Regulatory Mechanisms
in"Blosystems

. Regulatory Mechanisms

in BilOosystems

Biological responses in Musca domestica to fipronil and chlorfenapyr exposures

P. A. Shumilova, N. A. Sennikova, E. A. Silivanova, M. A. Levchenko

All-Russian Scientific Research Institute of Veterinary Entomology and Arachnology — Branch of Federal State Institution Federal
Research Centre Tyumen Scientific Centre of Siberian Branch of the Russian Academy of Sciences, Tyumen, Russian Federation

Article info

Received 25.09.2021
Received in revised form 18.10.2021
Accepted 20.10.2021

All-Russian Scientific Research
Institute of Veterinary Entomology
and Arachnology— Branch of
Federal State Institution Federal
Research Centre Tyumen Scientific
Centre of Siberian Branch of the
Russian Academy of Sciences,
Institutskaya st. 2, Tyumen, 625041,
Russian Federation.

Tel.: +7-345-225-85-58.

E-mail: easylva@gmail.com

Shumilova, P. A., Sennikova, N. A., Silivanova, E. A., & Levchenko, M. A. (2021). Biological responses in Musca domestica to
fipronil and chlorfenapyr exposures. Regulatory Mechanisms in Biosystems, 12(4), 664—669. doi:10.15421/022191

Insect populations exist under acute and chronic exposures to lethal and sublethal insecticide concentrations. Among the sub-
lethal effects of insecticides on insects are reductions in life span, development rates, population growth, fertility, fecundity, changes
in sex ratio, deformities, changes in behaviour, feeding, searching, and oviposition. These effects may differ depending on the
modes of action of insecticides, their doses, and developmental stage of application. This study evaluated the life-history parame-
ters in Musca domestica Linnaeus, 1758 (Diptera:Muscidae) strains that were exposed to two insecticides (fipronil and chlorfe-
napyr) with different modes of action at sublethal concentrations in each generation up to tenth. Two approaches to each insecti-
cide’s exposure were used in this study, particularly in one approach, only adults M. domestica were exposed to fipronil or
chlorfenapyr and in another approach, only larvae were exposed to each insecticide. The susceptibility of adult flies to these insecti-
cides was assessed by resistance ratio based on results of non-choice feeding bioassays. Fipronil exposure at the sublethal concen-
tration in each generation did not affect the susceptibility of adult M. domestica (in the tenth generation) to fipronil. The resistance
ratio values revealed tolerance to chlorfenapyr in adults of M. domestica strains that were exposed to this insecticide, independent
of the approach used to insecticide exposure. Most of the life-history parameters (such as durations of separate developmental
stages, the emergence duration, the adult emergence ratio, the female ratio, and the number of eggs per female per day) of the
second, fourth, sixth, eighth, and tenth generations of the insecticide-exposed strains were similar to those of the control strain. At
the same time, the sublethal effects of both insecticides fipronil and chlorfenapyr prolonged the larval duration (1.63-2.22 times)
and the number of days from egg to adult (1.18-1.39 times) compared to the control strain. Further studies are needed to investi-
gate a possible genetic variability in M. domestica in response to exposure of parental generation to sublethal doses of fipronil and

chlorfenapyr.
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Introduction

The application of insecticides and acaricides is considered one of the
most effective and commonly used tools for the management of pest and
parasite arthropods in agriculture, veterinary medicine, and human medi-
cine. Insecticides, including the active ingredient compounds and the for-
mulation aggregates, are subject to various abiotic and biotic processes in
the environment (de Franga et al., 2017; Miiller 2018). As a result, insecti-
cides degrade over time and the insecticide concentrations change at a
spatial and temporal scale (Lalouette et al., 2016; de Franga et al., 2017,
Miiiller, 2018). Thus, insect populations exist under acute and chronic ex-
posures to lethal and sublethal insecticide concentrations and should re-
spond to them. Insects and mites have the ability to develop insecticide
resistance as a response to insecticide exposure. Currently, more than
600 species of insects and mites have developed resistance to at least one
insecticide (Sparks et al., 2020). Insecticides are able to impact subsequent
generations of arthropods due to chronic and sublethal effects at the physi-
ological and behavioural level and cause change in different parameters
such as the lifespan and durations of certain developmental stages, weight,
fertility, feeding, egg-laying, etc. (Farooq & Freed, 2018; Kozak et al.,
2020). Miiller (2018) reviewed new findings on effects of sublethal insec-
ticide concentrations on various life-history and demographic traits of dif-
ferent insect species. The study of chronic and sublethal effects of insecti-
cide exposures and their species features is useful in terms of the develop-
ment of new means and approaches to control of harmful insects, as well
as for preventing and overcoming insecticidal resistance.

