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ABSTRACT

Al-Obeidi, Z. (2021). Investigation of Obesogenic Effects of Hexachlorobenzene,
DDT and p,p-DDDE in Male Rat Model, Yeditepe University, Institute of Health
Sciences, Department of Physiology, MSc thesis, Istanbul.

Obesity continues to be a global public health problem. Recent studies reported that some
environmental pollutants may have obesogenic effects. Peroxisome proliferator
activating receptor gamma (Ppary) and uncoupling protein-1 (UCP1) genes play roles in
adipogenesis. Their expression in white adipose tissue (WAT) and brown adipose tissue
(BAT) is of importance. In the present study, we aimed to investigate obesogenic effects
of dichlorodiphenyltrichloroethane  (DDT), hexachlorobenzene (HCB) and
dichlorodiphenyldichloroethylene (DDE). Secondly, we aimed to investigate the serum
sex hormones (luteinizing hormone (LH), follicle-stimulating hormone (FSH) and
testosterone), as well as testicular histology. Thirty-two adult male Sprague-Dawley rats
were randomly divided into four groups: control, HCB, DDT and DDE. Organochlorine
pesticides (OCPs; 5mg/kg) dissolved in corn oil were administered to the animals by oral
gavage every other day for five weeks. Controls received vehicle alone. The body weights
of the animals were monitored throughout the experiments. At the end, the animals were
decapitated, BAT and WAT samples were collected to analyse Ppary and UCP1 levels.
Testes were dissected out for histological examination. Serum samples were collected to
measure levels of LH, FSH, testosterone and serum cholesterol and triglyceride levels.
Body weights of the animals did not significantly change among the groups. Serum
cholesterol and triglyceride were similar. Serum LH and FSH levels were not
significantly altered, but testosterone was significantly reduced in all groups (p<0.05).
HCB administration significantly increased Ppary expression only in WAT (p<0.05).
DDT significantly decreased Ppary and UCP1 expressions in both WAT and BAT
(p<0.01). DDE significantly decreased Ppary expression only in WAT (p<0.001).
Testicular histology was found to deteriorated by OCPs. In conclusion, HCB-induced
expression of Ppary in WAT obesogenic activity of HCB. In addition, DDT and DDE-
induced decreases in expression of Ppary and UCP1 in WAT suggest that these two

pesticides may reduce adipogenesis.

Keywords: Adipogenesis, DDT, DDE, Hexachlorobenzene, Obesogen, Testosterone.
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OZET

Al-Obeidi, Z. (2021). Hekzaklorobenzen, DDT ve p,p-DDE’nin Obesogenik
Etkilerinin Erkek Sican Modelinde Arastirilmasi, Yeditepe Universitesi, Saghk

Bilimleri Enstitiisii, Fizyoloji Anabilim Dali, Yiiksek Lisans Tezi, Istanbul.

Obezite 6nemli bir global halk sagligi problemidir. Baz1 gevresel kimyasal kirleticilerin
obezogenik etkiler gosterdigi konusunda c¢alismalar yayinlanmistir. Peroksizom
proliferator aktive edici reseptdr gama (PPARy) adipogenez surecinde; uncoupling
protein-1 (UCP-1) genleri de enerji metabolizmasinda rol oynar. Hem PPARy hem de
UCP-1’in beyaz yag doku (BYD) ve kahverengi yag dokudaki (KYD) ifadeleri bu
bakimdan énemlidir. Bu ¢alismada, hekzaklorobenzen (HKB), diklorodifeniltrikloroetan
(DDT) ve diklorodifenildikloroetilen (DDE)'nin obezogenik etkilerinin arastirilmasi
amaglandi. Ayrica, serum luteinize edici hormon (LH), folikul stimilan hormon (FSH)
ve testosterone degerleri ile testis histolojisi de incelendi. Otuz iki eriskin erkek Sprague-
Dawley sican randomize olarak dort gruba ayrildi: Kontrol, HKB, DDT ve DDE.
Hayvanlara oral gavaj yoluyla iki giinde bir olmak {izere, bes hafta boyunca misirozii
yaginda ¢oziilmiis organoklorlu pestisitler (OKP) 5Smg/kg dozunda uygulandi. Kontrol
grubundaki sicanlara sadece tasit soliisyonu uygulandi. Deney siiresi boyunca
hayvanlarin viicut agirliklari takip edildi. Deneylerin sonunda hayvanlar dekapite edildi
ve BYD ve KYD o6rneklerinde PPARy ve UCP1 seviyeleri incelendi. Testis dokusu
histolojik inceleme icin diseke edildi. Serum 6rnekleri LH, FSH, testosterone, trigliserit
ve total kolesterol seviyelerini analiz etmek i¢in toplandi. Deney suresince gruplar arasi
viiclit agirliklarinda anlamli degisiklik gozlenmedi. Serum kolesterol ve trigliserit
diizeyleri gruplar arasinda farklilik gostermedi. Serum LH ve FSH seviyeleri pestisit
uygulamasindan etkilenmezken, pestisit uygulanan tim gruplarda testosterone azaldi
(p<0,05). HKB uygulamas1 BYD’de PPARy ifadesini artird1 (p<0,05). DDT ise hem BYD
hem de KYD’de PPARy ve UCP1 ifadelerini azaltt: (p<0,01). DDE ise yalnizca BYD’de
PPARy ifadesini azaltti (p<0,001). Testis dokusunun pestisit uygulamasi sonucu
etkilendigi g0zlendi. HKB’nin PPARy’min BYD’deki ifadesinin artisi, HKB’nin
obezojenik aktiviteye sahip olabilecegini gostermektedir. Ayrica, DDT ve DDE’nin
BYD’de PPARy ve UCPL ifadesini azaltmasi bu iki OKP’nin adipogenezi

azaltabilecegini diisiindiirmektedir.
Anahtar kelimeler: Adipogenez, DDT, DDE, Hekzaklorobenzen, Obezogen, Testosteron.
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1. INTRODUCTION and PURPOSE

Fat accumulation in the body is defined as obesity which leads to risk factors for
several chronic diseases including diabetes, cardiovascular diseases, stroke and cancer 1.
There has been a global increase in obesity as its prevalence has doubled through the last
three decades, and hence it has become an important public health problem 2. An
imbalance between energy intake and expenditure is the main cause of obesity which
consequently leads to disruption in metabolism 3. Sedentary lifestyle and immobility are
important in obesity and metabolic syndrome *. A study analyzing the obesity trend
between 1988 and 2006 revealed that although the average caloric intake and physical
activity remained same, mean body mass index (BMI) has increased over the years °.

