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Objectives: To determine the impact of pyrethroids exposure on 

hematological parameters and to evaluate the effect of prophylactic 

combined vitamin C and E therapy (PVT). 

Experimental Protocol: 60 albino rats were divided into 6 equal groups: 

IA received no medications, IB, IIA and IIB received 2-wk PVT, IIIA and 

IIIB did not receive PVT. Animals of groups IIA and IIIA received short-

term exposure (4 weeks) and animals of groups IIB and IIIB received long-

term exposure (12 weeks) at 2-bouts/min for 240 min/day. At the end of the 

exposure period, blood samples were obtained for estimation of hemoglobin 

concentration (HBC), packed cell volume (PCV), mean corpuscular volume 

(MCV), and total and differential leucocytic counts (TLC & DLC). 

Results: Pyrethroid exposure significantly reduced RBCs indices and 

increased TLC and neutrophil count. These changes were more significant 

after long-term than short-term exposure. Further, these changes were 

significant in animals without than animals received PVT. Animals that 

received PVT followed by short-term exposure showed insignificant 

estimates compared to controls and showed significantly lower estimates 

than animals without PVT. Also, animals that received long-term exposure 

without PVT showed significant changes to animals that received PVT. Low 

MCV was defined as screening and high neutrophil count as a specific 

variate to identify samples of exposed animals. A high monocyte count was 

defined as positive and a high HBC was a negative indicator for long-term 

exposure. High PCV was defined as specific, while low TLC was a 

screening predictor for receiving PVT. 

Conclusion: Pyrethroid exposure induced hematotoxicity, which is 

proportional to the duration and time of exposure. Estimated HBC, PCV% 

and TLC could discriminate long-term exposure. Prophylactic combined 

vitamins C and E could ameliorate or decrease the pyrethroid-exposure 

effects. 
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             INTRODUCTION 

 

Pesticides are a family of chemicals that induced worldwide water pollution and 

comprised a huge number of subfamilies of which pyrethroids are insecticides that adversely 

affect the human nervous system (Dara & Drabovich, 2023). The potential occupational 

exposure to, misuse of pesticides and improper application within homes, apartments, and 

other buildings may require remediation prior to reoccupation (Willison et al., 2023). 

Pyrethrum is extracted from the Dalmatian pyrethrum (Tanacetum cinerariifolium), 

which is an outcrossing plant species endemic to the Eastern Adriatic coast and is a source 

of the natural insecticide (Yamashiro et al., 2022). Pyrethrum is characterized by being 

rapidly broken by UV light and changes in pH, so it is safe for repeated use as a spray for 

fruit and vegetables and for quick knock-down (Varga et al., 2022). 

Pyrethrum is a composite material of pyrethrins which are effective on a broad range 

of insects and have very low risk to humans and pets when used around the home (Zeng et 

al., 2021). Pyrethroids are synthetic insecticide with similar activity to pyrethrins but are 

advantageous as an insecticide for being more persistent and resistant to the decomposing 

effects of UV and pH, thus it is characterized by their longer duration of activity, to be used 

for long-term insect control (Yan et al., 2021). 

Pyrethroids exposure significantly increases the production rate of reactive oxygen 

species and induced cellular apoptosis with activation of the inflammasome complex 

(Castillo et al., 2022). Another study reported upregulation of the production rate of 

interferon-gamma, interleukin (IL)-13, and keratinocyte chemo-attractant/human growth-

regulated oncogene in the developing hippocampus (Pitzer et al., 2022).  

 Subchronic and chronic exposure to pyrethroids induces hematotoxicity, 

hepatotoxicity and immunotoxicity with a decrease in the numbers of natural killer cells and 

splenic proliferative response to lipopolysaccharide with increased serum IgG levels 

(Aroonvilairat et al., 2018).  

This study tried to determine the effects of pyrethroids exposure on hematological 

parameters and to evaluate if there is a possible prophylactic role for combined vitamin C 

and E therapy against the effects. 

 

      MATERIALS AND METHODS 

 

Design: 

A prospective comparative experimental animal study.  

Setting: 

Departments of Forensic & Clinical Toxicology and Clinical Pathology, Faculty of 

Medicine, in conjunction with Physiology Department, Faculty of Agriculture, Benha 

University 

Ethical Considerations: 

 This study followed the guidelines previously described by Clark et al., (1997) for 

the Care and Use of Laboratory Animals and the protocol was approved by the Local Ethical 

Committee in the Faculty of Medicine, Benha University by RC: 4.2.2023.  

