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Abstract

Abstract:

Pyriproxyfen, (2-(1-methyl-2-(4-phenoxyphenoxy) ethoxy), is an aromatic, non-
terpenoid, pyridine-based juvenile hormone that disrupts the equilibrium of hormones in the
insects, strongly suppresses the embryogenesis of insects. It has been used on many crops for
control of pests in many countries. The current study was intended to estimate the toxicity risk
assessment of pyriproxyfen on testicular tissue of adult Sprague Dawley rats. To perform the
current study, twenty adult male Sprague Dawley rats were separated into four groups: Control
group was treated with 0.9% normal saline. Group 1 were given 62mg/kg of pyriproxyfen.
Group 2 were provided with 124mg/kg of pyriproxyfen, and Group 3 were administrated with
186mg/kg of pyriproxyfen for 28 consecutive days. On the next day, all the animals were
weighed and decapitated. Blood sample was drawn, that was followed by plasma extraction
and kept at -20°C for the analysis of biochemical parameters. For the analysis of
histopathological changes, the right and left testis were fixed in 10% formalin. The results
indicated that, pyriproxyfen administration indued decrease in the BMI and body weight at day
1, 14 and 28™ at high and low doses, while showed non-remarkable decrease(p<0.001) in the
weight of testis and accessory reproductive organs(p<0.05) only at high dose. PPF showed
increase in the weight of body organs as kidneys, liver, pancreas, brain, and heart and the blood
glucose level showed highly remarkable decrease(p<0.001) both at high and low doses. The
antioxidant results showed highly notable increase(p<0.001) in the level of SOD, ROS, and
CAT at high and low doses of pyriproxyfen while POD showed non-remarkable
increase(p=0.206). histopathological changes in the testis of rats by the PPF are seen by decline
in the number of sperms, increased immature spermatozoa and degenerative changes in tunica
albuginea. The study concluded that pyriproxyfen decreases body weight, BMI, testis and
accessory reproductive organ weights and blood glucose level, increases the weight of body
organs such as heart, liver, pancreas, kidneys, and brain, increases level of SOD, POD, CAT
and ROS, increases oxidative stress, and brings histopathological abnormalities in the testis at
high dose while at low doses no significant changes were observed. Because of this finding, it
is suggested that the usage of pyriproxyfen should be done with the proper cautions. These
findings can be extended fairly to the human model as well, and this toxin can further be used

to examine its impact on the reproductive system.
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Introduction

Endocrine disrupting chemicals are described as "exogenous chemical or the combination of
chemicals that interfere with any component of hormone activity" (Zoeller et al., 2012; Gore etal., 2015).
According to US Environmental protection Agency (EPA), EDCs are termed as exogenous substances
that hinders the synthesis, metabolism, secretion as well as endogenous hormones transport and
elimination, that results in endocrine changes and disruption of homeostasis (Mnif et al., 2011; Schug et
al., 2011; Coster et al., 2012; Nohynek et al., 2013; Kabir et al., 2015; Kiyama et al., 2015). According to
the criteria recommended by the European Commission’s: EDCs shows three actions: Endocrine activity,
pathologic or the detrimental endocrine-mediated activity and the Cause-effect relationship between the
exposure of the substance and endocrine activity (EFSA. 2013; Salma et al., 2016).

History:

The endocrine disruptive activity was first reported in 1920s, when the fertility issues
were raised in the swine herds that fed on the mouldy grain (McNutt et al., 1928). One of the
most important early evidence of endocrine disruptive activity was occurred in Wisconsin,
USA, in 1991 at the World Wildlife Fund (WWF) wingspread conference, where Colborn first
given the name ‘endocrine disrupter’ which was followed up fifteen years later (Colborn et
al.,1992; Hotchkiss et al.,2008). In 1960s and 1970s, one of the greater environmental
movements was in the endocrine disruption filed all over the United States. Rachel Carson in
his famous book silent spring about the harmful effects of endocrine disruptors. There were
many milestone events occurred in the past from 1950s to 2000s in the field of endocrine

disruptions as shown in figure 1.

The European Food Safety (EFSA) claims that most endocrine disruptive chemicals are
synthetic chemicals, which disrupt the endocrine systems ability to bind to the receptors of
hormones and results in the regulations of gene expression so epigenetic modifications
occurred such as methylations and acetylation of the DNA molecule, and histone alterations
(Baldi et al., 2008; Gore et al., 2015; Zama et al., 2010). EDCs can be divided into four
categories based on their origin: Industrial (dichlorodiphenyltrichloroethane (DDT), PCBs, and
alkylphenols), Agricultural (Herbicides, phytoestrogens, insecticides, fungicides, and
pesticides), Residential (Phenols and biphenyls) and Pharmaceutical (propyl and butyl
parabens) (Coster et al., 2012; Kabir et al.,2015; Monneret et al., 2017).

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
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Fig 1. Significant developments in the EDC field.

EDCs may include heavy metals for example cobalt, lead, iron and nickel etc (Lubrano
et al., 2013). EDCs showed Different human body contamination pathways. The most typical
exposure route includes absorption of food, inhalation, and direct exposure. Newborns expose
to EDCs by the breastfeeding and interactions with baby products (Balaguer et al., 2017; Gore
etal.,2015; Heindel et al.,2015; Kabir et al.,2015). EDCs accumulate in adipose tissue because
they have extended half-life and strong lipophilic nature (Sargis et al., 2015; Heindel et al.,
2015). These two characteristics explain why EDCs can concentrate in any animal’s adipose

tissue (Barouki et al., 2017).
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Mechanism of endocrine disruption:

EDCs mostly act by the natural hormone’s interference, because of their high capacity
to bind with the receptors of estrogens and androgens (Tabb et al., 2006). For example, EDCs
can have agonist actions it means that it can bind to the various receptors of hormones and in
turns leads to the activation of that receptor (CAR, PXR, and ER), before the stimulation of
natural hormone actions. So, the receptors are blocked, and their functions is inhibited by this
antagonist effect. EDCs lower the natural hormone concentrations and disrupt hormone

production, transport, metabolism, and elimination.

The endocrine system is affected by the EDCs which has impact on the neurological,
developmental and reproductive processes. The negative effects of EDCs are increased when
they are associated with other EDCs (Nohynek et al., 2013). The hypothalamic pituitary thyroid
axis (HPT axis), hypothalamic pituitary gonadal axis (HPG axis), and hypothalamic pituitary
adrenal axis (HPA axis) are regulated by EDCs (Zoeller et al., 2012). However, EDCs mainly
effect the HPG axis (Akhtar et al., 1996; Cocco et al., 2002; Leghait et al., 2009; Sugiyama et
al., 2005).

After the discovery of DDT, in the year 1939, various pesticides have been discovered
and used frequently with little or no limitations. By enlarging area under cultivation,
mechanizing the process, cultivating hybrid plants with greater yield, and using techniques of
pest management, the green revolution dramatically increased agricultural output in the year
1960s (Briggs et al., 2009). So, this battle extensively needed the usage of pesticides. Mostly
pesticides have positive impact on human health. In fact, pesticides used in pest management
control in agriculture, and help in the control of plant diseases. They also guarantee higher food

output, a reliable supply of food, and other advantages (Copper et al., 2007).

Pesticides:

World Health Organization (WHO, 2020) claims, pesticides as chemicals that are
applied to control pests for example, insects, fungus, animals, and unwanted plants. So, they
play very important role in preventing the spread of illness. Insecticides are commonly used
against insects, and their significance in public health has increased considering the number of

people worldwide who suffer from infectious diseases brought by insects.
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Numerous synthetic pesticides as well as insecticides are not bio-deteriorated easily and
persist in water and soil for many years (Ahmad et al., 2021; Namratha et al., 2021; Singh and
Singh, 2019). When these chemicals are accidently exposed to marine, aquatic, and terrestrial
environment they negatively impact these habitats and drastically reduces the lifespan of many

exposed creatures (Baralic et al., 2020; Merdana et al., 2021; Tahir et al., 2021).

There are many ways to be exposed to pesticides, including agricultural drift, domestic
pesticide use, and consuming pesticide residues. Studies on the biological surveillance show
that, pesticide exposure to human is widespread. Food consumption is not the only way for the
general population to be exposed. The population that lives near the location where the
pesticides are used, produced, and discharged, are at greater risk to the pesticides exposure
because of increased rate of interaction to the environment through breathing, or contact with

soil and water (Mantovani et al.,2008; Peakall et al., 2000; Whyatt et al.,2005).

Around two million pesticides are used annually, and over 800 chemicals that are active
are sold in a variety composition worldwide (PAN-UK. Pesticide Action Network UK. 2009).
More than 3 million human pesticide poisonings occur each year, resulting in roughly 250,000

mortalities globally, according to WHO reports (Yang et al., 2007).

Pesticides contain numerous substances that have been recognized as endocrine
disruptors (Andersen et al., 2000; Kojima et al., 2004; Lemaire et al., 2006; Vinggaard et al.,
2000). Among them, insecticides are of 46%, herbicides are of 21%, fungicides are of 31%;

some of them were discontinued from the environment but are still in the environment today.

World Health Organization (WHO) evaluate that every year, pesticides exposure results
in 220,000 deaths (WHO: Our Planet, Our Health. Report of the WHO Commission, 1992). In
some circumstances, it has been suggested that there may a connection between pesticides
exposure and conditions like allergies, brain deformations, cancers and problems related to the

reproductive system.

Classification of pesticides:

Pesticides are categorized based on their action mechanism, target site, and composition
(Gangola et al., 2015). Based on their chemical composition, and a description of the active
ingredients, insecticides can be classified. Pesticides included four major types on basis of their

chemical composition: organochlorine, organic phosphorus, carbamate, pyrethrin, and
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pyrethroid. Biopesticide is another class of pesticide, this additional category of pesticides is
subdivided into 3 major groups. Microbial pesticides, bio-chemical pesticides and plant
incorporated protectants (PIPs). Biopesticides often referred to as biorational pesticides,
originates from biotic sources such as viral sources, bacterial sources, fungus, etc. or from the

bio-chemical origin like pheromones or insect growth regulators (IGRs).

Insect growth regulators:

Insect growth regulators (IGRs) are chemicals that impact and cause changes in the
growth and reproduction of insects. This term is also known as "insect hormone mimics" since
it mimics the actions of both juvenile hormone and insect hormone. Schneiderman invented
the term "IGRs" in 1972. Insect growth regulators or mimics, can be divided into several
categories for example chitin synthesis inhibitors, juvenile hormone analogues or mimics,
molting hormone analogues, etc. Chromafenozide, lefenuron, kinoprene, methoxyfenozide,

and pyriproxyfen are few of the most prominent IGRs (Tunaz et al., 2004).

Juvenile hormone (JH):

Insect’s metamorphosis and molting is regulated by the help of two hormones, one is
the steroid hormone such as ecdysone and other is an acyclic terpenoid referred to as juvenile
hormone (JH). The function of ecdysone is to initiate and regulate molting and of JH is to
mediate molt’s characteristics. There is no differentiation when JH is present. Ecdysone starts
the process of altering the expression of certain genes required for the insect’s metamorphosis
when it is absent (Zhou et al.,2002). JH has five structural homologous types, each of which
has one chiral center or more asymmetric center. Among these five types, JH-I and JH-III have

been developed.
Pyriproxyfen (PPF):
Pyriproxyfen, 2-(1-methyl-2-(4-phenoxyphenoxy) ethoxy), was first formed in 1990 at

the Sumitomo Chemical Company. PPF is an aromatic, non-terpenoid, pyridine- based

powerful inhibitor of insect embryogenesis and adult emergence (Dhadialla et al., 1998).
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Structure:

A pyridyl oxyethylene-replaced portion of the aliphatic chain makes up the phenyl
carbonyl derivative known as pyriproxyfen as shown in figure 2. PPF is the mimic of potent
JH that disrupts the balance of hormones in the insects, strongly suppresses the metamorphosis
of the insects. So, the characteristics of adult insects for example, formation of egg and wings
and maturation of reproductive organs and genitalia are disrupted. As a result, insects keep in

the immature form (Harburguer et al., 2009; Harwood et al., 2016).

Fig 2: Two-dimensional structure of pyriproxyfen.

Properties:

PPF molecular formula is 321.5 gram per mole (g/mol) and its chemical formulae is
C20H29NO:s. It has a 5.3A diameter and length is about 18.4 that is fully extended. According
to WHO guidelines and pesticide assessment for public health, PPF has melting point (M.P) of
about 45-47 degree centigrade and vapor pressure (V.P) of about 1x107. It has a PH of 6 and
0.367 mg/l water solubility (Sullivan et al., 2000).

