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Abstract

The isoquinoline derivative alkaloid known as berberine (BBB) can be found in the Chinese medicinal herbs Coptidis
Rhizoma (Huanglian), Cortex Phellodendri (Huangbai), and Hydrastis Canadensis. These three plants are also the
sources of berberine. Since the time when Iranians' ancestors first settled the region, they have made advantage of the
unique features that B. vulgaris contains and have done so ever since. For instance, the dried fruits of this plant have
been used as an ingredient in food. Additionally, the root, bark, leaf, and fruit of this plant have all been widely exploited
as a folk medicine for the treatment of a wide variety of ailments. According to study that was carried out in both vitro
and in vivo, it was recently discovered that berberine possesses the potential to reduce glucose levels in people who are
afflicted with diabetes and obesity. The precise method by which berberine is able to treat diabetes is not fully understood
at this time. In the research that Ko and his colleagues conducted, they found that berberine enhanced the insulin/insulin-
like growth factor-1 signaling cascade in Min6 cells, which led to an increase in the amount of insulin that was produced
in response to glucose stimulation. Pregnancy rates improved with BBR medication only among infertile women who had
taken BBR prior to undergoing IVF, as shown by other studies; this was not the case for all infertile women. Other studies
indicated that this was not the case. PCOS women who were treated with BBR saw improvements in their hormonal
profile, menstrual cycle, and WHR. Only in infertile women who utilized BBR prior to undergoing IVF did BBB show
successful in improving pregnancy rates. The BBR was secure. The findings should be treated with some degree of caution
due to the limited amount of study and the size of the sample.
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INTRODUCTION

Polycystic ovary syndrome, also known as PCOS, is a diverse endocrine illness that primarily affects women. PCOS is
distinguished by ovarian nodules, anovulation, and changes in endocrine function. PCOS is estimated to affect more than
116 million women worldwide, which accounts for 3.4% of the total female population, according to the World Health
Organization (WHO). Predisposing risk factors that contribute to the development of polycystic ovary syndrome (PCOS)
include obesity, neuroendocrine variables, genetic factors, and lifestyle and environmental factors. 2

The pathophysiology of polycystic ovary syndrome (PCOS) centers on hormonal dysfunction, insulin resistance, and
hyperandrogenism, which result in impaired folliculogenesis and increase the risk of associated comorbidities such as
endometrial cancer and type 2 diabetes mellitus (T2DM).!* The Hypothalamic-Pituitary-Gonadal (HPG) axis is the center
that governs all stages of reproduction. The hypothalamus produces gonadotropin-releasing hormone (GnRH) to the
anterior pituitary and stimulates the secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH).**
GnRH pulses that are slow encourage FSH secretion, whereas GnRH pulses that are quick encourage LH secretion. The
quantity of this hormone might change quite a bit depending on the age of the lady as well as the stage she is in regarding
her menstrual cycle. Research indicates that hypothalamic kisspeptin regulates sex steroid feedback and metabolic input
on the reproductive axis. Additionally, it appears to work upstream of GnRH.” Due to its metabolic actions, Berberine
(BBR) extract alone or in conjunction with ovulation induction drugs like clomiphene or letrozole has been studied for
fertility improvement and PCOS treatment.?

Some plants, like European barberry, goldenseal, goldthread, Oregon grape, phellodendron, and tree turmeric, have a
chemical called berberine. Berberine is a chemical that is yellow and tastes bitter. It might make the heartbeat stronger,
which could help people with some heart problems. Berberine is most often used for diabetes, high cholesterol, and high
blood pressure. It is also used for burns, canker sores, liver disease, and other ailments without clear scientific evidence.’!°
This article provided about effect and safety of berberine on PCOS.

METHODS

Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 2020 reporting requirements were
adhered to throughout the course of this systematic review. This exhaustive study was carried out to explore the effect of
berberine on polycystic ovary syndrome as well as the drug's potential for side effects. The study that is currently being
considered for this investigation is focused entirely on the topic that is being looked into. It is required for the research to
comply with certain conditions in order to carry out an appropriate review of studies that have been carried out in the past.
The following satisfies these prerequisites and qualifies as accomplishment of these conditions: 1) The publications must
be easily accessible online; 2) publications written in English will be given precedence; and 3) The systematic review will
only examine articles published in the years 2015 and later.

