Tribulus Terrestris Extract Jellies: A Novel Approach for Alleviating Polycystic Ovarian Syndrome.

Kanchan M. Khedkar*, Dr. Shekhar V. Kokate, Dr Yogesh.V.Ushir, Mahima S. Patil, 
SMBT College of Pharmacy, Nandi Hills, Dhamangaon, Taluka- Igatpuri, Dist- Nashik, Maharashtra, India-422403.

[bookmark: _Hlk164339951](Received: 11 June 2024	        Revised: 16 July 2024              Accepted: 10 August 2024)
	KEYWORDS
Tribulus terrestris, Jellies, PCOS, chemical constituent, Saponins, protodioscin, woman health.
	ABSTRACT: 
   This research explores the utilization of jelly-derived Tribulus terrestris extract as a potential therapeutic solution for mitigating symptoms of Polycystic Ovary Syndrome (PCOS). PCOS, a prevalent endocrine condition affecting women during their reproductive years, is characterized by hormonal irregularities, ovarian cysts, and metabolic disturbances. Traditional medicinal plants like Tribulus terrestris show promise in addressing the multifaceted symptoms of PCOS. The purpose of this study is to develop a jelly formulation of Tribulus terrestris extract for convenient consumption by individuals with PCOS, ensuring stability and enhanced bioavailability. The investigation evaluates the physicochemical properties including texture, appearance, and rheological behavior of the extract jelly. Furthermore, the study delves into the potential mechanisms by which Tribulus terrestris extract may impact insulin sensitivity, hormonal balance, and inflammatory pathways associated with PCOS pathophysiology. The findings present jelly derived from this plant extract as a novel and promising therapeutic approach for managing the intricate symptoms of PCOS. This research contributes a practical and potentially valuable natural remedy while offering insightful knowledge on herbal interventions for PCOS management. With PCOS significantly impacting women's health globally, this innovative technique has the potential to diversify treatment options for those seeking complementary and alternative solutions to alleviate PCOS symptoms.
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Introduction:
Polycystic Ovarian Syndrome:  
PCOS is a frequent physiological and reproduction disorder. These changes show up as amenorrhea or oligomenorrhea, morphological characteristics of polycystic ovaries on hyperandrogenism and ultrasonography (loss of hair from the scalp, hirsutism, acne, or a mix of these). Polycystic ovarian syndrome was long regarded as a reproductive issue, but it has since been proven to be a metabolous condition linked to long-term health hazards, such as cardiovascular disease and type 2 diabetes(Allen, Shrikrishnapalasuriyar, and Rees 2022). There have also been reports of poor mental health results and a lower quality of life. Thus, It is linked to high healthcare expenses and resource consumption. A high degree of dissatisfaction with care is reported in international surveys(Gibson-Helm et al. 2017), in part due to the fact that existing treatments are frequently only marginally successful in symptom relief and long- term risk reduction. International standards acknowledge the poor quality of the available data and the urgent need for higher-quality research(Teede et al. 2023).Better patient outcomes and the development of new medicines could arise from a deeper comprehension of the disease's pathophysiology. The aberrant high frequency pulsatile secretion of gonadotropin releasing hormone is caused by neuroendocrine dysregulation, and the process is crucially regulated by dynorphin A, neurokinin B, and hypothalamic kisspeptin neurons (also known as KNDy neurons)(Garg et al. 2022). Peripherally produced 11-oxygenated androgens are becoming significant indicators of metabolic risk, even if elevated ovarian and adrenal androgen synthesis leads to hyperandrogenism(O’Reilly et al. 2017). Based on these insights, novel medicines are currently undergoing different phases of preclinical or clinical research.

[bookmark: 1.2_Epidemiology:]Epidemiology:
 PCOS is a prevalent endocrine ailment that affects women who are fertile, with a prevalence that varies from 4 to 21% depending on the diagnostic standards applied(Lizneva et al. 2016). The prevalence among black and Middle Eastern populations was found to be slightly greater than in Chinese and White populations, according to a systematic assessment of 13 studies(Kahal et al. 2017). However, comparisons between ethnic groups are difficult due to variations in diagnostic criteria and recruiting strategies(Wolf et al. 2018). There appears to be a rapid rise in the burden of disease worldwide. 2019 data from 204 countries showed an annual incidence of 59.8 per 100 000 people and an age norms percentage occurance of 1677.8 per 100 000, which represents increases of 30.4% and 29.5%, respectively, since 1990(Safiri et al. 2022). The increasing prevalence highlighted how crucial it is to identify polycystic ovarian disease.

