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 Polycystic ovarian syndrome (PCOS), also known as Stein-Leventhal 

syndrome, is a diverse endocrine disorder that affects many women 

around the world who are of reproductive age. Prior to menopause, 

around one in ten women develop PCOS and associated problems. 

Examine the impact of Mabilisjalapa root extract on biochemical 

markers (Adiponectin and serum blood glucose), hormones (FSH, LH, 

testosterone, and estrogen), and induced polycystic ovarian syndrome in 

rats. Also compare the impact of Mabilisjalapa root extract with that of 

metformin. Female rats were treated for 21 days with 0.4 mL of oral 

letrozole (5.3 mg/kg) before receiving a dose of Metformin (500 mg/kg) 

for the first group, a high dose of Mabilisjalapa (600 mg/kg) for the 

second group, a low dose of Mabilisjalapa (400 mg/kg), and a 

combination of (300 mg/kg) from Mabilisjalapa and (250 mg/kg) from 

metformin. Compared to the induction group, the Mabilisjalapa treated 

group had reduced levels of glucose, testosterone, and LH, but higher 

levels of adiponectin, estradiol, and FSH. In comparison to metformin, 

Mabilis Jalapa treatment groups reported greater outcomes in the 

improvement of PCOS symptoms in female rats. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Is a heterogeneous endocrine disorder that affects many women around the world who are of reproductive 

age [1]. This syndrome is frequently linked to enlarged and dysfunctional ovaries, high levels of androgen, 

insulin resistance, etc [2]. According to estimates, one in ten women suffer with PCOS and associated 

problems before menopause. 

 

Clinical hyperandrogenism (hirsutism) and biological hyperandrogenemia (elevated androgen levels in the 

blood), ovulatory arrest (menstrual dysfunction), thicker ovarian stroma, polycystic ovarian morphology on 

ultrasonography, and infertility are all symptoms of PCOs PCOS is frequently associated with metabolic 

problems such as diabetes (increased insulin resistance) and obesity [3]. Non-pharmacological PCOS 
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treatment options include lifestyle changes [4]. People with high BWI who want to lose weight may benefit 

from taking weight-reducing medication, such as Orlistat [5]. The first-line treatment for ovulation 

induction is clomiphene citrate. Hormonal irregularities, acne, and hirsutism have all been treated with a 

combination contraceptive that contains both estrogen and progestine [6]. 

 

Spironolactone, flutamide, and cyproterone acetate are examples of antiandrogens that are regarded as first-

line therapies for hirsutism because they inhibit androgen receptors to diminish androgen output [7]. Some 

hyperandrogenic symptoms are treated by insulin sensitizing medications like metformin and troglitazone 

by reducing total and free testosterone levels. It encourages ovulation, lessens the effects of insulin 

resistance, and controls excessively high testosterone levels. The menstrual cycle, ovulation, and fertility 

are all helped to return [8]. Since ancient times, people have looked for medicines in nature to cure severe 

diseases. Erythromycin, Clarithromycin, Amoxycillin, and Amphotericin B are examples of natural 

product-derived antibiotics and antifungal medicines. Paclitaxel, Docetaxel, and Campothecin are examples 

of natural product-derived anticancer and antifungal drugs. The Nyctaginaceae family's Mirabilis jalapa 

(M.jalap), sometimes referred to as four o'clock flower[10], is a widely used medicinal plant. The herb 

Mirabilis jalapa is well known for its anti-hypercholesteremia, anti-atherosclerosis, and hypoglycemic 

effects [12], antinociceptive, antioxidant, and free radical scavenging (cytotoxic activity), as well as anti-

infective, antibiotic, antifungal, antiviral, antimalarial, and anti-inflammatory properties [11]. 

 

The current study examines the effectiveness of a methanolic extract of the Mirabilis jalapa root for treating 

female rats with PCOS that was brought on by letrozole. 

 

2. Materials and Method 

 

2.1 Plant Collection and Authentication 

The root of plant harvested on October 2021 from region in the south and west of Baghdad city in Iraq. It 

was identified and authenticated by the botanist, Prof. Dr. Khazzal Al Jubouri at College of 

Science/University of Diyala. 

