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Abstract: The current investigation aimed to find how exposure to lead and flubendiamide 

affected the amounts of thyroid hormone levels in buffalo calves’ blood. For ninety days, 

male buffalo calves were given lead acetate orally at a rate of 9.2 mg/kg bw/day and 

flubendiamide orally at a rate of 0.024 mg/kg bw/day, either in combination or separately. T3 

and T4 levels in blood decreased in response to both flubendiamide and lead exposure alone. 

When lead and flubendiamide were administered together, the animals’ T3 and T4 levels 

declined less than when lead and flubendiamide were administered separately. TSH activity 

increased markedly in rats exposed to both lead and flubendiamide, but not consistently in 

animals treated with flubendiamide alone. Results of the present study indicated thyrotoxic 

potential of flubendiamide and lead in buffalo calves. However, further study is required to 

elucidate the mechanism of thyrotoxic potential of flubendiamide and to understand the 

interactive effects of these two toxicants on thyroid function in mammals. 
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1. Introduction 

A new insecticide called flubendiamide, a member of the phthalic acid diamide 

family was released in the international market in July 2005, and in 2007 in India 

[1]. Three novel substituents contribute to the distinctive chemical structure of 

flubendiamide: An iodine atom at the 3-position of the phthalic acid moiety, a 

sulfonyl alkyl group in the aliphatic amide moiety, and a heptafluoro isopropyl group 

in the anilide moiety [2]. 

More than a hundred synthetic and naturally occurring chemicals have been 

shown to affect thyroid hormone metabolism or thyroid function thus far [3]. 

Numerous studies have shown a negative association between blood lead and thyroid 

hormone levels in the human population [4,5]. Similarly, fish exposed to Pb have 

lower amounts of thyroid hormones in their blood [6,7]. Although flubendiamide has 

been shown to affect haematological indices in Sprague Dawley Rats [8], buffalo 

calves [9,10], induce oxidative stress [11], and change the pharmacokinetics of 

cefquinome in buffalo calves [12], there seem no published study examining its 

effects on the status of circulating thyroid hormone levels in mammals. 

The possibility that a combination of endocrine disrupting substances can have 

major impacts even when they are present at concentrations that do not individually 

cause any discernible effects is becoming more widely acknowledged [13]. 

Comparatively little is known about combinations made up of substances from 
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several classes of endocrine disruptors, as the majority of investigations have 

focused on the combined effects of endocrine-disruptors that fall under the same 

group [14]. We postulated that flubendiamide might interact with lead-induced 

alterations in thyroid hormone levels in the bloodstream. 

2. Materials and methods 

2.1. Animals 

Sixteen healthy male buffalo calves (8 to 12 months old), weighting in between 

120 kg–180 kg were used as experimental animals in the present study. Before the 

trial began in the department’s experimental animal house, they were given a 

balanced diet, dewormed, and given two weeks for acclimatization to the new 

surroundings. The blood and faecal samples were examined for parasitic infestations 

and found negative. The hematological parameters were found within the normal 

range. Throughout the experiment, the Institute Animal Ethics Committee-approved 

ethical criteria for the correct care and management of experimental animals were 

adhered to. 

2.2. Experimental design 

The animals were divided into four equal groups. The animals in Group Ⅰ were 

served as healthy control. Group Ⅱ animals got flubendiamide (Fame, Bayer 

Cropscience Limited, Sabarkanta, Gujarat, India) @ 0.024 mg/kg/day orally for a 

period of 90 days. Group Ⅲ animals got lead acetate (Merck Ltd., Worli, Mumbai, 

India) at 9.2 mg/kg/day. Animals in Group Ⅳ received both flubendiamide (@ 0.024 

mg/kg/day) and lead acetate (@ 9.2 mg/kg/day) orally for a period of 90 days. Blood 

samples were collected by jugular venipuncture on 0, 30, 60, 90 days of treatment as 

well as day 30 after the end of the treatment. Serum was harvested and stored at 

−80℃ till analysis. 

