


THERAPEUTIC EFFECT OF Physalis angulata FRUIT ON HORMONE-
INDUCED UTERINE FIBROIDS IN WISTAR RATS



ABSTRACT
[bookmark: _GoBack]
Physalis angulata is an edible medicinal plant found in the tropics, which is used for the treatment of infertility related issues in traditional medicine. This study seeks to assess the therapeutic effect of Physalis angulata fruit extract on Hormone-induced uterine fibroids in Wistar rats. 48 animals were randomly divided into 8 groups.  The groups were as follows: Group I- Control group received normal feeds and distilled water for 6 weeks. Group II, III, IV and V- Animals were induced with uterine fibroid by administering Diethylstibesterol (1.35 mg/kg/d) every day for 6 weeks orally using oral gavage, Progesterone injection of 1.0mg/180g in intramuscularly three times a week (Monday, Wednesday and Friday) for 5 weeks. 0.9 mg/kg/d adrenal hydrochloride injection was given intramuscularly in the last two weeks of the experiment. After the inducement of fibroids for 6 weeks, animals in Group III, IV and V were treated with 2.2 mg of mifepristone, 500 mg/kg and 1500 mg/kg of extract respectively for 6 weeks. Group VI, VII and VIII- animals were treated with 2.2 mg of mifepristone, 500 mg/kg and 1500 mg/kg of body weight of fruit extract respectively daily for 6 weeks. Plant extracts were administered orally. Animals were sacrificed 24 hours after the last administration. Photochemical studies, gross morphology of the uterus, histological assessment of the uterus using H and E stains, apoptotic and non-apoptotic marker assessments using BAX and BCL2 and hormonal assay were assessed. Phytochemical studies revealed that the presence of nineteen bioactive compounds. The relative organ weight increased significantly in fibroid induced groups and reduced in the treatment groups. Results showed increased levels of estrogen (16.38±0.80) and progesterone (9.66±0.58) in fibroid induced group which was reduced in low dose treatment groups (Estrogen= 12.69, Progesterone = 6.90) and high dose treatment groups (Estrogen= 11.64, Progesterone = 6.80) P≤0.05. Histopathological changes were observed in the uterus. Increased apoptotic marker reaction was seen in the low dose group. Prolactin level was significantly higher in treatment groups (P≤0.05) compared with the control. Antioxidants markers were reduced in fibroid induced group but elevated in the treatment groups. The study successfully induced fibroid, evident by gross morphology of the uterine horn width, elevated estrogen and progesterone levels, upregulation of BCL2, and down regulation of BAX and altered endometrial histology. Extract has the ability to induce apoptosis suggesting that its mode of action on fibroid maybe through inducement of apoptosis, reduction of uterine horn width and correction of hormonal imbalance associated with fibroid development. Extract has the ability to boost antioxidant status. Physalis angulata fruit extract has a promising potential as a supplement for the management of uterine fibroid.
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INTRODUCTION
Uterine fibroids affect millions of women worldwide. Fibroids are tumors experienced by a good number of premenopausal women. It has been reported that the quality of life of 35-77 % of women’s fertility and obstetrical outcomes has been reduced by uterine fibroids (Cramer and Patel, 1990; Baird et al.,2003; Ezzati et al.,2009).  Fibroids are of public health concern.  Fibroids are associated with an increased risk of prolonged/heavy menstruation (Akinyemi et al.,2004; Chen et al.,2001). Obstetrical outcomes related to uterine fibroids in the US ranges from $5.9 billion to $34.4 billion, hightlighting a significant economic burden associated with this condition(Cardozoet al., 2012). About 66 % of women missed workdays due to discomforts associated with fibroids (Borah et al.,2013).Currently, effective drugs/supplements for complete treatment of uterine fibroids are not available, patients are demanding for a non-surgical approach to the treatment of uterine fibroid (Aamiret al.,2014). The fibroids sometimes grow back after the surgery thus subjecting the individual to further surgery on the same condition leading to traumatization. Since surgery has no permanent cure for fibroids, researchers are trying employ the therapeutic properties of plant extracts to manage health conditions/ailments in which fibroid is one (Prasathkumar et al., 2021). Physalis angualata fruit extract which has been employed in traditional medicine for the treatment of infertility related issues. Physalis angualata has been reported to exhibit antitumour, antiproliferative and anticancer properties. However, the therapeutic efficacy of this extract in the management of uterine fibroid remains largely unexplored. This study seeks to address the research gap by investigating the mechanism of action, therapeutic and prophylactic properties of Physalis angulata fruit extract in hormone induced uterine fibroid in Wistar rats.
MATERIALS AND METHODS
Animal procurement
A total number of sixty-six albino Wistar rats (60 females) were used for this study. Animals were obtained from the Department of Pharmacology animal house, University of Calabar. The animals were housed in a wooden cage with wire mesh tops and fed with rat pellets (Vital Feeds, Akim market) and water ad libitum. Animals were acclimatized for two weeks, weighed, and randomly assigned into groups.

