kg body
weight/ day for six successive days (paracetamol was
given on the third and fourth days of administration))
attenuated this increase.
El-Ridi and Rahmy reported that giving a single
toxic oral dose of APAP (1 g/kg b.wt.) to rats caused
a noticeable rise in the levels of the AST and ALT
enzymes. On the other hand, injected by a single dose
of vitamin C (80, 160, and 320 mg/kg b.wt.) 20 min
after paracetamol reduced this rise; the highest dose
was the most effective one.
According to Abdulkhaleq et al. , pre-treatment
of rats with vitamin C (500 mg/kg) for 9 days reduced
the hepatotoxicity produced by APAP (2800 mg/kg
on days 7 and 8), as seen by lower AST and ALT
values.
Previous studies have emphasized APAP-induced
hematotoxicity ; however, the protective role
of vitamin C against this toxicity has not been fully
understood. To our knowledge, there was only one
study that illustrated this effect Matic¢ et al.
claimed that paracetamol caused a reduction in red
blood cell indicators while causing elevated levels of
white blood cell count in rats receiving a dose of 300
mg/kg/day i.p. for three days. On the other hand, co-
treatment of vitamin C (100 mg/kg/day i.p.) reverted
alterations in hematological parameters to those

measured in the control group, reducing the harmful
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effects of APAP. Previous studies have almost
exclusively  focused on paracetamol acute
hepatotoxicity and the role of vitamin C in preventing
this toxicity. Thus, the purpose of this study was to
investigate the potential protective benefits of
vitamin C on altered hepatic and haematological

markers in rats given paracetamol for a month.

2. Material and Methods
2.1. Chemicals

Paracetamol was provided by the Faculty of
Pharmacy/ Misurata University. VC (Ascorbic Acid
95%Granulation, Roche Company).

2.2. Experimental Animals

A total number of thirty-two male albino Wistar rats,
weighing 110-125 g were used in this experiment.
Rats were obtained from the animal house of Zoology
department, Faculty of Science, Misurata University.
Animals were housed in (36x26x22 cm) cages in a
constant environment at normal temperature (22 £ 5
°C) under 13:11 h light-dark cycle. The animals had
access to diet and water ad libitum throughout the
period of the experiment. The international guide for
the care and use of laboratory animals was followed

when handling and using the animals.

2.3. Experimental design
The rats were randomly divided into four equal
groups (8 rats each).

Group 1: Control group: Rats did not receive any
treatment.

Group 2: APAP treated group: rats were orally
given APAP at a dose of 400 mg/kg body weight for
four weeks

Group 3: VC treated group: rats were orally
administered vitamin C 200 mg/kg body weight for
four weeks

Group 4: VC- APAP treated group: rats were
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orally administered VC at a dose of 200 mg/kg body
weight/day for four weeks half hour before the
administration of APAP (400 mg/kg)

All treatments were given via oral gavage (Gastric
Tube) and the solutions for paracetamol and vitamin

C were freshly prepared daily.

2.4. Serum biochemical analysis

At the end of the experiment, rats in all groups were
fasted overnight. All rats were sacrificed, and blood
was taken from the jugular vein. Two blood samples
were taken from each rat. One sample was put into a
tube containing EDTA as an anticoagulant for
hematological assessment. The other sample was put
in a plain tube and allowed to coagulate (15 minutes
at room temperature), then centrifuged at 3000 for 15
min. The clear sera were collected for biochemical
analysis. At MED laboratory (Misurata), the
biochemical markers AST and ALT were measured
using an autonomic analyzer (Biosystem (BTS-350)
in accordance with the manufacturer's methods and

instructions.

2.5. Haematological analysis

Whole blood samples were used immediately after
collection on EDTA to estimate hematological
parameters such as red blood cell (RBC) count,
hemoglobin (Hb) concentration, white blood cell
(WBC) count, hematocrit value (HCT%), platelets
(PIt) count, mean corpuscular volume (MCV), mean
corpuscular  hemoglobin  (MCH), and mean
corpuscular hemoglobin concentration (MCHC).
These parameters were determined using an
automated hematological  analyzer ~ (CBC-
SAMSUNG).

2.6. Statistical analyses

All statistical analyses were performed using the
GraphPad Prism 5 software (GraphPad Software Inc.,
San Diego, USA). Results were expressed as the

mean + standard error. p < 0.05 was considered
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significant. Experimental data were analysed using
analysis of variance (ANOVA). The significant
differences between means were determined using

Tukey's multiple comparison test.
3. Results

3.1. Effects of paracetamol and vitamin C on the live

function enzymes

There was a significant increase in AST and ALT
activity in the paracetamol-treated group compared to
the control group (p< 0.05). In contrast, the group
treated with vitamin C significantly decreased serum
enzymatic activity of AST and ALT when compared to
hepatotoxicity induced group (Fig. 1).
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Fig.1. Effects of paracetamol and Vitamin C on liver
function enzymes AST (a) and ALT (b)
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3.2. Effects of paracetamol and vitamin C on
hematological parameters