Plant Profile:
Tribulus terrestris:
                                       [image: ]
Fig1: Tribulus terrestris	

In the Zygophyllaceae family, the Tribulus genus is referred to by a number of names, including "small caltrop," "Chota Gokhru," "puncture vine," "goat head," "devil's thorn," and "Gokhshura" in Sanskrit. The term "tribulus" refers to the three-pronged fruit of TT, and it originates from Latin and meaning "three-pointed caltrops." This medicinal plant in particular is the herb that is commonly used in conventional medicine around the world to cure a variety of ailments. Of the approximately 20 species, India is home to three major species: Tribulus cistoides, Tribulus terrestris, and Tribulus alatus. It has an extended antiquity of usage in ancient medicine to increase hormone synthesis, and it thrives in tropical and subtropical climes(Trease GE 2002).


Taxonomical Classification:	
	Kingdom
	Plantae

	Division
	Phanerogams

	Subdivision
	Angiosperm

	Class
	Dicotyledonae

	Subclass
	Polypetalae

	Series
	Disciflorae

	Order
	Giraniales

	Family
	Zygophyllaceae

	Genus
	Tribulus

	Species
	terrestris Linn


(Chhatre et al. 2014)

Traditional Pharmacological Uses:
As an astringent, stomachic, tonic, palliative, urinary disinfectant, aphrodisiac, antihypertensive, lithotriptic, and diuretic, TT is utilized in conventional medicine. Most genitourinary tract disorders respond effectively to the herb's dried fruit. It is an essential element of Gokshuradi Guggul, a powerful Ayurvedic remedy that gets rid of urinary stones and helps the genitourinary system work normally. In Ayurveda, TT has been used for millennia to cure sexual debility, impotence, and venereal disorders. The herb is also been used as a prevalent medication for impotence in Bulgaria. Apart from all this uses, the Indian Ayurvedic Pharmacopoeia describes the fruit and root as having cardio tonic qualities. The fruits were used in traditional Chinese medicine to cure edema, stomach problems, and eye problems. The fruits were used to treat edema, eye problems, stomach distension, sexual dysfunction, morbid leucorrhea and emission in traditional Chinese medicine. TT is regarded as a very helpful medication in the first known pharmaceutical work in China which is The Shern-Nong Pharmacopoeia and is used to cure vitiligo, mastitis, flatulence, headaches, acute conjunctivitis, and chest fullness. It also helps restore the depressed liver. T terrestris is used as a general tonic, mild laxative and a diuretic in Unani medicine(CP 2007).

Material and Method:
	Sr. No.
	Materials
	Role

	1
	Tribulus terrestris Extract
	Active Ingrident

	2
	Gelatin
	Gelling agent

	3
	Agar
	Gelling agent

	4
	Pectin
	Gelling agent

	5
	Propylene Glycol
	Stabilizer

	6
	Citric acid
	pH modifier

	7
	Raspberry Syrup
	Colouring Agent

	8
	Curcumin
	Colouring Agent

	9
	Vanilla essence
	Flavouring Agent

	10
	Sodium Benzoate
	Preservative

	11
	Polyvinyl Alcohol
	Polymer

	12
	Sucrose
	Sweetener

	13
	Distilled Water
	Vehicle


(Rathod et al. 2022)

Collection and Authentication:
Tribulus terrestris plants were collected from Yeola, Maharashtra, India.
The Authentication was done by Dr. Wankhede, Department of Dravyaguna, at SMBT college of Ayurveda, Dhamangaon.

Extraction methodology:
The fruits of Tribulus terrestris were crushed in grinder. The crushed material was used for extraction.
Method: extraction (Soxhlet apparatus). 
Procedure: The coarse powder (25 g) of Tribulus terrestris was extracted successively with Distilled water 250 ml in a Soxhlet apparatus for 6 hrs(Baburao et al. 2009).

