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ABSTRACT

Polycystic ovary syndrome (PCOS) is a widely prevalent condition that affects approximately 5-10% of women of re-
productive age. Although first described in the 18t century, a detailed account of the disease was not provided until
Stein and Leventhal’s 1935 report. Due to the varied symptomatology of PCOS, treatment must be tailored and often
involves using multiple drugs for optimal pharmacotherapy. Berberine, an alkaloid with a longstanding history of use,
has gained popularity as a potential treatment option for PCOS. Previous studies have demonstrated that berberine can
improve hormonal imbalances by reducing testosterone and FAI, increasing SHBG, and mitigating the clinical symptoms
of androgen excess, including hirsutism and acne. Moreover, berberine enhances the therapeutic effects of other drugs
commonly used in PCOS, such as metformin and oral contraceptive pills. It is generally well-tolerated with a favourable
safety profile. However, further research is warranted to establish conclusive evidence regarding berberine’s mechanistic

underpinnings, therapeutic potential, and long-term safety as a PCOS treatment modality.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a widely prevalent
endocrine disorder, affecting 5-10% of women of repro-
ductive age [1]. The first documented description dates
to 1721, when an Italian physician and scientist, Antonio
Vallisneri, reported a case of a young, overweight woman
suffering from infertility. In his article, he compared the
size and morphology of her ovaries to doves’eggs, thereby
describing the anatomopathological characteristics of PCOS
[2, 3]. Two centuries later, Irving Freiler Stein and Michael
Leventhal were the first authors to describe the features
of this syndrome in their paper “Amenorrhea associated
with bilateral polycystic ovaries” [4]. The article published
in 1935 presented reports of seven women complaining of
infertility and amenorrhea. The authors identified hallmark
clinical and pathological features and discussed the possible
mechanism of this syndrome.

Despite extensive observations and clinical evaluations of
patients with polycystic ovary syndrome, there was a lack of
standardized and widely accepted diagnostic criteria. This was
due to the heterogenic clinical presentation and differences
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in laboratory and imaging studies, which resulted in a need
for a more precise definition of the syndrome. In response,
the experts at the National Institutes of Health (NIH) proposed
two diagnostic criteria for PCOS in 1990: 1) oligo-anovulation
and 2) clinical or biochemical signs of hyperandrogenism,
which were symptoms commonly seen in patients with PCOS.
However, this definition did not include the consistent finding
of polycystic morphology in imaging studies, which was later
incorporated into the consensus during Rotterdam Ameri-
can Society for Reproductive Medicine/European Society
of Human Reproduction and Embryology (ESHRE/ASRM)
conference [5, 6]. During the conference, the participants
classified patients into four distinct phenotypes based on
the presence or absence of symptoms. According to the clas-
sification, phenotype A is diagnosed when all three criteria
are present, while phenotype B is diagnosed when there is
androgen excess and oligo-anovulation. Phenotype Cis diag-
nosed when there is androgen excess and polycystic ovarian
morphology. Additionally, phenotype D, which includes only
polycystic ovarian morphology and oligo-anovulation, was
considered a form of PCOS. This classification has become
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clinically useful and widely accepted in the medical commu-
nity. However, the lack of hyperandrogenism in phenotype
D evoked controversy and is not recognized by the AE-PCOS
society [7].In the report of this society, authors proposed the
presence three criteria as constituting PCOS: 1) hyperandro-
genism: hirsutism and/or hyperandrogenemia, 2) ovarian
dysfunction: Oligo-anovulation and/or polycystic ovaries,
3) exclusion of other androgen excess or related disorders [8].

The difference in phenotypes suggests different clini-
cal courses and subsequent outcomes, such as metabolic
and cardiovascular complications. Studies suggest that
patients with higher levels of androgens may have a higher
risk of developing more severe metabolic and cardiovas-
cular disorders, whereas patients with normal levels of
androgens might have a lower risk [9-11]. Dapas et al.
[12] furthered the understanding of PCOS phenotypes.
The authors analyzed PCOS phenotypes using genotypic
methods and clustered patients into reproductive and met-
abolic subgroups. The reproductive group is characterized
by high levels of luteinizing hormone and sex hormone-
binding globulin but with normal/low body mass index
(BMI) and normal insulin levels. In contrast, the metabolic
group has high BMI, glucose, and insulin levels but low
luteinizing hormone and sex hormone-binding globulin
levels. The study results suggest that these subtypes are
biologically relevant because they appear to have distinct
genetic architecture. Further investigation into the genetic
architecture of PCOS may uncover additional subgroups
of patients. Gaining a better understanding of the genetic
components of these PCOS subtypes can provide impor-
tant information about the underlying mechanisms. This
knowledge paves the way for the development of tailored
therapeutic strategies for patients, ultimately leading to
improved patient care [13].