Experimental Protocol:  

The studied animals were purchased from The Animal Farm and grown in the animal 

house, Faculty of Veterinary Medicine, Benha University. Sixty adult albino rats of the 

weight range of 250-300 g and aged 8-10 weeks were provided with a standard diet and free 

water supply and kept under a temperature of 20oC, humidity rate of 60%, and 12-hs 

day/night cycle for two weeks to be acclimatized to the new housing. After the period of 
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acclimatization, animals were divided into three groups but all were maintained on the same 

growing standard conditions till the end of the study duration. 

Grouping 

1. Animals of Group-I were divided into two subgroups: group-IA did not receive 

prophylactic therapy or exposure to pyrethroids and group-IB received ration fortified by 

a combination of vitamins C and E. 

2. Animals of Group-II received the prophylactic therapy for 2 weeks and then were divided 

into two subgroups; Group-IIA and Group-IIB according to the duration of pyrethroid 

exposure. 

3. Animals of Group-III were divided into Group-IIIA and Group-IIIB according to the 

duration of pyrethroid exposure 

Prophylactic Vitamin C & E regimen: 

The prophylactic vitamin therapy (PVT) was prepared as 250 mg of vitamin C 

(Assayed et al., 2010) and 250 mg of vitamin E (Lamfon et al., 2013) mixed with one 

kilogram of ration and freshly prepared according to requirements for the 2-wks of PVT. 

Exposure Procedure:   

The pyrethroids-exposed animals were divided between four special transparent 

fiberglass cages to allow easier observation during the exposure. The pyrethroid spray was 

provided using Bosharon Wall Mounted LCD Automatic Air Freshener Dispenser with spray 

intervals of 1-60 minutes (Guangdong, China, Model Number: B-301). Bosharon air 

freshener is characterized by a capacity of 300 ml can which could accommodate the 

container of pyrethroid spray. The pyrethroid was provided as New Pyrosol Plus spray (El 

Nasr Co. for Intermediate Chemicals, Reg. No. 1793 at the Egyptian Ministry of Health, 300 

ml). The dispenser was adjusted to provide two bouts of pyrethroid spray and 1-min spray-

off for 240 minutes.  

Exposure Duration:   

1. Short-term exposure: Animals of groups IIA and IIIA were exposed to pyrethroids for 

4h/day for four continuous weeks  

2. Long-term exposure: Animals of groups IIB and IIIB were exposed to pyrethroids for 

4h/day for twelve continuous weeks 

Blood Sampling: 

Blood samples were obtained as previously described (Kumar et al., 2017) from the 

saphenous vein in a shaved hind limb after the rat was restrained for a very short time. The 

hind limb was immobilized in the extended position and using a fine needle, the saphenous 

vein was punctured and the blood sample was collected and the puncture site was pressed 

on to guard against open or subcutaneous bleeding. Blood was collected into a dry clean tube 

containing ethylene diamine tetra-acetic acid (EDTA) about 1.8 mg trik EDTA/ 1 ml blood 

to prevent blood coagulation and kept at -20oC till being assayed. 

Investigations: 

1. Hemoglobin concentration (HBC) was measured by cyanmethemoglobin method 

(International committee for standardization in Hematology, 1967). 

2. Packed cell volume (PCV) is measured as the ratio between the volume occupied by the 

red blood cells and the volume of the whole used blood sample and was expressed as a 

fraction (Bull et al., 2000). 

3. Mean corpuscular volume (MCV) is calculated as PCV divided by the number of RBCs 

per liter to be expressed in femtoliter (10-15 L). MCV measures the average volume of 

RBC in a given blood sample and routinely was expressed in µm3 (Bull et al., 2000).  

4. Total and differential leucocytic counts (TLC & DLC) were determined. 
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Statistical Analysis: 

 Results were analyzed using the t-test for independent means by SPSS software 

package (IBM, USA). The predictive value of the estimated variate was evaluated using the 

Regression analysis, Receiver operating characteristic curve, and the predictive cutoff points 

were determined and assessed using Kaplan-Meyer analysis. P-values were illustrated at the 

bottom of the tables.  

 

       RESULTS  

 

                All estimated RBCs indices showed non-significant differences between groups 

IA and IB. Estimated HBC and PCV% in samples of group-IIA were non-significantly 

lower, while MCV were significantly lower in comparison to estimates of samples of groups 

IA and IB (P=0.040 & 0.026, respectively). On contrary, RBCs estimates in samples of 

group-IIB were significantly lower than that of groups IA and IB, and HBC was significantly 

(P=0.0179) lower, while PCV% and MCH were non-significantly lower than estimates in 

samples of group-IIA. Estimated HBC, PCV% and MCV in samples of group-IIIB were 

significantly lower compared to levels estimated in samples of groups IA, IB, IIA and IIIA. 