 

2.2 Preparation of Plant Extract 

The plant material's roots were cleaned, air dried at room temperature in the shade, ground using an electric 

mill, and weighed. The dried, defatted material was extracted using a Soxhlet equipment. Soxhlet's 

spherical flask was filled with 450 ml of 80% methanol. The substance was removed for around 12 hours or 

until it was fully depleted. The alcoholic extract was filtered via filter paper to get rid of the marc. Using a 

rotary evaporator and reduced pressure, the filtrate was concentrated to around 15 mL before being mixed 

with 50 mL of distilled water for root extraction. Root extracts are subjected to chemical analyses to 

conduct a preliminary qualitative phytochemical investigation, and high-performance liquid 

chromatography analysis is utilized to quantify the amount of phenolic and flavonoid components [13]. 

 

2.3 High performance thin layer chromatography (HPTLC) 

To identify phytoconstituents including flavanoids, tannins, saponins, glycosides, and steroids, the extract 

of Mirabilis jalapa underwent a preliminary qualitative phytochemical examination using the accepted 

method [14]. We looked at the phenols and flavonoids in the extract of Mirabilis jalapa. Under ideal 

circumstances, the main compound was isolated on an FLC (Fast Liquid Chromatographic) column [15]. 

 

2.4 Experimental Design 

A- Animal grouping 
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In order to conduct the study, sixty female albino rats weighing (180–200g) at 4 weeks of age were 

selected. They were procured from the animal house of the Baghdad University of Pharmacy and housed at 

Al-Nahrain University. 

 

Each of the ten animals was kept in a standard metal cage with a maintenance environmental temperature of 

about (22.8 ± 0.7) oC, a humidity of about(41.6 ± 6.6) percent, and a diurnal change of about 12 hours of 

light and dark. Fresh water and chow food were provided to the animals, which were also given regular 

ventilation using a ventilating vacuum (ad libitum). 

 

B-Study design 

Six groups of sixty albino female rats, all of which appeared to be in good health, were chosen at random as 

follows: 

• Apparent healthy group: For 51 days, ten female rats got regular nutrition. 

• Induction group: Letrozole (5.3 mg/kg) was given orally to ten female rats to induce PCOS for 21 

days, followed by 30 days of regular feeding. 

• In the Metformin group, 10 female rats were given PCOS for 21 days before receiving oral 

Metformin (500 mg/kg) for 30 days. 

• High dose Mirabilis Jalapa group: For 30 days, oral administration of (600 mg/kg) Mirabilis Jalapa 

was administered to ten female rats who had been given PCOS for 21 days. 

• Low dose Mirabilis Jalapa group: For 30 days, 400 mg/kg of Mirabilis Jalapa was administered 

orally to 10 female rats that had been given PCOS for 21 days. 

• Combination group: For the treatment phase, ten female rats with PCOS were given oral doses of 

Mirabilis jalapa (300 mg/kg) and metformin (250 mg/kg) for 30 days. 

 

2.5 PCOS induction in rats 

Letrozole (5.3 mg/kg) in 0.4 mL daily doses for 21 days were supplied orally during the induction. A 

vaginal swab was collected and examined daily at 9:00 am until a persistent diestrous phase was noticed in 

order to allow PCOS induction [17]. 

 

2.6 Blood sample preparation 

An overnight fasting rat was given ether anesthesia in a glass jar, followed by the collection of 6 mL of 

blood from a heart puncture with a 3cc syringe and transfer of the blood into a gel tube. The samples were 

then allowed to clot for an additional hour at room temperature, the serum was then separated by 

centrifugation for 10 minutes at 3,000 RPM. 

 

2.7 Measurement of serum blood glucose 

The following reaction is used to determine glucose by enzymatic calorimetry [18]. 

 

2.8 Principle of the assay for adiponectin and hormonal measurement 

This assay employs a competitive enzyme immunoassay methodology. This kit contains a rat ELISA kit 

from MyBiosource in the USA for adiponectin, testosterone, estradiol, FSH, and LH. 