Pyriproxyfen is hydrophobic that predisposed to biomass and sediments, as indicated
by its poor solubility in water and because of higher water partition coefficient. Additionally,
due to its low vapor pressure, PPF is non-volatile and showed that there has been little to no
dispersion into the environment. PPF is hardly hydrolyzed in water, however, the most
important pathway of transformation is aquatic photolysis. PPF has half-life of 11.5 days
(Sullivan et al., 2000).
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Pyriproxyfen has been used on many crops such as vegetables, apple, oranges, mango,
pineapples, and coffee, for the control of pests in many countries (Sullivan et al., 2008).
Pyriproxyfen is manufactured as a part of mixed pesticide items, for example in carpet sprays,
shampoos, and bug sprays etc. Pyriproxyfen belongs to the Environmental Protection Agency
toxicity class III that is essentially non-toxic. As pyriproxyfen is General Use Pesticide (GUP),
so the word CAUTION must be label on the items that contain PPF. in California, 106 items
that contain PPF are presently registered. In 2005, California treated PPF of 9,946 pounds with
cotton, almonds, oranges receiving 77% of the total. Less than 100 pounds each were used for

public health and structural pest control (Sullivan et al., 2008).

Arthropods, such as insects, weeds, and annual grasses, are frequently eradicated in
with the help of drug pyriproxyfen. For vector control and public health initiatives, the WHO
advice using PPF largely in drinking water (Tomlin et al.,2009; World Health Organization,
2006). PPF has ability to control insects that cause transformation of diseases, for example
those insects that spread yellow fever, filariasis, dengue, and chikungunya demonstrated in the
numerous studies. These insects include Anopheles gambiae and arabiensis (Jaffer et al., 2015;
Lwetoijera et al., 2014) culex quinque fasciatus. (Jambulingam et al., 2008). As a result,
Pyriproxyfen has been employed globally in the public health initiatives in replacement of
pesticides like pyrethroids that was causing resistance to insects (Lima et al., 2011). There is
different effect of PPF on insect including morphogenetic abnormalities and lower fecundity
in adults as well as inhibit egg hatching and larval development (Maoz et al., 2017; Ohba et
al., 2013).

Thermodynamic characteristics:

Pyriproxyfen is yellow waxy solid, density higher than water. Due to its low volatility,
pyriproxyfen will not evaporate significantly into the atmosphere. As PPF is less volatile, so
mammalian toxicity is minimum. Because of its concentration in the liquid formulations,
pyriproxyfen in the vapor phase is expected to provide only a slight risk of exposure and
moderately hazardous when inhaled. The U.S Environmental Protection Agency (EPA) has
assessed the PPF possible reaching the surface water and sediments by the process of spraying

because PPF is applied in agriculture on crops. PYR may be toxic to animals because its
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solubility is very low, which make it simple to accumulate in the fatty tissues as long-term
storage. According to WHO, daily recommended dose of PYR is 100mg/kg of body weight
(Truong et al., 2016).

Metabolism:

In environment such as water, plants, soil, insects, and animals, more than ten
metabolites have been found. In soil -sludge system, the metabolites that are produced by the
pyriproxyfen are metabolite A, metabolite B, metabolite C and metabolite D, E, F, G, H, L. In
different organism different metabolites are found such as, in the larva of Musca domestica
microsomes the major metabolites are metabolite A, metabolite E, metabolite F and metabolite
I (Zhang et al.,1998). while in mammals like rats and mice, the pyriproxyfen breakdown into
metabolite A, metabolite B, metabolite G, metabolite I (Yoshino et al., 1996). The metabolites

that have been found in different organisms as shown in figure 3.

Metabolites. | Name Abbreviation
Pyriproxyfen (4-phenoxyphenyl (RS)-2-(2Zpyridyloxy) PYR
propy] ether)

A 4-(4-hydroxyphenoxy) phenvl-(RS)-2-(2pyridyloxy) 4'-OH-PYR
propyl ether

B 4-hydroxyphenyl (RS)-2(2-pyridyloxy) propyl ether DPH-PYR

C 4-phenoxyphenol POP

D 4,4'-oxydiphenol 4" OH-POP

F (R S)-2-hydroxypropyldphenoxyphenyletherd-(4- POPA
hydroxyphenoxy) phenyl (RS)-2hydroxypropylether

G (R S)-2-(2-pyridyloxy) propanol 4'-OH-

POPA

H (R S8)-2-(2-pyridyloxy) propionic acid PYPAC

1 4-phenoxyphenyl (RS)-2(2-(Shydroxypyridyloxy)) propyl | 5*-OH-PYR
ether

Fig 3: Different metabolites of pyriproxyfen and their abbreviations:
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Mechanism of action:

Pyriproxyfen efficiently competes for the juvenile hormone receptor because of their
structural similarity with the juvenile hormone of insects. So PPF behave as juvenile hormone
agonists (Jha) (Sullivan and Goh, 2008). Under normal situations, when larva gets ready to
pupate, juvenile hormone production stops and the expressions of genes that are required for
metamorphosis starts shifting. Pyriproxyfen is categorized as EDC (Sullivan et al., 2008),
because when JH or its analogues are present, homeostasis is disturbed, which directly affects

the development of insects (Dhadialla et al., 1998).
Toxicity:

The PPF potential to interrupt the endocrine system has been extensively reported in
variety of the organisms such as invertebrates (Kakaley et al., 2017; Tanaka et al., 2018). PPF
has variety of effects on the reproductive system, decrease fertility, bring changes in the storage
lipids, the sex of infants shifting to male and variety of effects on ecology in the Daphnia

(Ginjupalli et al., 2015).

There are limited data available on the pyriproxyfen toxicity to the vertebrates like fish
and fish ELS. There has been reports of Xiphophorus maculatus swimming abnormalities and
embryo abnormalities at higher concentration of PPF (Caixeta et al., 2016; Truong et al., 2016).
Data is also available on the ecotoxicological effects of fish larvae and adults (Brito et al.,
2017; Kreutz et al., 2008; Pimpo et al., 2013). The embryo of zebrafish that exposed to the
pyriproxyfen at lower to the medium micro-molar concentrations at 120hpf showed neurotoxic
effects (Truong et al., 2016). Additionally, the microcephaly and other neurodevelopmental
affects was not caused by the pyriproxyfen (Dzieciolowska et al.,2017), but PPF has been
shown to interfere with the signaling of thyroid hormones (THs), that is important hormone for

the amphibian growth (Denver et al.,2009; Spirhanzlova et al.,2018; Wegner et al., 2016).

On the toxicity hazards of PYR, several studies lead to different conclusions. According
to the Joint FAO Meeting on Pesticide Residues (JMPR), PYR was not considered to be a
genotoxic or carcinogenic chemical (Invast et al., 2008). PYR had no obvious effects on the
stem cells number in the emerging central nervous system of zebrafish embryo’s or on the

abnormalities in the brain (Dzieciolowska et al., 2017).
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Oxidative stress caused by pyriproxyfen:

During the process of development, embryos are highly venerable to the toxics that are
produced by the environment, such as pesticides (Yang et al.,2009). When the organism is
under the stressors of environment, then showed oxidative stress. In the embryos of zebra fish,
PPF at high doses, caused oxidative stress, so the level of antioxidants such as reactive oxygen
species (ROS), increased in reaction to the stress caused by the PPF. the level of other
antioxidants like peroxidases (POD) increased while the level of GSH declined. The
histopathological determination in the zebra fish that were exposed to the pyriproxyfen showed
weakening of the muscles of heart, hyperemia, as well as peri-cardia edema at high dose

administration (Maharajan et al., 2018).

Reproductive toxicity:

When the different concentrations of pyriproxyfen was applied on the rat pups. The results
showed neuro- developmental abnormalities such as arhinencephaly and had less brain size
(Evans et al., 2016). When insecticides are persistently used, they lead to the disturbance of
endocrine balance so harm the male reproductive system (Bergstrom et al., 1996; Moller et al.,
2001). In mice, pyriproxyfen impairs the process of spermatogenesis and development of testis
(Shahid et al., 2019). So many studies on PPF identified its toxicity on different organisms but
no research done on the evaluation of body mass index, level of antioxidants and
histopathological abnormalities on rats, therefore the aim of this research is to determine the
toxic risk assessment of pyriproxyfen on the reproductive system of adult male Sprague

Dawley rats.
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Aim and objectives:

This experiment has aim to investigate the toxic effect of pyriproxyfen on reproductive

system of adult male rats. The objectives of this study are to:

Determine the BMI changes caused by pyriproxyfen.

Evaluate the body weight changes caused by pyriproxyfen.

Calculate the Blood Glucose level changes caused by pyriproxyfen.
Determine the oxidative stress, induce by pyriproxyfen in testes of rats.

Evaluate histopathological changes induced by pyriproxyfen.
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Materials and methods:

Current study was performed in the Lab of Reproductive Physiology, Zoology
Department, Quaid-e-Azam University, Islamabad, Pakistan. Animals handling and all
procedures were assessed and permitted by the ethical committee of the department which is
research specific in animal handling. The recommendations for the appropriate maintenance
and usage of research lab animals were considered while performing all the processes in the

study.

Animals:

Twenty adult male Sprague Dawley rats (Rattus norvegicus) having average weight of
150+10g were taken from the primate faculty of Department of Animal Sciences, Quaid-e-
Azam University. They were randomly kept into four groups and housed in separate stain
stainless steel cages. These animals were kept during the experimentation, in well oxygenated
room with temperature of 20-26°C and twelve hours dark and light cycle for 28 days. Food

chaw and tap water was fed to the animals ad libitum throughout experiment.

Pyriproxyfen:

Pyriproxyfen used in the experiment purchased from ANQA AGRO Multan, having
PPF (10.8% EC) has an active ingredient.

Preparation of Pyriproxyfen stock solution:

3ml PPF was mixed in 27ml of distal water to make final doses, and same process was

repeated for 28 days to make fresh doses.

Experimental design

The current experiment aimed to estimate the reproductive toxicity of pyriproxyfen on

male rats. The animals (n=5) were divided into four groups for the purposes of the study. For
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around 28 consecutive days, all the doses were administered orally between 9 and 10 am, as

shown in the below:

Control (0.9% Normal Saline)

Dayl Day28
Group 1 (64 mgke PPF)

Dayl Day28
Group 2 (124 mgkg PP)

Day1 Day28
Group 3 (186 ma/ks PPF)

Dayl Day28

No. of Experimental days.

Control group:

The ‘control group’ was treated with 186mg/kg of 0.9% normal saline.

Group I:
Animals received 62mg/kg of pyriproxyfen.

Group II:
Rats were provided with 124mg/kg of pyriproxyfen.

Group III:

Animals were administered with 186mg/kg of pyriproxyfen.

Blood and Tissue collection:

The experiment was carried out over a period of 28 days, animals were weighed and
decapitated on day 29. Following decapitation heparinized syringes were used to directly

collect trunk blood, which was then stored in heparinized tubes. For 15 min, centrifuged blood
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samples at a speed of 3000 rpm. Separated plasma was kept at -20°C until analyzed. Following
blood collection, reproductive organs including the testis and epididymis, were separated, and
weighed after accessory fatty tissues were removed. Half of the reproductive organs were fixed
in 10% PBS formalin solution having PH 7.4, for about 48 hours for the purpose of histology
(fixation step), while the other half were stored at -80°C for later used in oxidant/antioxidant

study.

Determination of body weight:

Rats were weighed on day 1%, 14" and 28" of the experiment using top loading Sartorius

Digital Balance (Germany).

Evaluation of Body mass index (BMI):

For the assessment of body mass index, the length of body (from nose to anus) was

determined for all the rats on 28th day of the experiment. The calculation of BMI is as:
Body mass index = Body weight in grams/ (Length in meter)? (m?)

The normal level of BMI in male rats is (0.45 = 0.02- 0.68 = 0.05). (Novelli et al., 2007).

Blood glucose level determination:

The blood glucose level was measured on the 1, 14" and 28™ days of the experiment
using a EasyGluco Auto-coding (INFOPIA Co., Ltd. Korea) Glucometer. The measurement of
glucose level was measured empty stomach. On the 1% day, blood was drawn from the tip of
the tail by using sterile pricking needle and placed on the glucometer strips. The glucometer
displayed a reading which was then recorded. The same experiment was carried out on all rats
on days 14 and 28 and the readings were recorded. The normal blood glucose level in rats is

50-135mg/dl.
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Determination of reproductive organ weight:

On the day 28, reproductive organs were separated, including the testis and epididymis,
and then removed all the fatty tissues and weighed using top Sartorius Digital Balance
(Germany). Similarly, accessory reproductive organs (seminal vesicles and prostate) were

separated and weighted.

