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Haematological and Histopathological Sex-Related Changes Associated with Chronic Tramadol Hydrochloride Administration in Wistar albino rats 

ABSTARCT
This study explored the hematological and histopathological effects of tramadol administration in Wistar albino rats. A total of 28 adult rats were allocated into four groups based on sex and treatment status. Tramadol was administered at a dosage of 100 mg/kg daily for four weeks to simulate chronic misuse, while control groups received normal saline. Hematological parameters, such as PCV, RBC, hemoglobin concentration, MCV, MCH, MCHC, WBC, and differential leukocyte counts, were assessed using an automated hematology analyzer. Additionally, histopathological evaluations of the brain, liver, and kidneys were conducted at post-mortem. The findings revealed significant decreases in PCV, RBC, hemoglobin concentration, MCV, MCH, and WBC in the treatment groups, with females experiencing greater changes. MCHC values remained unchanged. Differential leukocyte analysis showed decreased neutrophil, lymphocyte, eosinophil, and monocyte counts, while basophil counts were unaffected. Histopathological analysis indicated tramadol-induced alterations in the brain, liver, and kidney tissues. Statistical analysis using ANOVA and Tukey's HSD test highlighted notable sex-specific differences in hematological parameters between treatment and control groups. These results emphasized the hemotoxic and organ-specific risks associated with tramadol misuse, with females exhibiting higher susceptibility to hematological changes. The study highlighted the importance of careful monitoring of tramadol use due to its potential impact on critical physiological and histological functions.
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INTRODUCTION
Tramadol is a centrally acting synthetic opioid analgesic frequently prescribed for moderate to severe pain. While considered relatively safe when used correctly, its increasing misuse and dependence particularly among youth and medical professionals, has raised significant public health concerns globally (Shipton, 2000; Barbosa et al., 2023).
In recent years, tramadol has emerged as one of the most commonly abused prescription drugs in parts of Africa, Asia, and the Middle East, owing to its easy accessibility and perceived safety (Toufique, 2012; Hussein & Elguindy, 2017). Despite regulations, it remains available through unregulated internet pharmacies and informal vendors, fueling dependence and addiction (Solarino et al., 2010).
The toxicological consequences of chronic tramadol use have begun to surface in preclinical and clinical studies. Research indicates that tramadol affects not only the central nervous system but also endocrine, hematological, and reproductive functions (Paulis & Abbas, 2015). 
Rats (Rattus norvegicus) have been widely used as laboratory animals for over a century due to their docile nature, short gestation, and genetic consistency. The Wistar strain, developed at the Wistar Institute in Philadelphia, remains one of the most common models in biomedical research due to its physiological and genetic similarities to humans (Iannaccone & Jacob, 2009; Krubaa & Yogitha, 2024). Their widespread use spans various research domains, including toxicology, neuroscience, and pharmacology (Modlinska & Pisula, 2020). In female rats, tramadol administration has been linked to reduced levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH), and gonadal steroids, alongside weight loss and behavioral changes. Similar reports in male models suggest testicular damage and alterations in hematological indices (Barbosa et al., 2023).
Given this background, the present study aims to investigate the sex-specific haematological and histopathological changes associated with chronic tramadol hydrochloride administration in Wistar albino rats. By exploring these effects, the study provides deeper insights into the potential systemic toxicity and long-term risks of tramadol abuse, with implications for human health and addiction medicine. 
Materials and Methods 
Study Area 
The study was conducted in Maiduguri, Nigeria, situated at an altitude of 354m above sea level, between latitude 10.2oN and 13.4oN and longitudes 9.8oE and 14.4oE. Maiduguri is located in North Eastern Nigeria.
Ethics:
All the protocol used for sample collection and laboratory analysis were in accordance with the principles and guidelines of the Institutional Animal Utilization Protocol (IAUPC), the ethical approval was sorted and approved by the Animal Use and Ethics Committee, Faculty of Veterinary Medicine, University of Maiduguri with the approval number AUP-R003/2025.
Experimental Animals 
A total of 28 adult female and male Wistar albino rats were used for this study. They were purchased from the College of Medical Sciences, University of Maiduguri.  
Grouping 
They were distributed equally into four groups of 7 rats each with equal number of male and female.  Group A (female control), (Group B male control), Group C (female treatment)
Group D (male treatment) Normal saline was given to 14 rats in the control group. Tramadol was administered to female and male treatment groups. 
Housing and Acclimatization 
The rats were kept for two weeks in order to adapt to the new environment before the commencement of the experiment. They were kept in a cage, the floor was tiled and roofed with Asbestos. It was well ventilated with temperature of about 35.0-37.0 oC. The laboratory animals were kept in the laboratory animal’s house of the Faculty of Veterinary Medicine University of Maiduguri
Source of the Drug 
The drug Tramadol hydrochloride 50mg/kg (Novalab Healthcare Private, Limited, India) was obtained from the Faculty of Pharmaceutical Sciences, University of Maiduguri.
Feeding regimen
Poultry feed from Ultima feed was fed to every animal in this trial. Essential nutrients such as 20% protein, 4.5% fats and key amino acids, 5% fiber, fortified minerals and vitamins, and 3050 kcal/kg of energy are all included in the feed. Daily feedings and unlimited access to drinking water were provided to the experimental animals. The treatment and control groups received the appropriate amount of feed and water ad libitum.
Drug Administration
Dosage: Tramadol hydrochloride was administered intravenously (IV) at a daily dose of 50 mg/kg for a treatment duration of 28 days as follows: 
Dose = Dosage (mg/Kg) x Rats body weight (kg)/Drug concentration (mg/mL).
Sample collection and storage
Direct cardiac puncture was used to obtain blood samples at the end of the therapy period (Reji et al., 2023). To avoid clotting, around 2 mL of blood is extracted from each rat and placed in EDTA tubes for hematological analysis. To preserve integrity, the materials are processed within two hours and kept at 4°C (Wardrop and Brooks, 2016).
Histopathology
Tissue samples of the brain, liver and kidney were fixed in 10% phosphate-buffered formalin for 72 hours. The sections were trimmed and embedded in paraffin wax as described by Baker et al. (1985). The paraffin blocks were then sectioned at 5μm thickness and stained with hematoxylin and eosin (H&E). The stained slides were observed using light microscopy, and photomicrographs were taken.
Statistical Analysis
The data obtained were provided as the mean ± SD. To determine significant differences between groups, a one-way ANOVA was employed, preceded by the Duncan Multiple Range Test (DMRT) for multiple comparisons.  Significant differences were defined as P-values less than or equal to 0.05.