Ethical approval  
Ethical approval was obtained from the Animal Research ethics committee, Faculty of Basic Medical Sciences, College of Medical Sciences, University of Calabar. An ethical approval number of 115ANA4821 was assigned.
 Plant for the study
Fruits of Physalis angulata were obtained from the University of Calabar farm located in Calabar, Nigeria. A voucher sample was deposited in the herbarium located in the Department of Botany. The fruits were identified by Dr. Effa Anobeja Effa of the Department of Botany, University of Calabar, and assigned a voucher number of Bot/Herb/UCC/021.
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FIG. 1: Physalis angulataplant with flowers and fruits.
Source:Ayodhyareddy and Rupa (2013).
Common Name: Wild tomatoes
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FIG.  2: Physalis angulatafruits
Source: Ayodhyareddy and Rupa (2013).
Common Name: Wild Tomatoes





Preparation of plant extract
Physalis angulatafruit was air dried in a room, weighed, and pulverized into a fine powder using a manual blender. 500 grams of the pulverized fruits were macerated by putting it into a container and introducing large quantity of 96 % ethanol (solvent) into the container. The container was covered and kept for 48 hours, slightly shaken from time to time. The extract was filtered with the aid of sterile cotton wool. The liquid extract was dried and concentrated under reduced pressure using a rotary evaporatorat 450C to obtain crude extract.

Determination of Lethal dose (LD50)
Lethal dose (LD50) is the amount of a substance given at once, which will cause the death of 50 % of the test animals in a group (Morris-Schaffer and McCoy, 2021). LD50 studies involve a short-term measure of the ability of a substance to cause poison (Senin, 2006). Lorkes method was used in the determination of LD50. This method involves two phases with nine (9) animals in each.
Phase I
Animals were divided into three (3) groups, with each group containing three animals each. The extract was administered orally at doses of 500 mg/kg, 1000 mg/kg, and 2000 mg/kg body weight respectively.  No mortality was observed after 24 hours. Thus, step two was carried out.
Phase II
Animals were grouped into 3 groups, with each group containing three animals each. In step two, the extract was administered orally at doses 3000 mg/kg, 4000 mg/kg, 5000mg/Kg body weight respectively. No mortality was observed after 24 hours. None of the animals died at 5000mg/kg, implying that the plant extract is not toxic. High dose was calculated using 3 x 5000/10, and low dose 1 x 5000/10. 
Experimental design