Many theories have associated the development in average BMI to obesogens.
These obesogens constitute an element of the endocrine disrupting chemicals (EDCs)
responsible for the changes in metabolism to favor lipid storage which leads to the
tendency of obesity. Food and drink packaging, cleaning products and pesticides are all
carriers of these substances °. Obsogens have been found to operate using various
mechanisms. They have the ability to mimic natural hormones which can lead to
undesired biological effects °. These chemicals’ ability to mimic are dependent on their
properties that are similar to that of the natural hormones, which includes lipophilicity
and small molecular weight °. Three important characteristics that affect obesogens'
ability to act the same as xenohormones are the partition constant, half-term, and

molecular weight.

EDCs can present in two classes. First, natural as phytoestrogens placed in grains,
fungi, grasses, herbs, legumes, and fruits are not stronger if compared with endogenous
estrogens. And second, the chemicals that have made it by a human such as organic
compound from carbon and many components such as hydrogen, nitrogen, and chlorine

tend to rebellion and produce an adverse effect on human health ©.

Exposure to these substances can be directed through contacts with them, such as
insecticides, herbicides, fumigants, fungicides, or indirectly by ingested food or water.
Different sources have Endocrine disruptors that can enter the environment, especially

when the plastic and many materials are burned because of manufacturing processes.

EDCs can work in many different mechanisms, firstly, by binding with a nuclear
receptor as estrogen receptor (ER), secondly by nuclear receptor antagonists third,
1



convert testosterone to estradiol by altering the normal function which inhibiting
aromatases as the P450 family members CYP19 and CYP3AL. Fourth, Stimulating the
expression of the P450 enzymes can change the level of hormones by the effect on the
endocrine system. Also, change neuronal synapse formation has been verified in

endocrine-disrupting chemicals ©.

Hereditary and environmental agents such as the quantity of food, and lack of
physical exercises are strongly believed to be the major causative agents for metabolic
diseases ‘. In the last years, it has been documented that EDCs activate adipogenesis and

prompts obesity. These EDCs were therefore termed “obesogens” ’.

The term endocrine disruptor returned to a workshop organized by Theo Colborn
and colleagues in the early 1990s. They published a statement termed wingspread, which
highlighted EDCs effects on the environment and on human health 7. Endocrine
disruptors were labelled by USA’s EPA in 1996 as an exogenous factor that impedes the
hormone’s functions. The functions that are disrupted includes synthesis, secretion,
transport, binding, action, or removal of normal hormones in the body, which perform the
function of keeping homeostasis, reproduction, development, and manners .
Pharmaceuticals, dioxin, dioxide-like compounds, polychlorinated biphenyls,
organochlorinated pesticides, and plasticizers are among a wide range of natural and
artificial substances that are responsible for endocrine disruption ’.

It is easy to find products that contain endocrine disruptors daily. Examples of
these products include plastic bottles, metal food cans, detergents, flame retardants, food,
toys, cosmetics, and pesticides. Studies point out that endocrine disruptors may present a
higher risk during fetal and early postnatal growth when organ and neural systems form.
Endocrine disruption is considered one of the main issues in health and the environment.
Many other environmental contaminants including polychlorinated biphenyls (PCBs) and
organochlorinated pesticides (OCPs) have been described as having the "endocrine
disruptor" effect /. Extensive environmental contamination problems, and several human
health issues are triggered by these persistent organic pollutants. These persistent organic
pollutants (POPs) produce extensive environmental contamination and indicate several
human health problems. Carcinogenic, neurotoxic, hepatotoxic, nephrotoxic,
immunotoxin effects and congenital disabilities are all caused by POPs 7. These

contaminants can instigate long-term effects on adipose tissue, metabolic activity,



hormones and eventually weight if people are exposed to them on a regular regularly.
Additionally, people who are exposed in their prenatal stages risk becoming obese later
in life. Understanding and identifying these obesogens is essential in reforming world-
wide health since the issue of obesity is a concern to all and constitutes a billion-dollar

industry worldwide ’.

In the present study, obesogenic effects of HCB, DDT and p,p-DDE were
investigated in male rat model. Effects of these OCPs on adipogenesis, testicular
histology and the levels of uncoupling protein 1 (UCP1) and Ppary in white and brown

adipose tissues were examined following five weeks exposure period.



2. LITERATURE REVIEW
2.1. Obesity
2.1.1. Definition and Epidemiology

Noncommunicable diseases (NCDs) such as cardiovascular disease, fatty liver
disease, stroke, dementia, and various types of cancers are the major cause of both early
disability and mortality® °. As a main risk factor for NCDs, obesity is not only associated
with decreased life expectancy by about 5-20 years, but also with other issues including
unemployment and social issues such as increased economic burden for the society®.
Obesity is defined as the excessive fat accumulation leading to impaired health by the
World Health Organization (WHO) and individuals having a body mass index (BMI) >30

kg/m? are considered obese™®.

There has been a dramatic increase in the incidence of obesity Worldwide over
the last two decades® 1. It has recently been reported that over one-third of the population
is classified as overweight or obese!!. If the present trends continue, it is estimated that

57.8% of whole population will be overweight or obese by 2030%2.

2.1.2. Pathogenesis

In general, the major cause of obesity is an imbalance between calorie intake (and
hence fat accumulation) and energy expenditure®. However, obesity is a multifactorial
and complex disease. Its etiology includes both individual factors such as genetics,
internal signals (between the brain and adipose tissue) and environmental factors® 3,
Social factors such as eating culture and sedentary lifestyle are also among the causes of
obesity & 13,

Genetic causes of obesity can be classified under three categories: (1) monogenic,
(2) syndromic obesity and (3) polygenic reasons *. The monogenic cause of obesity
includes the gene mutations occur largely in the leptin/melanocortin pathway centrally
regulating food intake *°. Monogenic obesity is a rare and severe early-onset form of the
obesity which is related with several endocrine disorders®®. In syndromic obesity, several
other factors including neurodevelopmental problems, mental retardation and organ-
associated problems appear to accompany with the severe obesity®®. Polygenic obesity
refers to not only the genetic factors underlying the obesity, but also the environmental

4



factors!#18. In the last decade, several endocrine disrupting chemicals have been reported

to have obesogenic effects, and thus such chemicals are called “obesogens” 71718

Environment and/or society

Eating culture Television Transportation Smoking
Policies Computer games Social media Food marketing
Economic systems Food environment Workplace Recreational
drug use
Noise

Physical  shift

pollution . nd [
Metabolism @i activity work
Food expendltur
- intake energy
Genetics Sleep
Stress
Brown fat
Epigenetics
. Neurocircuits of appetite
Internal clocks Rl and satiety regulation
B Central d

’ dlnﬂammatlon syes:e:: rewar Microbiota Addiction

edications

Sarcopenia

Weight cycling Pain
(intentional weight  Adipose tissue ; ; .
loss and subsequent  expandability Insulin resistance Psychiatric diseases
weight regain) and distribution
Biology

Figure 1. Multifactorial and complex nature of obesity (Adapted from Bliiher, 2019)8.

