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which contribute to the syndrome’s multifaceted symptomatology.
Traditional treatment modalities often fall short in addressing the
complex hormonal dysregulation observed in PCOS, prompting the
exploration of alternative delivery methods. Intravaginal rings, known for
their sustained and controlled release of medications, offer a promising
avenue for targeted hormone delivery. The review provides an in-depth
analysis of recent advancements in IVR technology, discussing the
design, pharmacokinetics, and safety profiles of various prototypes
specifically tailored for PCOS management. Furthermore, the paper
evaluates the efficacy of IVRs in regulating menstrual cycles, mitigating
hyperandrogenism, and improving metabolic parameters in PCOS
patients. Insights from preclinical and clinical studies are synthesized,
offering a comprehensive overview of the evolving landscape of IVRs
in the context of PCOS treatment.
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Introduction age®? PCOS is identified by elevated androgen levels,
persistent anovulation, and ovarian changes marked by

Polycystic ovary syndrome (PCOS) is a prevalent endocrine .
the presence of multiple cysts.

disorder in gynecology, with incidence rates ranging from
6to 10% in women and 9 to 18% in women of childbearing  While Stein and Leventhal are commonly acknowledged as
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the first investigators of polycystic ovary syndrome (PCOS),
the initial historical account can be attributed to Vallisneri,
an ltalian medical scientist, physician, and naturalist. In
1721, Vallisneri described a married, infertile woman with
ovaries exhibiting a shiny appearance, a white surface,
and a size comparable to pigeon eggs.® Another early
report dates back to 1844 when Chereau and Rokitansky
documented fibrous and sclerotic lesions in ovaries of a
degenerative nature, accompanied by hydrops follicle*?
The term “hyperthecosis” was introduced by Bulius and
Kretschmar in their description? In 1879, Lawson Tait
advocated for bilateral oophorectomy as a treatment for
symptomatic cystic degeneration of the ovaries® Shortly
after, partial resection of the ovaries was proposed® In
1902, von Kahlden provided a comprehensive review on
the pathology and clinical implications associated with
these ovarian conditions.

Traditional Therapies

Traditional pharmaceutical management faces limitations
in the treatment of women with PCOS, including
contraindications, ineffectiveness in certain cases, and
side effects. Additionally, some women with PCOS prefer
alternative treatments over pharmaceutical options® This
review explores the potential of herbal medicine as an
alternative treatment, examining the mechanisms of
effect.” Six herbal medicines with both pre-clinical and
clinical data supporting their reproductive endocrinological
effects in PCOS, along with associated oligo/amenorrhea
and hyperandrogenism, are identified. The use of
complementary medicine (CM) has seen a notable increase
among women over the past decade, with usage rates
ranging from 26% to 91%. Herbal medicine, a popular type
of CM, contains pharmacologically active constituents with
physiological effects on female endocrinology. Moreover,
herbal medicines have been positively associated with
reduced incidences of breast cancer, osteoporosis, and
cardiovascular disease®
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Current Treatment Strategies

This comprehensive review thoroughly examines the
existing evidence on lifestyle strategies employed for
optimizing the management of Polycystic Ovary Syndrome
(PCOS). Embracing a holistic approach to patient care,
the review encompasses traditional aspects of lifestyle
modification, including dietary adjustments, physical
activity, and behavioral changes.®!° Furthermore, it
explores psychological interventions, sleep management,
and approaches from Traditional, Complementary, and
Integrative Medicine (TCIM), such as supplements, herbal
medicine, and yoga. The PCOS guideline underscores the
importance of promoting healthy lifestyle behaviors for all
women with PCOS, with the overarching goals of achieving
and maintaining a healthy weight and optimizing overall
health.®® Specifically, for women with excess weight, the
guideline recommends a weight loss target of 5-10%, with
an emphasis on creating an energy deficit of 30% or 500-750
kcal/day (1200-1500 kcal/day). While weight management
is considered a central element of lifestyle interventions,
the guideline acknowledges that the benefits of a healthy
lifestyle extend beyond weight change, emphasizing the
broader positive impacts on health.
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Figure 2.Schematic Representation of Lifestyle
Oral Contraceptive Therapy

Oral contraceptive (OC) pills represent a primary treatment
for the long-term management of Polycystic Ovary Syndrome
(PCOS)? Typically composed of estrogen and progesterone,
OCs exert their effects through various mechanisms.
Estrogen impedes the formation and maturation of ovarian
follicles by inhibiting follicle-stimulating hormone (FSH),
while progesterone suppresses ovulation by inhibiting
luteinizing hormone (LH). Additionally, progesterone
enhances the viscosity of cervical mucus, impeding sperm
penetration and fertilization of the egg #*

