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Abstract
Background

The most prevalent endocrine condition affecting women of reproductive age is polycystic ovarian syndrome
(PCOS), which is linked to a variety of metabolic abnormalities. Although the pathogenesis of PCOS is not
fully understood, it is known that oxidative stress, altered gut microbiome, and increased gonadotrophin-
releasing hormone play a significant role. Gum arabic (GA) is an edible, dried, gummy exudate from the
Acacia senegal tree, well-known for its prebiotic and antioxidant effects. The main objective of the study was
to assess the changes in hormonal and metabolic profiles in PCOS patients after the ingestion of gum arabic.

Method

This was a clinical trial conducted on fifteen patients suffering from PCOS, with a mean age of 27.8 years
(20-39 years). All patients experienced irregular cycles. Hormonal and metabolic markers (follicular
stimulating hormone (FSH), luteinizing hormone (LH), total testosterone (TT), fasting insulin, total
cholesterol (TC), and glycosylated hemoglobin (HBA1c) were measured before and after the ingestion of gum
arabic (30 g/day of GA dissolved in 250 ml water for eight weeks) on the second day of the menstrual

cycle after granting ethical approval from the National Medicine and Poisons Board and from the
participants of the study.

Results

The study demonstrated a significant decrease in the luteinizing hormone level, FSH/LH ratio, and
cholesterol pre- and post-gum arabic ingestion (p-values 0.001, 0.013, and 0.007, respectively). Follicular
stimulating hormone slightly reduced post-ingestion with no significant difference (p-value 0.414). No
significant changes were seen in the testosterone, insulin, or HBA1c levels.

Conclusion

The study concluded that gum arabic ingestion for eight weeks decreases the luteinizing hormone and
LH/FSH ratio and improves the metabolic profile by reducing the cholesterol level in PCOS patients.

Categories: Endocrinology/Diabetes/Metabolism, Obstetrics/Gynecology
Keywords: 1h/fsh ratio, gum arabic (ga), lh, fsh, polycystic ovary syndrome (pcos), cholesterol, insulin, testosteron,
metabolic markers, hormonal profiles

Introduction

Polycystic ovarian syndrome (PCOS) is the most frequent endocrine disorder in reproductive females around
the world. Depending on the diagnostic criteria used, the prevalence is 5%-20%. According to specialist
society recommendations, the presence of at least two of the following three criteria is required for the
diagnosis of PCOS: persistent anovulation, hyperandrogenism, and polycystic ovaries. Infertility, metabolic
syndrome, obesity, impaired glucose tolerance, type 2 diabetes mellitus (DM-2), cardiovascular risk, and
endometrial cancer all are associated with PCOS [1,2].

PCOS etiology has been linked to altered luteinizing hormone (LH) function, insulin resistance (IR), and a
probable proclivity for hyperandrogenism. According to one explanation, the underlying insulin resistance
exacerbates hyperandrogenism by decreasing sex hormone-binding globulin production and promoting
adrenal and ovarian androgen synthesis, hence increasing androgen levels. These androgens cause irregular
menstruation and physical signs of hyperandrogenism [2].
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Women with PCOS are managed differently depending on their symptoms. These could include infertility
caused by ovulatory failure, menstrual problems, or androgen-related symptoms [3].

PCOS-related hyperandrogenism and central obesity can have a significant impact on a woman's fertility
and overall health. Weight loss has been shown to improve hormonal imbalances and increase the likelihood
of ovulation and pregnancy in women with PCOS. Even a modest weight loss of 5% of the initial weight can
have positive effects. The treatment of obesity in PCOS often involves lifestyle modifications such as
changes in diet and exercise. Medical and surgical options may also be considered. It is important to note
that weight loss is generally recommended for women with a BMI > 25-27 kg/m2 [3]. For anovulatory
infertility, medications like clomiphene citrate (CC), metformin, and insulin-sensitizing drugs can be used
to induce ovulation. In cases where endometrial proliferation needs to be controlled, cyclic progestin or oral
contraceptives with a combination of estrogen and progestin may be prescribed. Androgen-related
symptoms in PCOS can be managed with various treatment options. These can include oral contraceptives,
estrogen-progestin combination therapy, antiandrogens, gonadotropin-releasing hormone agonists, and
insulin-lowering agents. In addition to conventional medical treatments, alternative options such as
kinesiology, herbalism, and acupuncture may also be considered [3].