2.2. Endocrine Disrupting Chemicals and Obesogens

Endocrine disrupting chemicals (EDCs) were initially defined as the exogenous
chemicals that interfere with the synthesis, secretion, transport, binding, action or
elimination of natural hormones in the body that are responsible for the maintenance of
homeostasis, reproduction, development and/or behavior ’. Later, the Endocrine Society
statement re-defined endocrine disruptors as “an exogenous chemical, or mixture of

chemicals, that can interfere with any aspect of hormone action” °

EDCs include a wide range of natural and synthetic substances including
pharmaceuticals, phytoestrogens, industrial chemicals (such as polychlorinated biphenyls
(PCBs), dioxin and dioxin-like compounds), pesticides, heavy metals and plasticizers 2%
21 Residues of such industrial chemicals, agricultural pesticides, detergents, plasticizers,

flame retardants, and cosmetics may be found in everyday products *”. People are exposed

5



to a broad range of EDCs through different routes. Entrance of environmental pollutants
to the organism generally happens in an unconscious manner during the course of life 22,
Dietary ingestion is the main entering route of most EDCs to the human body, and this
causes more than 90% of the total chemical exposure ’. In addition, human exposure to
these environmental pollutants include by inhalation and dermal uptake to some extent
23 It has been reported that EDCs may pose the greatest risk during fetal and neonatal

development when formation and development of organ systems are very active ’.

There has been an enormous increase in the production of different chemicals
during the last several decades globally. Even though these chemicals have proven to be
useful for many aspects of modern life, it recently has been recognized that they may
cause environment pollution and pose threat to human health. Today, there are thousands
of manufactured chemicals. Of these substances, it is estimated that more than 1000 may

have endocrine-acting properties ’.

It has been suggested that some EDCs may cause obesity by promoting
adipogenesis > 24, Obesogens were described as a subgroup of EDCs that may lead to
disrupted adipogenesis and induce obesity®. Associations between the exposure to EDCs
and elevated adiposity have been implicated by various studies 2°2°. Moreover, in utero
exposure to obesogens may cause obesity as well as leading to other NCDs at later stages
of life %,

Lipid homeostasis may be disrupted by obesogens through various mechanisms "
17 These mechanisms include (1) increasing the number of adipocytes, (2) increasing the
size of adipocytes, (3) altering endocrine regulation of adipose tissue development, (4)
changing brain regulation of appetite, satiety and food preference, (5) altering basal
metabolic rate and (6) energy balance in favor of calorie storage and (7) changing insulin

sensitivity in the liver, skeletal muscle, pancreas, gastrointestinal system and the brain *’.

2.2.1. Persistent Organic Pollutants (POPs)

Persistent organic pollutants (POPSs) are substances that persist in the environment
for a long period of time and may exert adverse effects on human health’. They are
lipophilic substances, can contaminate the food chain and can bioaccumulate fat tissue.
Thus, these chemicals may reach to high concentrations that may negatively affect
various functions in the organism. POPs caused environmental pollution is not just local

6



but can be a global toxic threat since they can be transported over long distances and
dispersed around the globe by air and ocean currents 22 In 2001, it was decided at the
Stockholm Convention that necessary measures should be taken in order to prevent the
release of POPs into the environment and reduce their contamination to the food chain as
far as is technically feasible and economically acceptable 3132, Although regulations and
implementations have been introduced, POPs can still be found in environmental and

human biological samples 2.

About 20 years ago, 12 POPs were identified as “dirty dozen” at the Stockholm
Convention, producing severe adverse effects on humans and the ecosystem 3132, A
guideline for storing and eliminating a list of chemicals was generated that was appended
in 2008 and 2014 7. The dirty dozen included pesticides, industrial chemicals, and by-
products, namely aldrin, chlordane, dichlorodiphenyltrichloroethane (DDT), dieldrin,
endrin, heptachlor, hexachlorobenzene, mirex, toxaphene, PCBs, polychlorinated
dibenzo-p-dioxins, and polychlorinated dibenzofurans 332,

POPs have become an important global problem. There have been numerous
experimental and epidemiological studies to investigate their biological and toxic effects,
human exposure and risk assessment ’. These pollutants have been produced intentionally
and used in a wide variety of commercial (such as PCBs, chlorophenols and
chlorobenzenes) and agricultural (such as DDT) applications because of their useful
technological or pesticide properties 3334, Other persistent and very toxic pollutants such
as polychlorinated dibenzo-p-dioxins and dibenzofurans are formed as undesirable by-
products, e.g., during the manufacture of the chemicals, waste combustion, the chlorine
bleaching of pulp and paper, some metallurgical processes 3> *. Over the past three
decades, environmental and epidemiological studies have shown that POPs have spread
Worldwide *”. Such a global level of contamination is a somewhat expected consequence
in view of the physical and chemical properties of POPs. It has been reported that they
are highly resistant to chemical and biological degradation. PCBs and other chlorinated
pollutants, particularly the highly chlorinated ones, have been known for some time to
persist in soils, water, sediments, and biota for long periods of time 22 %728 In addition,
POPs are nonpolar molecules that can accumulate in fatty tissues > %, This results in
their biomagnification in the higher levels of the food chain. Since humans are at the top

of the food chain, high concentrations of these lipophilic and persistent compounds are



often found in human biological samples *. It has been estimated that 90% of
organochlorine body burden in the general population occurs through dietary intake.
Thus, it is envisaged that levels of these pollutants are proportional to the dietary intake
(such as fish, animal fat, dairy products, cereals and vegetables consumption). Studies on
POPs available from various countries are abundant, and inventories of sources and
possible pollution sites are being developed. Cross-sectional epidemiological studies in
adults, amount of POPs such as PCBs, p,p -dichlorodiphenyldichloroethylene (DDE),
and hexachlorobenzene (HCB) have been associated with disturbance of metabolism

including obesity, insulin resistance, metabolic syndrome and type 2 diabetes (T2D) .