Administration of paracetamol caused a slight
increase in RBCs count compared to the control
group. Pre-administration of vitamin C resulted in a
higher RBC count compared to the paracetamol-
treated group. However, these changes were not
statically different (p>0.05) (Fig. 2a). There was a
significant increase in WBC count in the group
treated with APAP compared to the control. On the
other hand, there was a decrease in their count when
pre-treated with vitamin C (p < 0.05) (Fig. 2b).
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Fig.2. Effects of paracetamol and Vitamin C on RBCs (a)
and WBCs (b) count

There was a reduction in PLT numbers in the APAP

group and the VC+ APAP group compared to the
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APAP treatment considerably reduced MCV values

control group. These changes were not statistically and significantly increased MCHC values compared
different (p > 0.05) (Fig. 3). to the control group (p < 0.05). However, MCH
values did not show substantial changes in the treated
800~
T groups compared to the control group. When
_X
~ 6001 T compared to the APAP-treated group, VC
«§ 400 administration dramatically reduced MCHC (p <
S 400-
E 0.05) (Fig.5).
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4. Discussion

The current study sought to determine the protective
effect of VC against APAP-induced hepatotoxicity
and hematotoxicity in Wistar rats. The results showed
that VC dramatically decreased liver damage caused
by APAP- in albino Wistar rats. The study also found
that APAP administration to the rats at the dose of
400 mg/kg body weight increased the levels of AST
and ALT. Similar results have been reported; that
APAP considerably elevated the levels of these
enzymes . The same results were also consistent
with [14]. These results can show that the liver's
structural integrity has been compromised. After
cellular destruction, it is released into the
bloodstream, indicating the onset of liver toxicity
. On the other hand, treatment of rats with VC
alleviated the AST and ALT levels. These results are
in agreement with previous studies
The protective effect of VC appears to be due to its
role as a cofactor in a variety of enzymatic activities
and may also function as an antioxidant, protecting
against oxidative damage caused by paracetamol
. Treatment with VC in conjunction with APAP
has been found to protect the liver against
paracetamol toxicity by protecting cellular

membranes and limiting the influence of free radicals

It was previously documented that paracetamol
intoxication resulted in lower RBC counts, Hb
concentration, HCT, and MCH

results of this study indicate that APAP intoxication

However, the

increased these factors, including RBC count, Hb
concentration and HCT compared to the control
group. These results are in line with previously
reported studies

The effect of paracetamol on RCB count, Hb, and
HCT appears to vary according to the treatment time;
when the treatment lasted less than one week, these

biomarkers declined , however when the
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treatment lasted two weeks or more, these indicators
increased . According to Khattab et al. :
APAP treatment of rats resulted in a decline in RBC
indicators in the first week while boosting these
indicators in the second and third weeks of treatment.
These results require further investigation to confirm
the  current  observation.  Conversely, co-
administration of VC to rats enhanced RCB count,
Hb, and HCT compared to the control and APAP-
treated group. This outcome is consistent with the
Matic¢ et al. study.
This study clearly demonstrates that chronic
acetaminophen toxicity enhanced the WBCs count.
This rise in WBC counts could be related to stress
combined with inflammatory alterations in the tissue
responsible for toxic substances phagocytosis
The liver damage caused by APAP overdose and the
consequent formation of toxic metabolites have been
shown to elicit an innate immune response, resulting
in leukocyte activation and immune cell function
dysregulation . This result is in harmony with
previous study . The current data revealed that
the treatment of rats with V C attenuated the toxicity
effect of APAP . This effect may be due to the
antioxidant properties of VC
The data obtained in this study revealed a significant
decrease in the number of PlIt, this result is consistent
with those of Simeon et al. , Talaat et al. and
Latif et al. . Platelets are generated by the bone
marrow through stimulating myeloid stem cells with
thrombopoietin . As a result, the observed
decrease in Plt due to high or cumulative toxic effects
of APAP, thrombocytopenia is prevalent in severe
acetaminophen hepatotoxicity and acute liver failure
. In this study thrombocytopenia induced by
paracetamol was effectively reversed or prevented in
the groups that received doses of vitamin C.
The current data revealed that APAP treatment

caused a significant reduction in MCV and a
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significant increase in MCHC. These results
consistently with . The reduction in RBC size
may interfere with their ability to carry oxygen to
tissues . APAP  consumption induced
considerable alterations in various hematological
parameters due to the disturbance of the pro-
oxidative/antioxidative balance in the blood of rats. V
C, on the other hand, served as an antioxidant to
minimize this

5. Conclusion

Importantly, the findings of the current work
evidenced that VC significantly prevents APAP-
induced hepatotoxicity, but partially protects against
its heamatotoxicity. Therefore, future investigations
are needed to validate the possible protective benefits
of vitamin C on APAP-induced damage in different

time frames.
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