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Abstract 
Polycystic ovary syndrome is an endocrine disorder with symptoms of hyperandrogenism, insulin-

resistance and anovulation in women which creates a disposition for other disorders, like Type 2 

Diabetes. Drosophila Melanogaster flies have short generation, low cost-management and share 

several signaling pathways with humans and are therefore an excellent tools to study disease 

aetiology – yet no such model exists for PCOS. This thesis aimed to create such PCOS-like disease 

model through treatment of Drosophila Melanogaster adults and larvae with 5-α Dihydrotestosterone 

and/or high sugar diet. The samples were studied by measuring weight, fecundity, total glycerol 

concentration and Real-Time quantitative Polymerase Chain Reaction (RT qPCR) using PCOS-related 

orthologue genes. While previous studies have frequently studied the effects of high sugar diets on 

Drosophila Melanogaster – there are no previous studies that have studied the effects of 5-α 

Dihydrotestosterone, with or without high sugar diet, on the weight, fecundity and gene expression 

of Drosophila Melanogaster. Results showed that larva raised on high sugar diet had traits resembling 

an insulin-resistant phenotype while the fecundity of flies treated with high sugar diet was significantly 

lower than those treated with standard sugar diet and DHT. RT qPCR showed overexpression of the 

standard sugar diet and DHT groups in the investigated genes EcR, Med, TOLL, THADA and FOXO. The 

conclusion, based on the results, is that insulin-resistance was produced but that more studies are 

required before a complete PCOS-like disease model is possible in Drosophila Melanogaster.  

 

  



Popular Scientific Summary 
Polycystic ovary syndrome is a disorder that affects women all over the world and is the leading cause 
of infertility in women. The disorder is complicated and does not present itself in the same way in all 
women which makes it difficult in understanding the root cause. The most common symptoms include 
increased male sex hormone concentrations in blood, an inability to maintain and regulate healthy 
sugar metabolism, and incredible difficulty in conceiving a child due to abnormal menses. These are 
very difficult symptoms to manage and may lead to developing further complications, like Type 2 
Diabetes. This is why it is crucial to keep studying the disorder, both in humans and in animal models, 
to try and discover ways to combat it. To use an animal model, one must first create the same 
symptoms in the animal that are needed to study and treat the disease/disorder. If a possible 
treatment is discovered, it must first be put through rigorous testing on animals, for several years, 
before testing on a small group of people. This means that if it takes a long time for an animal to 
produce offspring – the time it takes to finally show that a treatment works for a particular 
disease/disorder may be several years. To reduce the time needed to study a treatment, a research 
group may use animals with shorter lifespan to be able to make sure that no negative effects are 
transferred to the next generations. This has often been done by working with fruit flies called 
Drosophila Melanogaster that take 10-12 days to fully mature which means that one may study how 
a treatment affects several generations of flies. These flies are low-maintenance, cheap and share 
several biochemical pathways with humans which means that a treatment that works on the flies may, 
possibly, work in a similar manor in people.  
This thesis project aimed to produce such a polycystic ovary syndrome-like disease model in 
Drosophila Melanogaster by feeding them with human male sex hormone (DHT) and/or a high sugar 
diet to produce the same symptoms as in women suffering from the disorder. The result of creating a 
disease model for this condition would mean that it would take less time and expenses, in the 
beginning of a drug trial, to test new possible drugs which means that the time for a treatment to 
reach the public market would be decreased. To do this, four small groups of female flies were fed 
with either standard sugar diet with/without DHT and high sugar diet with/without DHT for 2 days and 
were then introduced to male flies. The offspring from those flies were weighed, when they had 
reached the right age, while the mothers ability to lay eggs was monitored and their glycerol 
concentrations was measured. When this was done, statistical tests were used to decide which 
treatment gave the best results and would be used for gene analysis. The results showed that the larva 
that were raised on treatment showed traits of poor blood sugar regulation, and that mothers treated 
with male sex hormones produced more eggs than the others. The results from the gene analysis 
showed that the insulin signaling (blood sugar regulation) may be impaired. These results suggest that 
offspring that grow up eating a diet with high sugar content are more likely to develop symptoms and 
suffer from conditions like type 2 diabetes. The difficulty in not knowing the underlying cause of an 
illness lies in the inability to determine which condition caused what symptom – it may be possible 
that the large concentrations of male sex hormones is caused by the poor blood sugar regulation. That 
would mean that some symptoms of polycystic ovary disorder may not present themselves unless the 
flies were suffering from one condition for an extended period of time and this is very difficult to test. 
These results are consistent with the aim, to a certain degree, but ultimately show that more research 
is necessary before the animal model is complete.  



Abbreviations 
  

AR Androgen receptor 
DHT 5 α-dihydrotestosterone 
E75A  
E75B  
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PCOS Polycystic Ovary syndrome 
T2D Type 2 diabetes 
IPC Insulin-Producing cells 
dILP Drosophila Insulin-like peptide 
AMPs Antimicrobial peptide 
PGRPs Peptidoglycan-binding proteins 



Table of Contents 
 

Introduction ............................................................................................................................................ 1 

Method and Materials ........................................................................................................................... 4 

Fly strain and treatments .................................................................................................................... 4 

Fecundity measurement ..................................................................................................................... 4 

Weight and length measurement  ...................................................................................................... 4 

Coupled colorimetric triglyceride assay  ............................................................................................. 4 

RNA extraction and purification of treated female flies  .................................................................... 5 

Reverse transcription PCR  .................................................................................................................. 5 

Real Time Quantitative PCR  ............................................................................................................... 5 

Statistical analysis  .............................................................................................................................. 6 

Results..................................................................................................................................................... 7 

Weight and length measurement  ...................................................................................................... 7 

Fecundity measurement ..................................................................................................................... 9 

Coupled colorimetric triglyceride assay  ........................................................................................... 10 

RNA extraction and purification of treated female flies  .................................................................. 11 

Real Time Quantitative PCR  ............................................................................................................. 11 

Discussion ............................................................................................................................................. 12 

References ............................................................................................................................................ 15 

  