Body organs weight determination:

Body organs (brain, kidneys, heart, liver, and pancreas, were separated and then

weighed on the 29th day of the experiment.

Biochemical analysis:

To the estimation of biochemical parameters, blood plasma was taken and kept at 20°C.
The frozen samples were thawed and utilized for the determination of antioxidant status of all

the treatment groups and control groups.

Superoxide Dismutase activity (SOD):

SOD activity was evaluated by the procedure of (Kakkar et al., 1984).

Reagents:

Sample 0.3ml

Phenazine methosulphate 0.1ml
Sodium pyrophosphate buffer 1.2ml
NADH 0.2ml

Glacial acetic acid 1ml
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Procedure:

For the determination of SOD level, 0.3ml of sample was mixed with 0.1ml of 186uM
phenazine methosulphate, 1.2ml of sodium pyrophosphate buffer having pH of 7.0 was added,
then 0.2 ml of sodium hydroxide was added. At last, after one minute, the reaction was stopped
by the addition of 1 ml of glacial acetic acid, the reading was observed at 560 nm. The findings

were expressed as units per milligrams of protein.

Guaiacol peroxidase Activity (POD):

The activity of POD was determined using a technique proposed by (Chance and Machly,
1955).

Reagents:

Homogenate 0.1ml
Phosphate buffer 2.5ml
HzOz 031’1’11

Guaiacol 0.1ml

Procedure:

For the estimation of POD activity, the reaction was maintained by adding 2.5ml of
50mM PB having pH 5.0, then 0.3ml of 40 mM H>0O», and 0.1ml of 20 mM guaiacol into 0.1ml
of homogenate. Changes in the absorbance at 470 nm were observed after 1 minute. POD

activity was recorded as 0.01-unit change in absorbance over a minute.

Estimation of Reactive Oxygen Species Assay:

The protocol of Nagasaka et al., 2007 was used for the evaluation of ROS in testicular tissue.
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Reagents:

Solution mixture 20ul
Buffer 1.2 ml

Homogenate 20ul

Procedure:

The pH of 0.1M of sodium acetate buffer was maintained at 4.8 by adding 4.1 gram of
sodium acetate to 500 ml of distilled water. A second solution was prepared by adding 50 mg
of FeSO4 to 10ml of sodium acetate buffer. Both solutions were mixed 1:25 and incubated at
room temperature in the dark for 20 minutes. Then 20ul of solution mixture, 1.2 ml of buffer
and 20ul of homogenate were taken in the cuvette and absorbance was measured at 505
nanometer using Smart Spec TM plus spectrophotometer. 3 readings were obtained every 15

seconds for each sample.

Catalase (CAT) Activity:

With minor alterations, (Chance and Meahly, 1955) method was used to determine catalase

activities.

Reagents:

Plasma 0.1ml
Phosphate buffer 2.5ml

H>0;, 0.4ml.

Procedure:

In a cuvette, 0.1ml of plasma, 2.5 milliliter of 50mM PB having pH of 5.0 and H>0O:

0.4 milliliter of 5.9 mM were mixed to measure the CAT level in the testicular tissue. After
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one minute, there was a change in the absorbance of the solution at 240nm. CAT activity was

noted as a 0.01unit variation in absorbance in one min.

Tissue histology:

PPF antifertility effect on the testis and epididymis were measured using histology of
testicular and epididymal tissues. After the collection of tissues of testis and epididymis, the

next procedures were carried out.

Fixation:

Tissue was placed in Sera------ for 4-6 hours.

Tissue was immersed in 10% of formalin----------------- for about 24 to 48 hours.
Dehydration:

At ambient temperature, tissues were dehydrated with ascending levels of alcohol after

fixation as given,

For 60 minutes---------- in 70% Ethanol.

For 60 minutes---------- in 80% Ethanol

For 1 hour---------------- in 90% Ethanol

For 1 hour---------------- in 95% Ethanol

For 1.5 hours------------- in 100% Ethanol I.
For 1.5 hours -------------- in 100% Ethanol II.
For 1.5 hours --------------- in 100% Ethanol III.
Embedding:

subsequent steps were carried out for embedding purpose. Placed the tissues in xylene

and fixed in paraffin in the order.

For 60 minutes---------- in xylene .
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For 60 minutes---------- in xylene II.
For 2 hours---------- in paraffin [ at 58°C.

Following that, the tissues were transported in molten wax within a boat. The wax was allowed
to solidify after the removal of bubble. Trimmed and set on wooden blocks, tissue-filled

paraffin wax blocks were sectioned using a knife or scalpel.

Albumen Slides preparation:

Preparation of Albumin:

Following procedure was carried out for the preparation of albumin:

e Two egg whites were added to 1200mL of deionized water.
e After that, stir for 5 minutes with a magnetic stirrer.

e Next, 4ml of ammonium hydroxide was added.

e For 5 minutes, stirred again.

e Then passing through a low-grade filter (coffee filter).

e In the end, albumin was kept in a glass bottle with a screw cap at 40 C and in the dark.

Coating Slides:

For slide coating following procedure was taken.

e Individually laid out slides were coated at a low setting on-slide warmer.

e Using a small clean paint brush, a thin layer of albumin was painted on each slide. The
procedure is carried out at least three times.

e The slides were allowed to dry overnight on the heating plate at a low setting.

e Slide coated albumin were kept in their original packaging at room temperature until

required.
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Microtomy:

After embedding the tissues in paraffin, they were mounted on wooden blocks with
melted wax. Seven pm thin sections were cut with a microtome (in which wooden blocks were
placed). Tissue-filled long ribbons were stretched before being fixed in clean albumenized
glass slides that had been previously prepared. These slides were stored on a Fischer slide
warmer set to 60 degrees Celsius. After that, glass slides were placed in an incubator for a night

to finish stretching.

Staining:

Slides were stained in the following grades:

e For 60-180 seconds-------------- in xylene I.

e For 180 seconds------------------- in xylene II.

e For 60-180 seconds ---------------- 100% alcohol.
e For 180 seconds------------------- 90% alcohol.

e For 180 seconds 70% alcohol.

e For 180 seconds

washed with water.

e For 8 minutes

e For 2 minutes

e For 1 minute--

haematoxylin.
washed with water.

Acidified alcohol.

e For 120 seconds----------

e For 2 minutes ----------—---

---------- Washed with water.

------- Bluing water.

e For 2 minutes Washed with water.
e 10dips 90% Alcohol.
e For 120 seconds Fosin

e For 120 seconds

washed with water.

e For 5 minutes

in 90% Alcohol.

e For 5 minutes

in 100% Alcohol I

e For 5 minutes

in 100% Alcohol II.
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e For 5 minutes in 100% Alcohol III.
e For 5 minutes in Xylene L.
e For 5 minutes in Xylene II.

Then, on each slide, add 3 small drops of DPX were put to per mount, before per mount were

dried placed cover slip gently over slides.

Light Microscopic Study:

Tissue sections (7u thick) were observed under a light microscope at 40 magnifications
(Nikon, 187842, Japan). All experimental groups, slides were examined. The testicular luminal
and tubular diameters, epithelial height, and epididymal diameter (tubular and lumen) and
epithelial height were calculated for Histomorphometry analysis using image J2x software,

package programme.
Microphotography:
Microphotography was carried out using a Leica LB microscope (Germany) equipped
with a Canon digital camera (Japan).
Statistical Analysis:
One-way analysis of variance (ANOVA) was carried out using SPSS software, and then

post-hoc Tukey's test was performed to compare various groups. Mean + SEM were used to

present all the findings. The significance level was set to p<0.05.
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Results:

Body weight:

There was non-remarkable decrease in body weight recorded among all the groups
when compared with the control at day 1. No significant decrease(p=0.142) was noted at day
1, At day 14 the change (p=0.084) was noted and at day 28 (p=0.407) was observed. There was
no significant decrease in body weight was observed in body weight at day 1, 14 and 28, when

comparison was made among groups at high and low doses of the pyriproxyfen.

Table 1: Mean = SEM body weight(g) among adult male rats in control and treated

groups.

Parameters Experimental groups

Body Days Group 1 Group 2 Group 3 P-value

weight(g) statistics
1 15549 + 14648 £1.05 143.48+1.24 138.87 £1.26 0.142

1.89

14 146.88+0.88 141.87+1.61 136.40+1.26 130.59 +1.50 0.084
28 141.00+1.48 136.79+1.40 134.49+1.59 127.62 £ 1.75 0.407

Values are specified as Mean £SEM. *, ** *** showing significance variance at p< 0.05,
p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group land

¢ signifies Value vs. Group 2.

Body mass index:

There was no significant decrease recorded in the body mass index when comparison
was held between control and treatment groups. When comparison was held between control
and group 1 there was no significant decrease (p=0.909) recorded. When comparison was made
between control and group 2 no change (p=0.763) was observed. (p=0.7260 showed between
control and group 3. Non-remarkable change (p=0.852) was observed when comparison was
held between group 1 and 2. Group 1 and 3 showed no remarkable decline (p=0.813). while
group 2 and 3 showed no significant difference (p=0.961).
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Table 2: Mean + SEM body mass index(kg/m?) among adult male rats in control and
treated groups.

Parameter Control Group 1 Group 2 Group 3 p- value

statistics
Body mass 8.18+0.56 8.05+0.51 7.97+0.75 7.77+£0.45 0.982
index(kg/m?)

Values are specified as Mean £SEM. *, ** *** showing significance variance at p< 0.05,
p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group land

¢ signifies Value vs. Group 2.

180.00 ® Day 1
= Day 14
160.00 | = Day 28

140.00
120.00
100.00

80.00

Body weight(g)

60.00

40.00

20.00

0.00
Control Group 1 Group 2 Group 3

Experimental groups

Figure 4: Comparison of body weight (g) among adult male rats in control and treated
groups at day 1, 14 and 28.
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Figure 5: Comparison of body mass index among adult male rats in control and treated

groups.

Blood glucose level:

At day 1, highly significant decrease (p<0.001) was noted in the blood glucose level
among all the groups when compared with the control. When comparison was made among
groups a highly significant decrease (p<0.001) was noted. At day 14, all the groups showed
highly significant decrease in the blood glucose level in comparison with the control. While a
significant decrease (p<0.01) was shown when group 1 and 2 was compared. Highly significant
decrease in blood glucose level was shown when group 1 and 2 were compared with group 3.
At day 28, highly significant decrease (p<0.001) was noted in the blood glucose level among
all the groups when compared with the control. While there was no significant change when
group 1 and 2 were compared. While group 3 showed highly significant decrease (p<0.001) in

blood glucose level when compared with group 1 and 2.
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Table 3: Mean = SEM blood glucose level(mg/dl) among adult male rats in control and
treated groups.

Parameter Experimental groups
Days control Group 1 Group 2 Group 3 P-value
statistics
Glucose 1 108 £0.71 105.6 + 0.81 101.8 + 0.86 9440 =+ 1.12 0.000
leVel (mg/dl) a***b***c*** a***b***c*** a***b***c***

14 108.6 + 1.21 1034 + 040 100 + 0.89 9240 =+ 1.28 0.000

PEEE: PETETE QR ook
28 109 +1.22 102.8 + 0.58 98.4+0.67a*** 90.60 =+ 0.24 0.000
LT QR ok

Values are specified as Mean +SEM. *, **_ *** showing significance variance at p< 0.05,
p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group land

c signifies Value vs. Group 2.
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Figure 6: Comparison of blood glucose level (mg/dl) among adult male rats in control and

treated groups.
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Testis weight:

No remarkable change was noted in the testicular weight (right and left) in group 1 and
2 when compare with the control (p<0.001) while when the comparison was made between
control and group 3, a highly significant decrease (p<<0.001) in testicular weight was noted.
When group 2 was compared with group 1, a non-significant change (p<0.378) in both the
testicular weights was noted. Highly significant decrease (p<<0.001) was observed in testicular

weight when group 2 was compared with group 3.

Epididymis weights:

There was non-significant (p=0.274) decrease in the left and right epididymal weights
when group 1 and 2 was compared with control. While when group 3 was compared with
control a significant decrease (p<0.05) was shown in case of right epididymis weight. When
group 2 and 3 were compared with the control a negligible decrease was noted in both right
and left testis weights. When the comparison was made between group 2 and 3 a non-significant

decrease (p<0.07) in the epididymal weight was noted.

Accessory organ weight:

No remarkable change in weight of prostate (p=0.466) was detected among all groups
in comparison with control. When group 1 was compared with control no-significant change
was observed in the seminal vesicle weight. While group 2 and 3 showed a remarkable change

(p<0.05) in seminal vesicle when compared to control.