Most conventional insecticides are neurotoxins that disturb the trans-
mission of neuronal impulses in nerve. For instance, phenylpyrazole fi-
pronil which belongs to antagonists of y-aminobutyric acid (GABA) gated
chloride channels (Casida & Durkin, 2013; Sparks et al., 2020) leads to
overstimulation of the nervous system. In Russia, fipronil is used to protect
plants from arthropod pests in agriculture, and as toxic baits against cock-
roaches in the sanitation field, and as veterinary drugs against arthropod
ectoparasites of pets. Published data give evidence about fipronil resis-
tance in insect field populations, for example, in Colorado potato beetle
Leptinotarsa decemlineata Say, 1824 (Coleoptera, Chrisomelidae) (Leon-
tieva et al., 2016) and German cockroach Blattella germanica Linnaeus,
1767 (Blattidae, Ectobiidae) (Eremina et al., 2016). According to some
studies (Kristensen et al., 2004; Abbeas et al., 2016), the development of
resistance to fipronil is possible in M. domestica under its intensive use. As
opposed to neurotoxins, chlorfenapyr from the group of arylpyrroles is an
uncoupler of oxidative phosphorylation (Sparks et al., 2020). In insects,
under the effects of cytochrome P,5y monooxygenases, chlorfenapyr is
converted into a chemical compound that can uncouple oxidative phos-
phorylation in the mitochondria. Chlorfenapyr has different kinds of ac-
tivities, it is characterized mainly by contact and some intestinal activity, is
an insecticide, nematocide and acaricide (Eremina, 2017). Chlorfenapyr is
effectively used as a non-repellent insecticide against synanthropic insects
such as cockroaches, bed bugs, termites, ants, biting flies and mosquitoes
(Ameen et al., 2000; Guglielmone et al., 2000; Buczkowski et al., 2005;
Rust & Saran, 2006; N’Guessan et al., 2007; Romero et al., 2010), inclu-
ding malaria vectors (Rust & Saran, 2006; N’Guessan et al., 2007, 2009).
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Insecticidal baits containing chlorfenapyr are used in livestock facilities to
manage non-biting flies (Levchenko & Silivanova, 2015). The appearance
of pest populations resistant to chlorfenapyr has been noted in countries
where chlorfenapyr-based formulations are used for plant protection (Qay-
yum et al.,, 2015; Ullah et al., 2016; Zhang et al., 2016).

The house fly, Musca domestica Linnaeus, 1758, (Diptera, Musci-
dae), is a globally distributed synanthropic insect that has veterinary and
medical significance. M. domestica is a carrier of more than 100 patho-
gens that may cause diseases in human and animals and significant eco-
nomic damage to livestock and poultry (Byford et al., 1992; Forster et al.,
2007). According to the literature data the house fly has been found to be
resistant to 62 insecticide active ingredients (Zhu et al., 2016). The purpose
of this study was to evaluate some biological parameters of the M. domes-
tica laboratory strain in response to exposure to fipronil and chlorfenapyr.

Materials and methods

The current study was performed using two industrial insecticides
from different chemical classes fipronil (99%, King Quenson Industry
Group Ltd, China), and chlorfenapyr (99%, Chengdu Newsun Biochemi-
stry Co. Ltd, China) as active ingredients and acetone (Sibtechnology Co.,
Russian Federation) as a solvent.

The object of the study was house flies M. domestica. The laboratory
strain (Lab) of M. domestica was reared at 26-28 °C, at 50-60% relative
humidity (RH), and at a 12:12 light:dark period in the insectarium.
The adult flies were kept in metal cages of a size of 25 x 25 X 25 c¢m,
covered with a fine mesh. Rearing cages were supplied with water (cotton
wicks lowered in cups filled with water) and glucose and milk powder
(1:1 by weight). The breeding medium for rearing larvae consisted of
wheat bran 200 g, water 400 mL, and Baker’s yeast 10 g. Larvae were
kept in glass containers with the breeding medium. The containers were
covered with gauze; as the larvae developed, the medium was added and
periodically mixed for acration.

One part of the Lab-strain was selected to be exposed to fipronil for
ten generations. These were divided in turn into two groups; adults ex-
posed to the insecticide, marked as the fipronil-selected strain A (FipA),
and larvae exposed to the insecticide, marked as the fipronil-selected strain
L (FipL). The other part of the Lab-strain was selected to be exposed to
chlorfenapyr for ten generations, of which the adult group was marked as
the chlorfenapyr-selected strain A (ChlA) and larvae marked as the chlor-
fenapyr-selected strain L (ChIL).