LITERATURE SEARCH AND STUDY SELECTION

A narrative literature review was carried out by search-
ing electronic databases, primarily MEDLINE via PubMed.
Our selection criteria focused on systematic reviews, meta-
analyses, randomized controlled trials, and prospective ob-
servational. To be eligible for inclusion, all studies had to be
peer-reviewed and written in English. In vitro studies and
animal model research were excluded from our analysis.
Additionally, publications and articles for which the full text
could not be accessed were also excluded.

The search strategy employed the following query:
((“Polycystic Ovary Syndrome”[MeSH Terms] OR “Poly-
cystic Ovary Syndrome”[Title/Abstract] OR “PCOS"[Title/
/Abstract]) AND (“Berberine”[MeSH Terms] OR “Berberine”
[Title/Abstract])) AND ((“Androgens”[MeSH Terms] OR
“Androgens”[Title/Abstract] OR “Androgen”[Title/Abstract]
OR “Testosterone”[MeSH Terms] OR “Testosterone”[Title/

/Abstract]) OR (“Hyperandrogenism”[Title/Abstract] OR
“Hyperandrogenemia”[Title/Abstract]))

Our search included all literature related to the use of
berberine in reducing androgens in PCOS up until February
2023. Additional relevant articles discovered while review-
ing the identified publications were also included in our
analysis. In total, 8 studies met the inclusion criteria and
were incorporated into the review.

PATHOMECHANISM OF
HYPERANDROGENISM IN PCOS

The pathophysiology of hyperandrogenism in PCOS is
characterized by several mechanisms, including increased
androgen synthesis, decreased sex hormone binding pro-
tein concentration, and increased 5a-reductase activity.
Adisruption in normal ovarian and/or adrenal function leads
to excess androgen production, which is a defining feature
of PCOS (Fig. 1) [7].

Physiologically, the level of androgens is controlled by
the hypothalamic-pituitary-ovarian axis. The hypothalamus
secretes in a pulsatile manner the gonadotropin-releasing
hormone, which stimulates the pituitary gland to release
gonadotropins. Luteinizing hormone (LH) acts on ovar-
ian theca cells interacting with LH receptors and inducing
androgen production. Simultaneously, follicle-stimulating
hormone (FSH) acts on the granulosa cells of the ovary and
converts the androgens formed in theca cells into estradiol,
which promotes follicular development.

In PCOS, the balance between androgens and FSH is
disrupted, which interferes with follicular development [14].
This is associated with alterations in theca cell function, as
well as changes in the pituitary gland’s responsiveness to
gonadotropin-releasing hormone (GnRH). Consequently,
thereis an elevated secretion of LH, which stimulates theca
cells to produce higher levels of androgens; however, the
concentrations of FSH and the conversion of androgens
to estradiol remain inadequate. This insufficiency leads to
the failure to select a dominant follicle, resulting in chronic
anovulation [15]. As a result, PCOS is characterized by the
enhanced proliferation of small follicles followed by growth
arrest, ultimately leading to the characteristic polycystic
morphology.

This observation is supported by the in vitro studies that
suggest an intrinsic defect as a cause of excess androgen
production and the steroidogenic secretory pattern ob-
served in vivo—the excess production of androgens and in-
sulin results in the premature luteinization of the granulosa
cells [7]. Higher androgen hormones’concentration can also
result from insulin resistance and hyperinsulinemia, lead-
ing to lower sex hormone-binding globulin levels [16]. As
aresult of those processes, the levels of various androgens
in patients with PCOS are elevated, including testosterone,
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Figure 1. The pathomechanism of androgen excess in polycystic ovary syndrome (PCOS); GnRH — gonadotropin-releasing hormone; LH — luteinizing
hormone; FSH — follicle-stimulating hormone; SHGB — sex hormone binding globulin

pro-androgens, androstenedione and dehydroepiandros-
terone sulfate (DHEAS) [17]. Over the years, many therapeu-
tics have been proposed to tackle the excess in androgen
production. Currently, more and more studies suggest that
berberine might be beneficial in the treatment.