1 
 

Introduction 
Polycystic Ovary Syndrome (PCOS) is an endocrine disorder that may present symptoms of 
anovulation, hyperandrogenism, insulin resistance, polycystic ovary morphologies, and hypertension 
in women up to 20% of women of reproductive age are afflicted (Crespo et al., 2018). It is 
indiscriminate of race or ethnicity, affects women across the globe and may manifest as itself as 
symptoms of hypoandrogenemia/ hyperandrogenism of both adrenal gland and ovarian origin 
(McAllister et al., 2015). The disorder is currently being diagnosed based on symptoms listed by the 
National Institutes of Health, Androgen-Excess and PCOS Society and the Rotterdam Consensus 
(Crespo et al., 2018; Shim et al., 2015). These committees have, separately, defined the PCOS 
phenotypes that are used to diagnose the condition. The differences in the set of symptoms required 
to diagnose the condition are minimal although the range of symptoms possible include clinical signs 
of  hyperandrogenism (acne, hirsutism), amenorrhea/oligomenorrhea and polycystic ovaries in the 
diagnosis of the condition (Crespo et al., 2018). The different groups require at least two specific 
symptoms for the diagnosis of the disorder but prioritize different ones (Crespo et al., 2018). NIH 
require chronic anovulation and clinical signs of hyperandrogenism, Rotterdam require (2/3 
symptoms) oligo/anovulation and/or clinical signs of hyperandrogenism and/or polycystic ovaries, 
while the Androgen-Excess PCOS society require hyperandrogenism and ovarian dysfunction to 
diagnose PCOS.  
PCOS affects women all over the world and is one of the leading cause of female infertility (Crespo et 
al., 2018) yet the origin is still not fully understood. The general consensus is that increased androgen 
levels play a key role in the development and maintenance of symptoms (Sen et al., 2014). Androgens, 
like testosterone, are generally known as male sex hormones but are readily present in either sex, and 
exert their effect through the binding of androgen receptors (AR). In a study of female fertility and 
follicular development (Sen et al., 2014), it was shown that treatment with dihydrotestosterone (DHT) 
and follicular stimulating hormone (FSH) led to improved follicular development and growth, in cells 
from AR knock-out mice. Treatment  of mice, using DHT, was shown to significantly increase the 
number of oocytes ovulated in 8-12 and 24-28 weeks old mice (Sen et al., 2014). Comparatively, a 
study of Drosophila Melanogaster showed that elevated ecdysone levels were responsible for ovarian 
follicle apoptosis (Xavier & Belles, 2014). 20-hydroxyecdysone (ecdysone) is a hormone found in 
Drosophila Melanogaster, with functional and structural similarities to human DHT. The latter study 
continued to hypothesize that ovarian follicle maturation was dependent on a ‘threshold level of 
ecdysteroid concentration’ (Xavier & Belles, 2014) where ecdysone levels would increase during 
starvation and lead to apoptosis of the follicle cells. 
Drosophila Melanogaster flies share ortholog genes with humans and have several conserved signaling 
pathways (Tennessen et al., 2014; Xavier & Belles, 2014; Belles & Piulachs, 2015; Hales et al., 2015; 
Nässel et al., 2015). These traits, and the short generation time, low maintenance cost and possibility 
for fast generation analysis make Drosophila Melanogaster an excellent tool for studying diseases.  
Insulin resistance is a symptom in both type 2 diabetes (T2D) and PCOS that may be caused by a high-
calorie diet (Musselman et al., 2011) but this is not always the case in PCOS patients (Crespo et al., 
2018). A study on mice showed that skeletal muscle insulin resistance may be induced by action of 
androgens (Song et al., 2018). Hyperinsulemia has been considered a possible cause of 
hyperandrogenism in relation to the insulin receptors on ovarian theca cells; increased insulin-binding 
activity in combination with luteinizing hormone in these cells has been attributed to excessive 
androgen production (Crespo et al., 2018). Increased activation of the insulin signaling pathway, in 
humans, may lead to upregulation of CYP17A1 – an enzyme catalyst involved in testosterone 
production (Crespo et al., 2018). Insulin production, in Drosophila Melanogaster, is secreted by Insulin-
producing cells (IPC) similar to human β-cells (Morris et al., 2012). The Insulin-producing cells react to 
food intake and nutrients by secreting four insulin-like peptides (dILP) that bind to- and activate a 
single insulin receptor (Morris et al., 2012). The Insulin signaling pathway in Drosophila Melanogaster 
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is similar to that of vertebrates – when a drosophila Insulin-like Peptide binds to an insulin receptor it 
triggers a signaling cascade resulting in increased glucose uptake, glycogen synthesis, FOXO 
inactivation and lipogenesis depending on the target tissue (Musselman et al., 2017). Women with 
PCOS have a tendency to suffer from chronic inflammation (Musselman et al., 2017; Crespo et al., 
2018). The Drosophila Melanogaster immune system resembles the human innate immune system 
and uses pattern recognition molecules, antimicrobial peptides (AMPs), peptidoglycan-binding 
proteins (PGRPs) and Toll-like receptors to detect pathogens and initiate immune response (Kurata, 
2013; Musselman et al., 2017; Chowdhury et al., 2019). In Drosophila Melanogaster, Toll-like receptors 
will trigger a signaling cascade that result in the production of different AMPs to combat infection, 
which is similar to that of the human TNF-α and TLR1/IL-1 signaling pathway (Kurata, 2013; Chowdhury 
et al., 2019). The FOXO signaling pathway is mostly conserved between humans and Drosophila 
Melanogaster and connects the TGF-β, Insulin and Glycolysis pathways through the use of FOXO 
transcription factors (Musselman et al., 2017). Kegg analysis of the FOXO signaling pathway, in 
Drosophila Melanogaster, shows that FOXO is the centerpiece where the former pathways converge 
to affect cell cycle regulation, metabolism and immuno-regulation (Kanehisa et al., 2000, 2017, 2019). 
The TGF-β pathway is famously involved in the regulation of immune and epithelial cells 
differentiation, among a myriad of other functions (Moustakas et al., 2002), and may be initiated 
through TGF-β 1&2 receptor activation and consequently a signaling cascade involving SMADs 
(Brigaud et al., 2015). The SMADs belong to a protein family of tumor suppressors that, when 
activated, form specific SMAD complexes and connect to SMAD4 to enter the nucleus and regulate 
transcription (Pierreux et al., 2000). SMAD4 is unique in this pathway as it is the sole co-SMAD that is 
involved in all TGF-β pathway signaling cascades (Brigaud et al., 2015) and it’s gene expression could 
therefore, possibly, be correlated to the activity of the pathway. Briguad et al. discussed the role of 
TGF-β signaling in Drosophila Melanogaster oogenesis where the pathway was shown to significantly 
influence the ovarian epithelial/follicular cell differentiation and morphogenesis (Brigaud et al., 2015).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Diagram of ecdysone pathway during feeding (A), starvation (B), feeding with DHT (C) and the effect 

on ovarian follicle maturation (Belles & Piulachs, 2015). The right figure (C) shows a treatment and the 

expected effects of substituting ecdysone with DHT. 