In the group adults exposed to the insecticide, starving three-five day-
old adults (both males and females) were exposed to fipronil or chlorfe-
napyr by feeding them (for 24 hours) sugar that was treated with acetone
solutions of the relevant insecticide. After that, the sugar was replaced with
standard food, and the surviving flies were used as parents for the next
generation. The selection concentrations of fipronil were 0.0001% in a
volume of 1 mL per g of sugar for G1-G10 generations for the FipA
strain, and the selection concentrations of chlorfenapyr were 0.001% and
0.002% in a volume of 1 mL per g of sugar for G1-G4 generations and
G5-G10 generations respectively for the ChlA strain.

In the group larvae exposed to the insecticide, three hundred 3st instar
larvae were exposed to fipronil or chlorfenapyr by contact with insecti-
cides in the breeding medium that was mixed with shavings soaked with
water and acetone solutions of insecticides. The emerging adult flies were
used as parents for the next generation. The selection concentrations of
fipronil were 0.001% and 0.0005% in a volume of 10 mL per 40 g of
medium for G1-G3 generations and G4-G10 generations respectively.
The selection concentrations of chlorfenapyr were 0.01% and 0.005% in a
volume of 10 mL per 40 g of medium for G1-G7 generations and G8—
G10 generations respectively.

The toxicity of fipronil and chlorfenapyr to M. domestica adults was
evaluated by a no-choice feeding test. Flies starved for 12 hours prior to
the experiment. The sugar (0.1 g) was placed in glass cups and treated
with 30 uL acetone solutions of fipronil or chlorfenapyr at 56 concentra-
tions. Cups with the sugar treated with pure acetone (without insecticide)
and with no-treated sugar were used as the control. After the acetone
evaporated, ten flies were placed into each cup. The cups were sealed with
mesh pistons from the top and supplied with water drinkers. The mortality
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was recorded after 48 hours and immobilized flies were considered dead.
The control tests and tests with each concentration of fipronil or chlorfe-
napyr were replicated at least three times.

The study of life-history and morphological parameters was conduc-
ted for the Lab strain and G2, G4, G6, G8, and G10 generations of the
FipA, FipL, ChlA, and ChIL strains of M. domestica. One hundred
second instar larvae were randomly collected from each population and
then placed into plastic cups with the breeding medium described above.
This was done at least three times for each population. The life-history
parameters were recorded in each population such as the development
time from eggs to adults, the time from eggs to pupae, the pupal duration,
the pupation ratio, the emergence duration, the adult emergence ratio, and
the female ratio. The new emergent flies were provided the egg-laying
medium that was viewed daily for eggs. The eggs were counted with the
aid of a hand lens to calculate the number of eggs per female per day.
The individual weights were assessed in each population such as larval
weight (ten second instar larvae for each replicate), pupal weight (ten
pupae within 48 hours of their formation for each replicate), weight of 3—
S-days old female and males (ten flies for each replicate).

The dose-response mortality in the no-choice feeding tests was ana-
lyzed by probit regression analysis to calculate lethal concentrations for
50% (LCsp) mortality for 95% confidence interval (CI) using the SPSS
Statistics 22 software. The difference between LCs, values of insecticides
in the Lad strain and the FipA, FipL, ChlA, and ChIL strains was consi-
dered as statistically significant when their 95% Cls did not overlap.
The resistance ratio (RR) was calculated by dividing the LCs, value of the
certain selected strain by the LCs, of the Lab strain. Data from life history
and morphological parameter testing were analyzed using analytical soft-
ware SPSS Statistics 28, and the results included means and standard
deviation. The statistical significance of differences between parameters
was evaluated by ANOVA and Tukey test when the Lab and the selected
strains were compared.

Results

In our study bioassays showed that the susceptibilities of adults
M. domestica to fipronil in third/fourth generations and in the tenth genera-
tion of the FipA strain were the same as in the Lab strain (Table 1).
The susceptibility of adults M. domestica to fipronil in fifth generation and
in tenth generation of the FipL strain was slightly lower than in the Lab
strain through that difference was not statistically significant.

Toxicity of chlorfenapyr to adults M. domestica of the ChlA (tenth
generation) and the ChlL (sixth generation) strain decreased and the LCs
values of chlorfenapyr for the Lab and two Chl strains statistically signifi-
cantly differed because their 95% confidence intervals did not overlap.
The ChlA strain of M. domestica in tenth generation and the ChiL strain in
sixth generation reached a resistance ratio of 3.62 and 3.26 respectively
and developed tolerance to chlorfenapyr (Table 1).

