
Chlorpyrifos-Induced Haematotoxicity in Mus musculus and Ameliorative Role of Allium sativum Extract

ABSTRACT
Chlorpyrifos (CPF) is a widely used organophosphate insecticide and has been associated with multiple toxic effects in non-target organisms. The present study investigates the sub-chronic haematotoxicity of CPF (6 mg/kg; 1/10 LD50) in Mus musculus and the ameliorative potential of Allium sativum aqueous extract (200 mg/kg). Total Erythrocyte Count (TEC) declined by 29.22% after 42 days, accompanied by a 16.85% reduction in haemoglobin percentage (Hb%). There was a marked decrease in Packed Cell Volume (PCV). Moreover, CPF treatment led to a pronounced leukocytosis, with Total Leukocyte Count (TLC) increasing by over 100% after 42 days, suggestive of systemic inflammation and immune stress. Natural recovery post-CPF exposure showed only marginal and statistically insignificant improvements in haematological parameters. However, A. sativum administration resulted in significant ameliorative effect by restoring TEC, PCV and TLC levels, while offering partial improvement in Hb% and erythrocyte indices. These findings demonstrate that sub-lethal CPF exposure might induce anaemia, macrocytic alterations and leukocytosis in mice, indicating oxidative and immunological stress. The study further highlights the protective role of A. sativum in mitigating CPF-induced haematotoxicity, attributable to its antioxidant and immunomodulatory properties and supporting its potential as a natural therapeutic.
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1. INTRODUCTION
Chlorpyrifos (CPF) is a broad-spectrum organophosphorus (OP) insecticide with non-systemic action which is widely used in the agricultural fields. According to Ministry of Agriculture and Farmer’s Welfare, the consumption of CPF has increased from 7858.34 to 8828.41 metric ton in 2022-23. CPF has been associated with various toxic effects in non-target organisms, including mammals where it exerts its toxicity through inhibition of acetylcholinesterase activity (Naughton and Terry, 2018). Beyond neurotoxicity, CPF is also associated with nephrotoxicity (Tripathi and Srivastav, 2010), reproductive toxicity (Joshi et al., 2007), hepatotoxicity (Divyanshu et al., 2025), cardiovascular toxicity (Mesbahzadeh et al., 2021) and immunotoxicity (Galloway and Handy, 2003). Little work has been done so far on the haematotoxic effect of CPF by few workers (Verma et al., 2007; Kašuba et al., 2022). Therefore, evaluation of blood indices is vital in determining the sub-lethal effects of CPF, since blood is a primary medium of interaction between internal physiological systems and external toxicants (Bunsri and Wongsopawiroj, 2023).
In toxicological research, haematological parameters such as total leukocyte count (TLC), total erythrocyte count (TEC), haemoglobin percentage (Hb%), packed cell volume (PCV), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) provide critical insights into the hematopoietic and immunological impacts of xenobiotics (Jain, 1993; Ghai, 2019). These parameters are not only indicative of the overall health status but also reflect the body’s response to oxidative stress, inflammation, anaemia and immunosuppression often associated with chemical exposure.
TLC serves as a measure of immune competence and inflammation, while other erythrocyte profiles (TEC, Hb%, PCV) indicate the oxygen-carrying capacity and anaemic condition. The erythrocyte indices viz. MCV, MCH, and MCHC, indicates the nature of erythrocyte damage (Sarma, 1990). Alterations in these parameters under pesticide exposure, often signal direct or indirect effects on bone marrow function, oxidative damage to red cells, or immune suppression (Kalender et al., 2006).
The restitutive properties of several herbs and spices viz. Cuminum cyminum, Curcuma longa and Allium sativum have been reported by several workers (Iqbal et al., 2024; Sarfaraz et al., 2024; Divyanshu et al., 2022, 2025). Allium sativum L. (garlic) has been used for centuries as a culinary spice and also as a medicinal remedy in various traditional systems including Ayurveda, Chinese medicine, and ethnoveterinary practices (El-Saadony et al., 2024). Its therapeutic potential is attributed to a rich composition of sulphur-containing bioactive compounds such as allicin, diallyl disulphide, diallyl trisulphide, S-allyl cysteine and alliin, which are generated through the enzymatic action of alliinase upon crushing or chopping garlic cloves (Bayan et al., 2014; Okoro et al., 2023). These organosulphur compounds exhibit diverse pharmacological activities, including antioxidant, anti-inflammatory, antimicrobial, cardioprotective, hypolipidemic, antidiabetic, anticancer, hepatoprotective, neuroprotective and renoprotective effects (Bayan et al., 2014; Divyanshu et al., 2022; El-Saadony et al., 2024; Divyanshu et al., 2025).
