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ABSTRACT

Paracetamol (acetaminophen) is a widely used analgesic and antipyretic drug. However, at high doses, it induces toxicity, which may affect various physiological
systems, including hematological parameters. This study investigates the effects of paracetamol toxicity on the hematological profile of Wistar rats. Fifteen female
albino Wistar rats (180-200 g) were divided into three groups (n=5). Group 1 (control) received only standard rat feed, while Groups 2 and 3 were administered
paracetamol at 2 g/kg body weight for 4 and 7 days, respectively. Hematological parameters, including white blood cell (WBC) count, red blood cell (RBC) count,
hemoglobin (HGB) concentration, packed cell volume (PCV), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), platelet
count (PLT), lymphocytes (LYM), mid-sized cells (MID), and granulocytes (GRA), were analyzed. The results revealed significant alterations in hematological
indices in the paracetamol-treated groups compared to the control group. WBC counts increased significantly, indicating leukocytosis, which is consistent with an
inflammatory response. RBC counts, HGB concentration, and PCV decreased significantly, suggesting the development of anemia, likely due to oxidative stress-
induced hemolysis or suppression of erythropoiesis. Platelet counts also increased, indicating thrombocytosis, which may be a compensatory response to
inflammation or tissue damage. Differential leukocyte counts showed an increase in granulocytes and monocytes, further supporting the presence of systemic
inflammation. These findings suggest that paracetamol toxicity induces hematological alterations that may contribute to systemic inflammation and compromised
oxygen transport. Further studies are needed to explore the underlying mechanisms and potential interventions.
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1.0 INTRODUCTION

Paracetamol or acetaminophen chemically named N-acetyl-p-aminophenol is a widely used over-the-counter analgesic (pain reliever) and antipyretic
(fever reducer) globally. It is classified as a mild analgesic that is commonly used for the relief of headaches and other minor aches and pain and is a
major ingredient in numerous cold and flu remedies (Freo et al., 2021). In combination with the opiod analgesics, paracetamol can be used in the
management of more severe pain such as post-surgical pain and providing palliative care in advanced cancer patients (NHS, 2008). The onset of analgesia
is approximately 11 minutes after oral administration of paracetamol (Moller et al., 2005) and its half-life is 1-4 hours. Though paracetamol is used to
treat inflammatory pain, it is not generally classified as an NSAID (Non-Steroidal Antilnflamatory Drugs) because it exhibits only weak anti-inflammatory
activity.

While it is generally safe for use at recommended doses (1000mg per single dose and up to 3000mg per day for adults human), acute overdoses of
paracetamol can cause potentially fatal kidney, brain and liver damage, and in rare individuals, a normal dose can do the same; the risk is heightened by
alcohol consumption. In the western world, paracetamol toxicity accounts for most causes of acute liver failure and for most drug overdoses (Daly et al.,
2008; Khashab et al., 2007). Paracetamol toxicity occurs when its primary metabolic pathways become saturated, leading to the excessive formation of
the reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI). Under normal conditions, NAPQI is detoxified by conjugation with glutathione.
However, in cases of overdose, glutathione stores become depleted, allowing NAPQI to bind to cellular macromolecules, resulting in oxidative stress and
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tissue damage (James et al., 2003). While the hepatotoxic effects of paracetamol are well-documented, its impact on hematological parameters remains
an area of ongoing investigation.

Acetaminophen is safe and well tolerated when taken in the usual therapeutic dose. However, overdose of paracetamol is fairly common and often
associated with hepatic and renal damage in both humans and experimental animals. In large dosages, acetaminophen produces acute liver and kidney
necrosis in most mammalian species. Paracetamol-induced liver necrosis has been studied extensively. Acute renal failure is not uncommon and occurs
in approximately 1-2% of patients with acetaminophen overdose. Most instances of paracetamol toxicity resulted from large, single overdose (Seham et
al., 2004). Paracetamol toxicity occurs in 3 phases; Phase | - begins within hours of overdose Phase II- begins within 24hours-72 hours of overdose Phase
I11- begins within 3- 5 days of overdose (McMurtry et al., 1978).