Table 1
Toxicity of fipronil and chlorfenapyr to adult Musca domestica
of insecticide-selected and un-selected (Lab) strains (N = 180)

LCs (95% CI),

Strain - Generation g per g of sugar Slope (x + SE) RR (95% CI)
Fipronil

Lab - 0.75 (0.60-0.90) 2.701 +£0.300 -
FinA 3and4 0.65 (0.48-0.90) 4733+£1.283 0.87(0.80-1.00)
P 10 0.54 (045-0.68) 3.657 +£0.603 0.72(0.75-0.76)
FioL 5 1.22(0.60-2.11) 1.908 +£0.513 1.63 (1.00-2.34)
P 10 097 (0.39-2.49) 1.139+0.242 1.29 (0.65-2.77)

Chlorfenapyr

Lab - 21.60 (18.00-25.80)  2.606=0.080 -
CHIA 3 21.00 (11.10-40.80)  1.708+0.113 0.97 (0.62-1.58)
10 78.15(5493-101.61)  1.821+0.122 3.62(3.05-3.94)
ChIL 6 7041 (37.08-128.85)  2.034+0463 326 (2.06-4.99)
10 5292 (120-19731)  1.793+0.677  2.45(0.07-7.65)

Notes: N — number of flies; FipA — adults only were exposed to fipronil; FipL — larvae
only were exposed to fipronil; ChlA — adults only were exposed to chlofenapyr; ChlL —
larvae only were exposed to chlorfenapyr; L.Cs (95% CI)— lethal concentration for 50%
mortality (95% confidence interval); RR — resistance ratio was calculated by dividing the
LCy value of the selected strain (Fip or Chl) by the LCs, of the Lab strain.
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Most of the life-history parameters of the second, fourth, sixth, eighth,
and tenth generations of the FipA, FipL, ChlA, and ChlL strains were
similar to those of the Lab strain (Tables 2—5). The average mean weight
of one specimen varied from 6.85 to 17.67 mg at the stage of larva of
second-third instar, 10.56-16.55 mg at the pupal stage, 11.63-18.60 mg
at the stage of 3—5 days-old female, and 6.91-11.03 mg at the stage of 3—
5-days old male (Table 6).

Based on the ANOVA test, we observed the statistically significant
difference between the Lab and the FipA strains in larval duration (P =
0.001) and development time from eggs to adults (P = 0.001, Table 2).
The Tukey test detected statistically significant prolongation of the
larval stage in the second, fourth, and tenth generations of the FipA

strain by 1.70 times (P = 0.038), 2.16 times (P = 0.001), and 1.70 times
(P=0.038) compared to the Lab strain (Table 2).

Pupal durations in the FipA generations were shorter than in
theLab strain (P = 0.121) and this developmental stage lasted
1.91 times less (P = 0.156) in the sixth generation of the FipA strain
compared to the Lab strain. The total number of days from eggs to
adults was statistically significantly 1.28 (P = 0.024), 1.39 (P = 0.001),
and 1.18 (P = 0.256) times more in the second, fourth, and tenth genera-
tions of the FipA strain than in the Lab strain respectively. Males of
M. domestica weighed 40.9% (P = 0.032) and 37.1-41.1% less in the
Lab strain and in certain generations of FipA strains compared to fe-
males (Table 6).

Table 2
Life-history parameters of fipronil-selected (FipA, adults only were exposed to fipronil) and un-selected (Lab) strains of M. domestica (x £ SD)
Strain / Larval Pupal Adult’s emergence Development time from  Percent Adult Female egl\ghlll:yli)zjg(:)fer Olf\l:gmgsbgrer
: : : : s O 0 i 0, >
generation  duration, days duration,days  duration, days eggstoadults,days  pupation, %  emergence, % ratio, % fernaleperday  cgglaying
Lab 510+1.10 510191 4.00+1.50 1436+197 8428+1592 5940+11.57 5478+738  0.13+0.10 60.14+15.85
FipA
G2 8.67+058"  433+115 433+058 18331157 6400+1562 6467+757  5300+3.00 nd nd
G4 11.00£361" 367058 433+0.58 20.00+3.61°" 81.00+436 7200+£2390 53.67+£2.08 0.089+0.042 60.00+17.32
G6 533£1.15 2.67+0.58 333+1.15 1233+0.58 93.67+231 7433+862 5340+9.75 0.083+0.032 4733+351
G8 833+1.15 3.00+1.00 3.67+0.58 1533+1.15 8833+11.06 4067+13.05 51.00+1.73 0.073+0.045 57.00+10.58
G10 867+£208""  3.67+058 4.00+£1.00 17.00+1.00 83.00+6.08 5600+11.79 5510+2137 0.113+£0.049 67.33+13.20
P 0.001 0.121 0.885 0.001 0.141 0.069 0.993 0.798 0.541

Notes: SD — standard deviation; nd — not determined; P — p-value according to ANOVA test; * — statistically significant difference (' an increase; *— a decrease) compared to
Lab strain according to Tukey test (P <0.05).