Therefore, the present study aimed to evaluate the sub-chronic haematological toxicity of CPF and efficacy of A. sativum extract in treated mice.
2. MATERIALS AND METHODS
2.1 Chemicals
Commercial-grade Chlorpyrifos (50% EC), sold as Carbine-50 was obtained from Noble Crop Science (NCS), India, while other reagents and chemicals were purchased from Merck, Himedia, and Loba (India).
2.2 Allium sativum aqueous extracts 
Fresh garlic bulbs were procured from local retail market. Cloves were peeled, washed and finely sliced with a sterile knife and 500mg fine garlic was homogenized in 100ml distilled water. Homogenate were filtered using a 75 µm mesh and the remaining solids were centrifuged at 3000 rpm for 10 minutes. The supernatant along with the initial filtrate was combined and stored in a reagent bottle at 4 °C for further use (Martha et al., 1998).
2.3 Model animal and treatment protocol
Healthy adult Swiss albino mice (Mus musculus) weighing 25 ± 5.0g were procured from animal house of University Department of Zoology, T. M. Bhagalpur University, Bhagalpur. Animals were housed in polypropylene cages and were provided with food and water ad libitum. Experimental protocol was conducted following the guidelines of Institutional Animals Ethics Committee and CPCSEA, India. Mice were divided into different groups (n=10) in which one group received distilled water and were treated as control while the other group received aqueous dose of CPF (6 mg/kg) for 7 days (CPF-7), 15 days (CPF-15) and 42 days (CPF-42). Post-treatment of CPF, treated mice were further divided into two groups in which the one group received only distilled water and the other group was treated with 200 mg/kg aqueous extract of A. sativum for next 15 days.
2.4 Haematological parameters
No mice were sacrificed during the study. Blood samples were collected from the caudal vein after the completion of treatment protocol and were analysed for different haematological parameters viz. TEC, TLC, Hb%, PCV, MCV, MCHC and MCH) on 7th day, 15th, 42nd and 57th day after treatment.
2.5 Statistical analysis
Data were statistically analysed on IBM SPSS (version 26). Significant difference was calculated using one-way analysis of variance (ANOVA) followed by post-hoc multiple comparison test.
3. RESULTS AND DISCUSSION
The effect of sub-lethal dose of CPF (6 mg/kg) was investigated on the haematological profile of M. musculus along with its natural and A. sativum-mediated recovery. During the entire experimental period, no mortality was observed in any of the treated groups. Although changes in haematological parameters were observed in the CPF-treated group.
3.1 Total Erythrocyte Count
The highest decline about 29.22% in TEC (Fig. 1) was observed after 42 days of treatment (5.13 ± 0.14 × 10⁶/mm³) with respect to the control (7.32 ± 0.22 × 10⁶/mm³), which was found to be statistically significant (F = 16.864, P = .05) by ANOVA (Table 1). However, insignificant decline of 7.65% in TEC was observed in 7 and 15 days CPF-treated mice. 
The marked decline in TEC observed in CPF-treated mice suggests erythrocyte destruction and suppression of hematopoietic activity under pesticide stress. Such anaemic responses are commonly reported under OP exposure, where increased oxidative stress leads to peroxidation of erythrocyte membranes and a reduction in red blood cell survival (Kalender et al., 2005). Similar findings were reported in albino rats, where sub-chronic CPF exposure significantly reduced TEC levels, indicating haemolytic anaemia (Verma et al., 2007). In Wistar rats, CPF was found to impair erythropoiesis by interfering with bone marrow activity and accelerating erythrocyte turnover (Kašuba et al., 2022). Studies on rabbits also demonstrated that OP induce oxidative stress-mediated haemolysis, further validating the present results (Uzun et al., 2009).
Following cessation of CPF treatment, natural recovery for 15 days resulted in an improvement of only 5.6%, whereas recovery facilitated by 200 mg/kg A. sativum extract showed a marked restoration of 16.26% (6.32 ± 0.23 × 10⁶/mm³), which was statistically significant (F = 7.238, P = .05) by ANOVA (Table 2).
Table 1. Sub-chronic toxicity of Chlorpyrifos on Mus musculus at different periods on haematological parameters.
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	Control
	CPF-7
	CPF-15
	CPF-42
	F-value