Simultaneously, OCs elevate the concentration of sex
hormone-binding globulin (SHBG), leading to a reduction
in free testosterone levels. This diminishes the peripheral
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effects of androgens, facilitating androgen deprivation. OC
therapy contributes to the restoration of the menstrual
cycle, improvement of hyperandrogenism, provision of
contraception, and protection of the endometrium, thereby
aiding in cancer prevention.*> Commonly prescribed OCs
in clinical practice include desogestrel/ethinylestradiol
(Marvelon), cyproterone acetate/ethinylestradiol
(Diane-35), and drospirenone/ethinylestradiol (Yasmin).
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High Testosterone Therapy

Elevated androgen levels in individuals with Polycystic Ovary
Syndrome (PCOS) are linked to the biological synthesis of
theca cells and the excessive secretion of androgens from
adrenal zona reticularis cells, specifically testosterone®-3
Women with PCOS, particularly those with insulin resistance
or hyperinsulinemia, exhibit heightened androgen secretion
from both the ovaries and adrenal glands'®!! However,
while androgen therapy can be effective, it is not without
potential side effects, particularly in PCOS patients who
face an increased risk of cardiovascular disease when left
untreated?*?

Regardless of whether individuals with PCOS are obese or
not, elevated testosterone levels are directly associated
with dysglycemia®®, hypotension®?, and subclinical
arteriosclerosis. These findings underscore the importance
of addressing and managing androgen levels in PCOS
patients, especially in the context of potential cardiovascular
implications and metabolic disturbances.

Ovulation Induction

One of the diagnostic criteria for individuals with Polycystic
Ovary Syndrome (PCOS) involves non-ovulation or ovulatory
disorders. Ovulation induction serves as an effective
treatment for PCOS patients with fertility requirements,
utilizing medications such as clomiphene citrate (CC), a
selective estrogen receptor modulator; letrozole (LE), an
aromatase inhibitor; and gonadotropin.

Clomiphene citrate (CC) is typically initiated at a daily dose
of 50 mg, starting on day 2-5 of the menstrual cycle for

five days. Ovulation typically occurs 5-10 days after the
completion of the treatment. If ovulation is not achieved,
the dosage can be gradually increased, with a maximum
dose of 250 mg/day.

Letrozole, a third-generation aromatase inhibitor, blocks
the conversion of androgens to estrogens in ovarian
follicles, peripheral tissues, and the brain. This action
creates a positive feedback loop with estrogen in the
Hypothalamic-Pituitary-Ovarian (HPO) axis, leading to
the endogenous release of GnRH, the promotion of FSH
secretion, and follicular growth. Letrozole is administered
at doses ranging from 2.5 to 5 mg/day for five days, starting
on day 3-7 of the menstrual cycle.?® Emerging research
suggests that letrozole aromatase inhibitors may replace
the selective estrogen receptor modulator clomiphene
as a first-line treatment option for inducing ovulation.?”
Letrozole is believed to have a unique advantage in
promoting ovulation, particularly in obese patients with
PCOS.?” Additionally, letrozole has a minimal impact on the
uterine lining and offers certain safety advantages, such as
preventing ovarian hyperstimulation or adverse outcomes
like multiple pregnancies.

Inositol Treatment Theory

Nestler et al. observed that women diagnosed with
polycystic ovary syndrome (PCOS) exhibit heightened
ovarian activity due to specific phenotypes. This increased
activity results in greater conversion of Myo-inositol
(MI) to D-chiro-inositol (DCl), leading to decreased Ml
levels in the follicles. However, their study revealed a
noteworthy finding: the presence of a higher number of
normal mature follicles and increased follicular fluid in
fertilized oocytes with MI compared to the lower count
of immature or infertile follicles. Consequently, inositol
treatment is anticipated to enhance the quality of ovarian
follicles, promote regular menstrual cycles, and alleviate
insulin resistance in PCOS-afflicted women. This therapeutic
approach holds promise for improving outcomes in PCOS
patients in the future.