This experiment was designed to induce fibroid and assess the therapeutic effect of Physalis angulata fruit extract on the Uterus. This experiment also seeks to assess the prophylactic effect of Physalis angulatafruit extract on the uterus. Animals were given Diethylstilbesterol 1.35 mg/kg/d orally for 6 weeks; Progesterone 1.0 mg/180g intramuscular (fibularis longus muscle) injection for 5 weeks; Adrenal hydrochloride 0.9/kg/d intramuscular (fibularis longus muscle) injection for two (2) weeks respectively, to induce fibroids using Zhao et al. (2018). 
After fibroid inducement, animals in group III were administered with mifepristone (2.24mg/kg) daily for six (6) weeks. Animals in group IV were administered with Physalis angulata fruit extracts at 500 mg/kg body weight orally for six (6) weeks. Animals in group V were administered with Physalis angulata fruit extracts at 1500 mg/kg body weight orally for six (6) weeks. 
Animals in groups VI to VIII were not induced with fibroid. Group VII and Group VIII animals were administered with fruit extracts only at a dose of 500 mg/kg and 1500 mg/kg respectively. Animals in groups VI were administered with mifepristone (2.24mg/kg) daily. This was done orally for six (6) weeks. 
Group IX and X were the groups for prophylactic treatment. Animals in group IX received the fruit extract of 500mg/kg body weight for (6) weeks before the fibroid inducement foranother six weeks. Animals in group X received the fruit extract 1500mg/kg body weight for six (6) weeks before the fibroid inducement for another of six weeks.

The animals were sacrificed 24 hours after the last administration. Water was made available for the animals.  Animals were sacrificed using 0.4ml (20mg/100g) ketamine. Blood samples were withdrawn by cardiac puncture for hormonal assay/electrolyte concentrations and oxidative stress markers. The uteri were dissected out, weighed, and fixed in 10 % buffered formalin for histological processing. 



TABLE 1
Animal grouping
	Groups
	Number of animals 
	                  Administration

	I
	6
	CONTROL (0.5 ml of distilled water)

	II
	6
	FIBROID INDUCED (Diethylstilbesterol 1.35 mg/kg/d; progesterone 1.0 mg/180g; adrenal hydrochloride 0.9 mg/kg/d from the fifth week; external stimulation). 

	III
	6
	FIBROID INDUCED + MIFEPRISTONE (a standard drug used to reduce the volume of uterine fibroids) (2.24mg/kg) FOR 6 WEEKS

	IV
	6
	FIBROID INDUCED + FRUIT EXTRACT (500 mg/kg body weight) ADMINISTRATION FOR 6 WEEKS

	V
	6
	FIBROID INDUCED + FRUIT EXTRACT (1500 mg/kg body weight) ADMINISTRATION FOR 6 WEEKS 

	VI
	6
	2.24mg/kg MIFEPRISTONE (a standard drug used to reduce the volume of uterine fibroids) FOR 6 WEEKS

	VII
	6
	FRUIT EXTRACT (500 mg/kg body weight) ADMINISTRATION FOR 6 WEEKS

	VIII
	6
	FRUIT EXTRACT (1500 mg/kg body weight) ADMINISTRATION FOR 6 WEEKS

	
	48
	 TOTAL NUMBER OF ANIMALS 



 



Inducement of a rat model of uterine fibroids Zhao et al.(2018) method
The rats’ model of fibroid was induced by injecting animals with:
i. Diethylstilbestrol (DES) (1.35 mg/kg/d) every day for six (6) weeks orally using oral gavage. DES is a synthetic estrogen which stimulates excessive cell proliferation and growth in the uterine tissue leading to the formation of uterine fibroids.
ii. Progesterone injection of 1.0mg/180g in the leg intramuscularly three times a week (Monday, Wednesday and Friday) for 5 weeks. Progesterone promotes the growth of uterine fibroids by increasing cell proliferation, cellular hypertrophy, and deposition of extracellular matrix. Progesterone was administered three times a week to reduce the risk of hormonal overload.
iii. 0.9 mg/kg/d adrenal hydrochloride injection was given intramuscularly in the last two weeks of the experiment. Adrenal hydrochloride is a synthetic corticosteroid, which may provide an environment conductive for the growth of uterine fibroid. Corticosteroids can influence the expression of genes involved in inflammation, cell proliferation and tissue remodeling, potentially contributing to the development of uterine fibroids.  Adrenal hydrochloride has been used frequently to induce a “blood stasis” model. It damages the vascular endothelium (Zhang et al., 2011).

Animals in this group also underwent external stimulation from the fifth week to sixth week of the experiment. Each external stimulus was performed at least twice throughout the cycle of two weeks. Unpredicted stimulation was achieved by changing external environmental factors such as light, noise, increased temperature to enrage the rats to imitate depressing and anger states in humans (Zhao et al., 2018).