Table 4: Mean £ SEM testicular, Epididymis, and Accessory Organ weights after

28 days of exposure among adult male rats.

P-value
Parameters Control Group 1 Group 2 Group 3 Statistics
(Tlf)“‘s weights 3 455 0.00 346001  3.46+0.0 342.E 00 6000
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(1;3“‘5 weights 5 471 0.01 346001 344x001+ 33 ..E 090 4000
Epididymis .

: 0.54 +0.02 052+002  0.47+0.03 0.45 £ 0.02° 0.074
weights(R)
Epididymis

: 0.52+0.04 051+£0.03  0.48=0.02 0.44 £ 0.02 0.287
weights(L)
Prostate 0.58 = 0.04 056005  0.52+007 0.48 + 0.02 0.466
weights(g)
Seminal 0.76 + 0.04 0.72+0.07 0.62 + 0.04 " 0.5840.02 = 0.051
vesicle(g)

Values are specified as Mean +SEM. *, **_ *** showing significance variance at p< 0.05,

p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group land

c signifies Value vs. Group 2.
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Figure 7: Comparison of weight testis (left and right) and epididymis (left and right)

among adult male rats in control and treated groups.
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Figure 8: Comparison of accessory reproductive organs weight (seminal vesicle and

prostate glands) among adult male rats in control and treated groups.

Body organ’s weight:

Weight of Brain(g):

There was no remarkable increase in the weight of the brain was noted when
comparison was held between control and treatment groups. When comparison was made
between control and group 1, no remarkable increase (p=0.687) was noted. when comparison
was made between group 2 and control, no significant change (p=0.605) was noted. When
comparison was held between control and group 3, no remarkable change (p=0.458) was
shown. Negligible increase (p=0.908) was noted when comparison was held between group 1
and 2. When group 1 and 3 were compared, no remarkable increase (p=0.730) was noted. When

comparison was made between group 2 and 3, no significant increase (p=0.818) was observed.
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Weight of Heart(g):

No significant increase in the weight of the brain was noted when comparison was held
between control and treatment groups. When comparison was held between control and group
1, no significant increase (p=0.987) was noted. when comparison was observed between group
2 and control, no remarkable change (p=0.933) was noted. When comparison was noted
between control and group 3, no remarkable change (p=0.638) was noted. Little increase
(p=0.946) was noted when comparison was held between group 1 and 2. When group 1 and 3
were compared, no significant increase (p=0.650) was noted. When comparison was made

between group 2 and 3, no remarkable increase (p=0.698) was noted.

Weight of Liver(g):

There was no remarkable increase recorded in the weight of liver when comparison was
held between control and treatment groups. When comparison was made between control and
group 1 there was non-remarkable increase(p=0.254) recorded. When comparison was held
between control and group 2 no significant increase (p=0.0.115) was observed. (p=0.069)
between control and group 3. Non-remarkable change (p=0.634) was noted when comparison
was made between group 1 and 2. Group 1 and 3 showed no significant increase (p=0.455).

while group 2 and 3 showed no remarkable difference (p=0.782).

Weight of Pancreas(g):

No significant increase in the weight of the pancreas was noted when comparison was
made between control and all the treatment groups. When comparison was held between
control and group 1, no remarkable increase (p=0.424) was recorded. No significant change
(p=0.093) was noted when comparison was made between group 2 and control. When
comparison was held between control and group 3, no remarkable change (p=0.064 was
recorded. No remarkable increase (p=0.348) was noted when comparison was made between

group 1 and group 2. When group 1 and 3 were compared, no change (p=0.260) was noted.
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When comparison was held between group 2 and 3, no remarkable increase (p=0.842) was

observed.

Weight of kidneys(g):

There was no significant difference noted in the weight of the left and right kidneys
when comparison was recorded between control and all the treatment groups. There was no
remarkable increase noted in the both the kidneys when comparison was held among groups.

For left kidney (p=0.869) was recorded. While for right kidney, (p=0.717) was noted.

Table 5: Mean £ SEM body organs (brain, heart, liver, pancreas, and kidneys) weights
after 28 days of exposure among adult male rats.

Parameters Experimental groups

Control Group 1 Group 2 Group 3 P-value

statistics

Weight of 1.74+0.16 1.78 £0.17 1.79+£0.22 1.82+£0.15 0.893
brain(g)
Weight of 0.63+0.17 0.63 £0.19 0.64+0.20 0.68 £0.21 0.958
heart(g)
Weight of 4.05+£0.40 5.20+0.44 5.67+0.62 595+ 0.65 0.258
liver(g)
Weight of 0.30+0.15 0.38+£0.17 0.47 +£0.18 0.49 £0.19 0.208
pancreas(g)
Weight of 0.51+0.09 0.58£0.10 0.58+0.10 0.59+0.11 0.869
kidney(g) (L)
Weight of 0.51+0.12 0.56 +£0.09 0.60£0.10 0.65+0.13 0.717

kidney(g) (R)

Values are specified as Mean +SEM. *, **_ *** showing significance variance at p< 0.05,
p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group land

¢ signifies Value vs. Group 2.
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Figure 9: Comparison of organs weight (brain, heart, liver, and pancreas) among adult

male rats in control and treated groups.
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Figure 10: Comparison of organ weight (left and right kidney) among adult male rats in

control and treated groups.
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Sodium dismutase (SOD):

A highly significant increase (p<0.001) was observed in SOD levels among all the
groups when compared with the control. There was no remarkable change observed (p=0.971)
in SOD level when group 1 was compared with group 2. Group 3 shows non-significant
increase (p=0.899) when compared with group 2. When the comparison is held between group

1 and group 3 a negligible increase (p=0.870) was observed.

Peroxidases (POD):

significant increase was observed in group 1 when compared with the control(p<0.001),
negligible increased was observed in POD levels when comparison was made between group
2 and control (p=0.023). when comparison was made between group 3 and control, no
significant change was observed (p=0.743), there was no significant difference observed in
POD levels when group 2 and 3 were compared (p=0.047). levels of POD were not significantly

increased (p=0.236) when group 1 and 2 were compared.

Reactive oxygen species (ROS):

A significant rise in the ROS level (p< 0.01) was noticed in group 1 when comparison
was made with control. Non-significant increase (p=0.665) in the ROS levels was seen in group
2 when compared with control. While significant rise (p<0.001) was observed when
comparison was held between group 3 and control. A significant increase (p<0.001) in ROS
level was observed when comparison was held between group 3 and group 2. Group 3 showed
significant rise (p<0.001) in ROS level when comparison was made with group 1. Non-

significant changes (p=0.033) in ROS level were observed when group 1 and 2 were compared.
Catalase (CAT):
A highly remarkable Increase in CAT levels was observed in the control group (p<0.01)

when comparison was made with all the treatment groups while CAT levels were significantly

rise in the group 3 (p<0.05) when a comparison was made with group 2. A non-significant
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increase in CAT levels in the group 1 was seen (p=0.086) in comparison with group 2. when

a comparison was made with group 3, a significantly rise in the group 1 (p<0.05) was found.

Table 6: Mean £ SEM biochemical parameters after 28 days of exposure among adult
male rats:

Antioxidants/oxidants Control Group 1 Group 2 Group 3 P-value
statistics

Sodium oxide dismutase 12.64 +3.77 1994 + 255 23.03+3.40 29.04 +7.78 0.000

(nmol  min-1  mg-1 ane ane ane

protein)

Peroxidases (nmol min-1 27.26 +£2.52 31.53+4.21 35.18£4.18 37.73 £4.65 0.206
mg-1 protein) are

Reactive oxygen species 1.08+0.15 1.12+0.12 1.13+0.15 1.19+0.24 0.000
(U mg-l tissue) ax* QR gk

Catalase (L mg—-1 13.32+0.53 23.13+£0.56 25.05 £0.67 30.02 £0.89 0.000
protein) 2% 2% akHp* ok

Values are specified as Mean +SEM. *, **_ *** showing significance variance at p< 0.05,
p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group land

¢ signifies Value vs. Group 2.
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Figure 11: Comparison of blood plasma concentration of Superoxide dismutase (nmol

min-1mg-1 protein) in control and treated groups.
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Figure 12: Comparison of blood plasma concentration of Peroxidase (nmol min-1 mg-1

protein in control and treatment groups.
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Figure 13: Comparison of blood plasma concentration of Reactive oxygen species (U mg-

1 tissue) in control and treated groups.
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Figure 14: Comparison of blood plasma concentration of Catalase (U mg—1 protein) in

control and treated groups.

Histopathological results:

In control group, seminiferous tubules were closely placed to each other, and held
tightly with the presence of intact cellular organization. Many fresh spermatozoa were present
in the luminal compartment. The Sertoli cells were tightly bound to each other. The rounded
and oval shaped Leydig cells are enriched in the spermatozoa. Large blood vessels were seen

around seminiferous tubules.
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In the pyriproxyfen treated groups, testicular organization of seminiferous tubules was
adversely affected. Normal organization of seminiferous tubules were absent. Sperm counts
were decreased at high doses and in the lumen of seminiferous tubules vacuolization were
visible clearly. Degeneration and scattering of spermatozoa were seen in rats that were treated

with high doses of pyriproxyfen. Clumped spermatozoa were also observed at high doses.

There was notable increase in the tubular diameter when the comparison was made
between control and pyriproxyfen treated groups. No remarkable difference seen at low doses
of pyriproxyfen while at high doses, a remarkable increase was noted. When the comparison
was made between control and group 1, no notable increase (p<0.149) was seen. Control and
group 2 showed non-significant change (p<0.146) in tubular diameter. Similarly, no
remarkable increase (p<0.992) in the tubular diameter was seen when group 1 was compared
with group 2. While group 3 and group 2 showed significant increase(p<0.001) in the tubular
diameter. When comparison was made between control and group 3 a highly significant
increase (p<0.001) was observed. A highly significant increase (p<0.001) was noted when

comparison was made between group 1 ang group 3.

A remarkable increase in the lumen diameter was observed in the pyriproxyfen treated
groups when compared with the control. No remarkable difference was noted at low doses of
pyriproxyfen while high dose showed remarkable decrease in the lumen diameter. When the
comparison was made between control and group 1, no notable increase (p<0.111) was noted
Control and group 2 showed non-significant increase (p<0.030). Similarly, no remarkable
change (p<0.557) was observed when group 1 was compared with group 2. Group 3 and group
2 showed non-significant increase(p<0.008) in the lumen diameter. When comparison was
made between control and group 3 a highly significant increase (p<0.001) was observed.

Significant increase (p<0.001) was measured when group 1 and 3 was compared.

A considerable decrease was noted in the epithelial height between control and

pyriproxyfen treated groups. A non- significant change (p<=0.155) was measured in epithelial
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height when group 1 was compared with the control. When comparison was made between
control and group 2 a highly significant decrease (p< 0.001) was observed. While control and
group 3 showed highly significant decrease (p< 0.001) in the epithelial height. When
comparison was made between group 1 and 2 a significant decrease (p< 0.01) was measured.
No remarkable difference (p<=0.186) was noted between group 2 and 3. A highly significant

decrease (p< 0.001) was measured between group 1 and 3.

Table 7: (Mean + SEM) Evaluation of seminiferous tubule diameter (tubular, lumen),

and epithelial height of testis after 28 days of exposure among adult male rats.
Parameters

Control Group 1 Group 2 Group 3 P-value
statistics

Tubular 455.60 £ 6.37 540.63 £ 6.90 541.19 +£850 797.84 £8.25 0.000
diameter(um) a***b***c***

Lumen 200.15 +£3.80 266.98 +4.65 281.65+5.87 321.56 +5.00 0.000
diameter(um) arrrpre

Epithelial height 380.90 + 8.33 333.02 £8.13 241.90+5.26 190.49 £4.73 0.000
(pm) a***b*** a***b***

Values are specified as Mean +SEM. *, **  *** showing significance variance at p< 0.05,
p<0.01, p<0.001 respectively. a represents Value vs control, b indicates Value vs group 1 and

¢ signifies Value vs group 2.
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Figure 15: Photomicrograph of seminiferous tubules of testis of adult male rats. (A)
control., after 28 days of the experiment, rat’s testis having mature spermatozoa (MSP),
normal testis, the normal seminiferous tubules (SFT), normal basement membrane of
tunica albuginea (TA), reduced lumen (L), high number of Leydig cells (Lc), spermatozoa
both kinds, primary spermatozoa (Ps) and secondary spermatozoa (Ss). (B) Group 1.,
number of sperms (S.) decline, and having Leydig cells that contained normal tunica
albuginea (TA). (C) Group 2., showed little increased in lumen (L), primary spermatozoa
(Ps), there was little degenerative changes in the tunica albuginea (LDCTA), Leydig cell
was there (L). (D) Group 3., showed degenerative changes in the tunica albuginea
(DCTA), increased lumen (L), decreased epithelium, increased in the tubular diameter,

clumping of spermatozoa (CSP).
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Fig 16: Mean + SEM seminiferous tubular diameter (um), lumen diameter and epithelial

height (um) of testis after 28 days of exposure among adult male rats.