To learn more about the management of PCOS and
potential therapeutic applications of berberine in PCOS,
please see: Application of berberine in PCOS.

BERBERINE — A MOLECULAR MECHANISM
OF ACTION IN HYPERANDROGENISM

Berberine, a natural alkaloid found in various herbs of
the Berberis species, has a long history of medicinal use
dating back to ancient times. The fruit of the barberry plant,
which contains berberine, was used for its blood-purifying
properties as early as 650 BC, as evidenced by clay tablets
discovered in the library of the Assyrian emperor Ashurba-
nipal [18]. Berberine was first isolated and characterized
by Buchner and Herberger in 1830, marking the beginning
of the modern scientific investigation into this compound
[19]. Today, berberine is widely studied for its potential
therapeutic applications in various medical conditions.
In the latter part of the 20t century, clinical researchers
devoted significant efforts to exploring the potential of

berberine in addressing diarrheal episodes that arise from
various bacterial strains. This line of inquiry led to the de-
velopment of berberine-based therapies. Today, berberine
continues to garner interest from the scientific community
for its potential therapeutic applications and historical us-
age as a natural remedy for various ailments. Investigations
have demonstrated that, beyond its longstanding attributed
properties, berberine exerts a multifaceted influence on
regulating numerous molecular pathways. Studies report
evidence of therapeutic use on digestive, cardiovascular,
neurological, metabolic, and endocrine diseases [20-32].
Scientists are currently investigating the potential of berber-
ine as a therapeutic agent for the management of hormonal
imbalances. It has been established that berberine pos-
sesses multifaceted actions that impact various molecular
pathways, which have been shown to play an essential role
in regulating hormonal levels (Fig. 2). Some studies have also
suggested that berberine may influence androgen levels in
women with PCOS.

Several studies have shown that berberine can increase
sex hormone-binding globulin levels [33-35]. Testosterone
is present either in free form or carried by SHBG or albumin.
Physiologically, it is mainly bound to sex hormone-binding
globulin, and only 1% circulates in its free form. Increasing
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Figure 2. The mechanism of berberine’s action in polycystic ovary syndrome (PCOS); StaR — steroidogenic acute regulatory protein; AKR1C3 — aldo-
-keto reductase 1C3; AR — androgen receptor; SHGB — sex hormone binding globulin
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sex hormone-binding globulin levels promotes stability
in serum-free androgen levels, decreasing androgen bio-
availability.

Moreover, berberine can suppress androgen receptor
signalling, leading to an attenuation of androgenic impact.
Orio et al. [36] indicated that berberine might exert an-
tiandrogenic properties directly affecting the ovary. The
mechanism of this action of berberine remains a matter
of discussion. Many researchers have pointed to the vari-
ous mechanismes. Li et al. [37] found that berberine might
promote the degradation of the androgen receptor protein
instead of MRNA expression. Another study indicates that
activating AMP-activated protein kinase (AMPK) may reduce
the number of receptor proteins. Horman et al. [38] also
suggested a mechanism for reducing AMPK activity to sup-
press androgen signalling. Further research to understand
this aspect is needed.

Furthermore, the researchers indicate that berberine
may cause inhibition of androgen synthesis [39]. Zhang et
al. [39] found that berberine acts by decreasing the con-
centration of steroidogenic acute regulatory protein (StAR).
Steroidogenic acute regulatory protein participates in the
transportation of cholesterol, which is necessary to pro-
duce steroids by theca cells. Steroidogenic acute regulatory
protein facilitates the movement of cholesterol across the
aqueous space between the outer and inner membranes.
Once cholesterol has been transferred, it is then converted
into pregnenolone by cytochrome located on the matrix
side of the inner mitochondrial membrane. This conversion
is essential in providing the necessary precursor for steroid
hormone production [40].

Berberine can also reduce the synthesis of androgens
inside cells by inhibiting aldo-keto reductase 1C3 (AKR1C3).
Inhibiting aldo-keto reductase 1C3 converts inactive hor-
mone precursors into active testosterone and dihydrotes-
tosterone, which are involved in steroid synthesis.