Gum arabic (GA) is a soluble fiber derived from the Acacia senegal and Acacia seyal trees in Sub-Saharan
Africa, particularly Sudan. It is a significant medicinal herb used in alternative medicine and has been
deemed suitable for daily consumption since 1969 [4]. GA is indigestible to humans and animals and
ferments in the colon to produce short-chain fatty acids, offering potential health advantages such as
prebiotic effects, lower plasma cholesterol levels, anticarcinogenic activity, and antioxidant activity [5-8].
Epidemiological studies have shown that high dietary fiber intake is associated with improved fat
metabolism, satiation, fullness, glycemic index, stomach emptying, and gut hormone production [9,10].
Additionally, GA reduces intestinal glucose absorption through interaction with intestinal Na+-coupled
glucose transporter (SGLT1) in mice, and during a high-fat meal, GA substantially reduces body weight,
fasting plasma glucose, and fasting insulin concentrations [11,12].

Several studies have been conducted in Sudan in humans to evaluate the medicinal herbal effect of GA, such
as in reducing BMI and body fat in healthy females, decreasing oxidative stress and inflammatory markers in
hemodialysis patients, improving poor glycemic control, and improving lipid and BMI in diabetic type II
patients, lowering total cholesterol in hyperlipidemia patients, and used to increased fetal hemoglobin in
sickle cell anemia (SCA) patients [11,13,14,15,16]

PCOS is associated with obesity, impaired glucose tolerance, and lipids disorders. Gum arabic is a

herbal intake proven to cause a reduction in BMI and lower plasma cholesterol, fasting glucose, and insulin
level, so it was used as an alternative medicinal herb in PCOS females. To our knowledge, there are no
previous studies conducted to explore the effect of gum arabic ingestion among polycystic ovary syndrome
(PCOS) patients. Therefore, this study adds valuable information for both doctors and patients to expand
their options in PCOS management.

Materials And Methods

A pilot study was conducted in Bannon Fertility Center in Sudan, Khartoum in the period from January to
August 2021, to explore the effect of gum arabic ingestion on the metabolic and hormonal profile of
polycystic ovary syndrome (PCOS) patients. Fifteen patients diagnosed with PCOS based on Rotterdam
Criteria (2003) [17], non-diabetic and normotensive suffering from primary or secondary infertility and not
taken any treatment for PCOS and infertility before gum arabic ingestion were recruited, after being granted
ethical approval from the Institutional Review Board (IRB) and by Clinical Trials on Human and Animals
Committee, National Medicines and Poisons Board, Federal Ministry of Health (approval
n0.0446749/NMPB). Females with thyroid disorders or who refused to participate in the study were
excluded.

Two classes of data were collected, one before ingestion of gum arabic (GA) and another 8 weeks after
ingestion of gum arabic (GA), Gum Arabic Company in Khartoum, Sudan provided GA in powder form. The
powder is a pure extract mechanically produced from the wild Acacia senegal tree with no additives. Based on
previous studies, the GA administration was used for 8 weeks, with a daily dose of 30 grams [13,16]. GA was
packed as 15 g/sachet. The patients were instructed to dissolve two sachets in water and take them early in
the morning on an empty stomach. Participants received 60 packs per month for eight weeks.

Hormonal profiles were obtained for PCOS women with regular and irregular menstrual cycles on the second
day of the menstrual cycle, which is the standard for the basic level of hormones (early proliferative phase).
A 10 ml blood sample was taken twice, before and after the gum arabic ingestion for 8 weeks. For women
with irregular menstrual cycle, the investigators waited for the onset of the menstrual cycle and took the
blood sample on the second day prior to ingesting GA, and then also after taking the GA for 8 weeks waited
for the onset of first menstruation post-ingestion and took the second sample. Blood samples were
centrifuged for 10 min at 4000 rpm to separate the serum. The extracted serum was divided into three
sample aliquots and frozen immediately at -70°C until assay. Laboratory tests were performed after
overnight fasting (8-10 hours). The levels of follicular stimulating hormones (FSH), luteinizing hormones
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(LH), testosterone, and insulin were evaluated using Inmunoenzymometric Assay TOSOH AIA-1800
Chemistry Analyzer (Tosoh Bioscience, South San Francisco, USA), total cholesterol was determined by
Auto-Chemistry Analyzer CS-T180 (Dirui Medical Technology, Jilin, China) and HBA1c was done by analyzer
Finecare (Guangzhou Wondfo Biotech, Guangzhou, China).