Caput epididymis:

In the control group histo-morphological analysis of caput showed, larger tubular
diameter and thin lumen and thin pseudostratified epithelium. The epididymal tubules were
closely organized and enclosed by stroma. Lumen contained large number of spermatozoa,
Caput tubular diameter, lumen diameter and epithelial height showed significant decrease in

pyriproxyfen treated groups when compared with the control.

There was significant decrease (p<0.005) in the tubular diameter of caput when
comparison was made between control and group 1. When group 2 and group 3 were compared
with control a highly significant decrease (p<0.001) was measured. When comparison was held
between group 1 and group 2 no remarkable difference (p=0.306)) was noted. When group 1
and group 3 was compared a highly remarkable decrease (p<0.001) was noted. A notable

decline (p<0.001) was noted when group 2 and 3 was compared.

A highly significant decrease (p<0.001) in the lumen diameter of caput was measured

when comparison was made between control and all the treatment groups. When comparison
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was made between group 1 and group 2 a remarkable decrease (p<0.005) was noted. When
group 1 and group 3 was compared a highly remarkable decrease (p<0.001) was observed.

when group 2 and 3 was compared a significant decrease (p<0.005) was noted.

A non- remarkable decrease (p=0.039) in the epithelial height of caput was observed in
group 1 when compared with control. A substantial decline (p<0.001) was observed in the
epithelial height between control and group 2 and group 3. A non-substantial
difference(p=0.035) was noted when comparison was held between group 1 and group 2.
When group 2 and 3 was compared a significant decline (p<0.01) was observed. A highly

remarkable decrease (p<0.001) was noted when group 1 and 3 was compared.
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Figure 17. Photomicrograph of caput epididymis of adult male rats. (A) control., after 28
days of the experiment, rat’s testis having normally organized seminiferous tubules
(SFT), having lumen (L), Leydig cells are increased in number (Lc), substantial number
of spermatozoa are present. (B) Group 1., decrease in number of sperms (S) decreased

lumen (L), decreased in the tubular diameter. (C) Group 2., showed little change in lumen
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(L), the tubular diameter was further reduced. (D) Group 3., showed degeneration of
spermatozoa, decreased lumen (L), decreased epithelium, disorganized epididymal

tubules.

Corpus epididymis:

In the control group, histomorphological analysis of caput showed, increased tubular
diameter, and decreased pseudostratified epithelium. Stroma enclosed the closely arranged

epididymal tubules. Large number of spermatozoa were present in the lumen.

Corpus tubular diameter showed non-significant decrease in pyriproxyfen treated
groups when compared with the control while lumen diameter and epithelial height showed
significant change in pyriproxyfen treated groups when compared with the control at high

doses.

There was no significant decline in the tubular diameter of corpus at low and high doses
of pyriproxyfen in comparison with control. The lumen diameter and epithelial height of corpus
showed highly significant increase at high dose of pyriproxyfen while at low doses no

significant change was measured.

No remarkable decline was observed when comparison was made between control and
all the treatment groups. When group 1 was compared with control no significant decline
(p=0.063) was measured. Group 2 showed no remarkable change (p=0.008) in comparison with
control. Similarly group 3 and control showed non- significant results (p=0.003). When
comparison was held among treatment groups no substantial decrease (p=0.744) was observed
as comparison between group 2 and 3. Similar non-significant results (p=0.263) obtained when
group 1 and 3 was compared. Non-substantial results (p=0.428) obtained when group 1 and

group 2 was compared.

There was no significant change (p=0.233) observed in the lumen diameter of corpus
when comparison was held between group 1 with control. While group 2 (p<<0.001) and group
3 (p<0.001) showed highly significant increase in the lumen diameter in comparison with
control. When the comparison is made between group 1 and group 2 a significant increase

(p<0.01) was obtained. While group 1 and group 3 showed highly significant (p<0.001)
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increase. Non-substantial increase (p=0.018) was noted when group 2 and group 2 was

compared.

Non-significant increase (p=0.858) in the epithelial height of corpus was obtained when
group 1 was compared with control. No remarkable change (p=0.039) was noted when group
2 and control was compared. While highly significant increase (p<0.001) was obtained when
comparison was held between group 3 and control. When the comparison was made between
group 1 and 2, non-substantial results (p=0.059) was obtained. Group 1 and group 3 showed
highly significant increase (p<0.001) in the epithelial height. When comparison was made

between group 2 and group 3, no significant increase (p=0.006) was noted.
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Figure 18: Photomicrograph of seminiferous tubules of corpus epididymis of adult male
rats. (A) control.,, after 28 days of the experiment, rat’s corpus showed normal
morphology. Closely arranged tubules, lumen flushed with spermatozoa. (B) Group 1.,
decrease in number of sperms (S.), and decreased in lumen diameter. (C) Group 2.,

showed little decreased in lumen (L), there was little degenerative changes in the
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spermatozoa. (D) Group 3., showed degenerative changes in spermatozoa in lumen,

increased epithelium, decreased tubular diameter.

Cauda epididymis:

Epididymis of cauda in case of control group showed normal morphology with closely
arranged tubules. tubules are surrounded by stroma with thick and pseudostratified at basal
epithelium. The spermatozoa are occupied in the lumen. Epididymis has two types of cells.
Principal cells and basal cells. Principal cells have short lumen and spread from basal lumen

while basal cells are those cells that placed at basal lamina.

There was a significant decrease in the tubular diameter and epithelial height of caput
observed at high dose of pyriproxyfen when compared with the control. While lumen diameter
showed significant increase at high dose of pyriproxyfen. There was no considerable change

noted at low doses of pyriproxyfen.

There was no considerable decline in the tubular diameter noted when the comparison
was made among group 1(p=0.707) and group 2 (p=0.033) with control. While when group 3
was compared with control a highly significant decline (p<0.001) was noted. When group 1
and group 2 was compared no remarkable change (p=0.078) in the tubular diameter was noted.
While when comparison was held between group 1 and 3 a considerable decrease (p<<0.001)
was noted. A non-substantial decline (p=0.104) was observed when group 2 and 3 were

compared.

No notable change (p=0.477) in the lumen diameter of cauda was observed when group
1 was compared with control. While group 2 (p<0.01) and group 3 (p<0.001) showed
remarkable increase in the lumen diameter in comparison with control. There was non-
significant increase (p=0.008) in lumen diameter when comparison was made between group
1 and group 2. While group 1 and group 3 showed remarkable change (p<0.001) in lumen
diameter. When comparison was held between group 2 and group 3 a highly substantial
increase (p<0.001) was measured. A highly significant decrease (p<0.001) in the epithelial
height of cauda was measured when comparison was held between control and all the treatment

groups. When the comparison was held among group 1 and group 2 a highly considerable
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decline (p<0.001) was noted. When group 1 and 3 was compared a highly significant
devaluation (p<0.001) of epithelial height was noted. While when comparison was built

between group 2 and group 3 no remarkable change (p=0.824) was observed.
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Figure 19: Photomicrograph of seminiferous tubules of caudal epididymis of adult male
rats. (A) control., after 28 days of the experiment, rat’s cauda showed normal morphology
with closely arranged tubules, lumen flushed with spermatozoa. (B) Group 1., showing
increased lumen diameter, decreased number of spermatozoa. (C) Group 2., showed little
increased lumen (L), there was some degenerative changes in the spermatozoa. (D) Group
3., showed increased lumen (L), decreased epithelial height (H), increased tubular

diameter.
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Table 8: Mean = SEM of ductular diameter (um), diameter of lumen (um) and height of
epididymis cell (um) of the epididymis after 28 days of exposure among adult male rats.

Parameters Experimental groups

Control Group 1 Group 2 Group 3 P-value

statistics

Caput epididymis
Tubular 741.43 £8.06 619.96 +£5.70 575.61 +£5.23 43397 £6.17 0.000
diameter(um) a*** a***b***c**
Lumen 635.94 +£7.96 451.93 £5.44 335.54 £5.41 255.53 £5.49 0.000
diameter(pm) a*** a***b*** a***b**c**
Epithelial height 78.36 +3.45 68.15+1.87 57.77+1.92 4521 +1.46 0.000
(um) a*** ﬂ***b***c**
Corpus epididymis
Tubular 681.61 +8.08 586.90 + 6.30 546.58 = 5.60 52997 £+ 7.67 0.015
diameter(um)
Lumen 538.09 +7.13 48590 + 6.69 342.95+6.65 238.79 £5.73 0.000
diameter(pm) a***b** ﬂ***b***c**
Epithelial height 68.15 + 192 71.70+2.18 109.26 £ 5.80 163.61 £ 6.64 0.000
(um) a***b***
Cauda epididymis
Tubular 609.05 +7.73 591.47 £ 6.29 508.64 + 6.16 432.32 £6.67 0.001
diameter(um) arrpre
Lumen 250.70 £ 6.47 275.82 £6.13 370.51 £5.36 528.29 +5.46 0.000
diameter(um) a** a***b***c***
Epithelial height 79.84 +2.41 68.15+1.92 51.09 £ 1.57 50.47 £ 1.67 0.000
(um) b* a***b***

Values are specified as Mean +SEM. *, **, *** showing significance variance at p< 0.05,

p<0.01, p<0.001, respectively. a represents Value vs control, b indicates Value vs group 1 ¢

signifies Value vs group 2.
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Fig 20: Mean + SEM caput tubular diameter (um), lumen diameter (um) and epithelial

height (um) after 28 days of exposure among adult male rats.
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Fig 21: Mean = SEM corpus tubular diameter (um), lumen diameter (um) and epithelial

height (um) after 28 days of exposure among adult male rats.
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Fig 22: Mean = SEM cauda tubular diameter (um), lumen diameter (um) and epithelial

height (um) after 28 days of exposure among adult male rats.
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Discussion:

Numerous pesticides have been and widely used throughout the world with few
regulations and restrictions. The major influence of pesticides is relatively good for the human
healthiness but when majority of the insecticides as well as pesticides are improperly used on
the vegetables and on the other crops such as cereals, they significantly increased the fertility
risks and abnormal sperm count. pesticides contain numerous substances that can be pointed
out as endocrine disruptors (Vinaggard et al., 2000; Anderson et al., 2002; Kojima et al., 2004;
Lemaire et al., 2006). One of the types of pesticide is bio-pesticide. It is originated from the
biological sources such as viral, fungal, and bacterial sources, Or from the bio-chemical sources
such as insect growth regulators (IGRs). One of the endocrine disruptors is pyriproxyfen, that
is the juvenile hormone agonist (Jha), so stops the expression of that genes that are needed for

the process of metamorphosis in insects (Dhadialla et al., 1998).

There has been a lot of data recorded related to the endocrine disruption effect of
pyriproxyfen in variety of the invertebrate organisms, as in Daphnia, PPF effect fertility,
reproduction and have several ecological effects (Ginjupalli et al., 2015). But the pyriproxyfen
reproductive toxicity is limited in vertebrates (Maharjan et al., 2018). Therefore, it is crucial to
perform prolonged testing and determine the pyriproxyfen toxicity owing to low concentrations
of long duration exposure to reduce danger to human health. Keeping these facts in mind,
current study was conducted to determine the toxic risk assessment of pyriproxyfen on the
reproductive system of adult male Sprague Dawley rats. For this reason, some biomarkers were
used to determine the toxicity risks. Body weight, body mass index, blood glucose levels, and
weight of various reproductive organs and visceral organs weight are the common biomarkers
in this regard. The antioxidant study and histopathological changes were noted to check the
reproductive toxicity. In the clinical assessment, during the period of the dose administration,
no death was reported in any group. The hair loss was noticed, mostly from the back area, and
the first few dosages were associated with the loose stools. This can be because of consuming
a lot of water while taking the dose. From the few days after the dose administration to the end
of the experiment, yellow whitish discoloration was observed. No other notable change was
observed. In the current experimental research, no significant decline was noted in the body

weight at day 1(p=0.142), 14(p=0.084) and 28(p=0.407) when the control and experimental
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groups were compared. There was slight decline in the control group was recorded at day 1, 14
and 28. This decline in the control group may be due to placebo. The decline in the
experimental and control group was due to the dose administration, this is according to the
previous study (Koyama et al., 1989). One of the tools that is used to determine the obesity and
to check changes in the body weight is body mass index (BMI), so it is the effective tool for
determining the effectiveness of the weight loss therapy (Knutsen et al., 2017). The results of
the current experimental research showed that, there was no significant reduction(p=0.982) in
the mass index noted in any of the group in comparison with the control group. In our current
study, highly significant decrease(p<0.001) in the blood glucose level was observed in all the
treatment groups when compared with the control group at day 1, 14 and 28. This decrease in
the blood glucose level may be due to the avoidance of food intake during placebo or may be
due to the outside stress or response to the outside stress during the PPF administration. The
current study is according to the previous study where changes in the blood parameters in rats

were observed (Roshanravan et al., 2021).