A study by Belles & Piulachs described how starvation of Drosophila Melanogaster induce increased 
expression of ecdysone (Figure 1) which led to inhibition of ecdysone-induced protein 75 B (E75B), 
which normally inhibits ecdysone-induced protein 75 A (E75A) and promotes ovarian follicle 
maturation; thus allowing E75A to induce an apoptotic pathway in the egg chambers (Belles & 
Piulachs, 2015). This project introduced exogenous DHT to study whether it can activate ecdysone 
receptors, as previously described by ecdysone, to produce the PCOS symptom of anovulation – 
without starving the flies.  
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The orthologs of specific PCOS-related genes, chosen from related articles as well as pathway-based 
genome-wide association studies (GWAS), will be studied via real-time PCR to confirm a PCOS-like 
phenotype: Med, Foxo, Spo, EcR, Toll, and Thada. These genes are, in humans, related to the PCOS 
symptoms like hyperandrogenism, insulin resistance, fat storage and metabolism, immune response, 
follicle development, etc. (Shim et al., 2015; McAllister et al., 2015; Kilpatrick KA., 2016; Tee et al., 
2016; Crespo et al., 2018). The human candidate genes were identified from several databases and 
GWAS (Shim et al., 2015), and many of their Drosophila Melanogaster orthologue counterparts were 
identified. The aim of using these genes is to detect whether any of the PCOS-like symptoms induced 
would be caused by difference in regulation of these genes.  
The root causes for different symptoms are still being debated – the McAllister study (McAllister et 
al., 2015) propose DENND1A.V2 and CYP17A1 as causes for hyperandrogenism whilst Crespo and co. 
(Crespo et al., 2018) discuss the role of insulin in excess androgen production.  
The genes for RT-PCR (Table 1) are chosen based on specific properties; involvement in ovarian 
androgen synthesis (SPO), insulin receptor pathway (FOXO), energy storage (THADA), immune 
response (TOLL & MED) (Shim et al., 2015; McAllister et al., 2015; Tee et al., 2016; Moraru et al., 2017; 
Crespo et al., 2018) . The ECR gene does not have a direct human orthologue but is functionally similar 
to androgen receptor, TOLL and MED are genes involved in inflammatory pathways (chronic 
inflammation is a PCOS symptom)(Kurata et al., 2013; Belles and Piulachs., 2015; Kilpatrick KA., 2016; 
Musselman., 2017). 
 
The role of androgens in PCOS has been extensively studied in mice, rats, sheep and non-human 
primates where treatments including testosterone, DHT and genetic modification of androgen 
receptors have managed to simulate several PCOS traits (Padmanabhan & Veiga-Lopez, 2013; Caldwell 
et al., 2014; Walters et al., 2018). The treatments using androgens have often consisted of treating 
either prenatal or postnatal offspring with testosterone or DHT whereafter the offspring were studied 
for PCOS traits like oligo/anovulation, polycystic ovaries, hyperandrogenism, dyslipidemia and insulin 
resistance (Walters et al., 2018). Studies on wild type mice, using prenatal DHT treatment, presented 
symptoms of oligo/anovulation but not polycystic ovaries, obesity, dyslipidemia or insulin resistance 
while postnatal DHT treatment succeeded in producing polycystic ovaries, obesity and dyslipidemia 
(Caldwell et al., 2014). Further studies in larger vertebrates like sheep and rhesus-monkeys, using pre-
and postnatal androgen treatments, have produced several PCOS symptoms although no, single, 
organism has yet been able to produce all three, key, PCOS symptoms (Walters et al., 2018). 
 
This research project aimed to treat Drosophila Melanogaster with high sugar diet and androgens (5 
α-dihydroxytestosterone) to induce PCOS-like symptoms in hope of creating a disease model for PCOS 
in Drosophila Melanogaster. A previous study attempted to produce a PCOS-like fly model, where they 
used starvation and/or ecdysone to produce PCOS traits (Kilpatrick KA., 2016). The previous study 
placed flies on starvation media with/without 20μl of 10mg/ml ecdysone/ethanol for 24 hours 
(Kilpatrick, 2016). Thereafter, the height, weight and fecundity of the flies were measured to study 
the health and amount of eggs laid by the flies, and immunofluorescence microscopy and RT-qPCR 
was used to study ovarian receptors and inflammatory genes (Kilpatrick, 2016). The Kilpatrick article 
treated their flies when they had already reached full adulthood but an article by Xavier Belles et al. 
in 2015, discussed how ecdysone is an key element in early germ cell differentiation during the third 
instar of larval development (Belles & Piulachs, 2015).  
This thesis project aimed to continue from the work produced by Kilpatrick but instead use DHT and/or 
high sugar diet, change when and how long treatment is applied, during the development of 
Drosophila Melanogaster, and study genes involved in steroidogenesis, energy storage, insulin and 
immune signaling. The duality of whether insulin resistance or hyperandrogenism cause one or 
another spurred this investigation where flies were treated with both DHT and high-sugar diet, 
simultaneously and separately, to study whether the combination therapy would produce PCOS-like 
symptoms. This project aimed to study the effects of treating both larval and adult stages of the flies 
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to ascertain whether the treatment leads to PCOS-like symptoms if administered during a specific 
stage of development.  
The hypothesis is that treating Drosophila Melanogaster flies with DHT and/or high sugar diet can 
induce PCOS-like symptoms.  