Hematological parameters, including red blood cell (RBC) count, white blood cell (WBC) count, hemoglobin concentration, platelet count, etc, serve as
essential indicators of physiological and pathological changes in the body. They provide valuable insights into the effects of toxic substances on
erythropoiesis, leukopoiesis, and thrombopoiesis (Dacie and Lewis, 2011). Alterations in these parameters can provide insights into the systemic effects
of toxic substances, including drug-induced toxicity (Adebayo et al., 2015). Previous studies have reported alterations in red blood cell (RBC) count,
hemoglobin concentration, white blood cell (WBC) count, and platelet levels following paracetamol overdose, suggesting possible bone marrow
suppression or inflammatory responses (Olaleye et al., 2014).

Wistar rats are commonly used as experimental models for toxicological studies due to their genetic stability and physiological similarities to humans
(Festing and Fisher, 2000). Investigating the effects of paracetamol toxicity on the hematological parameters of Wistar rats can provide insights into the
systemic impact of the drug and contribute to understanding its toxicological profile.

Previous studies have demonstrated that paracetamol toxicity can induce oxidative stress and inflammation, which may indirectly affect hematopoiesis
and blood cell integrity (Yuan et al., 2019). However, the specific effects of paracetamol overdose on hematological parameters in Wistar rats remain
underexplored, necessitating further investigation.

This study aims to evaluate the effects of paracetamol toxicity on hematological parameters in Wistar rats, providing valuable insights into the systemic
impact of paracetamol overdose. By examining changes in RBC, WBC, hemoglobin, and platelet counts, as well as other hematological indices.
Understanding these changes can provide critical information for clinical management and therapeutic interventions in cases of paracetamol overdose.
This research seeks to contribute to the growing body of knowledge on paracetamol-induced toxicity and its broader implications for human health.

2.0 EXPERIMENTAL DESIGN
2.1 Materials

All chemicals used in this study were of analytical grade. The following chemicals were used; Paracetamol syrup (Emzor Pharmaceuticals Limited,
Lagos, Nigeria), Chloroform (Sigma Chemicals Co., USA), Distilled water, Ethanol (70%).

2.2 Equipment

All the equipments used in this study were of laboratory standard. The following equipment and instruments were used in the study: Animal cages, digital
weighing scale, Syringes (2 mL and 5 mL), EDTA-coated blood sample containers, Oral Gavage Cannula, Surgical Gloves, Dissecting Set, dissecting
board, cotton wool, Automated Hematology Analyzer, Microhematocrit centrifuge.

2.3 Methodology
2.3.1 Animal Management

Fifteen (15) healthy female albino Wistar rats, weighing between 180g and 200g, were obtained from the College of Basic Medical Science Animal
House, University of Calabar, Calabar. The rats were acclimatized for 14 days under standard laboratory conditions. The animals were housed in clean
plastic cages, lined with sawdust that was changed every three days to maintain hygiene. During the acclimatization period, the rats were fed with grower’s
mash pellets and provided with drinking water ad libitum. All procedures adhered to the guidelines of the National Institute of Health for the care and
use of laboratory animals (NIH Publication No. 18-23, 1985).

2.3.2 Experimental Groups

The rats were randomly divided into three experimental groups of five rats each (n=5 per group):
e  Group 1 (Normal Control): This group received only standard rat feed and water for the duration of the experiment.

®  Group 2 (Paracetamol 2g/kg for 4 days): This group was administered paracetamol at a dose of 2g/kg body weight orally for four consecutive
days.
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®  Group 3 (Paracetamol 2g/kg for 7 days): This group received paracetamol at the same dose (2g/kg body weight) orally for seven consecutive

days.

