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TOXIC EFFECTS OF DELTAMETHRIN AND FLUORIDE ON 
HEMATOLOGICAL PARAMETERS IN RATS
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SUMMARY: As part of our study on the toxic effects of deltamethrin and fluoride (F)
on antioxidant parameters in rats, hematological effects of these chemicals were
evaluated in the same animals. Deltamethrin and F produced a marked decrease in
the hematological parameters including total erythrocyte count, hemoglobin, packed
cell volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, and total leukocyte count. Among alterations in the leukocytes,
lymphopenia, neutrophilia, and eosinopenia were observed. Exposure of the rats to
both deltamethrin and F together gave the greatest changes. 
Keywords: Deltamethrin in rats; Fluoride intoxication; Hematological parameters; Leukocyte 
alterations.

INTRODUCTION

Our recent study on deltamethrin and fluoride (F) in rats has shown they
augment the toxicity of one another by the extensive oxidative stress they induce
in erythrocytes.1 The neurotoxic mechanisms of deltamethrin include prolonging
the opening of the voltage-sensitive sodium channels and inhibition of voltage-
gated chloride channels and GABAA (gamma amino butyric acid) receptors.2 In
the body, F can cross the cell membrane and affect various soft tissues leading to
the impaired tissue functions.3 Studies on these chemicals have also been found to
produce hematological alterations.4,5 Besides animals, humans are also exposed
concurrently to a wide array of chemicals in the environment. However, relatively
few studies have assessed the degree of hazard posed by simultaneous exposure to
certain toxic chemicals, especially, at lower doses.1,6 In the present study, the
interactive effect of deltamethrin and F on the hematatological parameters in rats,
following their sub-acute oral exposure, was investigated.

 MATERIALS AND METHODS

The same Wistar rats involved in our recent study1 were used in this research: a
control group (left untreated) and three treatment groups receiving deltamethrin
(1.28 mg/kg bw/day), F (20 ppm in their drinking water), and deltamethrin plus F
co-exposure. The experimental design with the animals was approved by the
Institutional Animal Ethical Committee. After 28 days of daily treatment, the rats
were fatally anaesthetized with diethyl ether. Blood samples were collected from
retro-orbital fossa using capillary tubes in separate aliquots containing heparin and
di-potassium salt of EDTA at the concentration of 10 IU/mL and 2 mg/mL of
blood, respectively. Heparinized blood was used for the analysis of hemoglobin
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(Hb),7 whereas, total erythrocyte counts (TEC), packed cell volume (PCV), total
leukocyte count (TLC) and differential leukocyte count (DLC) were analyzed in
the EDTA treated blood.8 The mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC) and mean corpuscular volume
(MCV) were calculated mathematically.8 

Statistical analysis: The results were subjected to analysis of variance (ANOVA)
in completely randomized design (CRD) with statistical significance being tested
using the Duncan Multiple Range Test.9

RESULTS

Changes in TEC, Hb, and PCV: Results on the effect of deltamethrin and F on
the erythrocyte indices are presented in Table 1. A significant decrease in the TEC,
when compared with the control group, was observed in the rats exposed to F
alone and to deltamethrin plus F, with lowest values being observed in the
deltamethrin-F group. A significant decrease in the Hb and PCV values was
observed in all the treated groups. However, in contrast to the TEC values, Hb and
PCV results from the combined group were significantly different from both the F
and deltamethrin groups.

Changes in MCH, MCHC, and MCV: As seen in Table 1, MCH values of the
treatment groups were lower than the control group. However, only in case of the
combined group were these values significantly different from the control values.
A statistically significant decrease in the MCHC values occurred in the F and
combined groups, though it decreased non-significantly in the deltamethrin group.
In comparison with the control group, the values of MCV were non-significantly
lower in the treatment groups.

Changes in TLC and DLC: As shown in Table 2, a statistically significant
decrease in the TLC was observed in the F and combined groups with DLC

Table 1.  Effect of repeated oral administration of deltamethrin, fluor ide, and the ir combination on 
erythrocytic indices in rats. (Values given are mean ± SEM, n=6)* 