Insulin sensitizer

In the clinical context, a substantial majority (60—80%)
of individuals with polycystic ovary syndrome (PCOS)
experience varying levels of insulin resistance.?®*% The
insulin sensitizer metformin plays a crucial role in alleviating
symptoms associated with elevated testosterone by
reducing glycogen production, thereby enhancing sugar
metabolism and inhibiting follicular membrane cells.
Research indicates that metformin can restore ovulation
in approximately 30-50% of women with PCOS. Treatment
for the initial six months typically involves progesterone
cycles until establishing a regular menstrual cycle. However,
its efficacy in terms of pregnancy rates and productivity is
lower compared to clomiphene .2%%




Sharma T
J. Adv. Res. Info. Tech. Sys. Mgmt. 2024; 8(1)

It's noteworthy that metformin, classified as a class B drug
by the U.S. Food and Drug Administration, should be used
cautiously despite a meta-analysis suggesting no increased
risk of birth defects with early use in PCOS patients .3 Other
drugs such as thiazolidinediones (TZDS) and incretin, lacking
sufficient clinical data, pose uncertainties regarding their
specific interventions and long-term treatment outcomes.
Further clinical trials and follow-up studies are necessary
to elucidate the prognosis of these interventions and the
safety of extended drug usage.

Leptin Theory

Vazquez et al. have comprehensively reviewed the
mechanisms and roles of leptin over the last two decades,
highlighting its impact on gonadotropin levels through
central regulation in the brain. Leptin exerts its influence by
modulating the hypothalamus-pituitary gonad (HPG) axis,
thereby contributing to follicle maturation and ovulation.?*
Additionally, leptin plays a role in ameliorating insulin
resistance and hyperinsulinemia.?® The study observed
a significant elevation in leptin levels and increased
expression of leptin mRNA in PCOS patients, suggesting
a potential association with early morbid obesity or an
event affecting the brain’s KISS neurons, possibly leading
to future inhibition of leptin expression.

This insight into leptin’s involvement opens up new avenues
for scientific advancements in the treatment of PCOS. Future
research in therapy is anticipated to explore novel directions
based on the understanding of leptin’s intricate role. Beyond
leptin-focused interventions, various treatments for PCOS
patients targeting lipid metabolism have been identified.
These include spironolactone, which enhances high-density
lipoprotein and reduces triglycerides?; flutamide, known
for decreasing total cholesterol, low-density lipoproteins,
and triglycerides®!; acarbose, which mitigates the digestion
and absorption of polysaccharides®; and orlistat, recognized
for reducing factors such as dietary fat absorption.3!

Surgical Treatment

e Ovarian Drilling
e Assisted reproductive technology (ART) therapy
e Bariatric surgery

Combined Oral Contraceptives

Beyond contraception, healthcare providers prescribe COCs
for various medical conditions, including irregular menstrual
cycles, dysmenorrhea (painful menstruation), premenstrual
syndrome (PMS), and polycystic ovary syndrome (PCOS).
Combined oral contraceptives (COCs) incorporate two
types of hormones — estrogen and progestin. Ethinyl
estradiol serves as a common synthetic estrogen, and
various progestins, such as levonorgestrel, norethindrone,
and drospirenone, are employed.

The primary mechanism of action for COCs involves the
suppression of ovulation, preventing the release of an
egg from the ovary. Additionally, they induce changes
in cervical mucus, making it more challenging for sperm
to reach the egg, and modify the uterine lining, reducing
its receptivity to a fertilized egg. When used correctly,
COCs demonstrate high efficacy in preventing pregnancy.
The typical use failure rate is higher than the perfect use
failure rate, underscoring the significance of consistent
and proper use.

COCs are available in different formulations, including
monophasic (maintaining a fixed dose of estrogen and
progestin throughout the cycle) and multiphasic (featuring
varying hormone levels during the menstrual cycle). The
choice of formulation depends on individual patient
needs. Typically taken once a day at the same time, COCs
are administered for 21 or 28 days, depending on the
specific formulation.3®3” The 21-day packs consist of active
hormonal pills, while the 28-day packs include placebo or
reminder pills. Common side effects of COCs may include
nausea, breast tenderness, and breakthrough bleeding.
Serious risks, notably blood clots, are carefully considered,
particularly in individuals who smoke and are over 35
years old. COCs offer non-contraceptive benefits, such as
the regulation of menstrual cycles, reduction in menstrual
cramps, and improvement in acne. They may also provide
protection against certain gynecological cancers.’®%

However, COCs are not suitable for everyone, with
contraindications including a history of blood clots, specific
cardiovascular conditions, liver disease, and a history of
certain cancers. Smoking is generally discouraged, especially
in individuals over 35.