2.2.2. Polychlorinated biphenyls

These are different congeners having different numbers (1-10) and positions
(ortho, meta, para) of chlorine atoms around biphenyl rings 22. They were widely used as
insulators in capacitors and transformers because of their inflammability and insulating
properties such as hydraulic fluids and paints, and related products. Although these
industrial chemicals were banned in most countries in the late 1970s, they remain global
contaminants in both the environment and the human body because of lipophilic nature
and persistent properties 22. PCBs with bipheny! rings substituted with zero chlorine in
the ortho position that assumes a coplanar bipheny! orientation in solution, and PCBs with
one to four chlorines in the ortho position that assume noncoplanar biphenyl orientation
22 Several PCB congeners and mixtures have been documented to have neurotoxic,
carcinogenic, immunotoxin, hepatotoxic, nephrotoxic, and cytotoxic influence in
different experimental models and also in human studies ‘. It has been reported that
noncoplanar PCBs are structurally similar to 17p-estradiol (E2) and therefore can mimic
estrogenic impact in the cell %2. Conversely, coplanar PCBs mimic dioxin in that they bind
with a relatively high affinity to the aryl hydrocarbon receptor (AHR) “3. It regulates the
transcription of a large group of dioxin-responsive genes and results in a reduction in

cytosolic estrogen level (i.e. anti-estrogenic effect)’.



2.2.3. Organochlorine Pesticides (OCPs)

Definition of pesticides include insecticides, herbicides, fungicides, and rodenticides.
Based on their chemical structure, there are five major types of pesticides;
organochlorines (such as DDT, endosulfan, lindane, mirex, dieldrin, chlordane),
organophosphates (such as malathion, parathion), carbamates (such as carbaryl,
carbofuran, aminocarb), pyrethroids (such as cypermethrin, permethrin) and triazines 4.
It has been noted that atrazine is the most studied triazine herbicide *°. Most classes of
pesticides may produce adverse influences on human health 6. It has been documented
that OCPs pose the greatest danger as EDCs due to their lipophilic trait and thus
bioaccumulation potential 7. OCPs are among the POPs. Occupational and residential
exposure to pesticides is an important problem and subject of several epidemiological
studies . As mentioned above, primary route of exposure of populations to pesticides
occurs through food consumption and ingestion of these chemicals. However, inhalation
and dermal absorption of OCPs (such as DDT) may be the other important routes of
exposure " 22, Although use of these category of pesticides was limited and banned in
most countries about thirty years ago, OCPs are still widely spread in the environment
due to their persistence, bioaccumulation. They are hazardous to the environment and
pose multiple endocrine-disrupting risks to human health #’. Some OCPs structurally
resemble E2 and can bind to ER and mimic the endogenous ligand's effects. Some
xenohormones may exhibit anti-estrogenic actions by binding to AHR and starting
transcription of cytochrome p450 enzymes that metabolize E2. Residues of OCPs have
been detected in human tissues in epidemiological studies conducted in various countries
48,49 Such epidemiological studies have reported OCP levels in human biological samples
(such as a serum, fat tissue, breast milk) and examined possible relationship(s) to various
diseases and disorders in humans ’. Residues of OCPs have even been detected in cord

blood samples °°.

2.2.4. Hexachlorobenzene (HCB)

HCB is one of the most widespread environmental pollutants. Although use of
HCB was terminated in most countries, it is still released into the environment as a
byproduct of various manufacturing methods 3. HCB exposure elicits toxic effects in

humans and laboratory animals > %3, Chronic exposure of humans to HCB produces
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several effects, such as triggering of porphyria, increased synthesis of liver microsomal
enzymes, neurological symptoms, immunological disorders, and thyroid dysfunctions >.
The main exposure can occur in people exposed to a contaminated site®. When heated to
decomposition, HCB emits highly toxic fumes of hydrochloric acid, other chlorinated
compounds, carbon monoxide and carbon dioxide *°. Dimethyl formamide and HCB react
violently above 65°C *°. There is no current commercial use of HCB in the United States
and most countries. However, HCB was used as a fungicide on the seeds of onions,
sorghum, wheat, and other grains until 1984 when the last registered use of the compound
as a pesticide was voluntarily cancelled®. Previously HCB was also used in the
production of pyrotechnic and ordinance materials for the military, the production of
synthetic rubber, as a porosity controller in the manufacture of electrodes, a chemical

intermediate in dye manufacturing, and a wood preservative®®.

There have been several studies about the adverse effects of HCB administration
to in vitro and in vivo studies and human exposure. Disruptive effects of HCB on thyroid
functions have been reported?®. In an epidemiological study conducted over a period of
14 years, high levels of HCB in blood samples of several hundreds of residents nearby an
electrochemical factory in Spain were associated with decreased serum levels of
thyroxine, but thyroid-stimulating hormone (TSH) values were not affected®. In an
earlier study from the same research group, no significant differences were observed in
serum levels of TSH in 189 workers at the factory in comparison to 419 other residents
living in Flix (Spain) despite five-fold higher blood HCB concentrations in the workers®®.
It has been reported that HCB is a weak agonist of the AHR, a ligand-dependent
transcription factor the in cytosol and nucleus of mammalian cells®’. These studies have
suggested that HCB has endocrine disrupting potential. However, there are relatively few

studies on possible obesogenic effects of HCB.

2.2.5. Dichlorodiphenyltrichloroethane (DDT)

In 1948, Paul Muller was awarded with the Nobel Prize in Physiology or Medicine
for the discovery of DDT as an effective insecticide. Originally, it was used to control
vector-borne diseases, such as malaria, and hence use of this substance as a pesticide
rapidly increased. However, DDT was banned in 1972 in the United States due to

inappropriate environmental effects. Later, several other countries adopted a similar
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policy and banned the production and use of DDT following the 2001 Stockholm
Convention. However, DDT is still recommended for indoor residual spraying to control
malaria vectors®. The direct exposure toxic effects of DDT in humans have been
examined and it was found that DDT is involved reproductive disease, neurological
disease, developmental abnormalities, and cancer®®. The US Center for Disease Control
in 2010 published that 33% of adults in the US are obese, and 17% of children between
ages 2 to 19 are obese. Obesity has not only increased in the United States, but also
increased in almost every country®. DDT and its metabolite DDE are POPs due to their
physicochemical characteristics, permitting biomagnification and their storage in the
lipid-rich adipose tissue of mammalians®®. In a new integrated systematic study and meta-
analysis, p,p"-DDT and p,p"-DDE were named as “presumed” to be obesogenic for
humans, based on prospective epidemiological observations integrated with experimental
evidence of increased rodent adiposity and impaired energy expenditure®®. It has been
documented that DDT is a strong endocrine disruptor by playing as an androgen receptor
antagonist and decreasing levels of testosterone in both serum and testis®. Such
hydrophobic elements could accumulate in the environmental matrix and lead to
bioaccumulation in the food chain; particularly in animal fat tissue. In general, these
substances are very stable and have a long persistent time®. A growing body of literature
exhibits relationships between exposure to insecticides, including DDT and DDE, and
adverse health effects in humans, such as weight gain and glucose homeostasis change®:.
Moreover, in vivo studies have shown that rodents fed a high-fat diet containing POPs
promote several metabolic abnormalities, such as increasing visceral adiposity and
progressed macrophage infiltration to adipose tissue, and DDE induces fasting
hyperglycemia®?.