The results of the current study showed that, no significant decline in the weight of the
testis was recorded at low doses while at high dose there was highly significant
decrease(p<0.001) shown when compared with the control. The decrease in the testis weight is
due the decline in the size of seminiferous tubules and decrease in the number of mature
spermatozoa. The weight of testis decreases because of decline in the elongated spermatids
number and decline in the population of germ cells (Sanchez and Pena, 2004). The weight of
left and right epididymis showed highly significant decrease(p<0.001) at high doses while at
low dose no significant decrease was shown. This may be due to the reason that at low dose
there was little degenerative changes in the epididymis was recorded but at high dose, there
was greater degenerative changes in tunica albuginea, decline in the DSP and decrease in the
number of mature spermatozoa. The accessory organ weight showed non-significant
change(p=0.466) in the weight of prostate in all groups when compared with the control. The
weight of seminal vesicle showed remarkable decrease(p<0.005) in group 2 and group 3 when
compared with the control. This result was according to the previous findings, that showed the
weight of accessory organs (seminal vesicle and prostate gland), and the weight of androgen
responsive organs decline significantly in rats and dogs when PPF was administrated. (S.M.

and Lee, 2004). The current study showed that there was no significant increase noted in the
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weights of body organs such as brain(p=0.893), heart(p=0.958), liver(p=0.258),
pancreas(p=0.208), and left kidney(p=0.869) and right kidney(p=0.717). when comparison was
made between control and pyriproxyfen treatment groups. The previous study showed that
when the mammals are exposed to any toxicant, their body organs such as kidney, testis, liver,

pancreas, ovaries, and lungs showed abnormal weight (Badr et al.,2020).

Toxicity testing is an important component of environmental monitoring to protect
aquatic life and human health. The first response to environmental stressors is oxidative stress
(Livingstone, 2001) that is the complex mechanism involved in the physiological processes.
Oxidative stress occurs when there the level of ROS exceeds the scavenging activities of
antioxidant molecules. The development of the embryo, and the bio-chemical and
physiological functions are affected by the variation between ROS formation and antioxidant
formation (Wu et al., 2016). The result of our current study shows significant increase in the
reactive oxygen species in the treatment group when compared with the control group. This
result is according to the current studies that indicated, the elevated level of ROS in PPF-treated
Danio rerio embryos suggested that the drug may operate as inducer of oxidative stress
(Maharjan et al., 2018; Lajmanovich et al., 2019).

Two vital antioxidant enzymes that plays significant role in the first line of defense of
the organism are Superoxidase and the peroxidase that work against oxidative stress (Slaninova
et al., 2009; Yang et al., 2014). SOD is required for superoxide radical catalysis to produce
H>0; and O». The formation of H>O> produced during the catalysis process was deteriorated by
the activity of catalase allowing it to be detoxified (Adeyemi et al., 2015). In current study,
level of SOD and CAT increased significantly(p<0.001) in all the treatment group when
compared with the control group. The higher level of SOD and POD activity in this study may
be because of protection of the organism by the harmful effects of free radicals that were
formed due to damage caused by oxidative stress (Gu et al., 2010). The previous study
indicated that when Pyriproxyfen was administrated to Danio Rerio, the level of SOD and POD
activity showed substantial increase in the treatment groups in comparison with the control

group (Maharjan et al., 2018).
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Peroxidase (POD) is another main antioxidant enzyme that plays significant role in
mechanism of cell defense. The fatty acids are oxidatively degenerated in to LPO in the plasma
membrane that results in cell damage. The current study showed that, POD level was not
significantly increased(p=0.206) in the treatment groups when compared with the control
group. There was significant increase(p<0.001) in the POD level observed between group 1
and control group. The same increased was noted in the LPO levels in the embryos of zebrafish

that were exposed to the cypermethrin (Shi et al., 2011).

The most efficient parameter for the determination of the toxicity in the reproductive
system of the rats is Histology (Creasy et al., 2001; Lanning et al., 2002). The insecticides
directly affect the testis and interrupt the activities of androgen hormones that leads to the
infertility issues. the sexual behavior is affected by the toxins that has direct action on the

anterior pituitary may have indirect action on the testis (Amann et al., 1982).

Current study indicated the shrinkage of seminiferous tubules and changes in the tunica
albuginea, degenerative changes take place in the structure of the testis. The decline in numbers
of sperms cells, the increase in the lumen and tubular diameter and decreased epithelial height
in all the experimental groups when compared with the control group. There was significant
increase in the tubular and lumen diameter and increase in the epithelial height in group treated
with high dose of PPF when compared with the control group while the groups that were treated
with low dose of PPF shows little degenerative changes. This is according to the current study
(Shahid et al., 2019) that showed that in mice when high concentration of pyriproxyfen was
applied, there was higher interstitial spaces and vacuolation was noted, while little degenerative

changes were observed at low doses of pyriproxyfen.

In the current study, the caput epididymis showed reduction in the tubular diameter,
lumen diameter, decreased number of spermatozoa, degenerative changes in the epithelium
that turns reduction in the epithelium. There was significant reduction (p<0.001) in the tubular,
lumen, and epithelial height at the high dose of PPF while at low dose there was no remarkable
decline noted. Similar findings according to the previous study (Fattahi et al., 2009). Showed
that diazinon treatment may cause seminiferous tubule degeneration, so inhibiting

spermatogenesis.
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Discussion

In the corpus epididymis, the lumen diameter decreased non-remarkable(p=0.015) at
high dose of PPF while at low dose no significant change was noted. There was non-remarkable
change noted in the tubular diameter at low and high doses of pyriproxyfen while epithelial
height showed significant increase (p<0.001) at high dose while low dose showed non-
remarkable change in the epithelial height. Same study was done by many other researchers
that observed that histopathology of the tissue of testis, showed decrease in spermatogenesis
and minor to major degenerative changes in the albino rats when they were treated with

chlorpyrifos (Joshi et al., 2007; Kashoury et al., 2010).

In the cauda epididymis, there was non-remarkable changes observed at the low doses
of PPF while at high dose, there was substantial increase(p<0.01) in the lumen diameter at high
dose administration of PPF. while the tubular diameter and epithelial height showed remarkable
decrease(p<0.001) at high administration of PPF, this may be due to the high level of ROS.
This study is according to the previous study by Najafi et al., 2010.

Conclusions:

The present study concludes that, pyriproxyfen causes antioxidant changes in
the adult male Sprague Dawley rats. In the testicular tissues, histopathological changes are
induced by the pyriproxyfen at different doses. Because of this finding, it is suggested that the
usage of pyriproxyfen should be done with the proper cautions. There should be the proper
knowledge of hazardous effects caused by PPF before usage, so to achieve this goal further
research should be done to know the molecular process of the pyriproxyfen interaction with

the germ cells.

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 53



References

References

e Ahmad L, Gul ST, Saleemi MK, et al., 2021. The effect of different repeated doses of
cypermethrin on the behavioral and histological alterations in the brain of rabbits
(Oryctolagus cuniculi). Int J Vet Sci 10:347-54.

e Akhtar, N., Kayani, S. A., Ahmad, M. M., & Shahab, M. (1996). Insecticide-induced
changes in secretory activity of the thyroid gland in rats. Journal of Applied Toxicology,
16(5), 397-400.

e Amann, R. P. (1982). Use of animal models for detecting specific alterations in
reproduction. Fundamental and Applied Toxicology, 2(1), 13-26.

e Andersen, H. R., Vinggaard, A. M., Rasmussen, T. H., Gjermandsen, I. M., &
Bonefeld-Jorgensen, E. C. (2002). Effects of currently used pesticides in assays for
estrogenicity, androgenicity, and aromatase activity in vitro. Toxicology and applied
pharmacology, 179(1), 1-12.

e Badr A. M. (2020). Organophosphate toxicity: updates of malathion potential toxic
effects in mammals and potential treatments. Environmental science and pollution
research international, 27(21), 26036-26057. https://doi.org/10.1007/s11356-020-
08937-4

e Balaguer, P., Delfosse, V., Grimaldi, M., & Bourguet, W. (2017). Structural and
functional evidences for the interactions between nuclear hormone receptors and
endocrine disruptors at low doses. Comptes rendus biologies, 340(9-10), 414-420.

e Baldi, F., & Mantovani, A. (2008). A new database for food safety: EDID (Endocrine
disrupting chemicals-Diet Interaction Database). Reproductive Toxicology, 26(1), 57.

e Barouki, R. (2017). Endocrine disruptors: Revisiting concepts and dogma in
toxicology. Comptes rendus biologies, 340(9-10), 410-413.

e Bergstrom, R., Adami, H., Mohner, M., Zatonski, W., Storm, H., & Ekbom, A. Increase
in testicular cancer incidence in six European countries: a birth cohort phenomenon. 7,
Natl Cancer Inst 1996; 88: 727-33. Zheng T (Vol. 65, pp. 723-9). Holford TR, Ma Z,

Ward BA, Flannery J, Boyle P. Continuing increase in incidence of germ-cell testis

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 54



References

cancer in young adults: experience from Connecticut, USA, 1935-1992. Int] Cancer
1996.

e Briggs, J. (2009). Green revolution.

e Caixeta, E. S., Silva, C. F., Santos, V. S., Olegério de Campos Junior, E., & Pereira, B.
B. (2016). Ecotoxicological assessment of pyriproxyfen under environmentally realistic
exposure conditions of integrated vector management for Aedes aegypti control in
Brazil. Journal of toxicology and environmental health. Part A, 79(18), 799-803.
https://doi.org/10.1080/15287394.2016.1191400

e Chance, B., & Maehly, A. C. (1955). [136] Assay of catalases and peroxidases.
Methods in  Enzymology, 2(C), 764-775. https://doi.org/10.1016/S0076
6879(55)02300-8

e Choi, S. M., & Lee, B. M. (2004). An alternative mode of action of endocrine-

disrupting chemicals and chemoprevention. Journal of Toxicology and Environmental
Health, Part B, 7(6), 451-463.

e Cocco, P. (2002). On the rumors about the silent spring: review of the scientific
evidence linking occupational and environmental pesticide exposure to endocrine
disruption health effects. Cadernos de Satde publica, 18, 379-402.

e Colborn, T., & Clement, C. (1992). Chemically-induced alterations in sexual and
functional development: the wildlife/human connection. Princeton Scientific Pub. Co.

e Cooper, J., & Dobson, H. (2007). The benefits of pesticides to mankind and the
environment. Crop Protection, 26(9), 1337-1348.

e Creasy, D. M. (2001). Pathogenesis of male reproductive toxicity. Toxicologic
pathology, 29(1), 64-76.

e de Andrade Brito, 1., Lopez-Barrera, E. A., Aragjo, S. B. L., & de Oliveira Ribeiro, C.
A. (2017). Modeling the exposure risk of the silver catfish Rhamdia quelen (Teleostei,
Heptapteridae) to wastewater. Ecological Modelling, 347, 40-49.

e De Coster, S., & Van Larebeke, N. (2012). Endocrine-disrupting chemicals: associated
disorders and mechanisms of action. Journal of environmental and public health, 2012.

e Denver, R. J., Glennemeier, K. A., & Boorse, G. C. (2002). Endocrinology of complex
life cycles: amphibians. In Hormones, brain and behavior (pp. 469-XI). Academic

press.