Characterization of extract by chemical method:
1. [bookmark: 1._Test_for_Steroids:]Test for Steroids:
2ml of C4H6O3 (acetic anhydride) was mixed with the extract with 2ml H2SO4 the color change that was observed was from violet to light greenish color.
2. [bookmark: 2._Test_for_Terpenoids:_Salkowaski_Test:]Test for Terpenoids:
 Salkowaski Test:
5ml of each extract was mixed in 2ml of chloroform, concentrated Sulphuric acid (3ml) was cautiously added to form a layer. The reddish brown color pattern of the interface was obtained which shows the positive result for terpenoids.
3. [bookmark: 3._Test_for_Tannins:]Test for Tannins:
Ferric test: 	
The sample was initially moistened with water. Then surplus amount of water was removed with the help of filter paper. Then, three drops of ferric reagent were further added to the sample. A grey or black color formation indicates the presence of tannins.
4. [bookmark: 4._Test_for_Alkaloids:]Test for Alkaloids:
Wagner’s Test:
 Few ml of each of sample solution were taken and Wagner’s reagent was added and then it resulted in the formation of reddish brown precipitate.
5. [bookmark: 5._Test_for_Saponins:]Test for Saponins:
Plant extract was mixed with 5 ml of distilled water in a test tube and it was mixed
Vigorously. The frothing was mixed with few drops of olive oil and mixed vigorously and the foam appearance showed the presence of saponins.
6. Test for Flavonoids:
To two ml of extract, two to three drops of sodium hydroxide were added. When a few drops of diluted HCL were added, the initially bright yellow color gradually faded, showing the presence of flavonoids(Doss 2009).

Table1: Characterization of extract by chemical tests
	Sr.No.
	Test
	Result

	1
	Steroids
	Present

	2
	Terpenoids
	Present

	3
	Tannins
	Present

	4
	Alkaloid
	Present

	5
	Saponin
	Present

	6
	Flavonoid
	Present
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Fig2: Chemical Tests.

Procedure for Jellies:
· All components were accurately measured.
· Sugar syrup was prepared in one beaker by adding 33.4 grams of sugar, and the volume was adjusted to 50 ml.
· To that solution gelling agent was added with constant stirring and then it was heated till desired stiffness was achived.
· The preservative was added in above solution.
· The extract was accurately weighed and added into the above solution.
· The whole solution was transfered into the moulds which were covered with the polymer and allowed to set in refrigerator(Rathod et al. 2022).


Formulation Development:
Table2: List of ingredients and its quantity.
	Sr. No.
	Ingredients
	F1
	F2
	F3
	F4

	1
	T. terrestris Extract
	1%
	1%
	1%
	1%

	2
	Pectin
	2gm
	1gm
	-
	-

	3
	Agar
	-
	1gm
	1gm
	-

	5
	Gelatin
	-
	-
	1gm
	2gm

	6
	Citric Acid
	0.5gm
	0.5gm
	0.5gm
	0.5gm

	7
	Propylene gylcol
	1.5ml
	1.5ml
	1.5ml
	1.5ml

	8
	Sodium Benzoate
	0.5gm
	0.5gm
	0.5gm
	0.5gm

	9
	Curcumin
	0.5gm
	0.5gm
	0.5gm
	-

	10
	Raspberry Syrup
	-
	-
	-
	1ml

	11
	Vanilla essence
	q.s
	q.s
	q.s
	q.s

	12
	Polyvinyl Alcohol
	q.s
	q.s
	q.s
	q.s

	13
	Sucrose
	16.7gm
	16.7gm
	16.7gm
	16.7gm

	14
	Distilled Water
	25ml
	25ml
	25ml
	25ml


(Rathod et al. 2022)
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Fig3: Preparation of jellies                     Fig4: Moulds                               Fig5: Prepared Jellies


Formulation Evaluation:
In-vitro evaluation for the jellies.	
1. Physical Appearance:
The physical examination of the medicated jelly focused on its visual characteristics such as color, texture, and odour. These assessments are crucial for ensuring that patients find the product appealing and are willing to use it. (Kadam et al. 2020).

2. Stickiness:
The texture of the medicated jelly, concerning stickiness and grittiness, was assessed by visually examining. The product was gently rubbed between two fingers to assess its characteristics. (Ambekar, S, and K 2015).