Data were entered in Excel sheet Microsoft 10 (Microsoft Corporation, Redmond, USA), and were analyzed
using SPSS version 23 (IBM Corp., Armonk, USA). Quantitative data were expressed as mean and standard
deviation, and the paired sample t-test was used to compare the results before and after administration of
gum arabic powder. A p-value <0.05 was considered statistically significant.

Results

We assessed 43 patients for eligibility, of them 10 were excluded, eight declined, 25 enrolled in the study, 10
lost during the intervention (one became pregnant, six chose in vitro fertilization (IVF) as a method of
treatment, and three lost in follow-up). A total of 15 patients were included in the final analysis (Figure I).
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Assessed for eligibility

(n=43)

Excluded (n= 10)

Declined (n= 8)

Enrolled (n=25)

Follow-up

Loss to follow-up (n=3)

Discontinued the
intervention due to their
decision to treatment
with IVF (n=6)

Became pregnant (n=1)

Analyzed (n=15)

FIGURE 1: The chart shows the number of patients included in the
study.

IVF: in vitro fertilization

The study participants' ages ranged from 20 to 39 years, with a mean age of 27.80+5.64 years. More than half
of them were in the age group 20-29 years, and the majority of them (80%) were housewives, with (33.3%)
suffering from hirsutism (Table ).
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Variables

Age group

20-29

30-39

Mean (27.80+5.64 years)
Occupation

Housewife

Employee

Hirsutism

No

TABLE 1: Demographic characteristics and complaints

Frequency

Percentage

This study clarified that the 8 weeks of oral intake of gum arabic (GA) significantly decreases the level of LH
hormones and the LH/FSH ratio. The mean LH, LH/FSH ratio, and cholesterol, were 10.94+6.67 mlU/L,
1.60+0.94, and 162.56+62.20 mlU/L, respectively, before and 5.03+3.60 mlU/L, 0.99+0.83, and 127.90+25.92
mlU/L, respectively, after ingestion of gum arabic, p-value < 0.05, while no significant change was seen in

FSH, testosterone, HbA1lc, and insulin, p-value > 0.05 (Table 2).

Hormonal and metabolic markers (pre- and post-intervention)

FSH (mlUIL) Pre-ingestion

FSH (mlUIL) Post-ingestion

LH ((mIU/L) Pre-ingestion

LH (mlU/L) Post-ingestion

LH/FSH Pre-ingestion

LH/FSH Post-ingestion

Testosterone Pre-ingestion

Testosterone Post-ingestion

Cholesterol (mg/ml) Pre-ingestion

Cholesterol (mg/ml) Post-ingestion

Insulin Pre-ingestion

Insulin Post-ingestion

HbA1c Pre-ingestion

HbA1c Post-ingestion

TABLE 2: The mean hormonal and laboratory profiles in PCOS patients pre and post-ingestion of
GA (Gum Arabic)

FSH: follicle-stimulating hormone; LH: luteinizing hormone; HbA1c: glycated hemoglobin

Mean

6.90

6.18

10.94

0.99

0.33

0.34

162.56

127.90

22.48

18.82

SD

245

230

3.60

0.94

0.83

0.08

62.20

25.92

20.96

13.47

P-value

0.414

0.001

0.013

0.912

0.007

0.555

0.579

Discussion
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Polycystic ovarian syndrome (PCOS) is the most common endocrine disease in women of reproductive age,
associated with multiple metabolic abnormalities. Gum arabic (GA) is a comestible, dried, sticky exudate
from the Acacia senegal tree [9], known for its prebiotic and antioxidant properties. The main objective of
this study was to explore the changes in hormonal and metabolic profiles in PCOS patients after gum arabic
ingestion for 8 weeks.

