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Abstract:

Paracetamol (PCM) is widely used as an analgesic and antipyretic agent; however, overdose can result in
systemic toxicity, primarily mediated through oxidative stress. This study aimed to evaluate the
histopathological effects of PCM on the spleen of albino rats and to assess the potential protective effect of
vitamin C (VC) as an antioxidant. Twenty-eight albino rats were randomly assigned to five groups: control, VC
(500 mg/kg), PCM (500 mg/kg), PCM + VC co-treatment, and a prophylactic group receiving VC before PCM
administration. Histological examination of the spleen revealed alterations in the PCM-only group, including
lymphoid depletion in the white pulp and congestion in the red pulp. Co-administration of VC attenuated these
changes, while pre-treatment with VC provided the greatest preservation of splenic architecture. These findings
suggest a potential protective benefit of VC against PCM-induced oxidative damage in the spleen.
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Introduction

Paracetamol (acetaminophen, PCM) is one of the most widely used analgesic and antipyretic agents worldwide
due to its efficacy and general safety at therapeutic doses. However, overdose or prolonged high-dose
administration can cause systemic toxicity, primarily affecting the liver, kidneys, and, increasingly recognized,
the spleen—a vital organ of the immune system (Mandal et al, 2016; Kennon-McGill & McGill, 2017,
Alshailabi et al., 2021). PCM-induced toxicity is mediated through the formation of the reactive metabolite N-
acetyl-p-benzoquinone imine (NAPQI), which depletes cellular glutathione (GSH) and triggers oxidative stress,
mitochondrial dysfunction, and cellular apoptosis or necrosis (Jaeschke et al., 2018; Alshailabi et al., 2021).
While hepatic toxicity due to PCM overdose has been extensively studied, the effects on immune organs, such
as the spleen, remain relatively underexplored. Evidence indicates that the spleen can act as an extramedullary
source of inflammatory cells in response to acetaminophen-induced liver injury, highlighting its crucial role in
immune cell production and inflammatory responses (Mandal et al., 2016). The spleen consists of two major
compartments: white pulp, which is rich in lymphocytes and contributes to adaptive immune responses, and red
pulp, responsible for blood filtration, iron recycling, and removal of damaged erythrocytes. Disruption of these
structures due to oxidative stress or toxic insults can lead to architectural disorganization, lymphoid depletion,
and impaired immune function (Elmore, 2006). Experimental studies have demonstrated that reactive oxygen
species (ROS) play a central role in mediating these histological changes, suggesting that oxidative stress is a
key mechanism underlying PCM-induced tissue injury (Du et al., 2016; Elduob et al., 2023). ROS are naturally
generated during cellular metabolism and participate in essential cellular processes. However, excessive
accumulation of ROS causes oxidative damage (OD) to membranes, proteins, and DNA. Antioxidants
counteract these effects by neutralizing ROS and limiting oxidative injury, thereby protecting cellular structures
and enhancing the body’s defense mechanisms against oxidative stress (Alshailabi, 2016; Kozlov ef al., 2024).
Among these, Vitamin C (VC, ascorbic acid) is a potent water-soluble antioxidant that scavenges free radicals,
regenerates other antioxidants such as vitamin E, and contributes to maintaining intracellular GSH levels (Lee et
al., 2023; Alshailabi ef al., 2024; Ogunleye et al., 2025). In various experimental models, VC has been shown to
reduce oxidative stress, inhibit lipid peroxidation (LPO), and improve histological architecture in tissues
exposed to toxic agents, including the liver, kidney, and heart (Alshailabi et al., 2021; Ogunleye et al., 2025).
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The potential role of VC in protecting the spleen from PCM-induced oxidative damage has not been fully
elucidated, providing a strong rationale for the present study. Beyond directly neutralizing ROS, antioxidants
such as VC may modulate signaling pathways involved in cellular survival and apoptosis. For example, by
reducing mitochondrial oxidative stress, VC can prevent the release of pro-apoptotic factors such as cytochrome
¢, thereby preserving tissue integrity and immune function (Rossig et al., 2001; Alshailabi et al., 2024). Given
the spleen’s central role in immunity and hematopoiesis, interventions that mitigate oxidative stress may have
profound implications for maintaining systemic immune competence during drug-induced stress (Manful ef al.,
2025). This study aims to investigate the histopathological effects of PCM on the spleen of albino rats and to
evaluate the protective potential of VC, both when administered concurrently with PCM and as a prophylactic
pre-treatment. Understanding these interactions may provide insights into the therapeutic use of antioxidants in
mitigating drug-induced organ toxicity and preserving immune function.