Intravaginal Rings

Intravaginal rings (IVRs) serve as drug delivery systems
(DDS) for the systemic or topical administration of one
or more drugs. Shaped like doughnuts, these polymeric
devices can remain in the vagina for durations ranging from
1 to 12 months.* This method of drug delivery addresses
challenges associated with conventional approaches, such
as oral administration leading to gastrointestinal side
effects or the hepatic first-pass effect. A key advantage of
IVRs lies in their capacity to deliver drugs consistently.*
Utilizing IVRs as DDS eliminates the need for minor surgical
procedures associated with other implantable drug delivery
methods, rendering IVRs less invasive and more appealing
to patients. Therefore, reducing costs and expanding the
availability of contraceptive vaginal rings is important, as
is development of those with longer durations that do not
need refrigeration, which would increase the contraceptive
options for women globally.
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By delivering steroid hormones through the female
reproductive tract, IVRs circumvent the initial hepatic
metabolism, ensuring constant steroid levels and thereby
enhancing the bioavailability of these hormones. Osmotic
pressure, reservoir systems (employing a rate-controlling
membrane [RCM]), and matrix systems are common

Hormonalintravaginal rings

Matrix Reservoir
(homageneus dispersicn) i

| I [ ]
1
[ ;
= 1
[ J ]

Biosoble | | Insoluble Core “sndwicr | [CTabet | [Td | [[Rd |
| | [
Segmented Continuous core, Segmented core, Segmented care,

| | {shell) |
Multi drug Single drug Single dnag Multi drug Single drug
continuous RCM continuows RCM segmented RCM

Continuous

Figure 4.Comprehensive classification of these four
types of IVR design which are commercially available

DDSs providing sustained and controlled release. IVRs are
designed in various forms, including matrix (homogeneous
dispersion), reservoir, or hybrid (a combination of matrix
and reservoir). Additionally, IVRs can serve as casings for
vaginal tablets or rods.*
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Tablel.List of commercially available hormonal IVRs.

IVR NAME COMPANY HORMONE APLLICATION
Annovera® Therapeutics MD Nestorone (sggesterong a::setate) and Contraception
ethinylestradiol
Estring Pfizer Estradiol* Urogenital atrophy
Fertiring ® Silesia Laboratories Progesterone®’ Contraception
NuvaRing Netherlands/Merck & Co., USA etonogestrel and ethinylestradiol* Contraception
Ornibel Exeltis Healthcare etonogestrel and ethinylestradiol*® Contraception
Progering Silesia Laboratories Progesterone Contraception
Discussion rings as the most efficient drug delivery system, catering not

Intravaginal rings hold promise as methods for the extended
delivery of hormones for various applications. While
currently employed predominantly for contraception, their
utility extends to treating conditions like endometriosis,
urogenital atrophy, and estrogen therapy. Anticipated
future applications include combining intravaginal rings with
other therapies, such as HIV prevention and contraception,
positioning them as highly effective treatments for women
alongside implants. Beyond hormones, intravaginal rings
offer the potential for systemic delivery of other drugs
via the vaginal tract. Despite the existence of numerous
commercially available intravaginal rings, there are
persistent challenges that need addressing for enhanced
efficiency. A major hurdle involves developing intravaginal
rings capable of delivering different types of drugs over
extended durations. Additional challenges include the
creation of cost-effective intravaginal rings, ensuring
broader accessibility for larger female populations.
Overcoming these challenges could establish intravaginal

only to female-specific ailments but also to drugs requiring
systemic absorption

Conclusion

In delivering hormones, intravaginal rings (IVRs) prove to
be highly efficient systems. Their advantages encompass
effective drug delivery, the capability to bypass the hepatic
first-pass effect, prolonged release of drugs, simple
administration, and a reduction in the frequency of necessary
physician appointments. Despite these benefits, obtaining a
prescription and guidance on IVR usage requires women to
consult a physician. The sustained release of hormones and
the potential for simultaneous use of multiple hormones
and drugs make IVRs highly efficient for numerous patients.
Silicone elastomer stands out as a widely utilized polymer
due to its high biocompatibility, making it possibly the
most effective material for IVRs. Various IVR manufacturing
designs, including pod, sandwich, and core configurations,
are employed for diverse therapeutic purposes, aiming to
maximize the efficiency of these drug delivery systems.
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Hormonal IVRs emerge as one of the most efficient and
effective approaches for treating a diverse array of diseases.
These innovative drug delivery systems have the potential
to significantly enhance women’s lives and contribute to
an overall improvement in their quality of life.
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