2.3.3 Sample Collection and Hematological Analysis

At the end of the experimental period, all animals were anesthetized using diethyl ether, and blood samples were collected via cardiac puncture into
ethylenediaminetetraacetic acid (EDTA)-coated tubes for hematological analysis. Hematological parameters, including white blood cell (WBC) count,
red blood cell (RBC) count, hemoglobin (HGB) concentration, packed cell volume (PCV), mean corpuscular volume (MCV), mean corpuscular
hemoglobin concentration (MCHC), platelet count (PLT), and differential leukocyte counts (lymphocytes, monocytes, and granulocytes), were analyzed
using an automated hematology analyzer, at Hilltop health care center Calabar and values were recorded.

2.4 Statistical Analysis

Data Parameters Units Normal Control Paracetamol 2g/kg B. W.  Paracetamol 2g/kg B. were
for 4days W. for 7days
WBC 10° cells/L 6.25+0.63 9.96+2.99* 13.40+1.61*2
RBC 10% cells/L 8.67+0.67 7.21+0.27* 5.51+0.38*
HGB g/dL 15.48+0.65 14.20+0.36 12.90+0.50*
PCV % 55.57+1.48 52.87£1.19 49.61+0.40*
MCV FI 63.60+1.29 64.33+0.88 63.00+3.06
MCHC g/dL 26.96+0.37 26.87+0.24 26.70+0.97
PLT 10° cells/L 393.60+64.79 397.00+48.03 474.33+81.02
LYM % 67.66+3.63 72.00+2.63 75.70+2.10
MID % 10.90+2.28 15.60+2.57 17.70+4.69*
GRA % 10.46+1.22 12.43+1.02 21.57+4.52*#

expressed as mean + standard error of the mean (SEM) and analyzed using one-way analysis of variance (ANOVA). A significance level of p < 0.05 was

considered statistically significant.

3.0 RESULT

Table 1: Results for the Hematological indices of the experimental groups

Values are expressed as mean + SEM, n = 5.

*significantly different from normal control at p<0.05;

a = significantly different from paracetamol control at p<0.05.

Table 1 showing comparison of concentrations of different hematological parameters in the different experimental groups.

3.1 Effect of Paracetamol on White Blood Cells (WBC)

The WBC values increased from 6.25+ 0.63 for the control group to 9.96+ 2.99 for group 2 and 13.40 + 1.61 for group 3. There was a significant difference
between the control group and paracetamol treated groups (See Table).
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Figure 1: Comparison of White Blood Cell count in the different experimental groups.
Values are expressed as mean + SEM, n =5.
*significantly different from Normal Control at p<0.05;

a = significantly different from Paracetamol Control at p<0.05.

3.2 Effect of Paracetamol on Red Blood Cells (RBC)

The RBC values decreased from 8.67+ 0.27 for the control group to 7.21+ 0.27 for group 2 and 5.51+ 0.38 for group 3. There was a significant difference
between the control group and the paracetamol treated groups (See Table).
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Figure 2: Comparison of Red Blood Cell count in the different experimental groups.
Values are expressed as mean + SEM, n = 5.

*significantly different from Normal Control at p<0.05;
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a = significantly different from Paracetamol Control at p<0.05.

3.3 Effect of Paracetamol on Hemoglobin (HGB)

The hemoglobin concentration decreased from 15.48+ 0.65 for the control group to 14.20+ 0.36 and 12.90+ 0.50 for group 2 and group 3 respectively.

(See Table)
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Figure 3: Comparison of hemoglobin concentration in the different experimental groups.

Values are expressed as mean + SEM, n = 5.

*significantly different from Normal Control at p<0.05

3.4 Effect of Paracetamol on Packed Cell Volume (PCV)

The PCV values decreased from 55.57+ 1.48 for the control group to 52.87+ 1.19 and 49.61+ 0.40 for group 2 and group 3 respectively. (See Table)
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Figure 4: Comparison of packed cell volume percentages in the different experimental groups.