2. Material and methods 

2.1 Fly strain and treatments 
The wild-type, White w1118 stock flies were provided by the University of Skövde. The flies were 
grown and cultivated on a standard diet containing corn flour, sugar, yeast, agar and Nipagen (See 
appendix A) while kept in 25 oC.  
Eighty healthy adult female flies were selected from the breeding stock/experiment. The female flies 
were separated randomly into four groups, to be placed on different treatments for 48/72 hours and 
then transferred to cages where they were reintroduced to 20 adult male flies for 24 hours. During 
this time the flies would mate and lay eggs. Thereafter, the females would be isolated and kept at -20 
oC degrees.  
There were three treatment groups and one control group: high sugar diet and DHT (HD), high sugar 
diet and ethanol (HE), standard sugar diet and DHT (SD), and the control group: standard sugar diet 
and ethanol (SE). The DHT was diluted in 99% ethanol when preparing each concentration; ethanol 
was therefore placed on all groups without DHT to study the effects and ascertain whether the effects 
were caused by DHT or Ethanol. The recipes for the different diets were identical with the exception 
of the sugar content; high sugar diet contained 1M sucrose while the standard sugar diet contained 
0.15M sucrose. The volumes and concentrations of DHT/ethanol added to the vials of food were 
initially based on the Kilpatrick article (Kilpatrick, 2016), which used 20μl of 10mg/ml 20-
hydroxyecdysone for 24 hours, but were changed based on observations and effect on the weight of 
the offspring. Therefore, the starting concentration was chosen to be 20µl of 10mg/ml DHT/ 20µl of 
99% ethanol to replicate the concentration used in the Kilpatrick article (Kilpatrick, 2016) while using 
DHT, but while extending the duration of treatment to study the effects of extended exposure.  
 
 The following conditions were chosen to study the effects of increased/decreased DHT 
concentrations and duration of treatments: 

• 40µl of 10mg/ml DHT/ 40µl of 99% ethanol for 48 hours. 

• 20µl of 10mg/ml DHT/ 20µl of 99% ethanol for 72 hours 

• 20µl of 5mg/ml DHT/ 20µl of 99% ethanol for 48 hours. 

2.2 Fecundity Measurement 
The fecundity of the female flies was studied by counting the amount of eggs laid on agar plates, per 
group, every two hours over the course of time the female flies were kept with males (post-
treatment). There were 5-6 measurements per group, per treatment, with a gap overnight. When 24 
hours had passed since first being reintroduced to male flies, the female flies were isolated and frozen 
at -20oC.  

2.3 Weight and Length measurement 
After the 24 hours of fecundity measurement, the agar plates with the newly laid eggs were studied; 
the number of total number of eggs laid was recorded before transferring the eggs to standard sugar. 
The larva were raised in the same environment as the parents to eliminate environmental variation. 
Primary experiment model: When the offspring (from treated mothers) had reached 3rd instar of larval 
development, a sample group was removed from each group to measure the length and weight. The 
sample size varied throughout the experiment. Initially the aim was to measure all the larva offspring 



5 
 

per group. Thereafter the sample size was set to 20 larva/group, which persisted until the final stages 
of the experiment where the final sample size became 40 larva/group.  
Secondary experiment model: A second experimental method was introduced during the final stages 
of the lab work. During the time that the adult, female flies were ingesting treatment – they were also 
laying eggs onto the treatment media. The eggs produced, at that time, were left to hatch and eat the 
treatment themselves where afterwards they would be studied and measured like the offspring from 
the first experimental setup.  
The weight of the offspring, raised on treatment, was measured when it was clear that 3rd instar had 
been reached. 

2.4 Coupled colorimetric triglyceride assay 
The total glycerol concentration of treated adult female flies was measured to study the effect of the 
treatments on fat storage. The flies were studied using the couples colorimetric  assay for triglycerides 
(Tennessen et al., 2014). Four flies were pooled in one tube and homogenised in 200µl PBST (0.05% 
Tween 20). The step involving the Bradford assay was omitted. Supernatant was heated at 70oC for 10 
min. Glycerol standard (2.5mg/ml triolein equivalent), triglyceride reagent and free glycerol reagent 
was purchased from Sigma Aldrich(product numbers: G7793; T2449; F6428). The glycerol standard 
was used for the standard curve –  1mg/ml, 0.5mg/ml, 0.25mg/ml, and 0.125mg/ml concentrations 
were prepared by serial dilutions, using PBST, to a final volume of 100µl. Two rows of Eppendorf tubes 
were prepared, each containing 20µl of the glycerol standard solutions, fly samples and a PBST blank. 
20µl of PBST was added to one row, and 20µl of triglyceride reagent to the other row to be able to 
compare later on. The tubes were incubated at 37oC for 30 min and then centrifuged at full speed for 
3 min. 30µl from each tube was transferred to a 96-well plate and thereafter 100µl of free glycerol 
reagent was added to each sample. The plate was covered with a plastic film, incubated at 37oC for 5 
min and placed in a Omega FLUOstar plate reader which read the absorbance at 540nm. 
The concentration was calculated from the formula of the trendline, based on average absorbance 
values/treatment. Outliers were omitted. 

2.5 RNA extraction and purification of treated female flies 
The experimental group of female flies used during RNA extraction and purification were chosen based 
on whether the weight (mg) of their offspring (third instar larva) showed statistical significant 
difference (P≤0.05) in repeated experiments. The frozen female flies from all treatment groups (HD, 
HE, SD and SE) were used to study the effects of treatments on gene expression. The ~20 frozen female 
flies were separated into six Eppendorf tubes, three flies/tube, to have more material for statistical 
analysis. This was repeated for each treatment group. 
The wings of the flies were removed prior to the homogenization of the flies to prevent obstruction 
of the filter in the spinning columns to allow for maximum RNA yield. 
The RNA extraction and purification was performed on the body of flies using the RNeasy® Mini Kit 
(Qiagen, Cat No./ID: 74104), using the Quick-Start Protocol, RNeasy® Mini Kit, Part 1. During the last 
steps, RNA was eluted using 30µl of RNase-free water and thereafter the eluate was reused to increase 
the final RNA concentration.  
The concentration and purity of the RNA samples was measured using a Nanodrop ND-1000 
spectrophotometer where the absorbance of samples were measured using the ratios 260/280nm 
and 260/230nm. The samples were considered pure if the absorbance ratios were approximately 2. 

2.6 Reverse Transcription PCR 
The RNA samples were diluted to a concentration of 900ng/µl using RNase-free water. 
The RNA-to-cDNA conversion was performed following the High-Capacity RNA-to-cDNA kit protocol 
(Applied Biosystems, Cat no:4387406). The PCR conditions were 37 oC for 60 min, 95 oC for 5 min and 
kept at 4 oC for 30 min. The resultant cDNA was kept at -20 oC until Real-Time qPCR. 
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The cDNA concentration was diluted to 3.5ng/µl. The RNA concentrations of two samples, HD2 and 
HD5, were below 100ng/µl and were diluted for 450ng/µl prior to RT PCR. These samples were diluted, 
10µl cDNA in 120µl ddH2O, to 3.5ng/µl. 