Traditional Chinese Medicine (TCM) believes that ‘‘blood stasis’’ and ‘‘Qi stagnation’’, which are due to upsetting emotions, are common syndromes. TCM considers that anger and worry always cause stagnation of liver Qi and results in blood stasis among women. For example, extreme physical weakness and long-term worries may cause Qi stagnation (Li et al., 2012), further induce blood stasis, and lead to mass growth (zhengjia). Epinephrine hydrochloride has been used frequently to induce a ‘‘blood stasis’’ model. Rats that received subcutaneous injection of epinephrine hydrochloride and cold water stimulation presented changes of hemorheology and damage of vascular endothelium (Zhanget al., 2011; Mao and Lin, 1985; Harris and Matthew, 2004; Li et al., 2002).
The external stimulation consists of the activities listed below:
i.	Noise for 3 hours
ii.	Swimming in water for 4 minutes
iii.	Hanging from tail for 10 minutes
iv.	Heat exposure for 10 minutes  

Exposure of rats to noise for 3 hours
Rats were exposed to loud noise from a radio set for 3 hours (Figure 3). The cages containing the rats were brought closer to the radio set. The sound level meter (SLM) was accurately calibrated and placed in the same location with the rats. The radio set was turned on and the volume adjusted to the desired level. Multiple measurements in decibel (dB) were taken to ensure accuracy. The average was 80 dB.

Hanging the rats from the tail
Rats were carefully removed from their cages and a tail clip was used to secure the rat’s tail to a horizontal support. Animals were hanged by their tail from a horizontal support (lever). The horizontal support is then adjusted to the desired height. The tail suspension lasted for 10 minutes (Figure 4).

Heat exposure for 10 minutes
The animals were introduced into a transparent box containing electrical bulbs (60 watts). The box was connected to an electrical power source. Animals were allowed to remain in the box for 10 minutes (Figure 5). The Lux meter was calibrated accurately and placed at the same distance from the bulb as the distance of the rats from the bulb. The light source was turned on. Light intensity was measured multiple times using a Lux meter the average was 100 Lux.








Swimming test for 4 minutes
The animals were introduced gently into a transparent bucket filled with water to a depth where he animal cannot touch the bottom with its paws. Animals were allowed to remain in water for 4 minutes before removing them gently. This set up was similar to that of a forced swimtest. A digital probe thermometer was inserted into the water, it was allowed for few seconds to get a stable temperature reading. A temperature of 25 0C was obtained (Figure 6).
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FIG. 3:  Showing photograph of animals exposed to noise for 3 hours.
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FIG. 4: Showing photograph of animals hanging from tail for 10 minutes.
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FIG. 5:   Showing photograph of animals exposed to heat exposure for 10 minutes
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FIG. 6: Showing photograph of animals made to swim in water for 4 minutes.










 Relative organ weight
The relative organ weight was calculated as uterine weight divided by the animals’ body weight (Ju and Xiao, 2016). 

Tissue processing 
Tissue processing is a process by which harvested tissues are passed through several treatment processes to prepare them for staining and viewing under the microscope (Olanrewaju et al., 2017). Sections were cut from harvested organs and fixed in 10 % buffered formalin at room temperature. They were dehydrated in ascending grades of alcohol (70 %, 95 %, 100 %, and 100 %) and cleared with two changes of xylene for one hour, 30 minutes each. Thereafter, the cleared tissues were then transferred into two changes of molten paraffin wax I and II for one and a half hours each for the infiltration process; they were subsequently embedded in the paraffin. Tissue blocks were serially sectioned using a rotary microtome. Strips of sections were gently lowered into the surface of a warm water bath at 40°C. The floated sections were picked using egg albumin-coated microscopic slides and put in an oven for 30 minutes to fix the tissue firmly on the slide.