Enzyme-linked Immunosorbent Assay (ELISA) kits from Monobind Inc., USA 

were used for the microplate competitive enzyme immunoassay (Type 7) to 

quantitatively determine the amounts of T3 and T4 in plasma. An enzyme 

immunoassay needed the following essential reagents: natural antigen, enzyme-

antigen conjugate, antibody, and color-producing substrate. The native antigen and 

the enzyme antigen conjugate competed with one another for a restricted number of 

antibody binding sites when biotinylated antibody, enzyme-antigen conjugate, and 

serum containing the native antigen were combined. The streptavidin immobilised 

on the microwell and the biotin bound to the antibody underwent a synchronous 

reaction. This had an impact on how the antibody-bound fraction was separated 

following aspiration or decantation. The enzyme activity in the antibody bound 

fraction, determined by reaction with TMB (Tetramethyl benzidine), is inversely 

proportional to the native antigen concentration. A dosage response curve was 

created using multiple serum references with known antigen concentrations. Using 

this curve, the antigen concentration in the test sample was determined. 

ELISA kits from Monobind Inc., USA were used for the immunoenzymometric 

test (Type 3) to assess plasma TSH activity. Excess natural antigen and high affinity 
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and specificity antibodies (enzyme conjugated and immobilised) with separate and 

diverse epitope recognition were necessary reagents for an 

immunoenzymometricassay. In this process, streptavidin coated in the well and 

exogenously supplied biotinylated monoclonal anti-TSH antibody interact to 

immobilise the sample during the experiment at the surface of a microplate well. 

When monoclonal biotinylated antibody, enzyme-labeled antibody, and serum 

containing native antigen were combined, there was no steric hindrance or 

competition between the antibodies and the native antigen, and a soluble sandwich 

complex was formed. The compound was simultaneously deposited into the well by 

the streptavidin and biotinylated antibody’s strong affinity response. Decantation or 

aspiration was used to separate the antibody-bound fraction from the unbound 

antigen once equilibrium had been reached. The native antigen concentration was 

directly correlated with the enzyme activity in the antibody-bound fraction as 

determined by a reaction with tetramethylbenzidine. A dosage response curve was 

created using multiple serum references with known antigen concentrations, and it 

was from this curve that the antigen concentration in an unknown sample was 

calculated. 

2.3. Statistical analysis 

The initial tests performed on the data were Levene’s and Kolmogorov-Smirnov 

tests for homogeneity of variance and normality. One-way or two-way analysis of 

variance (ANOVA) was used to assess differences between the control and various 

treatment groups using SPSS v13.0 (SPSS, Chicago, USA). P< 0.05 was regarded as 

significant, and the data were reported as the mean ± standard error (SEM). The 

association between each treatment group’s blood Pb concentration and its T3, T4, 

andthyroid stimulating hormone (TSH) levels was ascertained using Pearson’s 

correlation analysis. 

3. Results 

On days 60 and 90, the T3 level did not significantly decrease after receiving 

flubendiamide orally once a day (Figure 1; Table 1). On the other hand, T3 levels 

rose dramatically from day 0 and day 90 on day 30 of the treatment. Day 60 T3 level 

was substantially lower than in the group treated with lead alone. Nonetheless, there 

was no discernible difference between the T3 levels on various observation days and 

the comparable values in the control and other treatment groups. Day 90 post-

treatment saw a substantial decrease in T4 level of 24.92%, and day 30 showed 

another marginally non-significant increase (Figure 2; Table 2). Only on day 90 the 

T4 level was significantly lower than the control. It did not deviate considerably 

from equivalent values in the control on other observation days. The TSH activity of 

animals treated with flubendiamide did not exhibit significant variation throughout 

observation periods; however, on day 90, the value was 6.5% lower than on day 0 

(Figure 3; Table 3). Additionally, on day 90, the TSH activity was statistically 

equivalent to the control value but considerably lower than the corresponding levels 

in groups Ⅲ and Ⅳ. Day 30 post-treatment activity increased by 15.62% over day 

90 value; nonetheless, there was no meaningful difference between the two. 
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Figure 1. Changes in plasma T3 concentration in animals receiving flubendiamide 

and lead. 

Table 1. Plasma T3 concentrations on different observation period. 

