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Keywords: ABSTRACT: PCOS (Polycystic ovarian syndrome) is a prevalent female
endocrine disorder with global occurrence ranging from 6-26%. It accounts for
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enlarged ovaries with small cysts formation, which the National Institute of
Health has reported as a cause of 30% of infertility cases in females worldwide.
Anovulatory infertility is generally treated with ovulation induction therapy
using drugs to promote and facilitate ovulation. However, these medications'
varying success rates and numerous adverse effects compel the search for more
promising and safer alternatives. In this research study, 10 ovulation induction
agents i.e., Tamoxifen, Metformin, Clomiphene, Pioglitazone, Letrozole,
Rosiglitazone, Anastrozole, Prednisone, Dexamethasone, and Spironolactone,
were selected to analyze their pharmacokinetics, drug-likeness, bioactivity
profile, and toxicity profile through the in-silico approach. The results present
information about each drug, including its pharmacological competency and
level of toxicity. This study may aid in the direction of future research and the
development of more effective  ovulation-inducing  medications.
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INTRODUCTION: Polycystic ovary syndrome
(PCOS) is a complex heterogeneous endocrine
disorder prevailing globally, affecting women in
their premenopausal years. Stein and Laventhal
discovered it in 1935 after observing symptoms
such as hirsutism, obesity, multiple ovarian cysts,
and amenorrhea in women and researching how
they might be linked . PCOS generally causes
hormonal imbalance in women by increasing male
hormone  levels  (hyper-androgenism)  and
promoting the growth of ovarian cysts, both of
which impair the body's metabolism and
reproductive function.
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The actual etiology of PCOS is unknown; however,
it is assumed to be caused by a poor lifestyle, lack
of exercise, nutritional imbalance, and stress, as
well as certain environmental and hereditary factors
2 3. PCOS symptoms include increased body
weight, thick hairs on the face and body
(Hirsuitism), acne, mood swings, menstrual
dysfunction, and numerous cysts in the ovaries *.
Depending on the diagnostic criteria employed and
the demographic analyzed, the global prevalence of
this illness ranges from 6% to 26% >°. It raises the
risk of infertility, diabetes, and cardiovascular
disease 1,

PCOS causes ovulatory dysfunction, leading to
anovulatory  infertility = due to irregular
menstruation, blockage in the creation and release
of the ovum, elevated levels of male hormone
(androgens) in the ovary, altered gonadotropin
dynamics, obesity, and insulin resistance (i.e., the
lack or absence of ovulation) *2.
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PCOS is responsible for more than 90% of cases of
anovulatory infertility Ovulation induction
therapy, which uses various drugs and hormonal
agents to increase the chances of ovulation and
successful pregnancy, treats infertility in women
with anovulation. However, these drugs have
numerous side effects, have a variable therapeutic
success rate, and fail to cure the disease’s root
cause. This raises concern about developing new
drugs with greater therapeutic potential. The
current study uses computational methods to
analyze parameters such as pharmacokinetics,
bioactivity score, and toxicity profile for some
selected ovulation induction agents used in treating

PCOS, namely, Tamoxifen, Metformin,
Clomiphene, Pioglitazone, Letrozole,
Rosiglitazone, Anastrozole, Prednisone,

Dexamethasone, and Spironolactone. The outcomes
of this study will aid in developing and discovering
new and better medications in the future.

MATERIALS AND METHODS:

Data Content: The current investigation was
carried out by conducting a thorough and
coordinated search of the existing literature on
specific ovulation induction drugs. Google Scholar
(http://www.scholar.google.com) and PubChem
(https://pubchem.ncbi.nim.nih.gov) were used for
the searches.

In-silico  Pharmacokinetic ~ Studies:  The
Molinspiration Chemoinformatics server
(http://www.molinspiration.com) was used to

calculate the physicochemical descriptors and
pharmacokinetic relevant properties of selected
ovulation induction agents. This server offers a
wide range of chemoinformatics software tools to
help with molecule manipulation and processing.

