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ABSTRACT

Domestic poultry are among the non-target species of exposure to fipronil, but limited 
information is available on the metabolic effects of fipronil exposure in avian. We 
investigated the comparative capacity of in vitro biotransformation of fipronil among chicken, 
duck, quail, goose, and rat. Interspecies differences in kinetic parameters were observed; the 
clearance rate calculations (Vmax/Km) indicated that chicken and duck are more efficient in 
the cytochrome P450-mediated metabolism of fipronil to sulfone than quail, goose and rat. 
The lower hepatic clearance of fipronil in quail, goose and rat, suggested that fipronil sulfone 
may serve as a biomarker to indicate fipronil exposure in these species.
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INTRODUCTION

Fipronil is known as a broad-spectrum insecticide that belongs to the class of phenylpyrazole 
chemicals used to control of a variety of insects in growing crops, livestock and veterinary 
medicine. Disruption of the gamma-aminobutyric acid (GABA)-gated chloride channels 
by fipronil can lead to excess neuronal excitation and the death of target insects [1]. Since 
it has a high affinity for insect compared to mammalian GABA receptors, fipronil is much 
more toxic to insects than to mammal [2]. However, there are some exceptions; the selective 
toxicity of some insecticides is due predominantly to differences in the detoxifying enzymes 
between mammals and insects [3]. Therefore, the exposure, metabolism, and toxicity of 
fipronil have been of concern not only in invertebrates but also in non-target vertebrates such 
as human and wildlife [4,5].
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The primary metabolite formed during the metabolism of fipronil by hepatic cytochrome 
P450 (CYP) is fipronil sulfone [6]. Studies have suggested that fipronil sulfone is among the 
metabolites of interest that are more toxic and persistent than the parent compound [1]. 
In mice and rats, fipronil sulfone affected emotional and cognitive behaviors and induced 
massive changes in the dopamine and serotonin systems in the brain [5,7]. The results of 
in vitro exposure to human neuroblastoma cell indicated that fipronil induces neurotoxicity 
via an oxidative stress mechanism and fipronil sulfone might be responsible for the fipronil-
induced toxicity rather than the parent fipronil [8].

Inappropriate use of fipronil can lead to drastic contamination in poultry farms, especially 
its detection in chicken eggs in poultry farms located in the Belgium and Netherland in 
2017 [9]. Dermal and oral contaminations of fipronil linked to the presence of fipronil 
sulfone in chicken feathers and eggs have been suggested in a recent biomonitoring study 
[9]. In addition, several studies revealed that the level of fipronil sulfone detected in eggs 
was consistently higher than that of the parent fipronil compound [9,10]. Although the 
accumulation and transfer of fipronil sulfone in avian species have been increasingly 
considered, the kinetics and CYP involved in the fipronil metabolism, the main pathway of 
sulfone formation, are still unknown. Therefore, the aim of this study was to preliminarily 
elucidate the differences in the in vitro metabolism of fipronil using microsome of domestic 
poultry (chicken, duck, quail, and goose) and rat.

MATERIALS AND METHODS

Animals and microsome preparation
All experimental procedures were performed according to the Guidelines for Animal 
Experiments and approved by the Animal Ethics Research Committee of the Faculty of 
Veterinary Medicine, Kasetsart University, Bangkok, Thailand (Approval No. UI-00469-
2558). Avian species consisting of laying chickens, laying ducks, geese, and Japanese quails 
were obtained from domestic farms in Nakhon Pathom province, Thailand. Sprague-Dawley 
rats were purchased from Nomura Siam International (Bangkok, Thailand). Information on 
species, sex, age and weight of animals is summarized in Table 1. All animals were euthanized 
using carbon dioxide gas. All tissues were collected and stored at −80°C until further analyses.

A 5 g sample of liver was homogenized with 0.1 M potassium phosphate buffer (KPB, pH 7.4) 
using a homogenizer. The homogenate was centrifuged at 9,000×g at 4°C for 20 min. The 
supernatant was then transferred and centrifuged twice at 105,000×g at 4°C for 60 min. The 
microsomal pellet was suspended and homogenized with 0.1 M KPB. The protein concentrations 
of microsomal fractions were measured using the BCA protein assay kit (Thermo Fisher 
Scientific, USA) and total CYP concentrations were determined using a previously reported 
method [11] before being frozen using liquid nitrogen and stored at −80°C until analysis.
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Table 1. Characterization of animals used for liver microsomes
Species Scientific name Sex Age Weight (g) Number of 