2.2.6. Dichlorodiphenyldichloroethylene (DDE)

DDE is a common breakdown product of DDT produced by removal of hydrogen
chloride. Both DDT and DDE are POPs that bioaccumulate in the lipid-rich fatty tissue
of humans’. It has been described that DDT and DDE are endocrine disruptors by acting
as androgen receptor antagonist ’. Several cross-sectional epidemiological investigations
have combined exposure to p,p"-DDE (DDE) with metabolic syndrome, T2D and obesity

62 DDE, the primary bioaccumulate metabolite of the insecticide, p,p -DDT is a persistent
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lipophilic environmental contaminant that has been discovered in the serum and fatty
tissues of humans and animals over the world. DDE is more widespread environmentally,
more lipophilic, and less acutely toxic than DDT. Though DDT was banned in the United
States in 1972, DDE can still be detected in most countries' food supplies and human
populations. Recent human cohort studies have established an increased relative risk of
developing T2D in individuals with the highest exposure levels 2. In addition, various in
vivo studies indicate that rodents fed a high-fat diet containing POPs develop several
metabolic abnormalities, including increased visceral adiposity and increased
macrophage infiltration to adipose tissue, and DDE induces fasting hyperglycemia 2, It
has been reported that hepatic induction of CYP2B by DDT and DDE through feeding of
rats has been associated with liver carcinogenesis, tumor promotion and increment of the
liver/body weight ratio ®3. As mentioned above, these persistent pollutants act as
endocrine disruptors, mimicking or antagonizing endogenous estrogens and androgens,
changing the pattern of synthesis and metabolism of natural hormones, and modifying
receptor levels %3, Several of these hormones contribute to the control body weight
homeostasis. High plasma E2 levels in women have been positively correlated with
weight control ®3. There are various studies to elucidate a potential correlation between
several chronic diseases (such as insulin resistance, T2D, fatty liver disease,
atherosclerosis, hypertension, stroke, cancer, asthma) and environmental pollution with
OCPs %% In the recent years, possible implications of DDT and DDE in the development

of obesity have gained more attention.

2.3. Peroxisome Proliferator-Activated Receptors (PPARS)

It has been reported that long term exposure to EDCs may lead to weight gain and
consequently obesity. Tributyltin chloride and triphenyltin chloride can bind with retinoid
X receptor (RXR) and peroxisome proliferator-activated receptor, nuclear receptors that
are responsible for lipid homeostasis and adipogenesis %" 7. At the cellular level,
obesogenic activity can arise due to disruptive endocrine effects by impeding with

peroxisome proliferator-activated receptors (PPARs) and some steroid receptors’.

PPARs are responsible for translating signals that control cellular bioenergetics,
works as nutrition sensors, and controls the metabolism to adjust systemic metabolism .

It has three types as PPARa, v, and & (also known as PPARP). They also have pro-
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oxidative or storage functions ®°. PPARs are linked with the RXR and can create their
heterodimers. These heterodimers alter the expression of target genes °. Therefore,
heterodimers bind with PPAR responsive elements and modulate with coactivator and
corepressor proteins, changing the metabolism rate of free fatty acids, eicosanoids, and
xenobiotics . PPARa and PPARy are very important cellular components because they
are considered to be pharmacological targets for treatment strategy / management of
obesity. Understanding how the PPAR receptors regulate metabolism and energy

homeostasis in the body is of importance as there is a global increase in obesity °.

Thiazolidinedione drugs have been utilized as a cure to insulin T2D target that
PPARy works on increasing sensitivity to insulin with the side effect that promotes
adipogenesis®. Tributyltin induces preadipocytes to differentiate into adipocytes in the
3T3-L1 cell line, increases adiposity, and reduces metabolic functions in rats by raising
PPARYy ’. It has been reported that various EDCs may alter adipogenesis by interfering
with PPAR-y function. They regulate lipid influx, adipocyte reproduction and
differentiation. Some EDCs link to certain nuclear receptors, change gene expression that
promotes obesity’. Various obesogens may act thorough different mechanisms for
activating the PPARY/RXR heterodimer. Research on obesogenic actions of EDCs is
important to understand underlying molecular mechanisms. Investigation of the effects
of obesogens on the PPARY/RXR heterodimer may provide valuable insight for

eliminating obesogenic influences °.

2.4. Aryl Hydrocarbon/dioxin Receptor (AHR) Pathway and Adipogenesis

The aryl hydrocarbon/dioxin receptor (AHR) is a linked transcription factor and
acts against environmental toxicants. In the last decades, AHR has been shown to play
important roles in various cells and tissues’®. It has been reported that inhibition of AHR
pathway reduces obesity and fatty liver diseases in rats’*. Low-density lipoproteins
(LDLs) are known to activate AHR signaling’. LDLs are derived from fats and
transported by the blood. Lipoprotein particle in LDLs contains an apolipoprotein B
protein, 50— 60 ancillary proteins and ~5,000 fat molecules and having different types

from cholesterol, phospholipids, and triglycerides’?.
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Formation of adipogenesis has been widely studied by various laboratories by
using an in vitro system, 3T3-L1 cells’?. The associated hormonal activities of insulin
(IDM), the glucocorticoid dexamethasone and the phosphodiesterase inhibitor isobutyl
methylxanthine give further cell propagation in previously quiescent, confluent cells’.
That is leading to growth an irreversible cessation, and finally by stimulation of the same
genes in adipocytes in vivo’2. The variations in gene expression include brief appearance
of c-myc and c-jun, thus supported by sequential elevations of C/EBPf, C/EBPa, and
PPARY "2. Drugs that activate PPARY, such as the thiazolidinedione BRL-49653, enhance
the hormonal mix IDM effects. These drugs are essential for stimulation of adipogenesis
in MEF cells such as 10T1/2 7.