 

2.9 Statistical Analysis 

SPSS statistical software was used to examine the data (version 23). For data analysis, simple descriptive 

statistics such as mean standard error (SE), t-test, ANOVA, and post-hoc analysis were utilized. The p value 

of 0.05 denotes the level of statistical significance. 
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3. Results 

 

3.1 High performance thin layer chromatography (HPTLC) 

The HPTLC analysis revealed the presence of 9 different phenols and flavonoids compounds in comparison 

to a standard. The figures demonstrate how the spots are created and recognized under UV light at 335 nm 

(3.1 and 3.2). 

 

As can be seen in table (3.2), the extract's HPTLC chromatography yields 9 peaks at varying Rf values, with 

peak number 7's Rf value 6.16 corresponding to a percent area of around 21.52% of the extract's 

components 

 

 
Figure 1: HPTLC chromatography of standard phenols and flavonoids 
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Figure 2: HPTLC chromatography of phenols and flavonoids components of Mirabilis Jalapa roots extract 

 

Table 1: HPTLC screening of Mirabilis Jalapa roots extract 

No. Subject Retention time Area uv Concentration 

25 ug/ml each 

Area% 

1 Gallic acid 1.93 164623 391.87 13.29% 

2 Chlorogenic acid 2.84 198819 265.48 9.00% 

3 Caffeic acid 4.18 159832 148.29 5.03% 

4 Rutin 5.11 161227 233.58 7.92% 

5 Ferulic acid 6.27 152932 422.78 14.344% 

6 Hiperoside 6.998 137288 509.63 17.29% 

7 Isoquercetrin 6.16 147294 634.34 21.52% 

8 Avicularin 9.18 186788 234.03 7.79% 

9 Ononin 10.05 174569 107.03 3.64% 

 

3.2 Effects of Mirabilis jalapaon biochemical markers (glucose and adiponectin) 

Glucose was significantly increased among induction group in comparison with apparent healthy (A.H.) 

group, P<0.05. High dose Mirabilis jalapa treated group show significantly lower level of glucose, in 

comparison to induction group and other treated groups. Adiponectin levels in the induction group were 

significantly lower than in the apparent healthy group. Adiponectin levels were significantly higher among 

combination of Mj. With metformin treated group in comparison to induction group and other groups; 

P<0.05, as shown in tables (2-3). 

 

3.3 Effects of Mirabilis jalapaon hormones 

The levels of hormones (testosterone and LH) was significantly increased among induction group in 

comparison with apparent healthy group; except that for (Estradiol and FSH) where it was significantly 

lowered than that among apparent healthy group, P<0.05.  Each group of high doseMirabilis jalapa, low 

dose Mirabilis jalapaand combination of Mirabilis jalapawith metformin shows significantly reduced the 

levels of hormones (testosterone and LH) in comparison with induction group; except that for (Estradiol, 

and FSH) where it was significantly elevated after treatment with high and low dose Mirabilis jalapa 
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treated group in comparison with induction group, as shown in tables (2-3). 

 

4. Discussion 

One of the most common endocrine system illnesses, pcos is a major contributor to non-ovulatory infertility 

characterized by an ovulation polycystic ovary, biochemical hyperandrogenism, and clinical indications of 

it. Dysregulation of the adrenal, pituitary, and hypothalamus are linked to PCOS [19]. Since there is no 

specific medication for treating PCOS syndrome and only a few medications are approved to treat the 

condition's most common symptoms, people with PCOS are forced to use off-label medications like 

Metformin, Statins, Thiazolidinediones, and Spironolactone to manage their symptoms [20]. Although there 

is insufficient evidence to support the effectiveness and safety of complementary and alternative therapies, 

like acupuncture and herbal therapy, many studies have suggested that they may help with PCOS 

symptoms. Therefore, novel therapeutic strategies including complementary and alternative medicines must 

be researched in order to maximize PCOS therapy [21]. 

 

The effect of Mirabilis jalapa root extract on rats with PCOS caused by letrozole has been investigated in 

the current study. Herbal supplements are used therapeutically for PCOS therapy while contrasting 

hormonal and metabolic alterations to conventional medicine (Metformin). Mirabilis jalapa is an essential 

medicinal herb with a wide range of properties. Experimental clinical research validated its traditional 

applications and demonstrated its antidiabetic, antioxidant, cytotoxic and other effects [11]. So, the present 

study was helped to explore its therapeutic potential on PCOS rat model. In the current study, the levels of 

biochemical markers and hormones were significantly increased among induction group in comparison with 

apparent healthy group; except that for (Adiponectin, Estradiol, and FSH) where it was significantly 

lowered than that among apparent healthy group, P<0.05. 