2.7 Real Time Quantitative PCR 
Real Time Quantitative PCR (RT-qPCR) was performed using SYBR® Select Master Mix (Thermo Fisher 
Scientific, Cat No. 4472919) according to protocol. The seven primers were diluted 10µl in 90µl ddH2O 
and kept in -20 oC. The Master-Mix was prepared according to protocol, keeping in mind that the 
samples would be loaded in triplicates to ensure that an average Ct values could be obtained. 3µl of 
the Master-mix was loaded into the pit of 72 wells and 2µl of the samples was loaded, in triplicates, 
to the walls of the wells before the plate was covered in a plastic adhesive cover. The plates were 
centrifuged at 1500 RPM for 1 min to remove bubbles and ensure that samples and reagents were 
thoroughly mixed. RT qPCR was performed using Thermo Scientific™ 96-well PikoReal™ Real-Time PCR 
System (Cat. No. TCR0096) and the results were exported to excel. 
Table 1. Summary of genes that were studied during Real-Time qPCR. The human genes (left) have orthologue  
genes in Drosophila Melanogaster, which were studied for PCOS-like expression. 

 

The seven genes were analysed on separate plates- one gene per plate as shown in Table 2, where the 
Actin gene is a housekeeping gene that the other genes will be compared to. The results from RT qPCR 
was exported into excel where Ct values were analysed and used to produce the Relative 
Quantification (2-ddCt). The β-actin gene was used as reference gene. 
 
Table 2. Visualization of how the wells of the RT qPCR plates were filled and genes studied.  

 1 2 3 4 5 6 7 8 9 10 11 12  Actin 

A HD1 HD1 HD1 HE1 HE1 HE1 SD1 SD1 SD1 SE1 SE1 SE1  EcR 
B HD2 HD2 HD2 HE2 HE2 HE2 SD2 SD2 SD2 SE2 SE2 SE2  Med 
C HD3 HD3 HD3 HE3 HE3 HE3 SD3 SD3 SD3 SE3 SE3 SE3 x Toll 
D HD4 HD4 HD4 HE4 HE4 HE4 SD4 SD4 SD4 SE4 SE4 SE4  Spo 
E HD5 HD5 HD5 HE5 HE5 HE5 SD5 SD5 SD5 SE5 SE6 SE5  Thada 
F HD6 Hd6 HD6 HE6 HE6 HE6 SD6 SD6 SD6 SE6 SE6 SE6  Foxo 

When studying the results of RT-qPCR, it was discovered that a significant amount of Ct values had 
not been successfully recorded in the Actin and FOXO plates. These plates were performed a second 
time and the average Ct values of the new and old plates were used to produce relative expression.  
The Relative quantitative expression was calculated using the 2-ddCt method where all Ct-values were 
normalised to the average Delta Ct of the control groups. 

2.8 Statistical Analysis 
The statistical methods used to analyse the results of this thesis were chosen based on their aptness 
to test whether there were a significant difference between different treatment groups. The student’s 
T-test and One-way ANOVA were used to discover any significant difference between 2 or more 

Human Genes Drosophila Melanogaster 
ortholog genes 

Description of gene product 

CYP17A1 Spo P450 enzyme, expressed by follicle cells, that catalyses 17α-
hydroxylase and 17, 20-Lyzase during androgen synthesis. 

FOXO FOXO Related to Insulin receptor pathway, cell number regulation. 

THADA THADA Regulates energy balance and energy storage. 

TOLL TOLL TI signaling pathway, immune responses. 

- EcR Ecdysone receptor, plays a large role in ovarian follicle 
development.  

SMAD4 Med Involved in TGF-β pathway. 

-ACTB Actin. Housekeeping gene. Control during RT qPCR. 
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groups, respectively. These tests assume that there is equal variance between the groups compared 
and therefore require a test, beforehand, that determines the whether the data is normally 
distributed. 
The results were studied for normal distribution using Kolmogorov-Smirnov, if sample size was >50, 
or Shapiro-Wilk if sample size was <50. The results were considered normally distributed if P-
value>0.05. If the data was normally distributed - Student’s T-test and ANOVA were used. The ANOVA 
Bonferroni post-hoc test was used to adjust for multiple comparisons and Dunnett’s test to compare 
the treatment groups to the control group. This reduces the risk for committing a type 1 error; 
accepting a false positive, when comparing multiple groups. If the data was not normally distributed 
– a non-parametric test was used instead. The non-parametric Kruskal-Wallis 1-way ANOVA test with 
Bonferroni Correction was used to discover any significant differences between groups. The results 
from the non-parametric test were considered statistically significant if the adjusted P-value≤0.05 
while the parametric tests were considered statistically significant if P≤0.05. The statistical analysis 
software used to analyse the results was IBM® SPSS® Statistics Version 25. 
The standard error of the mean (SEM) was calculated for graphs, in Excel. 

3. Results 
The results from several experiments were inconclusive due to unexpected interference; mould in the 
treatment media, technical malfunctions with the incubators and limited resources contributed to 
uncertainty regarding the integrity of the experimental conditions. The difficulties with the incubators 
included them spontaneously resetting and thus the temperature remained undetermined overnight, 
and a power outage which left the incubators inactive for nearly a day which resulted in a large amount 
of flies dying, possibly due to poor airflow. The limited resources often involved a lack of materials, 
like yeast, which would mean that experiments would have to be repeated once more yeast arrived, 
to make the food that treatments would be placed on. Several treatment conditions were repeated, 
but due to the previously errors – the results from those experiments will not be included in this 
report. An example is the 20µl of 10mg/ml DHT/ 20µl of 99% ethanol, for 48 hours treatment condition 
which was performed three times during the course of the lab work but only the weight measurement 
results from two experiments could be included. 
The report aimed to study the effect of treatment on 3rd instar larva but due to complications 
regarding sexing the larva – most methods including the larva were removed. 

3.1 Weight and length 
During the early stages of the experiments it was discovered that the 3rd instar larva could not be 
accurately measured for length as they retract into themselves upon physical contact or proximity. 
Repeated measurements were performed but neither independent t-tests or one-way ANOVA showed 
any significant difference (p≤0.05) in length between the groups. Therefore, it was decided that the 
measurements of length would be discontinued and omitted from the experimental model. Weight 
was instead used as the sole tool to determine whether the larva were physically affected by 
treatment. 
The average weight of 3rd instar offspring larva, from the primary experiment model, showed that the 
high sugar and ethanol group was significantly heavier than the control group in experiments including 
the concentrations: 20µl of 10mg/ml DHT/ 20µl of 99% ethanol for 48hours and 20µl of 5mg/ml DHT/ 
20µl of 99% ethanol for 48hours. These experiments were repeated, where only the former treatment 
condition yielded significant difference a second time. 
The results, in Figure 2, of the average weight of larva, from treated mothers, are from two 
experiments using 20µl of 10mg/ml DHT/ 20µl of 99% ethanol for 48hours as treatment.  
Statistical analysis showed that the compiled data was normally distributed and One-Way ANOVA, 
with Bonferroni correction, was used to determine significance between groups. The results show that 
the high sugar diet and ethanol group were significantly heavier than the control group. The high sugar 
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diet and ethanol group, and high sugar diet and DHT groups were both significantly heavier than the 
standard sugar and DHT group.  
 