2,3,7,8-Tetrachlorodibenzo-p-dioxin can redirect triglycerides of adipose tissue to
the liver and diabetic properties in animals, involving reduced glucose uptake in the
adipose tissues. TCDD has been shown to reduce the activity of a series of adipogenic
genes 2. AHR may affect adipogenesis by altering PPAR-y expression.

The aim of the present study was to investigate obesogenic effects of chronic
HCB, DDT and p,p’-DDE exposure in male rat model by analyzing adipogenesis,
testicular histology and the levels of UCP1 and Ppary in white and brown adipose tissues.
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3. MATERIALS and METHODS
3.1. Animals

Thirty-two adult male Sprague-Dawley rats were included in this study. They
were fed with standard rat chow and had access to water ad libitum. Animals were
maintained in a controlled environment of 21+2 °C, 50+10% relative humidity, and a 12-
12 h light/dark cycle at the Yeditepe University Medical School Experimental Research
Centre (YUDETAM). The rats were adapted to these conditions for five weeks. All the
experimental procedures involving animals were approved by the Yeditepe University

Ethics Committee on Animal Research.

3.2. Experimental Groups and Administration of the Drugs

HCB (#45522), DDT (#31041) and DDE (#35487) were obtained from Sigma-
Aldrich and dissolved in corn oil. The animals were randomly divided into four groups
(n=8 / group). All groups received 5 mg/kg of the OCPs under investigation via oral
gavage administered every other day for five weeks. Animals in the control group
received corn oil alone by oral gavage. Body weight and body temperature (rectal

temperature) parameters were recorded weekly.

At the end of five weeks of HCB, DDT and DDE administration period, all
animals were terminated by decapitation. Blood glucose levels of the animals were
measured by using a glucometer. Blood samples were collected by cardiac puncture,
serum was separated and kept at -80°C until analyzed. White adipose tissue (WAT) and
brown adipose tissue (BAT) samples were collected and kept -80°C for quantitative real-
time polymerase chain reaction (QRT-PCR) experiments. Testes tissues were dissected

out and fixed in Bouin’s solution for histological analyses.

3.3. Enzyme-Linked ImmunoSorbent Assay (ELISA) for Serum Hormone Levels

The serum samples were thawed on ice and serum luteinizing hormone (LH; E-
EL-R0026, Elabscience) and follicle-stimulating hormone (FSH; E-EL-R0391,
Elabscience) and testosterone (E-EL-0155, Elabscience) levels were determined by

ELISA method according to the manufacturer’s instructions.
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3.4. RNA Isolation, cDNA Synthesis and Gene Expression Analyses

WAT and BAT samples were thawed on ice and were homogenized in TRI
Reagent by using a Bullet Blender X24 (NextAdvance) and RNA was isolated according
to the manufacturer’s instructions (DirectZol™ RNA MiniPrep Plus, Zymo Research,
R2072). Isolated RNA was quantified on a NanoDrop 2000 spectrophotometer (Thermo
Scientific). cDNA was synthesized from equal amounts of RNA (50-150 ng) for each set
of experiments according to manufacturer’s instructions (iScript™ cDNA Synthesis Kit,

Bio-Rad, 1708891).

Primers for Ppary, UCP1 and S-Actin were designed by using the online primer
designing tool Primer3web version 4.1.0 (https://primer3.ut.ee/). The primer list for
Ppary, UCP1 and S-Actin are indicated in Table 1.

Table 1. Primers for Pparg, UCP1 and g-Actin used in gqRT-PCR.

Primer ID Sequence (5-3")

Pparg_F TCAAACTCCCTCATGGCCAT
Pparg_R GCATTGTGAGACATCCCCAC
UCP1_F CAACACTGTGGAAAGGGACG
UCP1 R CAGCTGGGTACACTTGGGTA
Actin_F TCTTCCAGCCTTCCTTCCTG
Actin_R CACACAGAGTACTTGCGCTC

Table 2. Thermal cycle conditions used in gRT-PCR.

Step Temperature Duration Number of Cycles
Initial Denaturation 95°C 3 min 1
Denaturation 95°C 10 sec
Annealing 48 °C 20 sec 55
Extension 52°C 30 sec
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In order to analyze possible changes in Ppary and UCP1, sequences were
amplified by qRT-PCR by using SsoAdvanced™ Universal SYBR® Green Supermix
(Bio Rad, 1725270) on a CFX96 Touch Real-Time PCR Detection System (Bio Rad)
with the thermal cycle conditions indicated in Table 2. Relative gene expression was

assessed by using 244CT,

3.5. Tissue Processing and Morphological Analysis

At the end of the study, decapitation was performed for tissue isolation from the
experimental and control group animals. Then, the abdominal region was dissected and
testes were isolated. Testes were fixed in Bouin’s solution (Histo Plus, #HCM-BOU-
1000) for 36 hours. Testes were processed for tissue slicing and staining.

The fixative was thoroughly removed from the tissues. Afterwards, the testes were
processed through graded alcohols, cleared in xylene, and embedded in liquid paraffin.
Five um sections were taken from the paraffin blocks by using a microtome (Leica,
#RM2245). Sections were incubated for 1 hour at 60°C to remove paraffin and left in
xylene for 2x20 min to completely remove paraffin. Then, the tissue sections were
incubated in decreasing alcohol series for 10 minutes each (100%, 90%, 80% and 70%).
The sections were washed with distilled water and stained with Hematoxylin staining
(Bio Optica, Gill3 #05-06015), then washed with tap water and they were stained with
Eosin (Sigma, #HT110132). After washing with distilled water, the sections were
incubated in increasing alcohol series (70%, 80%, 90%). After incubating in 100%
alcohol, sections were placed 30 min in xylene. The slides were covered with coverslip
using xylene-based mounting medium (Bio Optica, #05-BMHM508). Imaging was
performed by using light microscopy (Leica DM 6000).

3.6. Statistical Analysis

Data was analyzed by using GraphPad Prism 7 (GraphPad Software, USA). All
data were presented as mean + standard deviation (STD). The distribution of the data was
analyzed by Shapiro-Wilk normality test. The outliers in the datasets were determined
and removed by using ROUT method (Q=1%)"3. Data were statistically analyzed by using
One-Way Analysis of Variance (One-Way ANOVA) followed by Dunnett’s multiple
comparison test. P<0.05 was considered statistically significant.
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4. RESULTS
4.1. Body Weight and Blood Glucose

Body weight and body temperature did not significantly differ among the groups
throughout the experimental period (Figure 2a and b). We also determined that blood

glucose levels at the end of the experimental period were similar (Figure 3).
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Figure 2. (a) Body weight and (b) body temperature (rectal temperature) measurements

of the animals throughout the experimental period.
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Figure 3. Blood glucose levels of the animals at the end of experimental period.