Further, estimated RBCs indices in samples of group-IIIA were significantly lower in 

comparison to estimates in samples of group-IIA. As for the estimated 1st-h ESR, the 

differences between samples of the exposed and unexposed animals were non-significant 

(Table 1). 

 

Table 1: Hematological variate estimated in blood samples obtained from the studied 

animals categorized according to receiving PVT and duration of pyrethroid 

exposure. 

 
 HBC: Hemoglobin concentration; PCV: Packed corpuscular volume; MCV: mean corpuscular volume; ESR: Erythrocyte 
sedimentation rate; PVT: Prophylactic vitamin therapy; Statistical analysis was performed using t-test for two 
independent means; * indicates significant, † indicates very significant and ‡ indicates highly significant difference 

 
Estimated TLC and DLCs showed non-significant differences between samples of 

groups IA and IB. Samples of group-IIA showed significantly (P=0.027) higher neutrophil 

count than samples of group-IA, while TLC and other estimated variate of DLC were non-
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significantly higher than in samples of both groups I. Samples of group-IIB and IIIA showed 

significantly higher TLC and neutrophil counts than samples of groups IA, IB and IIA with 

significantly higher counts in samples of group-IIIA than samples of group-IIB. TLC and 

neutrophil count were significantly higher in samples of group-IIIB than in samples of 

groups I and II, while the difference was non-significant in comparison to samples of group-

IIIA.  On contrary, lymphocyte, eosinophil and basophil counts showed non-significant 

differences between all samples (Table 2) 

 
Table 2: Total and differential leucocytic counts estimated in blood samples obtained from 

the studied animals categorized according to receiving PVT and duration of 

pyrethroid exposure. 

 
TLC Total leucocytic count; PVT: Prophylactic vitamin therapy; Statistical analysis was performed using t-test for two 
independent means; * indicates significance, † indicates the very significance and ‡ indicates highly significant difference 
 

 The studied variate was evaluated as discriminators for samples of exposed animals 

using the Multivariate Regression analysis which defined high MCV as a negative (β=-

0.400, P=0.005), while high neutrophil count as a positive predictor (β=0.287, P=0.042) for 

pyrethroid exposure, irrespective of the duration of exposure. ROC curve analysis of the 

studied variate assured these findings and defined low MCV as a sensitive screening variate 

for suggesting exposure with AUC of 0.121±0.05 (95%CI: 0.023-0.220; P<0.001) and high 

neutrophil count as specific variate to identify samples of exposed animals with AUC of 

0.907±0.044 (95%CI: 0.821-0.994) as shown in Figure 1.  
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Fig. 1: ROC curve analysis of the estimated variate for discriminating samples of exposed 

animals 
 

Kaplan-Meyer analysis defined MCV of ≤56 (µ3) as indicative of the risk of exposure 

by 100% and MCV at 62 (µ3) as indicative of a 50% risk of exposure (Fig. 2), while the 

neutrophil count of 6000 (cells/ml) indicates a 50% risk of exposure and this risk is doubled 

to 100% if the neutrophil count was about 6500 (cells/ml), (Fig. 3). 

 

 
Fig. 2: The cumulative hazard curve of Kaplan-Meyer analysis for pyrethroid exposure 

according to MCV   
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Fig. 3: The cumulative hazard curve of Kaplan-Meyer analysis for pyrethroid exposure 

according to neutrophil count   

 
Regression analysis of the estimated variate defined high monocyte count as a 

positive predictor (β=0.588, P<0.001) and high HBC as a negative indicator (β=-0.266, 

P=0.034) for chronic pyrethroid exposure. ROC curve analysis also identified high 

monocyte count as a specific predictor for chronic exposure with AUC of 0.868±0.059 

(95%CI: 0.752-0.983; P<0.001) and low HBC as a significant screening variate for chronic 

exposure with AUC of 0.253±0.078 (95%CI: 0.100-0.405; P=0.007) as shown in Figure 4.  

 
Fig. 4: ROC curve analysis of the estimated variate for discriminating samples of chronically 

exposed animals. 
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Kaplan-Meyer analysis defined monocyte count of about 400 (cells/ml) and HBC at 

12 g/dl as cutoff points suggestive of a risk of chronic exposure of 50%, but this risk is 100% 

at HBC of ≤10.3 g/dl (Figs. 5 & 6, respectively). 