Additionally, berberine can lower the expression of
agene CYP17al, which encodes an enzyme that is involved
in conversion of pregnenolone to 17-hydroxypregnenolone
and subsequently to dehydroepiandrosterone (DHEA) —an
androgen precursor produced in thecal cells. On the other
hand, berberine can increase the expression of CYP19al,
a gene that encodes aromatase, an enzyme that converts
androgensinto estrogens [41]. By regulating these genes’ex-
pression, berberine may help improve hormonalimbalances
and symptoms associated with polycystic ovary syndrome.

THE MANAGEMENT OF
HYPERANDROGENISM IN POLYCYSTIC
OVARY SYNDROME

Managing polycystic ovary syndrome requires a per-
sonalized approach based on the patient’s clinical pres-

entation, preferences, and long-term considerations. The
pharmacologic treatment of hyperandrogenic symptoms
is based on lowering androgen levels and blocking its
effects on tissues [42]. Oral contraceptive pills (OCP) are
the first-line therapy, as they suppress ovarian androgen
production, increase sex hormone-binding globulin, and
lower free testosterone levels, thus improving the hormo-
nal profile and alleviating symptoms such as hirsutism and
acne. New-generation OCP containing less estrogen have
shown effectiveness in treating hyperandrogenism, yet they
need further studies to confirm their beneficial effects and
long-term safety [43]. Antiandrogens, such as cyproterone
acetate, spironolactone, finasteride, and flutamide, are com-
monly used [42]. Spironolactone is often preferred due to its
anti-inflammatory effects and ability to counteract adverse
side effects of OCP. However, the use of antiandrogens is
limited due to their potential major side effects, which must
be carefully considered before prescribing these drugs to
patients [44-46]. Metformin is widely used since itimproves
insulin sensitivity, restores ovarian function, improving the
metabolic and hormonal profile [42]. Inositol supplementa-
tion is explicitly beneficial in improving the metabolic and
hyperandrogenic profile of PCOS women [47]. Inositol also
acts as a second messenger of FSH signalling in the ovary,
restoring regular menses [47, 48].

Furthermore, the use of incretin mimetics and sodium-
glucose co-transporter-2 inhibitors (SGLT2 inhibitors) have
been shown to have potential benefits. GLP-1 receptor
agonists added to metformin therapy have been found to
improve hyperandrogenism and menstrual irregularities
and reduce body weight and insulin resistance [49, 50]. In
contrast, the effects of SGLT2 inhibitors on hyperandrogen-
ism and menstrual cycles have not been fully explored yet,
but they have been found to improve body composition
and metabolic parameters in PCOS patients.

APPLICATION OF BERBERINE IN PCOS

Despite the medications referred to previously, there
is no panacea for individuals suffering from PCOS. There-
fore, researchers expand the armamentarium of drugs used
in polycystic ovary syndrome to tackle the plenitude of
symptoms presented in this disorder. The historical usage
of berberine in traditional medicine and anecdotal reports of
its therapeutic potential in reducing androgens prompted
the scientific investigation of this plant-based compound
in patients with polycystic ovary syndrome.

In a study by Wei et al. [33], one hundred patients with
polycystic ovary syndrome and insulin resistance received
berberine and metformin treatment as a second-line inter-
vention after the initial first-line treatment involving OCP
and lifestyle modifications. The results indicated that both
berberine and metformin have a similarimpact on androgen
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levels, leading to a reduction in testosterone and a corre-
sponding decrease in the free androgen index. The study
found no significant difference between these treatments
regarding their effect on the patient’s hormonal profiles.

An et al. [35] recruited one hundred and fifty infertile
women eligible for in vitro fertilization treatment and ran-
domized them into three groups: placebo, metformin, and
berberine. In the study, patients receiving either metformin
or berberine experienced positive outcomes in reducing
their total testosterone levels and free androgen index,
as well as increasing their sex hormone-binding globulin
concentration and enhancing their carbohydrate metabo-
lism parameters. The study’s authors state that the berber-
ine treatment group showed improved weight reduction
compared to metformin and placebo. Furthermore, among
patients undergoing IVF treatment, berberine led to an
improvement in pregnancy rate and a reduction in the risk
of ovarian hyperstimulation syndrome.