Table 3
Life-history parameters of fipronil-selected (FipL, larvae only were exposed to fipronil) and un-selected (Lab) strains of M. domestica (x = SD)
Strain / Larval Pupal Adult’s emergence Development time from ~ Percent Adult Female egzli:y;bz;(;ir e{;gsump:rezgi
. ) . . C o o | -
generation  duration, days duration,days  duration, days eggstoadults,days  pupation, %  emergence, % ratio, % female per day laying
Lab 5.10+1.10 5.10+£191 4.00+1.50 1436+197 8428+1592 5940+11.57 5478+738 0.13+0.10 60.14+15.85
FipL
G2 nd nd nd nd nd nd nd nd nd
G4 833+252"  300+100  733+115" 1967+2.08" 7200+£200  5267+153  5330+1687 0.180+0.071 4250+10.61
G6 7334231 333+115  7.67+289" 1967+4.62"" 9067+603 5600+2179  6500+£520 0247+0204 50.67+2.08
G8 833+058"  267+058 6.67+0.58 18.00+1.00 9700361 80.67+1626 51.67+1.16 0.100+0.050 53.00+8.00
G10 867+0.58"  3.00+0.00 7.00+1.00 18.67+058" 9533+351 6433+£2684 5467+1097 0.056+0.007 77.33+9.50
P 0.002 0.063 0.006 0.001 0.094 0.288 0421 0.299 0.059
Notes: see Table 3.

Life-history parameters of the FipL strain are represented in Table 3.
According to the ANOVA test, values of three parameters (namely, larval
duration, adult’s emergence duration, and development time) statisticalty
significantly varied in the generations of the FipL strain. The stage of larva
lasted statistically significantly longer by 1.63 times in the fourth (P =
0.025) and the eighth (P = 0.005) generations, and 1.70 times (P = 0.012)
in the tenth generations of the FipL strain than in the Lab strain. In con-
trast, the stage of pupa lasted 1.91 times less in the eighth generation of the
FipL strain than in the Lab strain (P = 0.146). Also, we noted an increase
in adult emergence durations in the FipL strain and this parameter was

1.83 times (P = 0.041) and 1.92 times (P = 0.022) more in the fourth and
sixth generations respectively than in the Lab strain. As the Tukey test
showed, the development times from eggs to adults were statistically
significant longer by 1.37 times (P = 0.003) in the fourth and the sixth
generations and by 1.30 times (P = 0.023) in the tenth generations of the
FipL strain compared to the Lab strain value. According to ANOVA
analysis, larval weights in the FipL strain varied statistically significantly
(P =0.039). Males of M. domestica in the sixth and tenth generations of
FipL strains weighed 48.3% (P = 0.088) and 42.6% (P = 0.018) respec-
tively less compared to females (Table 6).

Table 4
Life-history parameters of chlorfenapyr-selected (ChlA, adults only were exposed to chlorfenapyr) and un-selected (Lab) strains of M. domestica (x + SD)
Strain / Larval Pupal Adult’s emergence ﬁlz)ervn e;gg)snzn;;?; Percent Adult Female egl\; laying(;)fer eI;gs per e;;
. . . . , o 0 L - -
generation  duration,days duration,days  duration, days days pupation, %  emergence, % ratio, % fernale per day laying
Lab 510+1.10 510191 4.00+1.50 1436+1.97 8428+1592 5940+11.57 5478+738 0.13+£0.10 60.14+15.85
ChlA
G2 800+173  667+058 433+1.15 1733+1.53 81.00£557  60.50+£636" 5196+14.38" 0.08+002° 5625+13.92°
G4 1133+231"  333+058 6.00+£2.00 20.00+2.65" 92334513 5767+6.66  4890+459 0.12+0.03 4347+1024
G6 4.67+2.89 5.00+3.00 5.00+1.00 15.00+1.73 81.67+1504 3767+2084 5200+7.00 0.18+003 51.66+18.86
G8 5.67+0.58 2.33+0.58 4.00+0.00 13.00+1.00 96.67+1.53 73.00+1.00  5990+803 0.09+001 4443+7.17
G10 867058 333+058 3.50+0.71 15.00+0.00 88.00+7.00  4133+208  5730+830 0.10+£0.04 51254331
P 0.001 0.042 0.294 0.001 0.543 0.009 0.717 0.593 0.397