 

 
Fig. 5: The cumulative hazard curve of Kaplan-Meyer analysis for chronic pyrethroid 

exposure according to monocyte count 
 

 
Fig. 6: The cumulative hazard curve of Kaplan-Meyer analysis for chronic pyrethroid 

exposure according to HBC. 
 

Evaluation of the estimated variables to identify samples of animals that received 

PVT using ROC curve analysis identified high PCV as a specific variate that can predict 

receiving PVT with AUC of 0.893±0.05 (95% CI: 0.795-0.990; P<0.001), while high TLC 
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as a screening variate to predict the absence of PVT with AUC of 0.170 (95% CI: 0.042-

0.298; P<0.001) as shown in Figure 7.  
 

 
 

Fig. 7: ROC curve analysis of the estimated variate for identifying samples of animals that 

received PVT 

 
Regression analysis defined high PCV as the predictor for receiving PVT (β=0.548, 

P<0.001) with higher significance than high TLC (β=-0.274, P=0.039).  Kaplan-Meyer 

analysis defined PCV at ≤40% to define the risk of absence of PVT with a risk ratio of 100% 

and PCV at 42.5% to predict this risk by >70% (Fig. 8), while TLC of >7000 cell/ml indicates 

this risk by about 22% and >8000 cell/ml by about 60% (Figs.8& 9).  
 

 
Fig. 8: The cumulative hazard curve of Kaplan-Meyer analysis for the absence of PVT 

according to PCV 
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Fig. 9: The cumulative hazard curve of Kaplan-Meyer analysis for the absence of PVT 

according to TLC. 

 

     DISCUSSION  

 

  Pyrethroids' exposure showed manifest hematotoxicity that was exaggerated with 

long-term exposure. Pyrethroids seriously affected all cellular blood components, a finding 

indicating the possibility of deregulation of the synthetic ability of bone marrow or shift of 

progeny cells to differentiate in leucocyte direction. In support of this assumption, all RBC-

related measures were significantly lower, while TLC and DLCs were significantly higher 

in exposed than unexposed animals and the changes were related to the duration of exposure 

with inverse and paralleled relation, respectively.  

 These findings supported the results of Pande et al. (2014) and Dar & Kaur (2014) 

who detected a significant decrease in the total RBCs count, hemoglobin concentration, 

PCV, MCV, and MCH, while TLC and DLCs were significantly increased on cutaneous 

exposure of cypermethrin, a type II synthetic pyrethroid insecticide. Thereafter, Narra (2016) 

reported that pyrethroid exposure causes dwindling of blood respiratory burst activity, RBCs 

count, hematocrit value and hemoglobin concentration with elevated white blood cell count, 

lipid peroxidation levels and reduction of glutathione levels and glutathione peroxidase 

activity 

 Also, Aroonvilairat et al., (2018) observed significant changes in various biological 

parameters including hematotoxicity that was manifested as increased leukocyte counts and 

percent neutrophil, with decreased RBC count. Moreover, in an observational study, Mestre 

et al. (2019) detected an immunosuppressant effect of pyrethroid manifested as decreased 

heterophils/ lymphocytes index, lobularity index, natural antibodies titers and complement 

system activity in exposed than unexposed Salvator merianae. Recently, Cestonaro et al., 

(2022) suggested that pyrethroids interfere with innate and adaptive immune functions on 

both cellular and humoral levels and induce changes in specific immune cells leading to 

initiation of apoptosis, upregulation of pro-inflammatory cytokines and changes in factor 

nuclear kappa B expression.  

Multiple previous studies tried to explore the underlying mechanisms for decreased 

RBCs indices; Khan et al., (2009) attributed this effect to decreased RBCs synthesis and/or 

reduced heme biosynthesis in the bone marrow. In line with this explanation, Abbassy & 
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Mossa (2012) suggested that the reduction in RBCs number is due to erythrocytopenia with 

impaired hemoglobin synthesis in the erythroblasts secondary to the concomitant bone 

marrow hypoplasia and dilutional anemia. Thereafter, Lamfon et al., (2013) attributed these 

changes to the capability of pyrethroids to induce alterations in blood-forming organs and 

Bhushan et al., (2013) reported that pyrethroids induce interference of flowing of mature 

components in peripheral blood or induction of altered development of such integral blood 

components.    

Another explanation was provided by Dar & Kaur, (2014) who detected renal 

affection by pyrethroid exposure with reduced production of erythropoietin and suggested 

that this may be the cause for the decreased viability of cells of the erythropoietic tissue 

because erythropoietin is required for competent erythropoiesis. In support of this 

suggestion, Kašuba et al., (2022) detected decreased cholinesterase activities on pyrethroid 

exposure that also induced DNA damage in the studied cell types at almost all of the applied 

doses. 