Rondanelli et al. [1] conducted a study in which twelve
patients with PCOS underwent berberine treatment. Their
results showed a statistically significant decrease in free
testosterone level, free androgen index, and increased sex
hormone-binding globulin. Notably, the authors were the
first to assess acne status using Global Acne Grading System
(GAGS) and the Cardiff Acne Disability Index systems, two
widely accepted tools for measuring acne severity and its
impact on patients’ lives. The improvement in acne status,
as evidenced by a reduction from Moderate to Mild in GAGS
and from High to Low in CAD]I, is of significant importance
for PCOS patients, as the visible effects of hyperandrogenism
can have a negative impact on their mental well-being and
various aspects of their lives. These findings suggest that
berberine may hold promise as a potential treatment for
dermatological pathologies in patients with PCOS.

In the study conducted by Orio et al. [36], fifty women
with polycystic ovary syndrome (PCOS) and obesity, expe-
riencing oligomenorrhea, were recruited alongside fifty
healthy controls matched for age and BMI. Both groups
underwent six months of berberine treatment. The results
demonstrated a statistically significant reduction in total
testosterone, androstenedione, and free androgen index
and a statistically significantincrease in sex hormone-bind-
ing globulin concentration. Despite these improvements,
the values did not reach levels comparable to those of the
control group. Furthermore, there were no statistically sig-
nificant changes in Ferriman-Gallwey score or dehydroe-
piandrosterone sulfate concentrations after six months of
treatment. Although total testosterone, androstenedione,
free androgen index, sex hormone-binding globulin con-
centration, and menses frequency significantly improved
after berberine therapy, they did not reach comparable
values to controls.

In the study conducted by Mishra et al. [51] on repro-
ductive-aged females with PCOS, the effects of berberine,
metformin, and inositol were compared. Participants were
randomized into three groups and instructed to maintain
their usual lifestyle routines. After 12 weeks of therapy, it was
found that all three treatments reduced total testosterone
and increased sex hormone-binding globulin. However,
there was no significant difference in the mean testoster-
one values between the three groups. The increase in sex
hormone-binding globulin was highest in the group receiv-
ing berberine, which was statistically significant compared
to those receiving metformin and inositol. Furthermore,
anoticeable changeinthefreeandrogenindexwas observed,
with the berberine group showing a greater decrease than
the inositol group, which was also statistically significant.

In contrast to prior findings, Li et al. [34] reported
areduction in sex hormone-binding globulin levels and no
statistically significant effects on hyperandrogenism follow-
ing the administration of berberine. The authors postulated
that the decrease in sex hormone-binding globulin was
likely due to the use of oral contraception pills. Nevertheless,
Mishra etal.[51] asserted in their discussion that berberine’s
enhancement of this parameter occurred independently
of oral contraception. The findings of their investigation
suggest that the combined use of oral contraception pills
with berberine yielded a more favourable outcome than
oral contraception monotherapy.

Wu et al. [52] conducted a multicenter randomized,
double-blinded, placebo-controlled trial to examine the
efficacy of berberine, letrozole, and a combination of both
treatments in 644 infertile women diagnosed with polycystic
ovary syndrome. The primary outcome of the study was
cumulative live births. Contrary to the initial hypothesis, the
researchers found no evidence to support the superiority of
the combined letrozole and berberine treatment over letro-
zole alone in achieving live births among the participants.
Despite the metabolic profile improvements associated
with berberine, it did not significantly affect ovulation or
live birth rates when combined with letrozole. Moreover,
the study did not find notable differences in live birth rates
when considering factors such as BMI, hirsutism score, men-
strual patterns, and duration of infertility. Wu et al. posited
that the observed differences in treatment outcomes might
be related to the distinct phenotypes of PCOS in various
populations.They noted that a Chinese cohort is more likely
to exhibit less hyperandrogenism and leaner body types
compared to a European cohort.

Li et al. [53] conducted a systematic review of nine
randomized controlled trials to assess the efficacy of ber-
berine and metformin in treating PCOS-related hyperan-
drogenism and insulin resistance. The authors found sig-
nificant within-group changes in luteinizing hormone and
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testosterone in the berberine group but no significant
changesin the metformin group. However, there was no sta-
tistically significant difference between the two groups. In
two of the ninetrials, the authors compared the effectiveness
of the combination of berberine and metformin versus met-
formin alone. They found a statistically significant reduc-
tion in luteinizing hormone, LH/ FSH ratio, and testosterone
in the berberine and metformin groups. Despite these
results, the evidence remains insufficient to confirm the
superiority of using the combination of berberine and
metformin over metformin alone in improving endocrine
indices in women with PCOS.