Notes: SD — standard deviation; nd — not determined; P — p-value according to ANOVA test; * — statistically significant difference (' an increase; *— a decrease) compared to
Lab strain according to Tukey test (P < 0.05); * — results fiom first and second generations together.
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Table 5

Life-history parameters of chlorfenapyr-selected (ChlL, larvae only were exposed to chlorfenapyr) and un-selected (Lab) strains of M. domestica (x + SD)

Strain / Larval Pupal Adult’s emergence ﬁlz)er;eelzgsntzn;dugt: Percent Adult Female egl;jl—]lre?y?:lg;)fer eggsurgzre;;;—
generation  duration,days  duration, days duration, days days pupation, %  emergence, % ratio, % female per day laying
Lab 5.10+1.10 510+191 4.00+1.50 1436+1.97 8428+1592 594041157 5478+738 0.13+0.10 60.14+1585
ChlA
G2 nd nd nd nd nd nd nd nd nd
G4 nd nd nd nd nd nd nd nd nd
G6 6.67+1.53 433+153 433+0.58 15.67+£0.58 8667+473 2967+1021™ 5450+£6.77 0227+0.178 5733+1595
G8 6.67+0.58 333+0.58 5.67+1.53 1633+0.58 83.00+£1587 52.00+20.00 39.87+10.10 0.175+0.064 62.00+:849
G10 733+£153"" 3.00+1.00 7.67+2.89 1900+3.64™  7700+2858 4867+£1002 5500+852 0.157+0051 4033+11.72
P 0.032 0.197 0.034 0.005 0.909 0.042 0.069 0.632 0.271
Notes: see Table 2.

The ANOVA revealed the statistically significant difference between
the Lab and the ChlA strains in larval duration (P = 0.001), pupal duration
(P =0.042), development time from eggs to adults (P = 0.001), and adult
emergence (P = 0.009, Table 4). According to the Tukey test the larval
duration increased by 2.22 times (P =0.001) and 1.70 times (P =0.025) in
the fourth and tenth generations of the ChlA strain compared to that of
Lab strain. Also, the number of days from egg to adult appearance was
more by 1.39 times (P = 0.001) in the fourth generation of the ChlA strain
in comparison with the Lab strain. The ANOVA test showed the percent
of adult emergence significantly varied (P = 0.009), and the lowest value
was in the sixth generation of the ChlA strain. There were no statistically
significant changes with respect to duration of emergence, and female fe-
cundity in the ChlA strain relative to the Lab one (Table 4). The ANOVA
analysis showed statistically significant differences in the weight of one
specimen at the larva stage between the Lab and the ChlA strains (P =
0.021). According to the Tukey test, the larval weight in the tenth genera-
tion of the ChlA strain decreased by 50.3% compared to that of Lab strain
(P = 0.074). Males of M. domestica in the even generations of ChlA
strains weighed 38.6-43.0% less compared to females.

Results obtained for the ChlL strain are represented in Table 5. The
statistically significant differences compared to the Lab strain were ob-
served in a number of larval duration days (P = 0.032), adult’s emergence
duration (P = 0.034), in the number of days from eggs to adults (P =
0.005), and in percentage of adult emergence (P = 0.042). In the tenth
generation of the ChlL strain, the larval duration and the number of days
from eggs to adults was more than in the Lab strain by 1.44 times (P =
0.051) and 1.32 times (P = 0.004) respectively. In the sixth generation of
the ChIL strain, we noted the minimal value of the percentage of adult
emergence (29.7%) that was 2.00 times less than in the Lab strain (P =
0.027). Males of M. domestica in the sixth and tenth generations of ChIL
strains weighed 43.0% (P = 0.102), and 46.7% (P = 0.065, respectively)
less compared to females (Table 6).