Material and Methods

Experimental Animals and Design
Twenty-eight adult albino rats of comparable body weights (200-250 g) were obtained from the Central Animal
House, College of Veterinary Medicine, University of Omar Al-Mukhtar, El-Beyda, Libya. Animals were
maintained under standard laboratory conditions (22-25 °C, 12 h light/12 h dark cycle) with free access to food
and water. All experimental procedures were performed in compliance with institutional and international
guidelines for the ethical use of laboratory animals.
After a one-week acclimatization period, rats were randomly assigned to five groups (n = 7 per group):
1. Control Group: received distilled water orally throughout the experimental period.
2. VC Group: received VC at a dose of 500 mg/kg/day orally for two weeks (Basegmez ef al., 2025).
3. PCM Group: received PCM at 500 mg/kg/day orally for two weeks (Venkatesan et al., 2014).
4. VC + PCM (Co-treatment) Group: received both VC and PCM simultaneously at the above doses for
two weeks.
5. Protective VC (Pre-treatment) Group: received VC at 500 mg/kg/day orally for one week before PCM
administration (500 mg/kg/day) for one additional week.
At the end of the experimental period, animals were humanely euthanized, and spleen samples were collected
for histopathological analysis.

Histopathological Examination of Spleen

Spleen tissue samples from all groups were immediately fixed in 10% neutral buffered formalin. Following
routine tissue processing, samples were embedded in paraffin, and 5 pm sections were cut and stained with
hematoxylin and eosin (H&E) for light microscopic examination (Bancroft & Gamble, 2008).

Histopathological evaluation focused on the white pulp and red pulp architecture, including lymphocyte density,
pulp organization, and evidence of congestion or cellular deterioration. A semi-quantitative scoring system was
employed to grade the severity of splenic lesions as absent (—), mild (+), moderate (++), or severe (+++)
according to the criteria adapted from (Landmann et al., 2021; Alshailabi et al., 2024).

All observations were conducted blindly to prevent observer bias, and representative micrographs were captured
for documentation and comparative analysis.

Semi-quantitative Histopathological Assessment

Semi-quantitative histopathological scoring data were expressed as descriptive observations and mean scores for
each experimental group, as described previously, where the differences in lesion severity among groups were
assessed based on the semi-quantitative scoring system. Results are presented descriptively in tables and
illustrated with color-coded heatmaps (Landmann ef al., 2021). No inferential statistical analysis was performed,
as the study was designed as a descriptive histopathological evaluation.

Results

Histopathological Findings in the Spleen

Histological examination of spleen sections from the control group revealed a normal splenic architecture,
characterized by a clear distinction between the white pulp and red pulp compartments (Figure 1A). The white
pulp contained well-organized lymphoid follicles with normal lymphocyte density surrounding central
arterioles, while the red pulp exhibited intact sinusoids and typical cellular composition. Similarly, sections from
the VC-treated group displayed preserved architecture, with no detectable histopathological alterations (Figure
1B).
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In contrast, the PCM-treated group showed pronounced splenic alterations. Disorganization of the white pulp
was accompanied by a marked reduction in lymphocyte density, while the red pulp exhibited significant
congestion, sinusoidal dilation, and degenerative changes in splenic parenchymal cells. Focal areas of
hemorrhage and partial disruption of the splenic framework were also observed. These observations
corresponded to moderate to severe (++/+++) semi-quantitative scores for white pulp integrity, red pulp
congestion, and cellular deterioration (Figure 1C-D, Table 1).

Spleen sections from the co-treatment group (PCM + VC) demonstrated moderate histopathological changes,
including mild vacuolar deterioration of the red pulp, moderate sinusoidal congestion, and small focal necrotic
areas. Semi-quantitative scoring indicated mild to moderate (+/++) alterations across all parameters, suggesting
a partial protective effect of VC (Figure 1E-F, Table 1).

In the prophylactic (pre-treatment) group, spleen architecture was relatively well-preserved. White pulp regions
were clearly defined around central arterioles, while red pulp was diffusely distributed. Nonetheless, a slight
reduction in lymphoid follicle density and moderate red pulp congestion were observed, along with a prominent
focal necrotic area. Semi-quantitative scoring reflected mild to moderate (+/++) lesions, indicating that pre-
treatment with VC conferred better protection than concurrent administration (Figure 1G-H, Table 1).

Collectively, these findings indicate that PCM induces significant histopathological alterations in the spleen,
affecting both the white and red pulp compartments. In contrast, VC, particularly when administered
prophylactically, provides substantial protective effects against PCM-induced splenic injury (Figures 1 & 2,
Table 1).
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Figure 1: Histopathological changes in splenic tissue of experimental groups.

Sections of the spleen from the control group and the VC group (A & B) revealed a typical splenic architecture,
characterized by a clear distinction between the white pulp (stars) and red pulp (arrows) regions. Lymphoid cells
were regularly distributed within the white pulp (H&E, x100).

Spleen sections from the PCM-treated group demonstrated marked histopathological alterations, including
disorganization of the white pulp, accompanied by a noticeable reduction in lymphocyte density with congestion
and dilation of the vascular sinusoids within the red pulp (arrows), and degenerative changes in immune cells,
along with mild disruption of the fundamental splenic architecture (stars) (C & D). Also, massive hemorrhage
(head arrow) (C) (H&E, x100).

Spleen sections from the co-treatment group revealed marked histopathological alterations, including mild
vacuolar deterioration in the red pulp (arrows) (E), congested, dilated splenic sinuses (arrows) with necrotic
areas (head arrows) (F) (H&E, x100).