DOSING, TOLERABILITY, AND SAFETY
OF BERBERINE

Various studies on berberine have implemented differ-
ent dosages and treatment durations. Some researchers,
such as Wei and An, administered 500 mg three times
a day, with treatment periods ranging from three to six
months. Others, including Rondanelli and Li, chose dos-
ages of 550 mg or 400 mg twice a day, lasting for two or
four months, respectively [1, 53]. In a different approach,
Orio and Mishra both employed a dosage of 500 mg twice
a day, with durations of six and three months, respectively.
Lastly, Wu used a higher single daily dose of 1500 mg
over a six-month period [52]. These varied dosages and
therapy durations reflect the diverse approaches taken to
investigate the effects of berberine and might affect the
adverse effect rates.

The safety and tolerability of berberine have been evalu-
ated in several studies. Rondanelli et al. [54] assessed ad-
verse events in subjects using a particular formulation of
berberine and found no observed or reported side effects,
particularly gastrointestinal discomfort. Wei [33] reported
that subjects in a clinical study tolerated berberine well,
and no significant renal or hepatic function changes were
observed. However, an overdose can cause side effects such
as diarrhoea, constipation, flatulence, and abdominal pain.
Orio et al. [36] found that only two patients experienced
mild and transient constipation, while compliance was high
with no patients discontinuing treatment.

In contrast, metformin, commonly used as an insulin-
sensitizing agent for PCOS, has been associated with stom-
ach upset, loss of appetite, and kidney injury [53]. Studies
comparing the adverse effects of berberine, and metformin
have reported that gastrointestinal adverse reactions were
less severe in the berberine group. However, further studies
are needed to comprehensively evaluate the adverse effects
of berberine in long-term use, especially in young women
and early pregnancy.

SUMMARY AND FUTURE DIRECTIONS

Despite its longstanding tradition of use and perceived
safety, berberine continues to be classified as a supplement.
Its popularity among patients can be attributed to its wide-
spread availability, lack of prescription requirements, and
natural origin, which many patients equate with safety
and fewer side effects. However, considering the current
lack of sufficient scientific evidence regarding its safety and
efficacy, it should not be routinely prescribed as a polycystic
ovary syndrome treatment. Nevertheless, studies conducted
to date indicate that its results can be efficacious, sometimes
surpassing those of conventional PCOS medications. Apart
from its described androgen-lowering effect, berberine has
demonstrated other beneficial effects, such as weight reduc-
tion, improved carbohydrate metabolism, improved lipid
parameters, regulation of the menstrual cycle, positive ef-
fects on fertility, and other protective effects that have been
associated with numerous chronic diseases. Despite such
wide-ranging therapeutic actions attributed to numerous
cellular mechanisms, there is still no comprehensive theory
elucidating the molecular mechanism of action of berberine,
which is an area of great interest for further investigation
in basic research.

Considering the popularity of this supplement, limited
data and its many anecdotal therapeutic effects, a larger,
multicenter, double-blind, randomized clinical trial investi-
gating the effects of berberine is warranted. As part of the
clinical trial, it would be crucial to ascertain the following:
1. What is the long-term safety profile of berberine as

a treatment for PCOS?

2. Arethere any patient subgroups for which berberine is
contraindicated in PCOS treatment?

3. Whatshould potential drug interactions be considered
when using berberine with other commonly used medi-
cations?

4. What is the optimal dosage of berberine for achieving
therapeutic benefits in PCOS treatment?

5. Does berberine exhibit superior therapeutic effects
compared to standard drugs used in PCOS treatment?

6. Can berberine be combined with metformin and oral
contraceptive pills to enhance their beneficial effects
in PCOS treatment?

7. Which patient subgroups may derive the most signifi-
cant benefit from the use of berberine in PCOS treat-
ment?

8. Does berberine significantly lower androgen levels in
PCOS patients comparing to placebo?

9. Does berberine affect reducing symptoms associated
with hyperandrogenemia, such as hirsutism, acne, alo-
pecia, and hyperpigmentation?
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10. Is the reduction in PCOS symptoms achieved through

11.

berberine treatment associated with significantly im-
proving quality of life?

Does berberine have a beneficial effect on fertility in
patients with excessive androgen levels in PCOS?

12. Can berberine reduce the risk of metabolic and cardio-

vascular diseases associated with PCOS?
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