SMILES and SD file conversion, molecule
normalization, tautomer generation, molecule
fragmentation, QSAR  molecular  properties

calculation, molecular modeling and drug design,
high-quality molecule depiction, and molecular
database tools supporting substructure and
similarity searches are all included. This software
allows virtual screening based on fragments,
bioactivity prediction, and data visualization. Drug-
likeness was used to screen the similarity between a
specific molecule and a known drug using a set of
structural features and various molecular properties
to select potential drug candidates. It was
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calculated using the Lipinski rule of five (RO5),
which deals with four simple physicochemical
parameter ranges (MWT 500, log P 5, H-bond
donors 5, H-bond acceptors 10) associated with
90% of orally active drugs that have passed phase
II clinical status '*. Other evaluation methods, such
as ligand and lipophilic efficiency, were also used
to express drug-likeness as potency parameters,
which are associated with aqueous solubility and
intestinal permeability within an acceptable range.

In-silico Bioactivity Studies: The bioactivity score
for the selected ovulation induction agents was
evaluated using the Molinspiration
Chemoinformatics server
(http://www.molinspiration.com) as it efficiently
balances screening time and accuracy, initial
information input, and screening performance. The
miscreen built-in functionality in Molinspiration
creates a virtual screening model for any target and
analyses it using Bayesian statistics. GPCR ligand,
ion channel modulator, kinase inhibitor, nuclear
receptor ligand, protease inhibitor, and enzyme
inhibitor activity scores are used to calculate the
bioactivity score. The higher the activity score, the
more likely a molecule is to be active. This aids in
the discovery of new and improved drug
candidates.

In-silico Toxicity Study: The toxicity of selected
ovulation induction agents was calculated using the
admet SAR tool by entering each agent's SMILES
notation *°. Admet SAR is a web-based service that
allows you to screen and evaluate chemical profiles
such as absorption, distribution, metabolism,
excretion, and toxicity.

It predicts up to 50 ADMET endpoints using an
advanced chemoinformatics-based toolbox called
ADMET-Simulator, which generates accurate
QSAR models. It provides information on the
drug's induced toxicity, hepatotoxicity, AMES
toxicity, carcinogenicity, eye corrosion, and eye
irritation, as well as whether the drug adheres to
Lipinski Rule *°.

RESULTS AND DISCUSSION: Table 1 shows
the ADME properties and drug-likeness (Lipinski's
rule of five) of ten ovulation induction drugs
(Tamoxifen, Metformin, Clomiphene, Pioglitazone,
Letrozole, Rosiglitazone, Anastrozole, Prednisone,
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Dexamethasone, and  Spironolactone).  The
molecular weight of all selected agents was in the
acceptable range i.e., MWT < 500. Low molecular
weight molecules are more suitable for drug
formation due to their better absorption, diffusion,
and transportation capacity. The MLogP (octanol/
water partition coefficient) of all agents was found
to be within acceptable range i.e. MLogP < 4.15
according to Lipinski’s rule except Tamoxifen with
MLogP 6.06 and Clomiphene with MLogP 6.53.
Tamoxifen and Clomiphene have one violation of
Lipinski's rule of five with a high MLogP value out
of ten selected ovulation induction agents. The
lipophilic efficiency is calculated using the MLogP
value to assess drug potency.
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The logP value also determines the hydrophobicity
of molecules, which is necessary for drug
absorption in the body. The polarity of compounds
determines drug transport property via TPSA
(Topological Polar Surface Area) value. The total
polar surface area is the sum of all polar atoms. The
formula was also used to calculate the percent
absorption of all agents [percent ABS = 109-
(0.345 * TPSA)]. Molecular volume is used to
investigate molecular transport properties such as
blood-brain barrier penetration. The number of
rotatable bonds was also found to be advantageous,
as the greater the number of rotatable bonds, the
greater the flexibility and binding affinity with the
binding pocket.

TABLE 1: ADME PROPERTIES OF OVULATION-INDUCTION AGENTS

Name Molecular Molecular LogP TPSA nON nOHNH nrotb Volume In-silico%

Formula Weight (g/mol) Absorption
Tamoxifen C26H29NO 371.52 6.06 12.47 2 0 8 376.13 96.18
Metformin C4H11N5 129.17 -1.26  91.50 5 5 2 126.68 77.43
Clomiphene C26H28CINO 405.97 6.53 12.47 2 0 9 389.91 96.18
Pioglitazone ~ C19H20N203S 356.45 3.07 68.30 5 1 7 318.53 85.44
Letrozole C17H11N5 285.31 2.15 78.30 5 0 3 254.46 81.99
Rosiglitazone  C18H19N303S 357.44 235 7153 6 1 7 314.51 84.32
Anastrozole C17H19N5 293.37 2.85 78.30 5 0 4 282.28 81.99
Prednisone C21H2605 358.43 141  91.67 5 2 2 331.01 77.37
Dexamethasone ~ C22H29FQO5 392.47 2.06 94.83 5 3 2 358.07 76.28
Spironolactone C24H3204S 416.6 3.03 60.45 4 0 2 387.63 88.14

