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Manganese (Mn) is a trace element vital for normal mammalian physiology, acting as a cofactor for 

numerous enzymes including arginase, glutamine synthetase (GS), pyruvate carboxylase, and 

manganese superoxide dismutase (Mn-SOD) [1,2]. It is also essential for arginase and agmatinase, 

enzymes that play a role in the urea cycle within the brain [3,4]. Manganese deficiency can impair 

bone formation and reduce bone mineral density, whereas adequate supplementation supports skeletal 

development [5, 6]. As a transition metal, Mn is ubiquitous in the environment, and human exposure 

occurs through air, water, and dietary sources [7,8]. Industrial applications, such as the production of 

paints, dry cell batteries, glass, ceramics, and welding, represent major exposure routes for workers 

[9,10]. Chronic manganese exposure has been associated with neurotoxicity, hepatotoxicity, and 

hematological disturbances [11,12]. Given these concerns, experimental animal models, particularly 

Wistar rats, are widely employed due to their physiological resemblance to humans [13,14]. The 

present study aims to evaluate the hematological alterations induced by chronic oral exposure to 

manganese chloride in Wistar rats [15]. This work contributes to understanding the systemic effects of 

Mn toxicity and provides insight into potential mechanisms underlying Mn-induced hematological 

abnormalities [16,17]. Manganese homeostasis is tightly regulated under physiological conditions, as 

both deficiency and excess can compromise biological functions [18-20]. While moderate exposure is 

harmless, chronic or occupational exposure to elevated Mn levels has emerged as a significant public 

health concern [21,22]. Reports indicate rising Mn concentrations in groundwater, industrial effluents, 

and urban environments, making long-term exposure increasingly common [23,24]. Despite regulatory 

efforts, Mn remains one of the most frequently encountered heavy metals in occupational settings, 

emphasizing the importance of understanding its systemic toxicity [25,26]. 
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Mn plays a central role in redox reactions, antioxidant defense, amino acid metabolism, and 

mitochondrial function [27,28]. It is required for the optimal performance of Mn-SOD, a vital enzyme 

that protects tissues from oxidative stress [29,30]. Mn also influences hematopoiesis indirectly through 

its involvement in enzymatic pathways necessary for cellular growth and metabolism [31,32]. 

However, excessive Mn disrupts metal homeostasis, particularly iron metabolism, which may impair 

erythropoiesis and immune function [33,34]. 

 

Although several studies have investigated Mn neurotoxicity, fewer have explored its impact on 

hematological parameters in a controlled experimental setting [35, 36]. Existing literature often 

focuses on acute exposure, leaving uncertainties regarding the cumulative effects of chronic, low-dose 

ingestion [37,38]. Moreover, many studies lack detailed morphological assessments of blood cells, 

limiting understanding of the mechanistic pathways underlying Mn-induced hematological dysfunction 

[39,40]. Important gaps persist regarding how chronic oral exposure to Mn affects red and white blood 

cells, platelet dynamics, and specific morphological alterations [41,42]. Clarifying these effects is 

essential, as hematological parameters serve as early biomarkers of systemic toxicity [43]. The need 

for experimental evidence is particularly urgent given the increasing environmental presence of Mn 

and its potential interaction with iron metabolism [44,45]. 

 

The present work provides new insights by combining quantitative hematological analysis with 

qualitative blood smear examinations to identify morphological abnormalities. Unlike many previous 

studies that focus primarily on neurobehavioral effects, this research emphasizes hematological 

alterations and provides evidence of microcytic anemia, leukocyte abnormalities, and platelet changes 

induced by chronic Mn exposure. The primary objective of this study is to investigate the 

hematological consequences of chronic oral exposure to manganese chloride in adult male Wistar rats. 

Specifically, the research aims to determine how prolonged Mn intake affects key hematological 

parameters, including red blood cell, white blood cell, and platelet counts, as well as mean corpuscular 

volume. Additionally, the study seeks to identify and characterize morphological alterations in blood 

cells through microscopic evaluation of stained blood smears. By examining both quantitative and 

qualitative hematological changes, this work aims to clarify potential mechanisms underlying Mn-

induced hematotoxicity, particularly those related to iron antagonism and bone marrow suppression. 

The study intends to generate comprehensive data that contribute to understanding the systemic impact 

of chronic manganese exposure. 

 

This study utilized twenty-four adult male Wistar rats divided into control and Mn-exposed groups. 

Animals received oral MnCl2 (4.79 mg.Mn·L⁻¹) for twelve weeks to simulate chronic environmental 

exposure. Hematological indices—including RBCs, WBCs, platelets, and MCV—were measured 

using an automated analyzer. Blood smears were microscopically examined to detect morphological 

abnormalities. The scope is restricted to hematological effects and does not include biochemical or 

histopathological evaluation of other organs. This investigation enhances current understanding of Mn 

toxicity by documenting hematological impairments resulting from prolonged oral exposure. The 

findings may help establish biomarkers for Mn exposure, inform occupational health guidelines, and 

contribute to risk assessment models for environmental contamination [46-50]. Additionally, the study 

supports the hypothesis that Mn disrupts iron metabolism, offering a mechanistic basis for observed 

hematological changes. Recent advances in nanotechnology have improved the understanding of 

heavy-metal toxicity at the nanoscale level. Nanotoxicology focuses on how metal ions and nano-sized 

particles interact with blood cells, membranes, and hematopoietic tissues, leading to oxidative stress, 

inflammation, and structural damage. Applying nanotechnology concepts to manganese toxicity may 
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provide more precise interpretation of hematological alterations and early biomarkers of systemic 

exposure [51-55]. In this paper, we present experimental results demonstrating how chronic MnCl₂ 

exposure alters hematological parameters and blood cell morphology in Wistar rats. We discuss the 

implications of these findings in the context of Mn toxicity and highlight potential mechanisms 

through which Mn may induce anemia, leukopenia, and thrombocytopenia. 
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