The search for studies to be included in the systematic review was carried out from May 14%, 2023 using the PubMed and
SagePub databases by inputting the words: “effect”; “safety”; “berberine”; and “polycystic ovary syndrome”. Where
("effect"[All Fields] OR 'effecting"[All Fields] OR 'effective"[All Fields] OR "effectively"[All Fields] OR
"effectiveness"[All Fields] OR "effectivenesses"[All Fields] OR "effectives"[All Fields] OR "effectivities"[All Fields] OR
"effectivity"[All Fields] OR "effects"[All Fields]) AND ("safety”"[MeSH Terms] OR "safety"[All Fields] OR "safeties"[All
Fields]) AND ("berberin"[All Fields] OR "berberine"[MeSH Terms] OR "berberine"[All Fields] OR "berberine s"[All
Fields] OR "berberines"[All Fields]) AND ("polycystic ovary syndrome"[MeSH Terms] OR ("polycystic"[All Fields]
AND "ovary"[All Fields] AND "syndrome"[All Fields]) OR "polycystic ovary syndrome"[All Fields]) is used as search

keywords.
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Figure 1. Article search flowchart
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After conducting a comprehensive literature review that included an analysis of the titles and abstracts of previously
published research, the inclusion and exclusion criteria for the study were modified to reflect the investigation's findings.
Only research projects that satisfied all of the inclusion criteria were considered for the systematic review. When
comparing two research studies, it is essential to consider the study's title, author, publication date, country of origin,
research design, and investigated variables.

To facilitate your evaluation and analysis of this content, it has been presented in a particular format. In order to determine
whether the research studies could be included, the authors of the publications conducted objective evaluations of a
selection of the research projects described in the titles and abstracts of the articles. Then, the full texts of the studies that
satisfy the systematic review's inclusion criteria will be evaluated to determine which publications are eligible for
categorical inclusion in the review. This will be performed so that the evaluation is as accurate as feasible.

RESULT

After treatment, the cumulative live births were comparable in the letrozole and combination groups (36% and 34%), but
superior in the berberine group (22%). Conception, pregnancy, and ovulation rates were likely comparable between the
letrozole and combination groups, and substantially higher than in the berberine group. The letrozole group had one twin
birth, the combination group had three twin births, and the berberine group had none. In patients with PCOS, the addition
of berberine to the recently developed ovulation-stimulating drug letrozole did not improve fertility.!!

Li, et al (2015)"? counducted a study, 98 of 102 individuals (96.1%) completed the four-month treatment, including 69
(70.4%) normal weight and 29 (29.6%) overweight/obese. After berberine treatment, 14 women (14.3%, 14/98) had
regular menses. Normal weight and overweight/obese groups did not vary. Over four months, the total group ovulated
25.0%, the normal weight group 22.5%, and the overweight/obese group 31.0%. Berberine treatment only decreased sex
hormone binding globulin, insulin resistance, total cholesterol, total triglycerides, and low-density lipoprotein cholesterol
in normal weight people.

DISCUSSION

Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine disorder with the main features being ovarian cysts,
anovulation, and endocrine variations that affect women. The World Health Organization (WHO) estimates that there are
approximately more than 116 million women (3.4%) experiencing PCOS worldwide. Predisposing risk factors include
genetics, neuroendocrine, lifestyle/environment, obesity which contribute to the development of PCOS. The
pathophysiological aspect of PCOS focuses on hormonal dysfunction, insulin resistance, and hyperandrogenism which
lead to impaired folliculogenesis which raises the risk of associated comorbidities such as endometrial cancer and type 2
diabetes mellitus (T2DM).!?

Patients with PCOS are characterized by a hyperandrogen condition. This hyperandrogenism can be evidenced by
increased levels of free (unbound) testosterone in the bloodstream which is a key hormone in the pathophysiology of
PCOS. This complex condition is deconstructed into its main pathophysiological elements.'® Predisposing risk factors
include genetics, neuroendocrine, lifestyle/environment, and obesity. Some women have a higher risk of developing PCOS
because of a dominant gene. Some data on genome-wide associations indicate specific loci and alleles that have an
important role in the identification of PCOS phenotypes. '3

Environmental factors such as physical exercise, lifestyle and diet can vary widely by population. Environmental factors
such as endocrine disrupting chemicals and glycotoxins can lead to genetic variants and disruption of metabolic and
reproductive pathways that can develop PCOS phenotypes and related complications.'® Androgen exposure can inhibit
hormone levels to increase GnRH high pulse frequency which affects the proportion of LH : FSH and causes follicular
arrest and dysplasia. These factors lead to causes of hyperinsulinemia, hyperandrogenism, oxidative stress, irregular
periods which eventually increase the metabolic syndrome.!*!7

The Chinese medicinal herbs Coptidis Rhizoma (Huanglian), Cortex Phellodendri (Huangbai), and Hydrastis Canadensis
are the sources of the isoquinoline derivative alkaloid known as berberine (BBB). B. vulgaris possesses singular qualities
that have been put to use by Iranians ever since their ancestors first settled the region. For instance, the dried fruits of this
plant have been used as an ingredient in food, and the root, bark, leaf, and fruit of this plant have all been widely utilized
as a folk medicine for the treatment of a variety of illnesses.!%!3

Table 1. The litelature include in this study

Author  Origin Method Agent and Dose Sample Size Result

Wu, China Randomized Berberine or placebo oral at a 644 PCOS In patients with polycystic ovary

2016 controlled daily dose of 1.5 g for up to 6 women syndrome (PCOS), the addition of

trial months. + initial dose of 2.5 mg berberine to the recently developed

letrozole or placebo on days 3—7 ovulation-stimulating drug letrozole
of the first three treatment did not improve fertility.
cycles.