Hematoxylin and eosin (H&E) staining 
Sectioned tissues were processed for H and E staining by dewaxing with two changes of xylene and hydrated with decreasing alcohol concentration and then immersed in water for 5 minutes (Olanrewajuet al., 2017). Regressive staining and counter-staining of the sectioned tissues were then followed, with Cole’s haematoxylin for 5 minutes and with Eosin respectively. Tissues were washed in tap water and dehydrated by rinsing in increasing concentrations of alcohol and then xylene-I. They were then placed in xylene-II until mounting done by placing a drop of mountant DPX (A mixture of Distyrene, a Plasticizer, and Xylene) on top of the sections and the cover slip was applied.

Immunohistochemical Stains for Detection of BCL2- associated X protein (Bax-IgG) and (B-cell lymphoma 2) BCL2-IgG.


Immunohistochemical assessment of BCL2 and BAX was done as markers of fibroid development. A block of tissue was taken from the uterine muscle wall of the control and tested groups respectively, fixed in neutral buffered formalin, and embedded in paraffin, followed by dewaxed (deparaffinized) in 3 changes of xylene for 5 minutes and rehydration through graded alcohol washes (e.g., 70 %, 80 %, 90 %, 95 %, absolute) of paraffin sections (Ju and Xiao, 2016).

Three percent of hydrogen peroxide (H2O2) was dropped on rehydrated tissue sections and allowed to stand for 10 minutes in order to block the endogenous enzyme (peroxidase). Performed heat-induced antigen retrieval (a prerequisite for formalin-fixed paraffin-embedded tissues) was achieved by subjecting tissue sections to high-pressure boiling for 40 minutes at 950C (Biocare decloaker chamber), then place in wash phosphate-buffered saline (PBS) for 5 min. Formalin fixation preserves tissue morphology but alters the three-dimensional structure of the tissue proteins. This alteration can lead to a modification of the antigen’s epitopes (antigen’s inability to react with the paratope of an antibody which is corrected by restoration of the epitope through a process known as antigen retrieval or demasking of antigens).

Protein block/background sniper was applied and incubated for 10 minutes (in order to block non-specific reactive sites of antibodies to reduce background staining that will otherwise mask target antigen detection), and slides were washed 3 times with wash buffer (PBS), primary antibody (anti-ER or anti –PgR or anti-HER2/neu) was applied and incubated for 60 minutes, slides were washed 3 times with wash buffer (PBS). Apply MACH 1 HRP probe on slides for ER and PgR (excluding slide for HER2/neu) for 40 minutes, wash slides 3x with wash buffer (PBS).

BAX-IgG and Bcl-2-IgG were added, respectively, and then the sections were washed in PBS for 3 minutes three times and kept overnight at 40c.  Secondary antibodies were biotinylated, and then the sections were washed in PBS for 3 minutes for three times, and incubated at room temperature for 1 hour. Then washed in PBS for 3 min three times, and incubated at room temperature for 1 hour, then stained with freshly prepared Brazoid DAB chromogen (HRP) and incubate for 5 minutes, and counterstained (the aim is to provide contrast that enables the primary stain to stand out) with hematoxylin for 30-60 minutes, rinsed in tap water, applied PBS wash buffer for 2 minutes, washed in distilled water, Dehydrate the slides, clear and mount with DPX (Ju and Xiao, 2016).

Investigation for apoptosis (BAX) in the uterus of wistar rats
In the Immunohistochemical stained sections for BAX, brown stains indicated reaction for apoptosis. The stains were graded into four grades (negative, ˂25;weakly positive +, 26-50 %; medium/moderate positive ++, 51 - 75 %;strongly positive +++, > 76 %) using Fromowitz’s 10 Comprehensive Scoring (Proportion and Staining intensity of Positive cells) (Ju and Xiao, 2016). 


 Investigation for apoptosis (BCL2) in the uterus of wistar rats
In the Immunohistochemical stained sections for BCL2, brown stains indicated reaction for anti apoptosis. The stains were graded into four grades (negative, ˂25;weakly positive +, 26-50 %; medium/moderate positive ++, 51 - 75 %;strongly positive +++, > 76 %) using Fromowitz’s 10 Comprehensive Scoring (Proportion and Staining intensity of Positive cells) (Ju and Xiao, 2016). 