Group 
Day of observation 

0 30 60 90 30 post-treatment 

Ⅰ 2.17 ± 0.13aA 2.19 ± 0.24aA 2.10 ± 0.08aA 2.20 ± 0.05aA 2.20 ± 0.12aA 

Ⅱ 2.18 ± 0.18aA 2.26 ± 0.12abA 2.05 ± 0.09aA 1.94 ± 0.06aA 2.67 ± 0.20bA 

Ⅲ 2.09 ± 0.32aA 2.23 ± 0.23aA 2.65 ± 0.08aB 1.75 ± 0.36aA 2.55 ± 0.27aA 

Ⅳ 2.14 ± 0.28a A 2.10 ± 0.19aA 2.36 ± 0.19aA 2.06 ± 0.38aA 2.84 ± 0.33aA 

Note: Gr Ⅰ: Control; Gr Ⅱ: Flubendiamide; Gr Ⅲ: Lead; GrⅣ: Flubendiamide + Lead. Values bearing 

different superscript in small letters in a row and capital letters in a column differ significantly (P < 

0.05). 

 

Figure 2. Changes in plasma T4 concentration in animals receiving flubendiamide 

and lead. 
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Table 2. Plasma T4 concentrations on different observation period. 

Group 
Day of observation 

0 30 60 90 30 post-treatment 

Ⅰ 5.27 ± 0.22aA 5.18 ± 0.32aA 5.50 ± 0.19aAB 5.27 ± 0.16aB 5.04 ± 0.08aA 

Ⅱ 5.25 ± 0.24bA 4.84 ± 0.59abA 5.63 ± 0.22bB 3.94 ± 0.09aA 4.67 ± 0.21abA 

Ⅲ 5.20 ± 0.23bA 5.13 ± 0.28bA 4.70 ± 0.51abA 3.64 ± 0.27aA 4.64 ± 0.33abA 

Ⅳ 5.29 ± 0.20aA 5.24 ± 0.31aA 5.89 ± 0.15aB 5.07 ± 0.39aB 5.38 ± 0.29aA 

Note: Gr Ⅰ: Control; Gr Ⅱ: Flubendiamide; Gr Ⅲ: Lead; GrⅣ: Flubendiamide + Lead. Values bearing 

different superscript in small letters in a row and capital letters in a column differ significantly (P < 

0.05). 

 

Figure 3. Changes in plasma TSH concentration in animals receiving flubendiamide 

and lead. 

Table 3. Plasma TSH concentrations on different observation period. 

Group 
Day of observation 

0 30 60 90 30 post-treatment 

Ⅰ 4.69 ± 0.23aA 4.53 ± 0.20aA 4.88 ± 0.12aA 4.48 ± 0.30aA 5.02 ± 0.41aA 

Ⅱ 4.92 ± 0.19aA  4.59 ± 0.28aA 4.93 ± 0.05aA 4.60 ± 0.21aA 5.32 ± 0.33aA 

Ⅲ 4.65 ± 0.22aA 4.80 ± 0.41aA 5.66 ± 0.27abB 6.32 ± 0.35bB 5.42 ± 0.40abA 

Ⅳ 4.56 ± 0.23aA 4.92 ± 0.29aA 5.46 ± 0.29abAB 6.28 ± 0.38bB 5.16 ± 0.28aA 

Note: Gr Ⅰ: Control; Gr Ⅱ: Flubendiamide; Gr Ⅲ: Lead; Gr Ⅳ: Flubendiamide + Lead. Values bearing 

different superscript in small letters in a row and capital letters in a column differ significantly (P < 

0.05). 

On days 30 and 60, the T3 level in the animals administered lead acetate 

increased slightly; but, on day 90, there was a non-significant reduction (16.27 %) 

from the day 0 levels. Day 30 of the treatment saw another increase in the level, 

although there was no discernible difference in the readings throughout the 

observation periods. Furthermore, T3 levels, with the exception of day 60, when they 

were significantly higher than those of other groups, were statistically comparable to 

those seen in other treatment groups and the control group during various 

observation periods. T4 levels showed a falling trend with exposure length; however, 
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only the day 90 level was considerably (30%) lower than the day 0 value. On day 60, 

T4 level was significantly lower than all other groups and on day 90, it was 

significantly lower than control and group Ⅳ. Animals treated with lead showed a 

rising trend in TSH activity over time. Day 90 saw a 31.95% increase in activity over 

Day 0, a considerable increase. TSH activity peaked on day 90 compared to all other 

treatment groups, and on day 30 after treatment, there was a slight decline. 