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 55


https://doi.org/10.1016/S0076

References

e Dhadialla, T. S., Carlson, G. R., & Le, D. P. (1998). New insecticides with
ecdysterioidal and juvenile hormone activity. Annual review of entomology, 43(1),
545-569.

e Dzieciolowska, S., Larroque, A. L., Kranjec, E. A., Drapeau, P., & Samarut, E. (2017).
The larvicide pyriproxyfen blamed during the Zika virus outbreak does not cause
microcephaly in zebrafish embryos. Scientific reports, 7(1), 1-11.

e EFSA Scientific Committee. (2013). Scientific Opinion on the hazard assessment of
endocrine disruptors: scientific criteria for identification of endocrine disruptors and
appropriateness of existing test methods for assessing effects mediated by these
substances on human health and the environment. EFSA Journal, 11(3), 3132.

e El-Kashoury, A. A., & EI-Din, H. T. (2010). Chlorpyrifos (from different sources):
effect on testicular biochemistry of male albino rats. J Am Sci, 6(7), 252-261.

e Evans, D., Nijhout, F., Parens, R., Morales, A. J., & Bar-Yam, Y. (2016). A possible
link between pyriproxyfen and microcephaly. arXiv preprint arXiv:1604.03834.

e FATAHI, E., Parivar, K., JOURSARAEI, S., & Moghadamnia, A. A. (2009). The
effects of diazinon on testosterone, FSH and LH levels and testicular tissue in mice.

e Gangola, S., Khati, P., & Sharma, A. (2015). Mycoremediation of imidaclopridin the
presence of different soil amendments using Trichoderma longibrachiatum and
Aspergillus oryzae isolated from pesticide contaminated agricultural fields of
Uttarakhand. J Bioremediat Biodegrad, 6, 1-5.

e Ginjupalli, G. K., Gerard, P. D., & Baldwin, W. S. (2015). Arachidonic acid enhances
reproduction in Daphnia magna and mitigates changes in sex ratios induced by
pyriproxyfen. Environmental toxicology and chemistry, 34(3), 527-535.

e QGore, A. C., Chappell, V. A, Fenton, S. E., Flaws, J. A., Nadal, A., Prins, G. S., ... &
Zoeller, R. T. (2015). EDC-2: the Endocrine Society's second scientific statement on
endocrine-disrupting chemicals. Endocrine reviews, 36(6), E1-E150.

e Gu, A, Shi, X., Yuan, C., Ji, G., Zhou, Y., Long, Y., ... & Wang, X. (2010). Exposure
to fenvalerate causes brain impairment during zebrafish development. Toxicology
letters, 197(3), 188-192.

e Harburguer, L. V., Seccacini, E., Masuh, H., Audino, P. G., Zerba, E., & Licastro, S.
(2009). Thermal behaviour and biological activity against Aedes aegypti (Diptera:

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 56



References

Culicidae) of permethrin and pyriproxyfen in a smoke-generating formulation. Pest

management science, 65(11), 1208—1214. https://doi.org/10.1002/ps.1811

e Harwood, J. F., Helmey, W. L., Turnwall, B. B., Justice, K. D., Farooq, M., &
Richardson, A. G. (2016). Controlling Aedes aegypti in Cryptic Environments with
Manually Carried Ultra-Low Volume and Mist Blower Pesticide Applications. Journal
of the American Mosquito Control Association, 32(3), 217-223.

e Heindel, J. J., Newbold, R., & Schug, T. T. (2015). Endocrine disruptors and obesity.
Nature Reviews Endocrinology, 11(11), 653-661.

e Hotchkiss, A. K., Rider, C. V., Blystone, C. R., Wilson, V. S., Hartig, P. C., Ankley,
G. T, ... & Gray, L. E. (2008). Fifteen years after “Wingspread”—environmental
endocrine disrupters and human and wildlife health: where we are today and where we
need to go. Toxicological Sciences, 105(2), 235-259

e Invest, J. F., & Lucas, J. R. (2008, July). Pyriproxyfen as a mosquito larvicide. In
Proceedings of the sixth international conference on urban pests (Vol. 239, p. 245).
Budapest, Hungary: OOK-Press Kf.

e Jaffer, A., Protopopoff, N., Mosha, F. W., Malone, D., Rowland, M. W., & Oxborough,
R. M. (2015). Evaluating the sterilizing effect of pyriproxyfen treated mosquito nets
against Anopheles gambiae at different blood-feeding intervals. Acta tropica, 150, 131-
135.

e Jambulingam, P., Sadanandane, C., Doss, P. B., Subramanian, S., & Zaim, M. (2008).
Field evaluation of an insect growth regulator, pyriproxyfen 0.5% GR against Culex
quinquefasciatus, the vector of Bancroftian filariasis in Pondicherry, India. Acta
Tropica, 107(1), 20-24.

e Joshi, S. C., Mathur, R., & Gulati, N. (2007). Testicular toxicity of chlorpyrifos (an
organophosphate pesticide) in albino rat. Toxicology and Industrial Health, 23(7), 439-
444.

e Kabir, E. R., Rahman, M. S., & Rahman, I. (2015). A review on endocrine disruptors
and their possible impacts on human health. Environmental toxicology and

pharmacology, 40(1), 241-258.

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 57


https://doi.org/10.1002/ps.1811

References

e Kakkar, P., Das, B., & Viswanathan, P. N. (1984). A modified spectrophotometric
assay of superoxide dismutase. Indian Journal of Biochemistry and Biophysics, 21(2),
130-132.

e Kiyama, R., & Wada-Kiyama, Y. (2015). Estrogenic endocrine disruptors: Molecular
mechanisms of action. Environment International, 83, 11-40.

e Knutsen, Helle Katrine, Jan Alexander, Lars Barregard, Margherita Bignami, Beat
Briischweiler, Sandra Ceccatelli, Bruce Cottrill, Michael Dinovi, Lutz Edler, Bettina
Grasl-Kraupp, Christer Hogstrand, Laurentius Hoogenboom, Carlo Stefano Nebbia,
Isabelle P. Oswald, Annette Petersen, Martin Rose, Alain Claude Roudot, Tanja
Schwerdtle, Christiane Vleminckx, Glinter Vollmer, Kevin Chipman, Bruno De
Meulenaer, Michael Dinovi, Wim Mennes, Josef Schlatter, Dieter Schrenk, Katleen
Baert, Bruno Dujardin, and Heather Wallace. 2017. “Risks for Public Health Relatedto
the Presence of Furan and Methylfurans in Food.” EFSA Journal 15(10). doi:
10.2903/j.efsa.2017.5005.

e Kojima, H., Katsura, E., Takeuchi, S., Niiyama, K., & Kobayashi, K. (2004). Screening
for estrogen and androgen receptor activities in 200 pesticides by in vitro reporter gene
assays using Chinese hamster ovary cells. Environmental health perspectives, 112(5),
524-531.

e Kireutz, L. C., Barcellos, L. J. G., Silva, T. O., Anziliero, D., Martins, D., Lorenson, M.,
... & Silva, L. B. D. (2008). Acute toxicity test of agricultural pesticides on silver catfish
(Rhamdia quelen) fingerlings. Ciéncia Rural, 38, 1050-1055.

e Lajmanovich, R.C., Peltzer, P.M., Martinuzzi, C.S., Attademo, A.M., Basso, A.,
Colussi, C.L., 2019. Insecticide pyriproxyfen (Dragon ®) damage biotransformation,
thyroid hormones, heart rate, and swimming performance of Odontophrynus
americanus tadpoles. Chemosphere 220, 714e722.
https://doi.org/10.1016/j.chemosphere.2018.12.181.

e Lanning, L. L., Creasy, D. M., Chapin, R. E., Mann, P. C., Barlow, N. J., Regan, K. S.,
& Goodman, D. G. (2002). Recommended approaches for the evaluation of testicular
and epididymal toxicity. Toxicologic pathology, 30(4), 507-520.

e Leghait, J., Gayrard, V., Picard-Hagen, N., Camp, M., Perdu, E., Toutain, P. L., &
Viguié, C. (2009). Fipronil-induced disruption of thyroid function in rats is mediated

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 58


https://doi.org/10.1016/j.chemosphere.2018.12.181

References

by increased total and free thyroxine clearances concomitantly to increased activity of
hepatic enzymes. Toxicology, 255(1-2), 38-44.

e Lemaire, G., Mnif, W., Mauvais, P., Balaguer, P., & Rahmani, R. (2006). Activation of
a-and B-estrogen receptors by persistent pesticides in reporter cell lines. Life sciences,
79(12), 1160-1169.

e Lima, E. P, Paiva, M. H. S., de Aratjo, A. P., da Silva, E. V. G, da Silva, U. M., de
Oliveira, L. N., ... & de Melo Santos, M. A. V. (2011). Insecticide resistance in Aedes
aegypti populations from Ceara, Brazil. Parasites & vectors, 4(1), 1-12.

e Lubrano, C., Genovesi, G., Specchia, P., Costantini, D., Mariani, S., Petrangeli, E., ...
& Gnessi, L. (2013). Obesity and metabolic comorbidities: environmental diseases?.
Oxidative medicine and cellular longevity, 2013.

e Lwetoijera, D., Harris, C., Kiware, S., Dongus, S., Devine, G. J., McCall, P. J., &
Majambere, S. (2014). Effective autodissemination of pyriproxyfen to breeding sites
by the exophilic malaria vector Anopheles arabiensis in semi-field settings in Tanzania.
Malaria journal, 13(1), 1-10.

e Mabharajan, K., Muthulakshmi, S., Nataraj, B., Ramesh, M., & Kadirvelu, K. (2018).
Toxicity assessment of pyriproxyfen in vertebrate model zebrafish embryos (Danio
rerio): A multi biomarker study. Aquatic toxicology (Amsterdam, Netherlands), 196,
132-145. https://doi.org/10.1016/j.aquatox.2018.01.010

e Mantovani, A., Maranghi, F., La Rocca, C., Tiboni, G. M., & Clementi, M. (2008). The

role of toxicology to characterize biomarkers for agrochemicals with potential
endocrine activities. Reproductive Toxicology, 26(1), 1-7.

e Maoz, D., Ward, T., Samuel, M., Miiller, P., Runge-Ranzinger, S., Toledo, J., ... &
Horstick, O. (2017). Community effectiveness of pyriproxyfen as a dengue vector
control method: A systematic review. Plos Neglected Tropical Diseases, 11(7),
e0005651.

e McNutt, S. H., Purwin, P., & Murray, C. (1928). Vulvovaginitis in swine. J. Am. Vet.
Med. Assoc, 73, 484-492.

e Medlock Kakaley, E. K., Eytcheson, S. A., & LeBlanc, G. A. (2017). Ligand-mediated
receptor assembly as an end point for high-throughput chemical toxicity screening.

Environmental science & technology, 51(16), 9327-9333.

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 59


https://doi.org/10.1016/j.aquatox.2018.01.010

References

e Mnif, W., Hassine, A. I. H., Bouaziz, A., Bartegi, A., Thomas, O., & Roig, B. (2011).
Effect of endocrine disruptor pesticides: a review. International journal of
environmental research and public health, 8(6), 2265-2303.

e Mpller, H. (2001). Trends in incidence of testicular cancer and prostate cancer in
Denmark. Apmis, 109(S103), S31-S36.

e Monneret, C. (2017). What is an endocrine disruptor?Comptes rendus biologies, 340(9-
10), 403-405.

e Nagasaka, S., Katoh, H., Chun, F. N., Matsui, S., Urushida, T., Satoh, H., Watanabe,
Y., & Hayashi, H. (2007). Protein Kinase A Catalytic Subunit Alters Cardiac
Mitochondrial Redox State and Membrane Potential Via the Formation of Reactive
Oxygen Species. Circulation Journal, 71(3), 429-436.
https://doi.org/10.1253/CIRCJ.71.429

e Namratha ML, Lakshman M, Jeevanalatha M et al., 2021. Hematological alterations
induced by glyphosate and ameliorative effect of ascorbic acid in Wistar rats.
Continental Vet J 1:32-

e Ndong, J.R.; Blanchet, P.; Multigner, L. Pesticides et cancer de la prostate: données
¢pidémiologiques. Bull. Cancer 2009, 96, 171-180.

e Ngoula, F., Watcho, P., Kenfack, A., Manga, J. N. Z., Defang, H. F., Pierre, K., &
Joseph, T. (2014). Effect of dimethoate (an organophosphate insecticide) on the
reproductive system and fertility of adult male rat. American journal of pharmacology
and toxicology, 9(1), 75.

e Nohynek, G. J., Borgert, C. J., Dietrich, D., & Rozman, K. K. (2013). Endocrine
disruption: fact or urban legend?. Toxicology letters, 223(3), 295-305.

e Novelli, E. L., Diniz, Y. S., Galhardi, C. M., Ebaid, G. M., Rodrigues, H. G., Mani, F.,
Fernandes, A. A., Cicogna, A. C., & Novelli Filho, J. L. (2007). Anthropometrical
parameters and markers of obesity in rats. Laboratory animals, 41(1), 111-119.
https://doi.org/10.1258/002367707779399518

e Ohba, S. Y., Ohashi, K., Pujiyati, E., Higa, Y., Kawada, H., Mito, N., & Takagi, M.
(2013). The effect of pyriproxyfen as a “population growth regulator” against Aedes
albopictus under semi-field conditions. PLoS One, 8(7), e67045.

e PAN-UK. Pesticide Action Network UK. 2009. http://www.panuk.org.