 

 

 

 

 

 

 

 

 

Figure 2. The average weight of the treatment groups after 20µl of 10mg/ml DHT/ 20µl of 99% ethanol, for 

48hours; HD: blue, HE: orange, SD: grey, and SE: yellow with SEM error bars. Significant difference is denoted 

by asterisk (*P≤0.05, ***P≤0.001). 

 
The results from the 20µl of 5mg/ml DHT/ 20µl of 99% ethanol, 48hours, experiment showed that the 
high sugar and ethanol group was significant heavier than the high sugar and DHT group (adjusted P-
value:0.048). This experimental condition was repeated twice more but without any reproducible 
significant difference and therefore was not used for RT qPCR. It should be noted that during one of 
the repeated attempts – the electricity in the lab failed before the standard sugar diet and ethanol 
group could be measured meant that only three treatment groups could be compared. 
 
The results from weighing larva, from the secondary experimental model (offspring raised on 
treatment) was solely recorded from the 20µl of 5mg/ml DHT/ 20µl of 99% ethanol for 48 hours 
treatment condition due to the larva fed on high sugar diet often being too light to register on the 
scale (min. 0.1mg). The larva were weighed when certain larva reached 3rd instar. The larva raised on 
high sugar diet developed at a lower rate than the larva on standard sugar diet; the larva raised on 
high sugar diet, consistently, took 6-8 days longer to reach the same developmental stage. This 
behaviour was present consistently throughout the experiments. The developmental rate of 
Drosophila Melanogaster has been well studied and newly hatched larva reach 3rd instar in 3-4 days’ 
time. Therefore, the result that larva raised on high sugar diet took more than 7 days to reach 3rd instar 
was sufficiently compelling that no statistical tests on developmental rate were performed. This is 
illustrated in Figure 3, where the larva from the high sugar diet and DHT, and high sugar diet and 
ethanol tubes were still in 1st-2nd Instar while the other larva were already in 3rd instar or had entered 
pupae stage.  
The difference in weight (mg) between these groups was analysed using Independent Samples 
Kruskal-Wallis One-Way ANOVA, with Bonferroni correction, where the comparison between both 
groups of high sugar diet had an adjusted P-value<0.001 when compared to the tubes with standard 
sugar diet. The difference in average weight (mg) between the larva raised on high sugar diet and 
those raised on standard sugar diet is nearly ten-fold; HD: 0.32mg, HE: 0.29mg, SD: 1.85, and SE: 
2.02mg.  
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Figure 3. Image of larva raised on 20µl of 5mg/ml DHT/ 20µl of 99% ethanol treatment for 48hours. The 

treatment groups, from left to right, are HD, HE, SD and SE where a clear difference in size of larva is visible 

when comparing the two leftmost tubes to the tubes on the right. A few pupae are visible in the tubes with 

standard sugar diet while the larva in the tubes with high sugar diet are still 1st – 2nd Instar of larval 

development.  

3.2 Fecundity 
The results from the fecundity measurements was interrupted, by a power outage, during one of the 
20microL of 10.4mg/ml DHT, 48hrs experiment which means that only one set of results was available 
for that treatment concentration. 
The collective result of the fecundity measurements shows that the total amount of eggs laid, over 24 
hours, decreased when the maternal flies were fed a high sugar diet, compared to the control group. 
The opposite was to be true for flies that were fed standard sugar diet and DHT, where the total 
number of eggs laid increased by 34%, compared to the control group. 
The total egg count, for each experiment, was summarised in Figure 4 where it became clear that flies, 
treated with standard sugar diet and DHT, laid more eggs than flies of other treatment groups. 
Statistical analysis, using Independent Samples Kruskal-Wallis One-Way ANOVA, with Bonferroni 
correction, showed that the total egg count of the groups treated with standard sugar diet and DHT 
was significantly higher (P≤0.05) compared to those treated with high sugar diet and DHT, and high 
sugar diet and ethanol (P-value of 0.009 and 0.019, respectively). There was no significant difference 
between the treatment groups and the control groups. 
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Figure 4. The graph shows the total amount of eggs laid, over the course of 24 hours, based on treatment from 

all experiments to illustrate the effect of each treatment on fecundity. The results pertaining to each 

experiment has been colour-coded for clarity. Independent Samples Kruskal-Wallis One-Way ANOVA, with 

Bonferroni correction, showed significant difference (P≤0.05) between SD and HD, and SD and HE.  

3.3 Coupled colorimetric triglyceride assay 
The group used for the assay was from 20μL of 10.4mg/ml DHT, 48hrs, experiment. The results were 
summarised in Figure 5, where the average concentration of the high sugar groups are lower than the 
standard sugar groups.  
Statistical analysis showed that the data was normally distributed and Bonferroni and Dunnett Post-
hoc tests showed that the concentrations of the high sugar diet and DHT, and standard sugar diet and 
DHT were both significantly lower compared to the control group.  
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Figure 5. Graphical representation of the average concentrations of glycerol, from the different treatments, 

plotted on a standard curve. The error bars are the SEM of the samples. The asterisks represent significant 

difference (*P<0.05).  

3.4 RNA extraction and purification of treated female flies. 
The group used was from 20microL of 10.4mg/ml DHT, 48hrs, experiment. The results from the RNA 
isolation and purification showed RNA sample concentrations between ~100-600ng/µl with the 
exceptions of the high sugar diet and DHT samples HD2&6 that were below 100ng/µl. 900ng of 
samples was used, with the exception of HD6, 450ng was used. Six samples (HE6, SD1, 2, 6, and SE3 
and SE5) had very high concentrations and were therefore diluted two-fold to increase the volumes 
pipetted when taking  900ng. The purity 260/280nm ratios and contamination 260/230nm ratios of 
the samples were ~2 and therefore may be considered pure although a few samples had low 
260/230nm ratios. This may indicate that the samples with low 260/230nm ratios were contaminated. 