When rats were concurrently exposed to lead and flubendiamide, changes in 

their T3 levels were irregular and not statistically significant throughout different 

observation periods. The T3 level was somewhat lower (3.74%) on day 90, but it 

rose once more on day 30 of the treatment to a level 32.71% greater than day 0. 

During a certain observation period, there was no significant difference seen between 

the values of different treatment groups. Additionally, T4 level fluctuated non-

significantly and inconsistently among observation days. Day 90 T4 level was 4.16% 

lower than day 0 value, but day 30 post-treatment level was 5.17% higher than day 0. 

On days 30 and 60, TSH levels slightly increased, although the differences were not 

statistically significant. The TSH level rose significantly on day 90, reaching a 

number that was 377.72% greater than the amount on day 0. TSH activity dropped to 

a level below the day 0 value on day 30 after therapy.  

4. Discussion 

The current study’s findings showed that flubendiamide administration to male 

buffalo calves has thyrotoxic effects. The results of two unpublished investigations 

on the long-term toxicity of flubendiamdie were consistent with the present findings. 

For two years, rats were exposed to 34 to 44 mg of flubendiamide per kg of body 

weight, which caused thyrotoxic consequences [15,16]. Histopathological changes in 

flubendiamide-intoxicated rats included increased incidences of follicular cell 

hypertrophy with hydropic changes, increased large-size follicles and altered colloid. 

After being exposed to a dose ten times higher than that of male rats, female rats 

showed the same abnormalities in their thyroid ultrastructure. Therefore, it seemed 

that males were more vulnerable to flubendiamide’s thyrotoxic effects [17]. 

Current observations were in agreement with another report recording a non-

significant decline in T3and T4 levels in male Albino rats after lead-intoxication 

[18]. A pattern of low serum TSH and peripheral T4 levels in workers exposed to 

moderate to high amounts of lead has been reported in several investigations, 

indicating the possibility of secondary hypothyroidism. In a study on brass-foundry 

workers, low serum T4 with nearly normal TSH content was noted following 

significant lead exposure [19]. Another study on male car workers exposed to low 

levels of lead over an extended period of time found a negative association 

between blood lead levels and free T4, but not between TSH and T3 [5]. 

Similarly, another study found that automobile workers with high blood lead 

levels (52 µg/dL) had considerably greater TSH, but not significantly different 

T3 or T4 levels [20]. Conversely, Swarup et al. [21] found that cows raised near 

a polluted industrial area had much higher T3 and T4 levels, with a mean blood 

lead level of 0.51 µg/mL. In these cows, a strong positive association was found 

between the blood lead level and the concentrations of T3 and T4.  
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Lead has numerous harmful consequences, one of which is disruption of the 

pituitary-thyroid axis via an unidentified mechanism [3]. Thyroid indicators may 

exhibit an increased or inconsistent pattern at lower blood lead concentrations, but at 

higher blood lead concentrations (>50 to 98 µg/dL), they show a falling trend [22]. 

The response appears to vary with blood lead concentration. Lead’s thyrotoxic 

effects are still unclear, despite a number of theories being put up. These include 

reduced thyroid gland iodine absorption [23] and changes in thyroxin metabolism or 

protein binding [19]. 

This study suggested thyrotoxic potential of flubendiamde in buffalo calves. 

However, further study is required to elucidate the mechanism of toxic action and 

also whether results obtained in the present study can be extrapolated in other 

mammalian species or not.  

5. Conclusion 

Based on the current investigation, it can be concluded that lead exposure alone 

or along with flubendiamide causes thyrotoxic consequences in mammals. The level 

of circulating thyroid hormone changes inconsistently when Pb and flubendiamide 

are exposed together, indicating that the interaction between the two toxicants and 

their effect on thyroid may vary with the dosage and/or length of exposure. To fully 

understand the thyrotoxic action mechanism of flubendiamide and the combined 

effects of these two thyrotoxicants, more research need to be undertaken. 
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