 

High dose M.jalapa treated group show significantly lower level of glucose and hormones (testosterone, 

LH)  in comparison to other treated groups, this could be because high dose M.jalapa treated group contains 

a higher concentration of active ingredients than other groups. Low dose M. jalapa show significantly a 

higher of FSH hormone incomparison to other treated group. The capacity of M. jalapa to regulate blood 

glucose levels may be attributed to the flavonoids and phenols present in the phytochemical analysis of M. 

jalapa root extract in the current study [22]. 

 

Hiperoside has been shown to be effective in lowering blood glucose levels in diabetics by increasing 

glycolysis and decreasing gluconeogenesis, and feurlic acid has also been shown to be effective in lowering 

blood glucose levels by increasing insulin and modulating the expression of gluconeogenic genes in the 

liver [24]. The quercetin is aglycone, isoquercetin is quercetin glycoside. In the enterocytes, quercetin 

aglycone is produced by the highly effective hydrolysis of the glucoside chain in the absorptive 

endothelium of the small intestinal brush border. This indicates that consumed isoquercetin does not 

directly enter the portal circulation; instead, it enters the circulation as a quercetinglucoside or an aglycone 

[25]. In order to increase the amount of the glucose transporter 4, quercetin increases glucose absorption by 

activating both insulin-dependent and AMPK-dependent pathways. Additionally, it blocks essential 

gluconeogenesis-related enzymes and preserves the islet -cell activity [26]. The reduction in serum insulin 

levels may have been brought on by the presence of substances like glycosides and saponins. 

 

As a result, the antioxidants included in such substances can guard against the harm caused by oxidative 

stress to pancreatic beta cells. Some flavonoids can change beta cell death and affect insulin secretion. It 

should be highlighted that insulin resistance has been linked to a loss in antioxidant capability [27], and that 

galic acid aids in cell regeneration and shields pancreatic islets from cytotoxic effects [28]. Alpha-amylase 
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and alpha-glucosidase enzymes were inhibited by the Nyctaginaceae plant [29]. Adenosine monophosphate-

activated protein kinase (AMPK) and peroxisome proliferator-activated receptor alpha (PPAR-) are two 

mechanisms through which M. jalapa controls insulin sensitivity in skeletal muscle. Through activating 

AMPK, adiponectin increases basal glucose and insulin-stimulated glucose absorption in adipose tissues, 

and in people with metabolic syndrome, its levels are inversely correlated with obesity and proinflammatory 

cytokines [30]. 

 

In the current study, a phytochemical screening test and an HPTLC method were used to identify the 

flavonoid and phenol constituents present in the root of the M. jalapa plant as the source of the herb's effect 

on hormone levels. One flavonoid, galic acid, exerted its natural estrogenic and antioxidant qualities, which 

improved its ability to bind to E receptors. enhance the hypothalamus-pituitary axis's regular function 

(HPA), Elevated FSH levels may lead to more prenatal follicle development, improved LH levels that 

promote ovulation, and improvements in the corpus luteum while lowering testosterone levels [31]. 

Indicating that it might encourage proliferation through the MAPK signaling pathway, hyperoside enhanced 

the expression of ER and ER, respectively [32]. In female mice, ferulic acid A has been demonstrated to be 

helpful in promoting ovarian activity and the development of the reproductive system. Their potent 

antioxidant and increased estrogen production in female mice are the key causes of the action mechanism 

[24]. According to a study by Hong Y et al., quercetin reduced the activity of the steroidogenic enzymes 3 -

HSD and/or 17 -HSD type 7 (essential for the synthesis of androgen), with no effect on 17 -HSD type 1 

(which plays a role in the manufacture of estrogen), which in turn regulates androgen levels [33]. According 

to research, quercetin effectively raises serum levels of testosterone and LH by reducing the level of resist 

in, which in turn boosts androgen production in several ways [34]. 