Values are expressed as mean + SEM, n =5.

*significantly different from Normal Control at p<0.05
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3.5 Effect of Paracetamol on Platelet Count (PLT)

The platelets count increased from 393.60+ 64.79 for the control group to 597.00+ 48.03 and 474.33+ 81.02 for group 2 and group 3 respectively. (See
Table)

4.0 Discussion and Conclusion
4.1 Discussion

The results of this study demonstrate that paracetamol toxicity significantly alters hematological parameters in Wistar rats, indicating systemic effects
beyond its well-documented hepatotoxicity. The observed changes in hematological indices suggest that paracetamol overdose induces inflammation,
oxidative stress, and potential bone marrow suppression, which are reflected in the blood parameters.

The results showed a significant increase in WBC count in the paracetamol-treated groups compared to the control. The WBC count increased from 6.25
+ 0.63 in the control group to 9.96 + 2.99 in the 4-day paracetamol group and 13.40 + 1.61 in the 7-day group. This elevation suggests an immune response
to oxidative stress or tissue damage induced by paracetamol toxicity. Paracetamol toxicity is known to induce oxidative stress and inflammation, which
can stimulate the release of pro-inflammatory cytokines and lead to an increase in WBC count (Yuan et al., 2019). The higher WBC count in the 7-day
treatment group compared to the 4-day group suggests a dose-dependent effect.

A significant reduction in RBC count was observed following paracetamol administration. The RBC count decreased from 8.67 + 0.67 in the control
group to 7.21 + 0.27 in the 4-day treatment group and 5.51 + 0.38 in the 7-day group. This suggests that prolonged paracetamol exposure may lead to
erythropoietic suppression or increased hemolysis, possibly due to oxidative damage to red blood cells. The depletion of glutathione, a key antioxidant,
in red blood cells may lead to increased susceptibility to oxidative damage, resulting in hemolysis (Adebayo et al., 2015). Hemoglobin concentration and
PCV levels also showed a decreasing trend. HGB levels decreased from 15.48 + 0.65 in the control group to 14.20 + 0.36 (4-day group) and 12.90 + 0.50
(7-day group). Similarly, PCV levels dropped from 55.57 + 1.48 in the control to 52.87 + 1.19 and 49.61 + 0.40 in the 4-day and 7-day groups, respectively.
These reductions indicate anemia, which could be due to impaired erythropoiesis, increased RBC destruction, or hemorrhagic effects of paracetamol
toxicity.

Platelet count was slightly elevated in paracetamol-treated groups, increasing from 393.60 + 64.79 in controls to 397.00 + 48.03 (4-day group) and 474.33
+81.02 (7-day group). Paracetamol-induced oxidative stress and inflammation can stimulate thrombopoiesis, leading to an increase in platelet production
(Jaeschke et al., 2012). Lymphocyte (LYM) and granulocyte (GRA) percentages increased in the treated groups. LYM increased from 67.66% (control)
to 75.70% (7-day group), while GRA levels increased significantly from 10.46% (control) to 21.57% (7-day group). The elevation in GRA suggests
enhanced neutrophil recruitment, likely as a response to tissue injury and oxidative stress. The increase in monocytes (MID) also suggests an ongoing
inflammatory process, as monocytes are involved in the immune response to tissue injury and infection.

4.2 Conclusion

The findings of this study demonstrate that paracetamol toxicity significantly affects hematological parameters in Wistar rats. The observed leukocytosis
and increased platelet counts suggest an inflammatory response, while the reduction in RBC, hemoglobin, and PCV indicates possible anemia. he findings
highlight the systemic effects of paracetamol overdose and underscore the importance of monitoring hematological parameters in cases of paracetamol
toxicity. Further studies are needed to explore the mechanisms underlying these hematological alterations and their implications for human health.
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