3.6 Real Time qPCR 
Independent Samples Kruskal-Wallis One-Way ANOVA, with Bonferroni correction, was used to 
determine the significant difference between gene expression among treatment groups.  
The results from the Real-Time qPCR has been summarised in Figure 6, where the results of the SD 
treatment groups were shown to be overexpressed compared to both the control group and the other 
treatment groups in 5 out of 6 investigated genes. This feature was most prominent in the genes EcR 
and Med whilst the results of Spo showed the SD group being lower expressed than the SE and HD. 
The Spo gene expression was greatest in the HD group. The most consistent result from this analysis 
is the relationship between HE and the control group; the HE treatment led to decreased gene 
expression, compared to the control group, for all genes studied.  

Figure 6. Bar graphs of the relative comparative/quantitative expression (2-ddCt) of each treatment group for 

each gene. The error bars represent the SEM and the asterisks represent significant difference (*P≤0.05 and 

**P≤0.01, respectively). The treatment groups are represented using different colours; SE: yellow, HD: blue, 
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HE: orange and SD: grey. There seems to be a tendency for the investigated genes in standard sugar diet and 

DHT group to be overexpressed compared to the other groups. 

The significant difference between the treatment groups was based on Bonferroni correction, which 
produced an adjusted significant difference to reduce the risk of producing a Type-1 error. This meant 
that some comparisons were significant before the adjustment but not after the correction; high sugar 
diet and ethanol was expressed at a significantly lower level (P≤0.05) than standard sugar diet and 
ethanol in EcR, Med, TOLL and FOXO before the adjustment.  

Discussion 
The previous studies on PCOS animal models have successfully produced PCOS traits like 
hyperandrogenism, anovulation, oligo/amenorrhea, polycystic ovaries, insulin resistance and obesity 
(Walters et al., 2018). However, these traits have only been produced in separate animal models; 
different models are used to study different PCOS traits and no, single, animal model has been able to 
produce all the traits that are normally used to diagnose a human female with PCOS (Walters et al., 
2018). The mice, rats, sheep and rhesus monkeys that, among others, have been used to study these 
traits are sturdy models but have extensive generation times when compared to Drosophila 
Melanogaster that reach adulthood and maturity in approximately 2 weeks (Padmanabhan & Veiga-
Lopez, 2013; Caldwell et al., 2014; Tennessen et al., 2014; Walters et al., 2018). Although rhesus 
monkey are significantly more similar to humans than Drosophila Melanogaster and have been 
extensively studied – they reach reproductive maturity at the age of 2.5-3.5 years which makes them 
both costly and time-consuming subjects to study (Padmanabhan & Veiga-Lopez, 2013). This 
illustrates the value of a PCOS-like Drosophila Melanogaster model as an option for generation studies 
that could be performed in a fraction of the time needed for other animal models.  
The aim of this project was to produce the first PCOS-like disease model in Drosophila Melanogaster, 
through treatment with androgens and/or high sugar diet.  models. 
 
The results in Figure 2, from the weight measurements, show that the high sugar diet and ethanol 
treatment, of female flies, succeeded in creating offspring with significantly increased weight, 
compared to the control group and the standard sugar and DHT group. The aim of using the high-sugar 
diet was to reproduce a state of insulin resistance which was successfully produced by Musselman et 
al. (Musselman et al., 2011). In that report, they studied the effect in 3rd instar larva where larva raised 
on high sugar diet presented symptoms of decreased body size and delayed development (Musselman 
et al., 2011). The Musselman report compared the phenotypes of the larva raised on high sugar diet 
to that of insulin-deficient and insulin resistant Drosophila Melanogaster strains where they later 
discovered that a high sugar diet had induced peripheral insulin resistance (Musselman et al., 2011). 
The two vials on the left of Figure 3 shows larva raised on a high sugar diet, that display the same traits 
as those described in the former article. Statistical analysis of the larva raised on treatment also 
showed significant difference in weight between the larva fed on high sugar diet and those that did 
not. The visual confirmation of the insulin-deficient/insulin-resistant phenotypes and the significant 
difference in weight suggests that insulin resistance was successfully produced in larva raised on 
treatment. A study by Abbott et al. in rhesus monkeys showed that female monkeys that were 
exposed to androgens before birth, showed characteristic phenotypes for PCOS which coincides with 
the results from the Musselman et al. article (Abbott et al., 2005) and supports the hypothesis that 
offspring treated with androgens may develop PCOS-like phenotype.  
A second article by Musselman et al. investigated the relationship between insulin signaling and 
immune response where they found that an increase in ‘insulin signaling led to reduced immune gene 
expression’ and vice versa (Musselman et al., 2017). The overexpression of the standard sugar diet 
and DHT treatment groups in the investigated gene FOXO resembles the results of the Musselman et 
al. article, where they state that an increase in FOXO transcription may suggest that insulin signaling 
is decreased while immune response is increased (Musselman et al., 2017). The overexpression of the 
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standard sugar diet and DHT groups in MED and TOLL may further support the insulin signaling-
suppressing and pro-immune effect of FOXO as the genes are part of the TGF-β (Pierreux et al., 2000; 
Moustakas et al., 2002; McKarns et al., 2004; Brigaud et al., 2015) and Toll pathways (Kurata, 2013; Yu 
et al., 2018; Chowdhury et al., 2019), respectively and suggest an increased immune response. The 
results of the increased FOXO expression, in standard sugar diet and DHT flies, may therefore suggest 
that the insulin signaling pathway is suppressed. Studies on wild-type mice show results that suggest 
that DHT-induced insulin resistance may be dosage-dependant. Some studies report that mice that 
were pre-and postnatally treated with DHT were unsuccessful in producing whole-body insulin 
resistance (Caldwell et al., 2014) and skeletal muscle insulin resistance (Andrisse et al., 2017) whilst a 
different study showed that chronic DHT treatment was successful in producing peripheral insulin 
resistance in wild-type female mice and a predisposition to type 2 diabetes (Navarro et al., 2018). The 
latter study describes how insulin resistance is achieved, in mice, through chronic DHT treatment, by 
binding to androgen receptors on pancreatic β-cells (Navarro et al., 2018). This further supports the 
conclusion that insulin resistance was produced in the standard sugar diet and DHT flies.  
 