The bioactivity of all ten selected ovulation
induction agents was determined against six

Bioactivity score > 0.00, considerable biological
activity. Bioactivity score = (0.5 - 0.00), moderate

different protein structures. Bioactivity score is biological activity. Bioactivity score<-0.50,
used to measure biological activity and is inactivity. The bioactivity score profile of all
categorized under three different ranges: selected agents is shown in Table 2.
TABLE 2: BIOACTIVITY OF OVULATION-INDUCTION AGENTS
Name GPCR lon channel  Kinase inhibitor  Nuclear receptor Protease Enzyme
Ligand modulator ligand inhibitor inhibitor
Tamoxifen 0.30 0.00 -0.01 0.57 0.04 0.32
Metformin -1.61 -0.93 -2.38 -3.21 -1.39 -1.23
Clomiphene 0.15 -0.17 -0.20 0.16 -0.16 0.07
Pioglitazone 0.25 -0.51 -0.71 0.64 -0.09 0.05
Letrozole -0.06 -0.07 -0.19 -0.27 -0.24 0.30
Rosiglitazone 0.15 -0.65 -0.61 0.35 -0.21 -0.07
Anastrozole 0.10 -0.04 -0.05 -0.40 -0.14 0.12
Prednisone 0.02 -0.12 -0.81 1.00 0.06 0.63
Dexamethasone 0.03 -0.21 -0.81 1.59 0.76 0.78
Spironolactone -0.07 -0.19 -0.91 1.15 0.15 0.53

The findings imply that the chosen agents are
biologically active and have physiological effects.
This bioactivity score information can be used to
develop new drugs with greater efficacy and
binding capacity. Table 3 shows the toxicity profile
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of all selected ovulation induction agents. Except
for Metformin, Prednisone, Dexamethasone, and
Spironolactone, most drugs cause hepatotoxicity.
Tamoxifen has a high carcinogenicity. Acute oral
toxicity is classified according to the US EPA
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criterion, with Category 1 is with LDs, value of
50mg/kg, Category Il is with LDsy value greater
than 50mg/kg but less than 500mg/kg, Category |11
is with LD50 value greater than 500mg/kg.
Category 1V is with LDsy value greater than
500mg/kg but less than 5000mg/kg.

CONCLUSION: All ovulation induction drugs
showed significant ADME properties and drug
likeness along with considerable biological activity
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and physiological effects. However six out of ten
selected ovulation induction drugs were found to be
hepatotoxic making them less suitable for
administration.

Thus, the findings of this study will aid in the
development of better and more potent ovulation
induction drugs with low toxicity for the treatment
of an ovulation infertility caused by PCOS in the
future.

TABLE 3: TOXICITY PROFILE OF OVULATION-INDUCTION AGENTS

Name Human Ether-a- AMES Acute Carcino- Hepato- Eye Eye
go-go-Related Toxicity Oral genicity toxicity Corrosion irritation
Gene Inhibition Toxicity
Tamoxifen Strong Non-Toxic 1l High Toxic Nil Nil
Metformin Weak Non-Toxic Il Nil Non-Toxic Nil Present
Clomiphene Strong Non-Toxic v Nil Toxic Nil Nil
Pioglitazone Weak Non-Toxic I Nil Toxic Nil Nil
Letrozole Weak Non-Toxic Il Nil Toxic Nil Nil
Rosiglitazone Weak Non-Toxic Il Nil Toxic Nil Nil
Anastrozole Weak Non-Toxic Il Nil Toxic Nil Nil
Prednisone Weak Non-Toxic Il Nil Non-Toxic Nil Nil
Dexamethasone Weak Non-Toxic Il Nil Non-Toxic Nil Nil
Spironolactone Weak Non-Toxic 1l Nil Non-Toxic Nil Nil
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