[bookmark: _Toc185315090]RESULTS 
Table 1: Mean (±SD) hematological parameters of Wister albino rats untreated control and treated with 100mg/kg of tramadol
	PARAMETER
	UNTREATED  GROUPS
	TREATED GROUPS

	
	FEMALE 
	MALE
	MALE 
	FEMALE 

	PCV (%)
	45.71 ± 3.01
	47.00 ± 1.07
	34.14 ± 5.08*
	28.29 ± 3.65*

	RBC
(10^6/µL)
	7.35 ± 0.22
	7.33 ± 0.41
	5.53 ± 0.21
	6.29 ± 0.29

	WBC (10^4/µL)
	50.14 ± 3.09
	48.14 ±3.48
	29.00 ± 2.62
	39.00 ± 5.45

	HB (g/dl)
	15.20 ± 1.00
	15.67 ± 0.36
	11.50 ± 1.64*
	9.40 ± 1.22*

	MCH (Pg)
	21.09 ± 1.26
	21.43 ± 1.02
	20.77 ± 2.75*
	14.91 ± 1.51*

	MCV (FL)
	62.66 ± 2.84
	64.29 ± 3.63
	61.85 ± 8.35*
	44.90 ± 4.67*

	MCHC (g/dl)
	33.40 ± 0.17
	33.33 ± 0.00
	33.31 ± 0.01
	33.31 ± 0.01


The parameters in asterisk (*) are indicative of a significant difference from the control group (p < 0.05).
Table 2: Differential Leukocytes Count for Untreated and Treated Groups with Tramadol 100mg/kg
	PARAMETERS
	CONTROL
	TREATMENT