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 60


https://doi.org/10.1253/CIRCJ.71.429

References

e Peakall, D. B. (2000). Review of books on endocrine disruptors. Ecotoxicology, 9(1-
2), 137.

e Pimpao, C. T., Moura, E., Fredianelli, A. C., Galeb, L. G., Rocha, R. M. V. M., &
Montanha, F. P. (2012). Evaluation of toxicity in silver catfish. New Advances and
Contributions to Fish Biology.

e Roshanravan B, Mehrpour O, Ashrafizadeh M, et al., 2021. Agedependent effect of
chlorpyrifos on the hematological parameters in male rats. Toxin Rev 40:1035-1039

e Sanchez-Pena, L. C., Reyes, B. E., Lopez-Carrillo, L., Recio, R., Moran-Martinez, J.,
Cebrian, M. E., & Quintanilla-Vega, B. (2004). Organophosphorous pesticide exposure
alters sperm chromatin structure in Mexican agricultural workers. Toxicology and
applied pharmacology, 196(1), 108-113.

e Sargis, R. M. (2015). Metabolic disruption in context: clinical avenues for synergistic
perturbations in energy homeostasis by endocrine disrupting chemicals. Endocrine
Disruptors, 3(1), e1080788.

e Schug, T. T., Janesick, A., Blumberg, B., & Heindel, J. J. (2011). Endocrine disrupting
chemicals and disease susceptibility. The Journal of steroid biochemistry and molecular
biology, 127(3-5), 204-215.

e Shahid A, Zaidi SD, Akbar H, et al., 2019. An investigation on some toxic effects of
pyriproxyfen in adult male mice. Iran J Basic Med Sci 22:997-1003

e Singh T and Singh DK, 2019. Lindane degradation by root epiphytic bacterium
Achromobacter sp. strain A3 from Acorus calamus and characterization of associated
proteins. Int J Phytoremediat 21:419-24

e Slama, R., Bourguignon, J. P., Demeneix, B., Ivell, R., Panzica, G., Kortenkamp, A.,
& Zoeller, R. T. (2016). Scientific issues relevant to setting regulatory criteria to
identify endocrine-disrupting substances in the European Union. Environmental health
perspectives, 124(10), 1497-1503.

e Slaninova, A., Smutna, M., Modra, H., & Svobodova, Z. (2009). REVIEWS Oxidative
stress in fish induced by pesticides. Neuroendocrinology Letters, 30(1),

e Spirhanzlova, P., Le Mével, S., Wejaphikul, K., Mughal, B., Gothie, J. D., Sébillot, A.,
... & Demeneix, B. (2018). The pyriproxyfen metabolite 4’OH-pyriproxyfen disrupts

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 61



References

e Sugiyama, S. I., Shimada, N., Miyoshi, H., & Yamauchi, K. (2005). Detection of
thyroid system—disrupting chemicals using in vitro and in vivo screening assays in
Xenopus laevis. Toxicological sciences, 88(2), 367-374.

e Sullivan, J. J., & Goh, K. S. (2008). Environmental fate and properties of pyriproxyfen.
Journal of Pesticide Science, 33(4), 339-350.

e Sullivan, J.: Environmental Fate of Pyriproxyfen. Environmental Monitoring and Pest
Management Branch Department of Pesticide Regulation. Sacramento (2000)

e Tabb, M. M., & Blumberg, B. (2006). New modes of action for endocrine-disrupting
chemicals. Molecular endocrinology, 20(3), 475-482

e Taib, I. S., Budin, S. B., Ghazali, A. R., Jayusman, P. A., Louis, S. R., & Mohamed, J.
(2013). Fenitrothion induced oxidative stress and morphological alterations of sperm
and testes in male sprague-dawley rats. Clinics, 68, 93-100.

e Tanaka, Y., Nakamura, K., Oda, S., Watanabe, H., & Tatarazako, N. (2018). Estimation
of population-level effect of the endocrine disruptor pyriproxyfen in Daphnia magna
by using changes in sex ratio and reproductive output. Ecotoxicology and
environmental safety, 156, 463-475.

e Tomlin, C. D. (2009). The pesticide manual: a world compendium (No. Ed. 15). British
Crop Production Council.

e Truong, L., Gonnerman, G., Simonich, M. T., & Tanguay, R. L. (2016). Assessment of
the developmental and neurotoxicity of the mosquito control larvicide, pyriproxyfen,
using embryonic zebrafish. Environmental pollution, 218, 1089-1093.

e Tunaz, H., & Uygun, N. (2004). Insect growth regulators for insect pest control. Turkish
Journal of Agriculture and Forestry, 28(6), 377-387.

e Vinggaard, A. M., Hnida, C., Breinholt, V., & Larsen, J. C. (2000). Screening of
selected pesticides for inhibition of CYP19 aromatase activity in vitro. Toxicology in
vitro, 14(3), 227-234.

e Wegner, S., Browne, P., & Dix, D. (2016). Identifying reference chemicals for thyroid
bioactivity screening. Reproductive Toxicology, 65, 402-413.

e Whyatt, R. M., Camann, D., Perera, F. P., Rauh, V. A., Tang, D., Kinney, P. L., ... &

Barr, D. B. (2005). Biomarkers in assessing residential insecticide exposures during

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 62



References

pregnancy and effects on fetal growth. Toxicology and applied pharmacology, 206(2),
246-254.

e World Health Organization. (2006). Pesticides and their application : for the control of
vectors and pests of public health importance, 6th ed. World Health Organization.
https://apps.who.int/iris/handle/10665/69223

e Wu, S, Ji, G, Liu, J.,, Zhang, S., Gong, Y., Shi, L., 2016. TBBPA induces
developmental toxicity, oxidative stress, and apoptosis in embryos and zebrafish larvae
(Danio rerio). Environ. Toxicol. 31 (10), 1241-1249.

e Yang, C. C., & Deng, J. F. (2007). Intermediate syndrome following organophosphate
insecticide poisoning. Journal of the Chinese Medical Association, 70(11), 467-472.

e Yang, L., Ho, N. Y., Alshut, R., Legradi, J., Weiss, C., Reischl, M., ... & Stréhle, U.
(2009). Zebrafish embryos as models for embryotoxic and teratological effects of
chemicals. Reproductive Toxicology, 28(2), 245-253.

e Yang, M., Qiu, W., Chen, J., Zhan, J., Pan, C., Lei, X., & Wu, M. (2014). Growth
inhibition and coordinated physiological regulation of zebrafish (Danio rerio) embryos
upon sublethal exposure to antidepressant amitriptyline. Aquatic toxicology, 151, 68-
76.

e Yoshino, H., Kaneko, H., Nakatsuka, I., & Yamada, H. (1996). Metabolism of
pyriproxyfen. 3. In vitro metabolism in rats and mice. Journal of Agricultural and Food
Chemistry, 44(6), 1578-1581.

e Zama, A. M., & Uzumcu, M. (2010). Epigenetic effects of endocrine-disrupting
chemicals on female reproduction: an ovarian perspective. Frontiers in
neuroendocrinology, 31(4), 420-439.

e Zhang, L., Kasai, S., & Shono, T. (1998). In vitro metabolism of pyriproxyfen by
microsomes from susceptible and resistant housefly larvae. Archives of Insect
Biochemistry and Physiology: Published in Collaboration with the Entomological
Society of America, 37(3), 215-224.

e Zhou, X., & Riddiford, L. M. (2002). Broad specifies pupal development and mediates
the ‘status quo’action of juvenile hormone on the pupal-adult transformation in
Drosophila and Manduca.

e Zoeller,R. T., Brown, T. R., Doan, L. L., Gore, A. C., Skakkebaek, N. E., Soto, A. M.,

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 63



References

... & Vom Saal, F. S. (2012). Endocrine-disrupting chemicals and public health
protection: a statement of principles from The Endocrine Society. Endocrinology,

153(9), 4097-4110.

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague
Dawley rats 64



Turnitin Originality Report

Toxicity risk assessment of Pyriproxyfen on testicular tissue of adult Sprague Dawley rats.
by Igra Bibi.

From CL DRSML (CL DRSML)

« Processed on 13-Feb-2023 09:19 PKT
« ID: 2012724398
« Word Count: 10436

Similarity Index
16%
Similarity by Source

Internet Sources:
12%

Publications:
10%

Student Papers:
5%

sources:

m 2% match (student papers from 03-Feb-2015)
Submitted to Higher Education Commission Pakistan on 2015-02-03

@ 1% match (Kannan Maharajan, Sellamani Muthulakshmi, Bojan Nataraj, Mathan Ramesh,
Krishna Kadirvelu. "Toxicity assessment of pyriproxyfen in vertebrate model zebrafish
embryos ( Danio rerio ): A multi biomarker study", Aquatic Toxicology, 2018)

"Toxicity assessment of pyriproxyfen in vertebrate model zebrafish embryos (_ Danio rerio ): A multi
biomarker study", Aquatic Toxicology, 2018

@ 1% match (Internet from 12-Aug-2020)

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003877.pub5/abstract?
cookiesEnabled=

1% match (Internet from 28-Jul-2019)
http://repository-tnmgrmu.ac.in/1276/1/14031830000akila.pdf

< 1% match (student papers from 01-Feb-2011)
Submitted to Higher Education Commission Pakistan on 2011-02-01

< 1% match (student papers from 22-Jan-2015)
Submitted to Higher Education Commission Pakistan on 2015-01-22

(=] [e] [#]

< 1% match (student papers from 03-Aug-2021)
Submitted to Higher Education Commission Pakistan on 2021-08-03

[~]

< 1% match (student papers from 28-Sep-2021)
Submitted to Higher Education Commission Pakistan on 2021-09-28

@ < 1% match (Internet from 05-Feb-2023)

https://www.researchgate.net/publication/7547498 Effect_of pesticides_on_estrogen_receptor_transactivation_in_vitro_ A_comparison_of
7_cells

< 1% match (Internet from 04-Jul-2022)

https://www.researchgate.net/publication/352699850_Effect of aging_and_signal_frequencies_on_masking_level_differences/fulltext/60d
of-aging-and-signal-frequencies-on-masking-level-differences.pdf

E < 1% match (Internet from 06-Feb-2023)

https://www.researchgate.net/publication/331224277_Novel_insecticides_A_potential_tool_for_the_management_of_insect_pest

@ < 1% match (Internet from 21-Dec-2022)
https://www.science.gov/topicpages/a/abrasion+resistance+adhesion

@ < 1% match (Internet from 26-Oct-2022)
https://www.science.gov/topicpages/i/isolated+rat+pulmonary,

< 1% match (Internet from 13-Jan-2023)


http://www.turnitin.com/paperInfo.asp?r=12.4761158227891&svr=36&lang=en_us&oid=oid:1:500800639&n=1&perc=2
http://linkinghub.elsevier.com/retrieve/pii/S0166445X18300109
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003877.pub5/abstract?cookiesEnabled=
http://repository-tnmgrmu.ac.in/1276/1/14031830000akila.pdf
http://www.turnitin.com/paperInfo.asp?r=12.4761158227891&svr=36&lang=en_us&oid=oid:1:169100931&n=1&perc=0
http://www.turnitin.com/paperInfo.asp?r=12.4761158227891&svr=36&lang=en_us&oid=oid:1:497266559&n=1&perc=0
http://www.turnitin.com/paperInfo.asp?r=12.4761158227891&svr=36&lang=en_us&oid=oid:1:2090793627&n=1&perc=0
http://www.turnitin.com/paperInfo.asp?r=12.4761158227891&svr=36&lang=en_us&oid=oid:1:2126238269&n=1&perc=0
https://www.researchgate.net/publication/7547498_Effect_of_pesticides_on_estrogen_receptor_transactivation_in_vitro_A_comparison_of_stable_transfected_MVLN_and_transient_transfected_MCF-7_cells
https://www.researchgate.net/publication/352699850_Effect_of_aging_and_signal_frequencies_on_masking_level_differences/fulltext/60d408a0299bf1fe4698f0d1/Effect-of-aging-and-signal-frequencies-on-masking-level-differences.pdf
https://www.researchgate.net/publication/331224277_Novel_insecticides_A_potential_tool_for_the_management_of_insect_pest
https://www.science.gov/topicpages/a/abrasion+resistance+adhesion
https://www.science.gov/topicpages/i/isolated+rat+pulmonary