Li, China Prospective ~ Berberine hydrochaloride 102 PCOS They found that giving anovulatory

20152 cohort study  tablets (0.1g/tablet) was given at women Chinese women with polycystic
0.4 g three times daily for four ovarian syndrome berberine on its own
months may improve their menstrual pattern

and increase their ovulation rate. This
was one of the findings of their study.
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In women with normal body weight
who have polycystic  ovarian
syndrome, berberine has been shown
to lower levels of sex hormone binding
globulin, insulin resistance, total
cholesterol, triglycerides, and low-
density lipoprotein cholesterol.

Isoquinoline alkaloids, and particularly berberine, are thought to be the primary contributor to the beneficial medicinal
effects of the B. vulgaris plant, as stated by the field of herbal pharmacology. Berberine has been shown in previous studies
to have a wide variety of therapeutic effects, including those of an anticonvulsant, sedative, diuretic, antidepressant,
neuroprotective, anti-inflammatory, antimicrobial, anti-atherosclerosis, anti-hypercholesterolemia, anti-diarrhea, anti-
osteoporosis, and antioxidant, as well as those that improve endothelial function.'®!®

There are just a few mild side effects that could be caused by berberine, and its target is an AMP-activated protein kinase
(AMPK) that is involved in fatty acid oxidation, glucose production, and insulin resistance. !° Berberine is a very promising
botanical molecule because of these factors. After Zhang et al.?® provided an explanation of the mechanism of action of
berberine, researchers started to hypothesize and, as a result, began to use berberine in the clinical management of
dyslipidemia, diabetes type 2, and obesity in order to reduce the cardiovascular risk that is caused by these metabolic
disorders.

In addition, berberine is the only botanical compound to be included in European guidelines for the therapy of
dyslipidemia. It is also used in patients who are unable to tolerate statins due to its very high tolerance and very low risk
of side effects during long-term treatment. Berberine's high tolerance and low risk of side effects are what make it the
only botanical compound to be included in these guidelines.?! Berberine, if associated with a healthy lifestyle, improves
women’s body composition and causes androgen’s reduction as pointed out by Saleem et al.??

Wu, et al showed no discernible difference in the rates of ovulation, conception, pregnancy, or live birth between the
letrozole group and the combination group. When compared to the group that received only berberine, these end points
were noticeably improved in the two groups who were given letrozole. We discovered that the greater ovulation rate per
cycle accounted for the superiority of this cumulative live birth rate for letrozole or combination treatment compared with
berberine alone. This was the case because berberine alone had a lower ovulation rate per cycle.!!
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Figure 2. The main mechanism of BBR against PCOS

Berberine was recently shown to have the potential to lower glucose levels in patients suffering from diabetes and obesity,
according to research conducted in both vitro and in vivo.? There is still a lack of understanding regarding the exact
mechanism through which berberine treats diabetes. In their study, Ko and colleagues observed that berberine increased
glucose-stimulated insulin production in Min6 cells in addition to enhancing the insulin/insulin-like growth factor-1
signaling cascade.?* According to the findings of Pan et al., berberine reduces the amount of glucose that is transported
by Caco-2 cells while also inhibiting alpha-glucosidase activity.?

Other sttudy showed only among infertile women who had taken BBR prior to undergoing IVF did pregnancy rates

improve with BBR treatment; this was not the case for all infertile women.The use of berberine as a treatment prior to in
vitro fertilization resulted to a considerable improvement in the pregnancy outcomes, including the number of clinical
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pregnancies, the number of live births, and the number of biochemical pregnancies achieved. It might have something to
do with the low amounts of oestradiol that were present on the day when the HCG was given.

Drugs and lifestyle changes like diet, exercise, and weight loss are the main PCOS treatments. CPA is the first medicine
to regulate menstruation and lower androgen. Combining IR requires insulin sensitizers such metformin,
thiazolidinedione, and acarbose. For type 2 diabetes, hyperlipidemia, cardiovascular and cerebrovascular disorders, and
other consequences, all those drugs must be taken for life. Treatment improves pregnancy rate, outcome, and long-term
problems.?’

BBR was safe. BBR did not cause bitter taste, diarrhoea, constipation, or nausea. This study has practical significance for
infertile women considering IVF or PCOS women seeking better pregnancy outcomes. Future publications should
investigate if continued Beberine medication improves pregnancy outcomes and reduces OHSS, especially in women with
past OHSS. BBR women had more constipation, nausea, gastrointestinal, and harsh taste, but no major side effects.?®?°

CONCLUSION

BBR treatment in PCOS women improved hormonal profile, menstrual cycle, and WHR. BBB improved pregnancy
outcomes exclusively in infertile women who used BBR before IVF. BBR was safe. Due to few research and small sample
size, the findings should be interpreted with caution.
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