samples
Total CYPs  

(nmol/mg protein, mean ± SD)
Chicken Gallus domesticus Male 12 mon 1,500–2,000 5 0.59 ± 0.1
Duck Anas platyrhynchos Female 18 mon 1,200–1,500 4 0.74 ± 0.1
Quail Coturnix coturnix Male 8 mon 150–200 5 0.82 ± 0.2
Goose Anser domesticus Male 1.5 yr 3,500–4,000 3 0.80 ± 0.1
Rat Rattus norvegicus Male 8 wk 290–300 3 0.73 ± 0.2
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In vitro metabolism of fipronil
Fipronil biotransformation assay using liver microsomes was modified using the methods 
described by Suzuki et al. [5]. A mixture of fipronil substrate (final concentrations: 1.25, 
2.5, 5, 10, 25, 50, 100, 200, 400, and 800 μM in 0.1 M KPB), 0.1 M KPB, MgCl2 (final 
concentration 3 mM), glucose 6-phosphate (G6P, final concentration 5 mM), and pooled 
hepatic microsome (final protein concentration 1 mg/mL) of each species was pre-incubated 
for 5 min in a thermo shaker. Then, the reaction was started by adding a mixture of glucose-6-
phosphate dehydrogenase (G6PDH, final concentration 2 IU/mL) and β-nicotinamide adenine 
dinucleotide phosphate (β-NADPH, final concentration 0.5 mM) and continuously incubating 
for 30 min. The temperatures for pre-incubation and incubation were set depending on the 
body temperatures of the animal species (40–42°C for avian species and at 37°C for rat). After 
30 min, 1% formic acid in acetonitrile was added to stop the reaction. Then, reaction samples 
were placed on ice for 15 min before centrifugation at 15,000×g for 10 min. The collected 
supernatant was evaporated using nitrogen gas and dissolved with n-hexane before analysis. 
All tests were performed in triplicate with negative control for each sample.

Analyses of fipronil sulfone
Gas chromatography using a micro-electron capture detector (GC-μECD, GC 7890B; Agilent 
Technologies, USA) equipped with an HP-5 column (30 m × 320 μm × 0.25 μm fused silica 
capillary; Agilent Technologies) was used to analyze the fipronil sulfone. The carrier gas was 
set at a constant flow rate of 20 mL/min for helium and 60 mL/min for nitrogen. The column 
temperature was operated as: initial temperature of 220°C (for 2 min), increased to 240°C at 
a rate of 20°C/min (for 2 min), and further increased to 265°C at a rate of 20°C/min, then held 
for 3 min. The total run time was 22.6 min per sample. The injection temperature was set at 
260°C in splitless mode and the detector temperature was set at 300°C. Fipronil sulfone was 
identified and quantified by comparing the retention time and peak area of samples with 
that of the analytical standard. The calibration curve was created using seven calibration 
levels (R2: 0.998–0.999). The limit of detection and limit of quantification were 0.01 μg/L and 
0.04 μg/L, respectively. The recovery, precision in terms of repeatability, and intermediate 
precision for fipronil sulfone are shown in Table 2.

Data and statistical analysis
All results were presented as the mean±SD. Calculations of kinetic parameters including 
maximum velocity (Vmax) and Michaelis-Menten constants (Km), and statistical analyses were 
performed using the GraphPad Prism version 9.3.1 software for macOS (GraphPad Software, 
USA). Tukey’s multiple comparisons test was analyzed to compare the values of kinetic parameters 
among species. A p value < 0.05 was considered statistically significant in all analyses.
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Table 2. The accuracy and precision for fipronil sulfone
Spike level (ug/L) Repeatability Intermediated precision

Recovery (%) RSD (%) Recovery (%) RSD (%)
0.025 92.9 2.8 99.3 6.3
0.1 94.5 8.1 94.6 11.6
1 89.5 7.7 92.3 6.7
10 106.7 8.2 101.6 7.8
20 102.1 10.1 100.3 7.7
RSD, relative standard deviation.
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RESULTS

Fig. 1 and Table 3 present the comparison of Michaelis-Menten plots and kinetic parameters 
of the fipronil sulfone among studied animals. The reaction mixture using microsome of 
duck had the significantly highest maximum reaction rate (Vmax = 2,195 ± 562 pmol/min/mg 
protein) compared to those of other avian species (chicken: 373 ± 26 pmol/min/mg protein, 
quail: 271 ± 107 pmol/min/mg protein, and goose: 200 ± 35 pmol/min/mg protein) and rat 
(Vmax = 221 ± 49 pmol/min/mg protein). The affinities of fipronil for CYP enzymes involved 
in the oxidation to sulfone were significantly less in duck (Km = 568 ± 185 µM), and goose 
(Km = 500 ± 197 µM) than in chicken (Km = 60 ± 14 µM). Notably, there were significant 
differences in the efficiency of hepatic intrinsic clearance (Vmax/Km) for fipronil among 
the avian species; the rate of oxidation of fipronil sulfone was the most rapid for chicken 
liver microsomes (6.4 ± 1.1 μL/min/mg protein), followed by duck (4.0 ± 0.5 μL/min/mg 
protein), quail (1.5 ± 0.3 μL/min/mg protein), goose (0.42 ± 0.1 μL/min/mg protein) and 
rat (0.38 ± 0.03 μL/min/mg protein) microsomes. On the other hand, we did not detect the 
differences of Vmax, Km and Vmax/Km values in the reactions between using quail and 
goose microsomes.