Spleen sections from the pre-treatment group revealed marked histopathological alterations, including preserved
architecture, ill-defined spleen tissue with diffuse red pulp, which surrounds clearly defined white pulp with a
central arteriole (arrow) (G) (H&E, x400), a reduction in lymphoid follicle density with congestion and dilation
of splenic sinuses (head arrows) with a large focal area of necrosis (H) (arrow) (H&E, x100).

Table 1: Semi-quantitative Histopathological Scoring.

Group ‘White pulp integrity | Red pulp congestion | Cellular deterioration
Control - - —
vVC - - -
PCM +H+++ +H/+++ +H/+++
Co-treatment (PCM + VC) +/++ +++ +/++
Pre-treatment (VC — PCM) +/++ +++ +/++
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Figure 2: Descriptive representation of semi-quantitative histopathological scoring of splenic lesions across
experimental groups.

Discussion

The present study investigated the histopathological effects of PCM on the spleen of albino rats and evaluated
the potential protective role of VC as an antioxidant. The results clearly demonstrate that PCM induces
significant alterations in splenic architecture, including disorganization of the white pulp, reduction in
lymphocyte density, congestion and dilation of red pulp sinusoids, and degenerative changes in parenchymal
cells. In some sections, focal hemorrhage was also observed. These findings indicate that the spleen, a central
organ in immune surveillance and erythrocyte clearance, is highly susceptible to PCM-induced oxidative stress,
extending the well-established knowledge of PCM hepatotoxicity to immune tissues (Mandal et al, 2016;
Kennon-McGill & McGill, 2017; Alshailabi et al., 2021).The underlying mechanism of PCM-induced splenic
injury is likely mediated by the reactive metabolite NAPQI, which depletes intracellular GSH, disrupts
mitochondrial function, and triggers oxidative stress, apoptosis, and necrosis of splenic cells (Du et al., 2016;
Kennon-McGill & McGill, 2017; Jaeschke et al., 2018). The semi-quantitative scoring results (++/+++)
reflected severe damage in white pulp integrity, red pulp congestion, and cellular deterioration, corroborating
the histological observations (Elmore, 2006). Lymphoid depletion in the white pulp may compromise adaptive
immune responses, whereas red pulp congestion could impair blood filtration and the removal of damaged
erythrocytes, potentially leading to systemic immunological consequences (Mandal et al., 2016). On the other
hand, VC demonstrated a notable protective effect against PCM-induced splenic injury. In the co-treatment
group (PCM + VC), histological alterations were attenuated, as evidenced by mild vacuolar degeneration,
moderate sinusoidal congestion, and limited necrotic foci (+/++). The prophylactic (pre-treatment) group
exhibited the most preserved splenic architecture, with largely intact white pulp and reduced red pulp
congestion. This superior protective effect observed in the pre-treatment group is likely attributable to priming
of the antioxidant defense system, replenishment of intracellular glutathione (GSH), and stabilization of
mitochondrial function before PCM exposure (Lee et al., 2023; Kozlov et al., 2024; Alshailabi et al., 2024).
These findings are consistent with previous reports demonstrating that VC protects hepatic, renal, and cardiac
tissues from chemically induced oxidative damage by scavenging free radicals, inhibiting lipid peroxidation, and
enhancing cellular antioxidant capacity (Alshailabi ez al., 2021; Ogunleye et al., 2025). Comparing our results
with the limited literature on PCM’s effects on lymphoid organs, the current study supports the notion that PCM
toxicity is not restricted to the liver but also extends to immune tissues, potentially impairing systemic
immunity. Moreover, the results emphasize the dose- and timing-dependent efficacy of antioxidants, where
preemptive administration is more effective than concurrent treatment. These observations underline the
importance of prophylactic antioxidant strategies in mitigating organ-specific toxicity. Moreover, the clinical
implications of these findings are significant. Since PCM overdose is a common cause of drug-induced organ
injury, adjunctive antioxidant therapy may provide a practical approach to preserve immune organ function,
particularly in patients at risk of systemic oxidative stress. Additionally, the data reinforce the role of VC as a
safe, widely available, and potent antioxidant that could complement standard interventions. Limitations of the
present study include reliance on semi-quantitative scoring rather than quantitative morphometric or molecular
assessments such as measurement of ROS, GSH content, LPO, or pro-inflammatory cytokines. Functional
assays assessing immune competence, such as lymphocyte proliferation or cytokine production, were not
performed and would provide deeper insight into the functional consequences of histological alterations. Future
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studies should explore dose-dependent effects of PCM and VC, investigate other antioxidants, and incorporate
molecular and functional analyses to optimize protective strategies and validate translational relevance.

Conclusion

PCM induces significant histopathological alterations in the spleen of albino rats, including white pulp
disorganization, lymphoid depletion, red pulp congestion, and cellular degeneration, reflecting oxidative stress-
mediated tissue injury. VC demonstrated a protective effect, with pre-treatment providing greater preservation
of splenic architecture compared to concurrent administration. These findings suggest a potential protective
benefit of VC against drug-induced OD in immune organs. Further studies incorporating molecular and
functional assessments are warranted to optimize antioxidant-based interventions and assess their translational
relevance.
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