Discussion

Miiller (2018) highlighted that insecticides not only act on the tar-
geted primary site, but also interact with secondary sites of action in in-
sects. Such interaction may evoke sublethal reactions that interfere with
the organism’s survival and/or reproduction, affecting its (neuro)physiolo-
gy, performance, behaviour, ecology and communication (Miiller, 2018).
Taking into account that different developmental stages within insect spe-
cies show distinct sensitivity towards insecticides, we used two approa-
ches to each insecticide’s exposure, particularly we obtained the M. do-
mestica strains by exposure of adults in the first case (FipA and ChlA
strains) and larvae in the second case (FipL and ChIL strains). According
to the results, treatment of adult M. domestica with fipronil at a sublethal
concentration in each subsequent generation for ten generations caused no
changes in susceptibility to fipronil of adult flies while treatment of adult
flies with chlorfenapyr in the same conditions led to the development the
tolerance to chlorfenapyr in adults of the tenth generation. Moreover,
adults of both M. domestica strains that were exposed to chlorfenapyr
(i.e. ChlA and ChIL) displayed tolerance to this insecticide, independent of
the approach used to insecticide exposure.

The life-history parameter study allows us to evaluate the total effect
of an insecticide on an insect population (Xu et al., 2016). In our study the
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most general response to fipronil and chlorfenapyr exposure was changes
in developmental parameters such as number of days from eggs to adults
and the duration of the larva stage. In general, these parameters increased
both when adults only were exposed to insecticides and when larvae only
were exposed to insecticides.

Table 6
Weight of individuals at different developmental stages
of insecticide-exposed and un-exposed (Lab) strains (x = SD)

Weight, mg
Strain / generation larva a three-five three-five
pup days-old female  days-old male
Lab 13794443 1321+356 14.78+4.50 874+201
FipA strain
G2 1342+480 1339+091 11.63+247 869+223
G4 11204519 1301174 1297+520 691+1.17
G6 13804686 1446+276 1225+4.08 7224254
G8 844+490 1448+046 1495+2.04 940+191
Gl0 1533+084 1577307 13.70+248 824+1.77
P 0420 0.790 0.758 0.543
FipL strain
G2 9.52+240" nd 1346+3.62" 775+068
G4 1602+£6.19 1569+008 1860+262  11.03+£1.90
G6 15804225 1339+1.56 1629+1.68 842+0.64
G8 1677087 1220+157 1694+1.50 948+0.85
Gl0 1767504 1599+1.14 1726+438 991+220
P 0.039 0446 0.655 0407
ChlA-strain
G2 10184262 1056+131 1208+1.70 742+098
G4 990+374 1090+077 13.55+1.81 7.88+0.59
G6 1340£2.73 1395110  13.50+6.33 8.13+261
G8 1443+£603 1393021  1245+545 8.18+2.64
Gl0 685+274 1345+1.85 1589+1.17 9,06+ 1.46
P 0.021 0452 0.896 0.886
ChIL strain
G2 926+320° nd 1194£272°  8.14+153"
G4 10.99+3.70 nd 15.95+543 844+271
G6 1038+1.52 1655141 1643+096 936+249
G8 1406+£299 1404+240 1335+3.76 8.60+197
Gl0 12954330 1260+146 1331+336 7.09+1.60
P 0.223 0.530 0.730 0.703

Notes: FipA — adults only were exposed to fipronil; FipL — larvae only were exposed
to fipronil; ChlA — adults only were exposed to chlofenapyr; ChlL — larvae only were
exposed to chlorfenapyr; SD — standard deviation; P —p-value according to ANOVA
test; *— results from first and second generations together.

This observation agreed with results by other researchers which indi-
cated that treatment with insecticides prolonged the insect development at
the larval and pupal stages. For example, Xu et al. (2016) study showed
that a sublethal dose of cyantraniliprole prolongs the duration of larval and
pupal stages and decreases survivorship, longevity and fecundity of adults
of the black cutworm Agrotis ipsilon Hufhagel, 1766 (Lepidoptera, Noctui-
dae). According to Ali et al. (2017) insecticide exposure of the parents
significantly prolonged the development of the first generation in the rice
pest Sogatella fircifera Horvéth, 1899 (Hemiptera, Delphacidae). Rehan
and Freed (2015) observed that sublethal concentrations LCs, of methoxy-
fenozide significantly prolonged the larval and pupal development time of
Spodoptera litura Fabricius, 1775 (Lepidoptera, Noctiidae). As considered,

667



the developmental delay of insecticide exposed populations might be a con-
sequence of insufficient essential components for normal growth because
more food resources have to be used for detoxification (Xu et al., 2016).