DISCUSSION

This study focused on the comparative analyses of fipronil’s metabolizing ability among avian 
species. Our results indicated that chicken and duck had higher ability of CYP-mediated 
fipronil metabolism compared to quail, goose and rat. In bird species, fipronil sulfone is 
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Fig. 1. Michaelis-Menten plots of chickens, ducks, quails, and rats obtained from the reactions for metabolic 
activity using their microsomal fractions (mean ± SD).

Table 3. Kinetic parameters for CYP biotransformation of fipronil. Values (mean ± SD) followed by different 
lowercase superscripts (a, b, and c) indicate statistically significant differences of Vmax/Km (Tukey’s multiple 
comparisons test, p < 0.05)
Species Michaelis-Menten kinetic parameters

Vmax (pmol/min/mg protein) Km (μM) Vmax/Km (μL/min/mg protein)
Chicken 373 ± 26b 60 ± 14c 6.4 ± 1.1a

Duck 2,195 ± 562a 568 ± 185a 4.0 ± 0.5b

Quail 271 ± 107b 180 ± 70bc 1.5 ± 0.3c

Goose 200 ± 35b 500 ± 197ab 0.42 ± 0.1c

Rat 221 ± 49b 598 ± 176a 0.38 + 0.03c
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the major metabolite found in many organs [9,12]. The study of oral and dermal exposure 
in laying hens and roosters found that sulfone metabolite persists for much longer duration 
than fipronil in feathers, eggs, liver, kidney and other organs [9]. The high rate of fipronil 
conversion to sulfone in chicken and duck in our study may result in the higher accumulation 
of fipronil sulfone in the bodies that consequently have been transferred to eggs and other 
such products consumed daily concerning the purity of animal products, consumer’s safety, 
and animal health. However, the studies are needed on the specific CYP isoform of fipronil 
biotransformation, phase II metabolism, excretion, and the toxicity of sulfone metabolite in 
poultry to ensure animal welfare and food safety.

The rat microsomes in this study were not significantly different regarding the values of 
Vmax/Km compared with those using microsomes of quail and goose. Since fipronil sulfone 
persists much longer in the organism than fipronil, sulfone metabolite is used as a critical 
biomarker of fipronil exposure in human and rat [13,14]. The lower internal clearance of 
fipronil to sulfone in rat, quail, and goose, suggested that fipronil sulfone may serve as a 
marker to indicate environmental exposure to fipronil in these species. However, interspecies 
differences in excretion of fipronil involved in the enzymes in phase II metabolism should 
be considered because these could affect species variation in the residue levels of fipronil 
sulfone in the blood.

Kinetic parameters of CYP-mediated fipronil metabolism using rat microsome in our study 
differed from the other studies; a comparison of the activity of fipronil metabolizing enzymes 
among rat microsome (Vmax/Km value = 18 ± 0.4 mM/min/mg protein), mouse, dog, and 
cat microsomes [5], and the in vitro fipronil metabolism using rat liver microsomes showed 
that the Km and Vmax values were 19.9 μM and 0.39 nmol/min/mg protein, respectively 
[15]. Although the hepatic microsome of Sprague-Dawley rats was similarly used in the 
other studies and in current study, differences of Vmax, Km, and Vmax/Km values for rat 
microsome were noted. Therefore, the differences in age diversity and individual factors of 
Sprague-Dawley rats, as well as the materials and methods (concentrations of microsome and 
fipronil, time of incubation, chemical extraction, and detector machine) used in each study, 
may have caused the differences in kinetic parameters of fipronil sulfone formation in rats 
between this study and other reports.

In summary, we found the interspecies differences of Michaelis-Menten kinetic parameters 
among avian species; the intrinsic hepatic clearance for fipronil was the most efficient in 
chicken, followed by duck, quail, goose and rat. The lower hepatic clearance of fipronil in 
rat, quail, and goose indicated that fipronil sulfone may serve as a biomarker to indicate 
environmental exposure to fipronil in these avian, in a similar manner as in rat.
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