4.2. Serum Hormone Levels

No significant differences were observed in serum FSH (Figure 4a) and LH
(Figure 4b) levels among the groups at the end of the experimental period. However,
serum testosterone levels were found to be significantly lower in all DDT, DDE and HCB
groups compared to control group (Figure 4c; p<0.001, p<0.05 and p<0.001,

respectively).
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Figure 4. Serum (a) FSH (b) LH and (c) testosterone levels of the animals throughout
the experimental period (*p<0.05 and ***p<0.001).

4.3. Ppary and UCP1 levels in WAT and BAT

HCB significantly increased the Ppary levels (p<0.05), while DDT and DDE
significantly reduced both Ppary and UCP1 levels (p<0.001) in WAT (Figure 5a). On the
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other hand, DDT significantly reduced both Ppary and UCP1 levels (p<0.01), while HCB
and DDE did not cause any significant alterations in the expression levels of Ppary and
UCP1 in BAT (Figure 5b).
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Figure 5. Ppary and UCP1 expression levels in (a) WAT and (b) BAT. (*p<0.05,
**p<0.01 and ***p<0.001).

4.4. Morphological Analysis of Testes

Testicular morphology following chronic administration of DDT, DDE and HCB
groups was examined under light microscope after processing with Hematoxylin-Eosin

staining.

In the control group, testicular parenchyma had a normal appearance (

CONTROL

Figure 6). Peritubular tissue surrounding the seminiferous tubule was normal.
Spermatogenic cells and Sertoli Cells were seen in the seminiferous tubule epithelium. In
the seminiferous tubules, 1-2 rows of gonocytes located on the basal lamina were seen.
Primary spermatocytes with oval nuclei were identified in the seminiferous cord

epithelium. Spermatids located close to the lumen and darker nuclei were seen.
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Spermiogenesis was detected from spermatozoa cells located in the lumen and sperm cells
were seen in the lumen with their tail. Sertoli cells were located along the seminiferous
tubule epithelium. Leydig cells, connective tissue and blood vessels were distinguished
in the interstitial area (

CONTROL

CONTROL

Figure 6. Testicular morphological examination of the control group. Figure showing
seminiferous tubules containing spermatogonia (yellow arrows) resting on the basement
membrane, primary spermatocyte (black circles) and sperm cells (red circles). A.
Control group 20X magnification; A’, 40X magnification.

It was determined that there was a significantly thin connective tissue on the basal
part of the seminiferous tubule in the DDT group compared to the control group. It was
observed that some parts of the basal lamina generally curved towards the inner part of
the tubule or towards the inter-tubular area. In the epithelium of seminiferous tubule,
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fragmentation was observed in the spermatogenic cells and at the same time, we detected
a significant decrease in the number of cells. It was observed that the primary
spermatocytes were generally enlarged and hypertrophic. While head of sperm cells were
detected embedded in the tubule, their tails were not seen as healthy in the lumen. It was
determined that the diameter of the seminiferous tubule was smaller compared to the
control group (Figure 7).

Figure 7. Testicular morphological examination of DDT group. Figure showing

seminiferous tubules containing spermatogonia (yellow arrows) resting on the basement
membrane, primary spermatocyte (black circles) and sperm cells (red circles). A. DDT

group 20X magnification; A’, 40X magnification.

In the DDE group, thin connective tissue located at the basal part of the
seminiferous tubules was detected. It is seen that spermatogenesis and spermiogenesis
occur successfully in the DDE group, which is one of the sperm cells in the lumen. The
nuclei of the gonocytes located at the base of the seminiferous cords were seen as
pycnotic. Cells in the interstitial space exhibited morphology similar to the control group.
It was determined that the diameter of the seminiferous tubule was smaller compared to
the control group (Figure 8).
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Figure 8. Testicular morphological examination of DDE group. Figure showing

seminiferous tubules containing spermatogonia (yellow arrows) resting on the basement
membrane, primary spermatocyte (black circles) and sperm cells (red circles). A. DDE

group 20X magnification; A’, 40X magnification.

In the HCB group, thin and morphological deterioration were detected in the
connective tissue located in the basal part of the seminiferous tubules. The decrease in
the number of cells seen in the seminiferous tubule epithelium was remarkable.
Hypertrophy was determined in primary spermatocytes. The head of the sperm cells seem
to have reached almost to the seminiferous tubule basal membrane. This situation made
us think that the blood-testicular barrier might be impaired. At the junction of the basal
and luminal part, separations were observed between Sertoli cells. The nuclei of Sertoli
cells have a pycnotic appearance. It was determined that the diameter of the seminiferous

tubules was smaller than the control group (Figure 9).
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Figure 9. Testicular morphological examination of HCB group. Figure showing

seminiferous tubules containing spermatogonia (yellow arrows) resting on the basement
membrane, primary spermatocyte (black circles) and sperm cells (red circles). A. HCB
group 20X magnification; A’, 40X magnification.

Morphological comparison of control, DDT, DDE, and HCB group testis tissue
was shown in Figure 10.
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Figure 10. Morphological comparison of control, DDT, DDE and HCB group testis
tissue. Figure showing seminiferous tubules containing spermatogonia (yellow arrows)
resting on the basement membrane, primary spermatocyte (black circles) and sperm
cells (red circles). A. Control group (A-A’), DDT group (B-B’), DDE group (C-C),
HCB group (D-D”).
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4.5. Serum Cholesterol and Triglyceride levels

Serum cholesterol and triglyceride levels were not significantly altered following

chronic administration of DDT, DDE or HCB.
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Figure 11. Effect of DDT, DDE, and HCB on serum (@) cholesterol and (b) triglyceride

levels.
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5. DISCUSSION and CONCLUSION

Results of the present study have shown that chronic oral exposure to low doses
of DDT, DDE, and HCB for five weeks affected testicular function and morphology
differently in the rat. Serum testosterone levels were significantly reduced by all three
OCPs examined in parallel to altered morphology in the testicular tissue. However, there
was no significant change in serum LH and FSH levels. Previous studies have reported
that DDT-induced decrease in testosterone levels could be caused by reduced release of
this androgen by the Leydig cells. High doses of DDT (30-120 mg/kg) have been reported
to cause a decrease in the testosterone levels in flounders 2. Similar findings have been
documented in the literature in studies where another OCP, lindane decreased serum
testosterone levels due to alterations in Leydig cells ", Physiologically, the anterior
pituitary hormone, LH, regulates the release of testosterone from the Leydig cells in the
testes. However, a local disruption in the steroidogenesis and/or metabolism has been
reported to account for this decline. It has been reported that exposure to various doses of
DDT for 24 h increased the activity of at least seven CYP dependent testosterone-
hydroxylating enzymes, that results in reduced serum testosterone levels "°. The size of
the seminal vesicles of rats after exposure to DDT and DDE were significantly reduced.
A previous report suggested this effect of DDT on the testes may partly mediated by the
antiandrogenic activity of this compound . Eventually, histological observations showed
chemicals pesticides have the ability to effect on the tubules in the testis because they
showed more severe alteration comparing with the normal group. Actually, several
seminiferous tubules demonstrated exfoliation of germ cells in the lumina. This case can
be observed upon treatment with different toxicants in vivo . p,p’-DDE was shown to
induce testicular apoptosis and oxidative stress in both prepubertal /" and adult rats 2.
Moreover, elevated p,p”-DDE was shown to be associated with increased risk of testicular

germ cell tumors .