A study in aged Drosophila Melanogaster enterocytes suggests that chronic FOXO activation may 
decrease immune response by suppressing expression of peptidoglycan-binding proteins from IMD 
signaling pathways  (Guo et al., 2014). The previous study shows the possible immunosuppressant 
effects of increased FOXO signaling and how FOXO gene expression may vary depending on both tissue 
type and condition of the flies.  
 
The results of the coupled calorimetric triglyceride assay show that the flies treated with DHT had 
significantly lower glycerol concentrations than those that were not treated with DHT. The PBST 
samples, used for creating a standard curve, were contaminated and therefore the standard curve is 
only comprised of the raw T-reagent values. This meant that the concentrations calculated based on 
the equation of the trendline should be considered approximates of the true concentrations. The 
relationships between the flies treated with DHT and those that were not may therefore be unaffected 
and will be described as such, from here on. The flies treated with standard sugar diet and DHT showed 
significantly lower glycerol concentrations compared to both control while having significantly 
increased FOXO gene expression, which seems inconsistent. A study by DiAngelo and Birnbaum 
discussed how flies with impaired whole-body insulin signaling had increased triglyceride content 
whilst tissue-specific insulin signaling in the fat body promoted triglyceride content in Drosophila 
Melanogaster  (DiAngelo & Birnbaum, 2009). The flies of the standard sugar diet and DHT group should 
therefore have increased glycerol content, according to DiAngelo and Birnbaum, considering the 
impaired insulin signaling due to the overexpression of the FOXO gene (DiAngelo & Birnbaum, 2009; 
Musselman et al., 2017). This is not the case as the standard sugar diet and DHT group has significantly 
lower glycerol concentration than the control group. This may be explained by a study by Mondal et 
al. that studied hyperandrogenemia and lipid homeostasis in PCOS-induced rats (Mondal et al., 2018). 
They show that lipid homeostasis may be disrupted, in PCOS women, through a PCSK9-LDLR pathway 
in the liver (Mondal et al., 2018). Hypothetically, this could mean that the low glycerol levels are due 
to the DHT treatment interfering with lipid metabolism. The decreased gene expression of THADA, in 
high sugar diet and ethanol groups, may suggest that the lipid metabolism of the flies is dysregulated 
(Moraru et al., 2017). This is illustrated in a study where THADA-knock out Drosophila Melanogaster 
develop obese phenotypes related to impaired cytosolic calcium signaling (Moraru et al., 2017). This 
may explain the reason for the glycerol concentration of the high sugar diet and ethanol group being 
less than the standard sugar diet and ethanol group as one would expect the flies fed on high sugar 
diet to have a greater whole-body glycerol concentration. 
 
The effect of DHT was not prominent in the results of the weight measurements but it did significantly 
alter the fecundity of the flies; the flies treated with standard sugar diet and DHT produced 
significantly more eggs than the flies treated with high sugar diet and DHT, and high sugar diet and 
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ethanol. This result coincides with the pro-ovulatory effects of DHT in studies on mice (Sen et al., 2014; 
Prizant et al; 2014) and prenatally treated sheep (Steckler et al., 2007) which suggests that DHT is 
sufficiently similar to ecdysone to be able to efficiently bind and activate the EcR. The results suggest 
that DHT was able to activate the EcR but that the DHT concentrations were not enough to reach the 
threshold concentration needed to induce ovarian follicle apoptosis, as described by Belles and 
Piulachs (Belles & Piulachs, 2015). This is supported by the gene expression of Spo, in standard sugar 
diet and DHT groups, where only the high sugar diet and DHT groups were significantly overexpressed, 
compared to high sugar diet and ethanol. The Spo gene is equivalent to the human CYP17A1 gene that 
translates into an enzyme which ‘catalyses 17α-hydroxylyase and 17, 20-lyase activity’ and are key 
elements in androgen synthesis (Crespo et al., 2018). These enzymes are inhibited in a negative 
feedback-loop, where the androgens catalysed by the enzymes limit further androgen production 
(Kakuta et al., 2018) which suggests that the exogenous DHT, from treatment, should have decreased 
Spo activity and expression. This is not shown in Spo gene expression but Rosenfield and Ehrmann 
discussed how CYP17 activity may be altered by impaired insulin signaling (Rosenfield & Ehrmann, 
2016) which suggests that Spo gene expression may be decreased by the increased FOXO gene 
expression, in the standard sugar diet and DHT groups.  
 
Due to limitations in resources, only one set of samples could be used for Real-Time qPCR but future 
experiments may attempt to study gene expression and glycerol concentrations of larva raised on a 
high sugar diet and compare the results to the Musselman et al. report (Musselman et al., 2011). 
Future experiments may also test whether increasing concentrations of DHT may be able to reach the 
ovarian follicle cell apoptosis threshold, as described by Xavier and Belles (Xavier & Belles, 2014), or 
different levels of insulin resistance/insulin signaling impairment in the flies. 
 
The conclusions based on the results of this report and comparisons to other animal models is that 
further studies are necessary before a comprehensive PCOS-like disease model in Drosophila 
Melanogaster may be fully viable, but that insulin-resistance was achieved and that lipid metabolism 
was dysregulated. This means that an insulin resistant profile was successfully produced through the 
treatment of DHT. 
Further studies are necessary to understand how treatment with androgens may induce anovulation. 
 

Ethical Discussion and impact on society 
PCOS is the leading cause of infertility among women (Rowe et al., 1993; Shim et al., 2015) and several 
aspects of the syndrome, and the origins of the syndrome, are still a mystery to the scientific 
community. This project aims to alleviate the struggle against PCOS by producing a PCOS-like 
Drosophila Melanogaster model which could allow for extended study of the disorder,  faster testing 
for new drugs and discovering new drug targets/treatment options. This syndrome is incredibly 
harmful to the wellbeing of women, across the globe, as some of the symptoms – like alopecia and 
hirsutism – not only cause biological complications but has been shown to cause psychological strain 
(Bixo M., 2008). Many women isolate themselves and/or feel excluded from society out of fear for 
being judged based on the physical symptoms of the disorder (Bixo M., 2008); one may both lose the 
hair from one’s head but also grow random patches of hair across the body. By attempting to produce 
this disease model, one hopes that this social and physiological burden may one day be lifted from the 
shoulders from those suffering from it. 
There are no ethical constraints related to this project as the test subject is Drosophila Melanogaster, 
although the 3R principle of Replacement, Reduction and Refinement will be applied to minimize the 
casualties from the study, humanely subdue the flies and only use as many as deemed absolutely 
necessary (Curzer et al., 2015). 
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