In PCOS, there is increased gonadotropin-releasing hormone (GnRH) pulse frequency, which increases the
frequency and pulse amplitude of LH over FSH production resulting in a high LH/FSH ratio [18,19], with the
association of the high concentrations of LH in the follicular phase ovulation, does not occur [20]. In the
present study, GA significantly reduced LH hormone and the LH/FSH ratio and exhibited no significant
change regarding FSH level. One of the possible explanations for such results is the restoration of GnRH
pulse frequency balance which directly affects LH frequency and amplitude without a significant change in
the FSH. The GA could exert this action through its prebiotic properties. The gut microbiomes exert a
profound influence on key brain processes through the microbiota-gut-brain axis [21-23]. It directly acts on
the hypothalamic-pituitary-adrenal (HPA) axis [24], produces short-chain fatty acids that possess
neuroactive properties, and synthetizes a number of neurotransmitters [25-28]. One of those
neurotransmitters is dopamine (DA). DA is known to be a potent inhibitor of GnRH neuron excitability [29-
31]. Many PCOS-associated morbidities are noticed to be related to the high LH/FSH ratio thus improving the
ratio is supposed to enhance the metabolic profile of the patients.

Abnormal lipid metabolism can contribute to the pathophysiology of hyperandrogenism, IR, oxidative
stress, and infertility in PCOS. Lipid abnormalities are common in women with polycystic ovary syndrome
(PCOS), with mild hypercholesterolemia being common. Obesity affects oocyte quality and early embryo
growth, which is triggered by lipo-toxicity-induced endoplasmic reticulum stress, mitochondrial
dysfunction, and apoptosis. Studies have shown that androgens play a significant role in hyperlipidemia,
while hypomethylated genes related to lipid synthesis may promote the synthesis of steroid hormones
including androgen. Hypercholesterolemia is also associated with oxidative stress, as studies have shown
that hypercholesterolemia reduces liver sirtuin 1 (SIRT1) and induces hepatic oxidative stress. PCOS-
induced rats model that was on a high-fat diet showed ovarian changes suggesting infertility is associated
with dyslipidemia in PCOS [32]. In this study, the cholesterol level decreased significantly after ingestion of
GA, and this result is consistent with the findings of other experiments [14,15,33]. Dietary fibers such as GA
can lower the cholesterol level by many mechanisms, including the viscosity effect of dietary fibers, the
increase in fecal bile acids, alteration of lipid metabolism, and an increase in the number of lipoprotein
receptors in the body [34-36].

GA proved to cause a decrease in fasting insulin and glucose [11-12]. Our study revealed a mild insignificant
reduction probably because more than half of our patients had a normal baseline insulin level. A study done
in mice in 2010 confirmed that Indeed the hyperglycemic effect of excessive glucose intake was significantly
blunted by GA treatment [12]. Moreover, GA treatment prevented body weight gain following a four-week
treatment with a glucose-rich diet despite similar fluid and food intake in untreated and GA-treated mice
[12]. PCOS women with IR had higher frequencies of menstrual irregularity, hyperandrogenism, infertility or
subfertility and obesity [37], Homeostasis mode assessment estimated insulin resistance (HOMA-IR ) more
accurate than fasting insulin for evaluating PCOS women [37], so a further assessment of the effect of GA on
the insulin status of PCOs patients is needed. Studies conducted in type 2 diabetic patients found that the
administration of GA for 3 months caused a significant decrease in HbA1lc, BMI, and lipid accumulation
product and an insignificant decrease in triglycerides [14,38]. In this study, the ingestion of GA for 8 weeks
caused a decrease in HbAlc, but it was insignificant (p-value > 0.05); this could be explained by the
differences in GA administration duration.

In spite of the impact of gum arabic (GA) ingestion for 8 weeks on hormonal and metabolic markers in PCOS
patients that were found in this study, it is important to note that the study has several limitations. One of
the main limitations is the small sample size which limits the generalizability and reliability of the study
findings. The reluctance of some patients towards herbal therapy, particularly those seeking assisted
reproductive therapies (the study was conducted in a specialized private center and most of the patients
aimed to do IVF) influenced the recruitment and participation of PCOS patients and contributed to the
smaller sample size. Another limitation is the absence of a placebo group. So it is crucial to conduct further
research with a larger sample size to improve the statistical power and enhance the generalizability of the
findings. It will also enable researchers and clinicians to better understand the potential benefits and effects
of GA as an alternative herbal medicinal option for managing PCOS.

Conclusions

The study concluded that the prebiotic dietary supplementation (Acacia senegal/gum arabic) for 8 weeks in a
patient with PCOS (polycystic ovarian syndrome) reduced luteinizing hormone and LH/FSH ratio and
improved the metabolic profile by lowering cholesterol levels.

Appendices

The study was presented earlier as a proceeding abstract in Euro-physiology in 2022.
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