3. In-Vitro Dissolution:
An in-vitro dissolution study was conducted using a USP paddle-type apparatus, utilizing a pH 6.8 phosphate buffer solution as the dissolution medium (900ml), maintained at a specified temperature of (37 °C ± 0.5 °C) and stirred at 100 rpm. Samples of 5 ml were withdrawn at intervals of 5, 10, 15, 20, and 25 minutes, and replaced with an equal volume of pH 6.8 phosphate buffer solution to maintain sink conditions. These withdrawn samples were diluted to 10 ml in volumetric flasks with the same buffer solution and analyzed for drug content using a UV-spectrophotometer at the wavelength of maximum absorbance (λmax) of 270 nm. The absorbance readings were recorded to calculate the percentage of drug release over time.(Mittapally and Taranum 2018).Preparation of phosphate buffer saline: 
A 1000 ml volumetric flask, cleaned and dried, was used to prepare 1000 ml of phosphate buffer saline. All components were dissolved thoroughly until a pure solution was achieved, and the final volume was adjusted by adding an adequate amount of distilled water up to the 1-liter mark. The pH was then verified to be 6.8.
4. pH:
The pH of the resulting jelly affects both its stability and taste. To determine the pH, 0.5 grams of jelly was dispersed in 50 ml of distilled water to create a 1% solution, and the pH was measured using a Digital pH meter at room temperature.(Sabri, Khasraghi, and Sulaiman 2022).
5. Syneresis:
Syneresis refers to the gel contracting during storage, resulting in the separation of water from the gel. This phenomenon is more noticeable in gels with lower concentrations of gelling agents. All jellies were examined for signs of syneresis at room temperature (25 °C ± 5 °C) and at 8 °C ± 1 °C(Sabri, Khasraghi, and Sulaiman 2022).
6. Stability Studies.
In stability studies, jelly formulations were wrapped in aluminum foils, placed into high-density polyethylene containers, sealed tightly, and stored at room temperature for a duration of 60 days. Initial readings of freshly prepared jellies served as the reference standard for subjective assessments(Mittapally and Taranum 2018).
[bookmark: 5._Syneresis:]
Result and Discussion:
Evaluation test of Jellies.
Physical appearance and Stickiness.
The prepared jellies were visually inspected for color, odor, texture and taste.
[bookmark: Table_6.2.1:_Physical_evaluation_of_the_]
                              
Table3: Physical evaluation of the prepared jellies.
	Characteristics
	F1
	F2
	F3
	F4

	Color
	Yellow
	Yellow
	Yellow
	Orange

	odour
	Aromatic
	Aromatic
	Aromatic
	Aromatic

	texture
	Sticky
	Sticky
	Soft
	Soft





\Measurement of pH.
A digital pH meter was used to determine the formulation pH value.

Table4: pH measurement.
	
	F1
	F2
	F3
	F4

	pH
	6.1
	6.2
	6.9
	6.5
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Fig 6: pH meter.
Syneresis.
The jellies are stored at room temperature for 24 hours and observed for syneresis. No change was observed in the jellies.

[image: ][image: ]
Fig 7: Freshly prepared jellies.                            Fig8: Jellies after storing at room temp. for 24 hrs.

In vitro dissolution Studies.

[image: ]
Fig 9: Dissolution Apparatus.

Table 5: In vitro drug release.
	      Time
	% Drug Release

	0
	0
	0
	0
	0

	5
	22
	14
	12
	10

	10
	34
	22
	21
	19

	15
	53
	34
	44
	46

	20
	69
	52
	58
	68

	25
	92
	86
	71
	91

	30
	100
	100
	100
	100
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Fig10: Dissolution profile of F1, F2, F3 and F4 batches.

  Stability Studies.
Over the course of 60 days, the produced formulations was packed in aluminum foils, transferred to high-density polyethylene containers, tightly closed and stored at room temperature. Readings of freshly made jellies were compared with reference standard for subjective evaluation. Samples were withdrawn periodically and were visually examined for any physical changes. The samples were analyzed for physical properties, pH, Syneresis and in-vitro dissolution studies.

Discussion:
The evaluation test of the jellies encompassed an assessment of their physical characteristics, pH values, syneresis, in vitro dissolution profile, and stability over 60 days. Physical evaluation revealed variations in color and texture among the formulations, with consistent aromatic odor observed across all batches. pH measurements indicated acceptable acidity levels for taste and shelf stability. Syneresis assessment after 24 hours showed no significant changes, indicating good stability. In vitro dissolution studies demonstrated gradual drug release profiles for all formulations, albeit with differences in dissolution rates. Stability studies conducted over 60 days provided insights into the long-term robustness of the formulations. Overall, these findings underscore the quality and effectiveness of the jellies, while also suggesting areas for potential optimization.

Conclusion:
In conclusion, the utilization of Tribulus terrestris extract in jelly formulations presents a novel approach for addressing the complex symptoms of Polycystic Ovary Syndrome (PCOS). The research findings indicate that these jellies exhibit favorable physicochemical properties, including color, odor, texture, and pH, making them suitable for consumption by individuals with PCOS. Moreover, the jellies demonstrate stability over a period of 60 days and maintain consistent drug release profiles in vitro, suggesting their potential efficacy in delivering therapeutic benefits. The comprehensive evaluation of these jellies underscores their quality and effectiveness as a promising therapeutic option for managing PCOS symptoms. Moving forward, further optimization and refinement of the formulations may enhance their potency and applicability, offering patients with PCOS a convenient and natural remedy to alleviate their symptoms. Overall, this research contributes valuable insights into herbal interventions for PCOS management and expands the range of treatment options available to patients seeking complementary and alternative solutions.
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