	TEC (x106/mm3)
	7.32 ±0.22
	6.76 ±0.32
	6.76 ±0.21
	5.13 ±0.14*
	16.864

	Hb (g/dL)
	12.52 ±0.32
	11.62 ±0.16
	11.2 ±0.37*
	10.41 ±0.29*
	8.783

	PCV (%)
	37.57 ±0.95
	34.03 ± 0.69*
	33.57 ±0.63*
	31.69 ±0.52*
	11.763

	MCV (fL)
	51.55 ±1.54
	51.36 ±2.57
	50.15 ±1.96
	62.17 ±2.14*
	7.235

	MCH (pg)
	17.23 ±0.67
	17.43 ± 0.61
	16.65 ±0.52
	20.35 ±0.61*
	7.448

	MCHC (%)
	33.43 ±0.92
	34.27 ±0.86
	33.46 ±1.22
	32.97 ±1.2
	0.262

	TLC (x103/mm3)
	3.91 ±0.2
	6.45 ±0.34*
	7.06 ±0.52*
	8.32 ±0.59*
	17.617


Data are expressed as Mean ± S.E., *Significant by ANOVA, Sample size(n)=10
The slight recovery observed during the natural post-treatment period suggests the possibility of slow endogenous repair mechanisms; however, the recovery was limited and statistically insignificant, indicating persistent CPF-induced damage. In contrast, the significant recovery mediated by A. sativum highlights its therapeutic role. Garlic’s organosulphur compounds such as allicin and S-allyl cysteine was reported to enhance antioxidant defense, stabilize erythrocyte membranes and protect against pesticide-induced haematotoxicity (Bayan et al., 2014). Similar protective effects of garlic extract against CPF-induced anaemia have been observed in rats. (Khalaf et al., 2022).


Table 2. Restitutive potential of Allium sativum in Chlorpyrifos induced mice.
	