Interestingly, combined vitamin C and E pretreatment of animals exposed to 

pyrethroid nearly ameliorated the hematotoxic effect of short-term pyrethroid exposure and 

significantly decreased its effects on long-term exposure. These ameliorative effects of 

vitamin C, a water-phase antioxidant and vitamin E, lipid-(membrane) phase antioxidant 

could be attributed to their antioxidant effects and the nearly abolishing of hematotoxicity 

of short-term exposure to pyrethroids may be due to the previously documented synergistic 

antioxidant action (Kaźmierczak-Barańska et al., 2020; Polutchko et al., 2021). 

  Multiple previous studies documented a similar protective effect of vitamin C 

and/or E against noxious effects of exposure to materials inducing oxidative stress that is 

characterized by increased oxidative products and consumption of antioxidants or reduction 

of their activities (Kumari et al., 2013; Hongsibsong et al., 2014; Kandpal et al., 2019; 

Paduraru et al., 2021). 

 Further, Ghasemi et al., (2021) found the treatment of mesenchymal stem cells with 

vitamin E enhanced its ability to inhibit dendritic cells and improved its immunomodulatory 

effects with decreased expression levels of inflammatory and upregulated expression of anti-

inflammatory cytokines.   

 Concerning pyrethroid toxicity, the protective effect of vitamins C and E was 

previously assured for various forms of pyrethroid-induced organ toxicity, wherein, 

Manzoor et al., (2016) reported that vitamin C neutralized pyrethroid renal toxicity in 

mice and Bhardwaj et al., (2018) found co-administration of vitamins C and E significantly 

increased antioxidant enzymes' activity, decreased lipid peroxidation and ameliorated 

pyrethroid-induced testicular germ cell apoptosis. Moreover, using an animal model of 

pyrethroid-induced organ toxicity, Al-Omar et al., (2020) found supplemental vitamins C 

and E allowed organ recovery and suggested a prophylactic effect of the concurrent use of 

this vitamin combination for the subjects under the exposure of pyrethroids.   

The reported ameliorating effect of vitamin combination on pyrethroid-induced 

hematotoxicity might be due to their antioxidant properties that increased membranes’ 

reactive oxygen species (ROS) scavenging causing their reduction into hydroperoxides and 

restoring antioxidant enzyme activities (Cinar et al., 2010), decreased levels of lipid 

peroxidation and hydrogen peroxide production (Azeez et al., 2020), and protecting RBCs 

cell membranes against oxidative damages (Hesham et al., 2021). 

 Moreover, Feriani et al., (2020) found vitamin E pre-treatment had prevented the 

pro-atherogenic effect of pyrethroids with decreased plasma and aortic tissue levels of 

oxidized low-density lipoprotein and the plasma levels of the pro-inflammatory cytokines. 

Recently, using in-vitro exposure of human glioblastoma cells to pyrethroid, Lin et al., 

(2022) found pyrethroid-induced cytotoxicity by increasing ROS productions, decreasing 
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reduced glutathione content and regulation of apoptosis-related protein expression levels and 

detected partial reversal of these effects in cells pretreated with vitamin E.  

 In support of the possibility of oxidative stress as the mechanism of toxicity of 

pyrethroids, Odetti et al., (2022) detected downregulation in the expression of genes of 

superoxide dismutase and catalase in experimental than control animals and thereafter 

detected significantly lower expression levels of heat-shock protein-70 with altered growth 

parameters and DNA damage in exposed than unexposed animals (Odetti et al., 2023). 

Conclusion  

  Exposure to pyrethroid spray induced hematotoxicity in the form of reduced RBCs 

indices and leukocytosis and this effect is proportional to duration and time of exposure. 

Estimated HBC, PCV% and TLC could discriminate chronically exposed subjects. 

Prophylactic combined vitamins C and E could ameliorate or decrease the pyrethroid-

exposure effects. 

Recommendations 

 Agricultural workers and persons exposed to pyrethroids must be continuously 

checked for their hematological variate. Unexposed persons have to receive prophylactic 

vitamins C and E before being exposed to pyrethroids. Even persons who did not receive 

prophylaxis have to receive this combination to compensate for the pyrethroid effect. In 

subjects presenting with any inflammatory condition requiring estimation of TLC and DLC, 

a history of pyrethroid exposure must be inquired for. Further trials to evaluate the effects of 

stoppage of exposure are mandatory to determine the effective duration-off exposure for the 

exposed persons.   
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