According to Xu et al. (2016) and Miiller (2018) effects of insecti-
cides at sublethal concentrations on reproduction and phenotype of tar-
geted insects may differ because of different modes of action or applica-
tion methods of insecticides. For example, Tang et al. (2015) indicated that
the exposure of the parent generation to sublethal sulfoxaflor stimulated
reproduction in the first progeny generation of the green peach aphid My-
zus persicae Sulzer, 1776 (Hemiptera, Aphididae). On the other hand,
sublethal doses of insecticides cause reduction in fecundity of offspring.
For example, Rehan & Freed (2015) studies showed sublethal effects of
methoxyfenozide on S. fitura such as reduced number of eggs per female,
egg hatching, and sex ratio. According to Tamilselvan et al. (2021), the
fecundity of F; generation was significantly lower in groups of diamond-
back moth, Plutella xylostella Linneaus, 1758 (Lepidoptera, Plutellidae),
treated with insecticide spinosyn at sublethal concentrations (LCps and
LC) than the untreated control. Ali et al. (2017) observed that longevity
and fecundity were decreased in the first generation S. firrcifera as a result
of parental exposure to insecticides. In our study, the exposure of M. do-
mestica to fipronil and chlorfenapyr had no statistically significant impacts
on adult fecundity. Although another study by Farooq & Feed (2018) sho-
wed that fecundity decreased with the increased concentration of insecti-
cide when adult house flies were provided sugar mixed with fipronil at
LC;¢, LC3, and LCs, concentrations. Benelli et al. (2018) reported that the
essential oil (at sublethal dose LDx) treatment on flies M. domestica led to
a marked decrease in male and female longevity, as well as to a significant
reduction in fecundity, fertility, and natality. The sublethal effects of insec-
ticides may depend on concentrations. For example, Zhao et al. (2018)
studied sublethal effects of chlorfenapyr on the life table parameters of
Bradysia odoriphaga Yang and Zhang, 1985 (Diptera, Sciaridae) and ob-
served that fecundity was significantly increased in the LC; and LGy
treatment groups, whereas those of the LCs, treatment group were redu-
ced significantly compared with the control. Also, in the present study,
weights of individuals at each of the developmental stages did not vary
statistically significantly in generations of the FipA, FipL, ChlA, and ChIL
strains except larval weight in the tenth generation of the ChlA strain
(Table 4). Baena-Diaz et al. (2018) showed that parental (mainly paternal)
exposure of the dung beetle Euoniticellus intermedius Reiche, 1849 (Co-
leoptera, Scarabaeidae) to ivermectin had trans-generational effects on the
morphological features of male offspring but did not affect offspring num-
ber, sex ratio or body size.

The mechanisms of parental transfer of environmental information to
offspring are not as well known (Baena-Diaz et al., 2018; Bantz et al.,
2018) as well as the exact mechanisms of chronic and sublethal effects of
insecticides on life-history parameters of insects (Miiller, 2018). One of
the possible mechanisms is as follows: sublethal doses/concentrations of
some neurotoxic insecticides change the reproductive behaviour of in-
sects, which leads to changes in insect fecundity and fertility (Haynes,
1988; Delpuech & Delahaye, 2013). Also, insecticides at sublethal dos-
es/concentrations may impact insect populations by epigenetic changes in
gametes resulting in differential gene expression in the offspring (Miiller,
2018; Miiller et al., 2019). Activation or inhibition of genes could be
caused by such epigenetic mechanisms as DNA methylations, histone
modifications, and heritable noncoding RNAs (Bantz et al., 2018). Recent
transcriptomic studies that showed a multitude of modulated genes in
insects under exposure to a sublethal dose of insecticides were described
by Bantz et al. (2018). The authors noted that few studies have been done
on epigenetics and inheritance involved in adaptive mechanisms after
sublethal exposure of insects to pesticides (Bantz et al., 2018).

Conclusion

Insecticides not only kill susceptible individuals but also may change
physiological and reproduction processes, developmental duration at any
stage in surviving insects, and this way impact insect populations. In our
study, fipronil exposure at the sublethal concentration in each generation
did not affect the susceptibility of adult M. domestica (in the tenth genera-
tion) to fipronil but chlorfenapyr exposure under the same conditions
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resulted in a chlorfenapyr-tolerant tenth generation of flies. At the same
time, the sublethal effects of both insecticides fipronil and chlorfenapyr
affected the normal developmental stages of M. domestica and prolonged
the larval stage duration and developmental time from egg to adult. Howe-
ver, this study only evaluated the effects of ten-generation exposure to sub-
lethal concentrations of fipronil and chlorfenapyr on life-history parame-
ters and weight of M. domestica. Further studies are needed to investigate
the possible genetic variability in offspring in response to exposure of the
parental generation to sublethal doses of these insecticides.
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