	CPF-42
	Natural Recovery-57
	A. sativum Recovery-57
	F-value

	TEC (x106/mm3)
	5.13 ±0.14
	5.54 ±0.24
	6.32 ±0.23*
	7.238

	Hb (g/dL)
	10.41 ±0.29
	11.04 ±0.51
	11.68 ±0.49
	1.980

	PCV (%)
	31.69 ±0.52
	32.47 ±1.08
	36.08 ±1.01*
	4.873

	MCV (fL)
	62.17 ±2.14
	59.22 ±3.75
	57.5 ±3.36
	0.480

	MCH (pg)
	20.35 ±0.61
	20.03 ±1.04
	18.54 ±0.92
	1.116

	MCHC (%)
	32.97 ±1.2
	34.06 ±1.47
	32.44 ±1.45
	0.343

	TLC (x103/mm3)
	8.32 ±0.59
	7.53 ±0.74
	5.53 ±0.37*
	4.594


Data are expressed as Mean ± S.E., *Significant by ANOVA, Sample size(n)=10

Fig. 1. Reduction in TEC, Hb and PCV (%) in CPF-treated groups.
3.2 Haemoglobin percentage 
The haemoglobin percentage was declined 10.54% and 16.85% in CPF-treated mice after 15 and 42 days respectively (Fig. 1). The difference in the reduced Hb% was recorded significant statistically. (F = 8.783, P = .05). However, 7-day treatment was found to statistically insignificant with 7.12% decrease in Hb%. 
Similarly, the significant reductions in Hb% was reported due to increased lipid peroxidation and oxidative injury to erythrocyte membranes by Kalender et al. (2005) and Ambali et al. (2007). 
Natural recovery observed after 15 days post-treatment resulted in a marginal improvement of 5.03%, while recovery facilitated by 200 mg/kg A. sativum extract showed an increase of 10.14% (Fig. 2). However, both recovery responses are statistically insignificant, suggesting only a partial restoration of Hb%.
The partial recovery was also observed in A. sativum treated mice by Bayan et al. (2014), which can be can be linked to the antioxidant and membrane-stabilizing properties of garlic-derived organosulphur compounds. Hence, for proper recovery prolonged administration of garlic extract is required.