	Neutrophils
	26.6±2.2a
	13.4±1.8b

	Lymphocytes
	15.7±2.4a
	12.0±1.6b

	Monocytes
	3.4±0.6a
	1.9±0.3b

	Eosinophils
	1.6±0.3a
	0.9±0.2b

	Basophils
	0.3±0.2a
	0.2±0.1a


Values are mean ± SD of 7 rats per group. Different superscript indicate significant difference between control and treatment groupat (P<0.05) using one way analysis of variance (ANOVA) followed by Duncan Multiple Range Test (DMRT)
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Discussion
The findings of this study (Table 1 and 2) indicate significant alterations in blood parameters and tissue integrity, particularly in the brain, liver, and kidney. Tramadol administration led to a significant decrease in packed cell volume in both male and female rats, with females showing a more pronounced reduction (Table 1). A decrease in PCV is often indicative of anemia, which has also been observed in other studies with tramadol. Darbar et al. (2022) reported a similar decline in PCV in rats treated with tramadol, suggesting that the drug may interfere with erythropoiesis or promote the destruction of red blood cells. The greater reduction in PCV in females observed here is consistent with findings by Schelde et al., (2020), who noted gender-based differences in hematological responses to various drugs, possibly due to hormonal influences on red blood cell production.
The decrease in RBC count in all treated groups, as shown in table 1, mirrors the changes observed in previous work with opioid analgesics. This is consistent with the study by  Sahebrao et al. (2016), who documented a similar decline in RBC count in rats treated with morphine, which is closely related to tramadol in terms of its action on the central nervous system. The more significant reduction in females aligns with the PCV results, suggesting that female rats may be more vulnerable to tramadol-induced suppression of erythropoiesis or may experience more pronounced changes in red blood cell turnover.
The reduction in hemoglobin levels (Table 1), particularly in the female rats, supports the hypothesis of a drug-induced reduction in the oxygen-carrying capacity of the blood. This finding is in agreement with other studies on opioids and their effects on hematological parameters. For example, a study by Piri et al. (2020) reported reduced hemoglobin levels in rats treated with morphine, suggesting a potential common mechanism of action among opioids that could affect red blood cell function or production. Both MCV and MCH were significantly decreased in treated rats (Table 2), with the female rats exhibiting a more pronounced reduction. This trend mirrors findings by Samuel et al. (2019), who observed that opioids such as tramadol led to microcytic hypochromic anemia in rats, suggesting that tramadol may alter red blood cell morphology by affecting their size and hemoglobin content. However, the MCHC depicted in table 2 remained unaffected, which is consistent with some studies that report no significant change in this parameter despite reductions in MCV and MCH (Naz et al., 2021). The unchanged MCHC indicates that although red blood cells may be smaller and contain less hemoglobin, the concentration of hemoglobin in each cell remains stable.
WBC counts were significantly reduced in the treated groups (Table 2), particularly in females. This suppression of the immune system has been reported in previous studies with tramadol and similar analgesics. For example, a study by Chaithra et al. (2018) found that tramadol treatment led to a marked decrease in WBC, which they attributed to tramadol’s possible suppressive effects on bone marrow function or immune cell production. The differential leukocyte count in our study showed a reduction in neutrophils, lymphocytes, and eosinophils, which is consistent with findings by Sayed et al. (2018), who observed similar decreases in all leukocyte subtypes following tramadol administration.
The histopathological examination of brain tissue (Fig. 1b and 1c) revealed increased neuronal activity in both male and female rats treated with tramadol. These changes are in line with those reported by Rachmani et al. (2018), who noted that opioids such as tramadol can alter neuronal firing patterns and increase pyramidal neuronal activity. The effects were more pronounced in females, which aligns with the findings of Mittal et al. (2024), who observed gender-specific differences in central nervous system responses to opioids. This could suggest that female rats may have heightened sensitivity to tramadol’s effects on brain function, which could influence behavior or cognitive performance.
The liver histology as shown in figure 2b and 2c revealed significant damage in both male and female rats, with the female rats showing more severe changes, such as rupture of the central vein tunics and hepatocellular necrosis. Similar hepatic toxicity has been documented in studies investigating tramadol’s effects on liver function. A study by Ahmed et al. (2018) reported hepatocellular degeneration and necrosis in rats treated with tramadol, noting that such damage could be due to tramadol-induced oxidative stress or direct cytotoxic effects. The male rats in our study exhibited congestion and hemorrhage, which is consistent with findings from Alowaid,et al. (2024), who reported vascular congestion and hemorrhage in the liver of rats treated with high doses of tramadol.
[bookmark: _GoBack]The kidney histology depicted in figure 3b and 3c showed signs of necrosis in the glomeruli and tubular degeneration in both sexes. These findings agree with the work of Ali et al. (2020), who observed nephrotoxic effects of tramadol in rats, including glomerular necrosis and tubular damage. The presence of hemorrhage and tubular desquamation in the female rats suggests a more severe form of renal injury, which could be linked to the increased sensitivity of females to tramadol, as observed in the liver. Male rats also showed significant kidney damage, including hemorrhage, which was consistent with the findings of Barbosa et al. (2020) in their study on tramadol-induced nephrotoxicity. In the brain there is increased neuronal activity in those rats treated with 100mg/kg tramadol, probably the cause of euphoria perceived by individuals involved in substance abuse with tramadol.
This study highlights notable sex differences in the response to tramadol. Female rats consistently showed more pronounced reductions in hematological parameters and more severe histopathological damage in the liver and kidney. These findings support previous studies suggesting that female rats are more sensitive to the toxic effects of various drugs, including opioids. For instance, a study by Ardakani,et al. (2014) indicated that sex differences in drug metabolism, hormone levels, and immune responses might contribute to the greater vulnerability of female rats to drug-induced toxicity. The heightened sensitivity observed in females in this study may also be related to hormonal differences, particularly estrogen, which can influence drug metabolism and immune function (Moussa et al., 2020).
Conclusion
The results of this study demonstrate that tramadol administration at a dose of 100mg/kg induces significant hematological and histopathological changes in Wistar albino rats. The observed alterations in red blood cell parameters, white blood cell count, and tissue damage in the brain, liver, and kidney highlight the potential toxic effects of tramadol. The more pronounced effects observed in female rats suggest that sex-specific differences in drug metabolism and sensitivity should be considered when evaluating tramadol's safety profile. These findings provide valuable insight into the potential risks associated with tramadol use, and they support the need for further research into its long-term effects, particularly in vulnerable populations.
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