A recent study from South Africa has reported indoor residual spraying of DDT
and DDE to control malaria mosquitoes . Serum samples were obtained from men (a
total of 535 men, aged 18-40) living near the indoor residual spraying areas. High levels
of DDT and DDE were detected in their blood that were associated significantly reduced

LH and FSH concentrations compared to men living in non-indoor residual spraying
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villages 8. However, previous studies reported that exposure to DDT and DDE in rat
Hershberger assay caused slight increase in serum LH and FSH levels, but these changes
were not found to be statistically significant 8. Previous epidemiological studies reported
that high levels of DDT and DDE were not associated with significant alterations in
gonadotropin and testosterone levels in men exposed to dietary contamination with these
OCPs 8, Similar findings were also observed in Swedish fisherman 82 and DDT spray-

workers in Sardinia, Italy 8.

In our study, while DDT caused significant decreases in PPARy and UCPL1 levels
in both WAT and BAT, DDE caused significant decreases only in WAT. We determined
that HCB significantly increased the PPARy levels only in WAT but did not affect other
parameters neither in WAT nor BAT. There are studies reporting that exposure to DDT
and DDE is associated with increased prevalence of obesity and metabolic disease > 8.
The most recommended mechanism of action for obesogenic compounds involves
disruption of PPARy, which is considered a main regulator of adipogenesis and lipid
homeostasis &’. The expression and activation of PPARYy are sufficient for initiating the
adipogenic differentiation program and maintaining adipocyte phenotype, integrity and
function based on multiple different genetic mouse models ®. It is known that PPARy
mainly regulates the expression of genes implicated in adipocyte differentiation and
adipocyte maintenance. In addition, PPARY also governs the expression genes involved
in lipogenesis, fatty acid transport and gluconeogenesis . In vitro studies have shown
that PPARy is expressed higher in p,p"-DDT-treated cells than the differentiated 3T3-L1
cells % and mesenchymal stem cells %2, Tai et al. have also demonstrated that activation
of PPARY in brown adipocytes leads to increase in adipogenesis and lipid metabolism 2.
It has been suggested in another study that perinatal DDT exposure decreases PPARy
levels in BAT, impairs thermogenesis and the metabolism of carbohydrates and lipids
which may increase susceptibility to the metabolic syndrome in adult female offspring %.
It has been reported that in mammals, PPAR-y coactivator 1-alpha (PGC-1a)/fibronectin
type 111 domain-containing protein 5 (FNDCS5) promotes the browning of beige fat cells
in WAT resulting in enhanced thermogenesis and increased energy expenditure °. In a
study on PPARy-knockout mice have showed reduced wet weight of BAT when
compared to wild type animals but, no difference found in terms of body weight was
found %. UCP1 is expressed in BAT and plays a key role in the body's energy

consumption and heat production % . Moreover, UCP1 greatly increases the proton
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conductivity of the mitochondrial inner membrane and catalyzes adaptive thermogenesis
in mammalian BAT %, It has been shown that increased expression of UCP1 in white
adipocytes leads to “browning” of WAT. In a study, in which mice were injected with
adenovirus particles containing full-length FNDCS5, it was shown that there was a
decrease in WAT and an increase in the expression of UCP1, which provides browning
in WAT, resulting in an increase in energy expenditure and the development of brown

adipocyte-like cells %.

Considering our study results, the fact that DDT and DDE decreased both PPARy
and UCP1 levels in WAT means that the browning of white adipocytes decreased . This
data supports the effect of DDT on PPARYy in the study conducted by La Merrill et al. %,
Likewise, the suppressive effect of DDT on PPARy and UCP1 was similar to that of BAT,
which proves that it reduces energy expenditure. However, despite these suppressive
effects of DDT on PPARy and UCP1, the absence of any increase in body weights of rats
was not an expected finding for us. At the same time, the lack of a significant difference
in body temperature, which is accepted as an indicator of energy expenditure, is not in
line with the recommendations of Hofmann et al. 9. When we evaluate all the data of our
study together, we can say that all three of these pesticides can accumulate in the adipose
tissue due to their lipophilic nature % and may disrupt the functions of WAT and BAT,
thus promoting the development of metabolic diseases, especially obesity.

The cholesterol and triglyceride levels were not significantly altered by neither
DDT nor DDE. There were significant inconsistencies between this study's findings
between the report by Teeyapant et al. 1%, where both DDT and DDE have strong effect
on changing the serum of cholesterol and triglyceride levels which was the opposite of
what this study found. In addition to HCB, there was no change or effect on both serum
cholesterol and triglyceride levels in this present study which is contrary to previous
research that exposed HCB to increased cholesterol and triglyceride levels in inhabitants
of Eastern Slovakia 2,

In summary, exposure to DDT, DDE, and HCB at a dose of 5 mg/kg for a period
of five weeks do not promote browning of WAT in male rats according to Ppary and
UCP1 expression results. In addition, HCB-induced expression of Ppary in WAT
suggests it may have obesogenic activity, while DDT and DDE-related decreases in

expression of Ppary and UCP1 in WAT suggest anti-adipogenic activity. On the other
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hand, serum testosterone levels significantly reduced in all groups upon pesticide
treatment, while there were no significant alterations in serum FSH and LH levels.
Additionally, DDT, DDE and HCB had a strong influence on male rat testicular
morphology and spermatogenesis. In conclusion, HCB-induced expression of Ppary in
WAT obesogenic activity of HCB. In addition, DDT and DDE-induced decreases in
expression of Ppary and UCP1 in WAT suggest that these two pesticides may reduce
adipogenesis. Our findings also implicate that OCPs may affect testosterone levels

through direct effects on testes, rather than influencing gonadotropin release.
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