           Groups

    Control Del tamethr in Fluoride Deltamethrin+Fluoride 

TEC (106/mm3) 7.83 ± 0.32a 7.13 ±  0.25ab 6.92 ± 0.14bc 6.22 ±  0.24c 

Hb (g/dL) 17.41 ± 0.35a 15.09 ± 0.36b 14.19 ± 0.26c 12.10 ± 0.2  d 

PCV (%) 54.07 ± 1.75a 49.06 ± 1.74b 48.27 ± 1.06b 41.68 ± 0.86c 

MCH (pg) 22.32 ± 0.50a 21.29 ± 0.88ab 20.52 ± 0.30ab 19.58 ± 0.67b 

MCHC (g/dL) 32.37 ± 1.22a 30.84 ± 0.43ab 29.41 ± 0.36b 29.04 ± 0.24b 

MCV (femtoL) 69.48 ± 3.30a 69.12 ± 2.95a 69.80 ± 0.85a 67.41 ± 2.18a 

*Means with  at least one common superscrip t do not differ significantly (p<0.05). 
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marked by significant lymphopenia, eosinopenia, and neutrophilia, in the
combined group. Similar, though non-significant alterations, were observed in the
deltamethrin and F groups, when compared with the control group. The other DLC
values in the treated groups were at par with the control group.

DISCUSSION

Decreased total erythrocyte counts, hemoglobin levels, and packed cell volume
have been reported in laboratory animals with their exposure to pyrethroids10-14

and to F.15-19 Decreased heme synthesis in bone marrow,20 increased rate of
destruction or reduction in the rate of formation of RBCs,12 and increased
erythrocyte lipid peroxidation21 could be the possible reasons for such reduced
hematological levels.22 In our study dealing with the toxic effects of deltamethrin
and F on antioxidant parameters in rats, these two chemicals, especially when co-
administered, were found to induce oxidative stress in the erythrocytes.1
Damaging effects of free radicals on RBCs are suggestive for the decrease in PCV
values.23 In male mice, Mittal and Flora reported that NaF produces a decrease in
hematocrit and a significant depletion in blood delta-aminolevulinic acid
dehydratase activity, glutathione level, and white blood cells.17 Thus, the decrease
in these hematological values suggests that deltamethrin and F can produce
oxidative stress that induces anemia, which is aggravated on co-exposure to these
chemicals. This interpretation is supported by a study correlating oxidative stress
and hematological alterations in goats following their exposure to bifenthrin.22 A
significant decrease of MCH and MCHC in combined group is suggestive of
increased destruction of hemoglobin in this group. Since the MCV values between
all the groups were at par, the anemia produced is normocytic and hypochromic.

Decrease in the leukocytic count has been reported with pyrethroids11,24,25 and
by F15,26 in several studies. In mice poisoned with cypermethrin, a decrease in the

Table 2. Effect of repeated oral admin istration of deltamethrin, fluoride, and their combination  
on leukogram in  ra ts. (Values given are mean ± SEM, n=6)* 

               Groups 

    Control Deltamethrin   Fluoride Deltamethrin+Fluor ide 

TLC (103/mm3) 9.65 ± 0.23a 8.56 ± 0.41ab 7.98 ± 0.56bc 6.85 ± 0.68c 

Lymphocytes (%) 50.98 ±  1.23a 50.00 ± 1.71a 50.08 ± 1.75a 43.65 ±  2.07b 

Neutrophils (%) 38.97 ±  1.06a 42.63 ± 1.85ab 42.05 ± 2.03ab 48.00  ± 2.14b 

Eosinophils (%) 1.43 ± 0.23a 1.07 ± 0.18ab 0.92 ± 0.22ab 0.77 ± 0.11b 

Basophils (%) 0.28 ± 0.05a 0.32 ± 0.02a 0.32 ± 0.02a 0.32 ± 0.17a 

Monocytes (%) 6.27 ± 0.23a 6.04 ± 0.35a 5.88 ± 0.56a 6.45 ± 0.59a 

*Means with at least one common superscript do not differ signi ficantly (p<0.05). 
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number of T-lymphocytes in the spleen and blood was observed, which suggests
the disturbing effect of by cypermethrin directly on the process of
lymphopoiesis.27 Non-specific tissue irritation due to the toxicant and/or its
metabolites and resulting free radicals might induce production and release of
inflammatory mediators like prostaglandins that produce neutrophilia and
lymphopenia.28 Stress induced by the toxicity of chemicals causes release of
corticosteroids, which are responsible for neutrophilia. This can be supported by
neutrophilia induced by dexamethasone, leading to enhanced release of mature
neutrophils from the bone marrow and the consequent demargination, with the
latter being the largest contributor to the expanded circulating pool.29 The stress-
altered leukogram of the deltamethrin and/or F treated rats is characterized by
differential leukocyte count (DLC) consisting of neutrophilia, lymphopenia, and
eosinopenia.30 

In summary, deltamethrin and F toxicity produce hematological alterations
characterized by anemia and stress leukogram. With the combined exposure to
these chemicals, the alterations are more severe, indicating a positive hemato-toxic
interaction between these two chemicals. 
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