 

Quercetin's anti-oxidative stress characteristics were shown by decreasing oxidative stress by increasing 

antioxidant enzyme, which is related to other factors that affect testosterone levels, insulin resistance, 

ovarian mesenchyme hyperplasia, and infertility [35]. According to some research, a phenomena in which 

lower plasma androgen is brought on by a decrease in ovarian androgen production by insulin may be 

analogous to a decline in plasma levels of LH in response to the dropping in insulin [27]. Quercetin showed 

anti-androgenic activities through inhibiting the PI3K (Phosphatidylinostirol-3 Kinase) pathway and down 

regulating the CYP17A1 gene. Contrarily, metformin did not significantly show CYP17A1 gene 

downregulation, suggesting that it may affect ovarian steroidogenesis by modifying insulin levels [26]. 

Studies on the effects of Mirabilis jalapa on sex hormones (LH, FSH, testosterone, and estrogen) during 

PCOS treatment are scarce. Using a phytochemical screening test and an HPTLC approach, the current 

study was able to link the activity of Mirabilis jalapa on hormonal levels to flavonoid, phenol, steroid, and 

glycoside elements discovered in the plant's root. The presence of the aforementioned phytosterols may be a 

factor in the modulation of steroidogensis. 

 

According to data from the literature, -sitosterol can regulate steroidogensis and has estrogen-like 

properties. It can also affect endogenous hormones by altering bile acid metabolism and estrogen absorption 

or by competing with cholesterol as a substrate for the synthesis of steroids hormones [36]. In the treatment 

of PCOS, there has been little research on the effects of Mirabilis jalapa on sex hormones (LH, FSH, 

testosterone, and estrogen). To the best of our knowledge, the study that examines the effects of Mirabilis 

jalapa on PCOS rats is the first to do so because of the alterations indicated above. 

 

Table 2: Comparison between apparent healthy group and induction group regarding hormones and 

biochemical markers 

Parameter Groups  P value 
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Apparent healthy 

group 

Induction group 

Mean SD Mean SD 

Glucose(mg/dl) 70.45 12.61 158.79 31.05 <0.001 

Adiponectin(μg/ml) 11.89 3.76 2.27 0.39 <0.001 

Testosterone(ng/ml) 3.29 1.91 32.50 8.06 <0.001 

Estradiol(ng/ml) 39.60 3.22 23.40 1.95 <0.001 

LH(mIU/ml) 27.05 1.60 43.14 2.59 <0.001 

FSH(ng/ml) 139.79 17.83 23.47 2.48 <0.001 

LH: Luteinizing hormone, FSH: Follicle stimulating hormone. 

 

Table 3: Comparison between metformin treated group and M.jalapa treated groups (high dose, low dose, 

and in combination with metformin) regarding hormones and biochemical markers 

Parameter Groups P value 

Metformin 

treated group 

High dose 

M.jalapatreat 

ed group 

Low dose 

M.jalapatreat 

ed group 

M.jalapa & 

metformin 

treated group 

Mean SD Mean SD Mean SD Mean SD 

Glucose(mg/dl) 74.49 8.75 63.91 13.25 75.62 10.27 81.30 13.03 <0.001 

Adiponectin(µg/ml) 4.90 2.07 4.44 1.9 4.41 2.07 9.12 3.48 0.001 

Testosterone(ng/ml) 3.79 2.09 2.97 1.58 3.71 1.59 4 3.15 <0.001 

Estradiol(ng/ml) 33.21 4.44 34.36 3.12 34.51 3.16 35.98 1.92 <0.001 

LH(mIU/ml) 17.06 6.67 12.70 2.28 21.70 3.48 27 10.08 0.003 

FSH(ng/ml) 68.26 20.0 55.22 26.82 127.6 22.76 57.35 11.49 <0.001 

 

5. Conclusion 

With the help of Mirabilis jalapa root extract, female rats' PCOS symptoms improved. The blood sugar was 

dramatically lowered with Mirabilis jalapa root extract. Additionally, Mirabilis jalapa root extract 

dramatically elevated FSH and estrogen hormonal levels while considerably decreasing LH and testosterone 

hormonal levels that affect rat ovulation. In comparison to metformin, the groups treated with Mirabilis 

jalapa saw greater outcomes in the reduction of PCOS symptoms in female rats. and this may hold 

significant promise for future clinical applications. 
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