Fig. 2. Restitutive potential of Allium sativum (AR) along with natural recovery (NR) in percentage with respect to 42 days CPF treated mice.
3.3 Packed Cell Volume
PCV in CPF-treated mice showed a gradual decline with increase of exposure duration. A significant decline was observed after 7 day (34.03% ± 0.69), 15 days (33.57% ± 0.63) and 42 days (31.69% ± 0.52) of CPF exposure with respect to control (37.57% ± 0.95) (F = 11.763, P = .05). 
Similar reductions in PCV have been reported in rats exposed to other OP such as diazinon and malathion, where oxidative stress and disruption of bone marrow function were identified as key mechanisms (Garg et al., 2004; Eldesoqui et al., 2023).
The natural recovery after 15 days post-treatment was found to be statistically insignificant, whereas treatment with 200 mg/kg A. sativum extract resulted in a significant (F = 4.873, P = .05) improvement in PCV (36.08% ± 1.01), suggesting a restorative effect of garlic against CPF-induced haematotoxicity (Table 2).
The insignificant natural recovery observed in this study suggests that CPF-induced haematotoxic effects persist even after 15 days of post-treatment. Studies in albino rats have shown that garlic extract supplementation restored PCV following pesticide or heavy metal toxicity, supporting the present findings (El-Aziz et al., 2022).
3.4 Erythrocyte Indices
CPF exposure for 42 days led to a 20.6% increase in MCV (62.17 ± 2.14 fL) compared to control (51.55 ± 1.54 fL), which was statistically significant (F = 7.235, P = .05). However, changes observed at 7 and 15 days were statistically insignificant (Table 1). Similarly, MCH significantly increased by 18.11% after 42 days of CPF exposure, which was statistically significant (F = 7.448, P = .05), while the effects at 7 and 15 days were statistically insignificant. In contrast, the effect of CPF on MCHC remained statistically insignificant throughout the treatment duration. 
The significant elevation of MCV and MCH following prolonged CPF exposure suggests the development of macrocytic anaemia, which is often associated with oxidative stress and impaired erythropoiesis. Enlargement of erythrocytes under toxic stress has been reported in Wistar rats, indicating possible defects in haemoglobin synthesis or bone marrow dysregulation (Fetoui et al., 2009). Similar increases in MCV and MCH have been documented in CPF-treated Wistar rats, where oxidative injury and interference with iron metabolism were identified as key mechanisms (Sharma et al., 2005). The unchanged MCHC observed in the present study may indicate that although erythrocytes enlarged in volume and haemoglobin content, the haemoglobin concentration per unit volume remained stable, suggesting partial compensation in erythrocyte physiology. This is similar with earlier observations in rats and rabbits exposed to organophosphate pesticides, where MCV and MCH were elevated but MCHC remained relatively unaltered (Eldesoqui et al., 2023).
Neither natural recovery nor A. sativum mediated recovery led to statistically significant changes in these erythrocyte indices (Table 2), although A. sativum supplementation improved MCV levels by 9.1% and MCH levels by 10.51%.
The insignificant natural recovery post-treatment indicates persistent CPF-induced damage to erythrocyte indices, whereas the partial but insignificant improvement by A. sativum suggests some ameliorative effect. Garlic’s bioactive sulphur compounds have been shown to modulate oxidative stress and support erythrocyte membrane integrity (Iciek et al., 2009; Banerjee and Maulik, 2002), but the present finding indicates that its effect on erythrocytic indices like MCV and MCH may be less pronounced compared to its impact on TEC and PCV.
3.5 Total Leukocyte Count
CPF treatment led to a significant (F = 17.617, P = .05) increase in TLC across all exposure durations when compared with control (Table 1). After 7 days of treatment, TLC increased by 64.96%, and the elevation became 80.56% and 112.79% after 15 and 42 days of CPF treatment, respectively. A significant rise was thus evident in even after the initial 7 days of CPF exposure, indicating an early immune response. 
Increased leukocytosis has been widely reported in mammalian models exposed to OP, reflecting inflammatory responses and activation of the immune system against oxidative and cellular damage (Garg et al., 2004; Al-Attar, 2009; Sarfaraz et al., 2024). In albino rats, chronic CPF exposure caused persistent leukocytosis and lymphocytosis, which were attributed to immune system overstimulation and increased production of reactive oxygen species (Weis et al., 2021). Similar findings were reported in rabbits and goats, where CPF intoxication induced leukocytosis and neutrophilia, pointing to systemic inflammation and altered immunological function (Wolejko et al., 2022). 
Natural recovery observed after 15 days post-treatment resulted in only a 20.21% decline, which was statistically insignificant, whereas 200 mg/kg of A. sativum extract significantly (F = 4.594, P = .05) restored TLC levels by 71.36% (Fig. 2).
The insignificant improvement during natural recovery suggests that CPF-induced immune alterations persist beyond the exposure period, likely due to long-lasting oxidative damage and immune dysregulation. In contrast, the significant recovery observed with A. sativum treatment indicates its immunomodulatory and antioxidant potential. Garlic is known to enhance immune function by stimulating lymphocyte proliferation, macrophage activity and cytokine regulation while reducing oxidative stress (Iciek et al., 2009; Bayan et al., 2014). Studies on Wistar rats have demonstrated that garlic extract normalizes pesticide-induced leukocytosis and restores immune balance, further supporting the present findings (Banerjee and Maulik, 2002).
4. CONCLUSION
The present study clearly demonstrates that sub-lethal exposure to CPF (6 mg/kg) induces pronounced haematotoxic effects in Swiss albino mice, as evidenced by significant decline in TEC, Hb% and PCV, along with an increase in MCV and MCH i.e., indicative of macrocytic anaemia. Moreover, CPF exposure induced marked leukocytosis, reflecting systemic inflammation and immune stress. While natural recovery post-exposure provided only marginal improvement and supplementation with A. sativum aqueous extract (200 mg/kg) significantly ameliorated CPF-induced alterations, particularly restoring TEC, PCV and TLC, and partially improving Hb% and erythrocytic indices. These findings highlight that CPF disrupts both erythropoietic and immunological balance through oxidative and haematopoietic damage whereas A. sativum, owing to its antioxidant and immunomodulatory properties, offers protective and therapeutic efficacy. Thus, the study emphasizes the dual necessity of regulating uncontrolled pesticide use to safeguard non-target organisms including humans and exploring phytotherapeutic agents such as A. sativum as potential mitigators of pesticide-induced toxicity.
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