 Histomorphometric analysis using Image J
The percentage of cells stained brown in the photomicrographs of BAX and BCL2 were counted using Image J software (an open source image processing software designed for scientific multi dimensional images).Image J was also used the measure the width of the uterine body and uterine horn. The uterine body height and uterine horn height were also measured using Image J (Figure 7).
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FIG. 7: Figure showing uterine horn (point 1 to 2) and uterine body (point 2 to 4) measurement.

Source: Hunanyan et al. (2023).








Procedure for hormonal assay (Enzyme-linked immunosorbent assay (ELISA) 

ELISA kit was used to detect estrogen (E2), progesterone (P), estrogen receptor (ER), and progesterone receptor (PR) in serum. Serum was taken with a pipette, and diluted with diluent. The sample solution was introduced into the well, mixed, and stained for 1 hour (370C). Scrubbing solution was diluted and put into the well after the sample solution was taken out. After washing, color-developing agent and terminating agent were added to the well. Absorbance was detected using 450 nm wave length (Amyjet Scientiﬁc Inc., China). The concentration was deduced using the standard formular (Zhao et al.2018).

Determination of concentration of follicle stimulating hormone in serum using assay kits from Monobind Inc 

The desired number of coated wells was secured in a holder. Fifty microliters (50 µl) of standards, specimens, and control were dispensed into appropriate wells. FSH Enzyme reagent solution (100 µl) was dispensed into each well, swirled thoroughly, and allowed to mix for 20 to 30 seconds. The mixture was allowed to incubate for 60 minutes at room temperature. The contents of the microwells were discarded by decantation, then rinsed and flicked 3 times with wash buffer (350µl). Working substrate solution (100 µl) was dispensed to each well. The mixture was incubated at room temperature for 15 minutes. The reaction was stopped by the addition of stop solution (50µl) to each well and gently mixed for 15 to 20 seconds to ensure a complete color change. Absorbance at 450nm (using a reference wavelength of 620 to 630nm to minimize well imperfection) was read within 30 minutes with a microplate reader (Benjamin et al.,2020).

	Determination of luteinizing hormone concentration in serum using assay kits from Monobind Inc.

The desired number of coated wells was secured in a holder. Fifty microliter (50 µl) of standards, specimens and control were dispensed into appropriate wells. LH enzyme reagent (100 µl) was dispensed into each well, swirled thoroughly and allowed to mix for 20 to 30 seconds. The mixture was allowed to incubate for 60 minutes at room temperature. The contents of the micro wells were discarded by decantation, then rinsed and flicked 3 times with wash buffer (350µl). Working substrate solution (100 µl) was dispensed to each well. The mixture was incubated at room temperature for 15 minutes. The reaction was stopped by addition of stop solution (50µl) to each well and gently mixed for 15 to 20 seconds to ensure a complete colour change. Absorbance at 450nm (using a reference wavelength of 620 to 630nm to minimize well imperfection) was read within 30 minutes with a microplate reader (Benjamin et al.,2020).

Determination of progesterone hormone concentration in serum using assay kits from Monobind Inc 

The desired number of coated wells was secured in a holder. Twenty-five microliter (25µl) of standards, specimens and control were dispensed into appropriate wells. Progesterone Enzyme reagent solution (50µl) was dispensed into each well, swirled thoroughly and allowed to mix for 20 to 30 seconds. Progesterone Biotin reagent (50µl) was also dispensed into each well swirled thoroughly and allowed to mix for 20 to 30 seconds. The mixture was allowed to incubate for 60 minutes at room temperature. The contents of the micro wells were discarded by decantation, then rinsed and flicked 3 times with wash buffer (350µl). Substrate solution (100µl) was dispensed to each well. The mixture was incubated at room temperature for 20 minutes. The reaction was stopped by addition of stop solution (50µl) to each well and gently mixed for 15 to 20 seconds to ensure a complete colour change. Absorbance at 450nm (using a reference wavelength of 620 to 630nm to minimize well imperfection) was read within 15 minutes with a microplate reader (Benjamin et al.,2020).

Determination of estradiol (E2) concentration in serum using assay kits from Monobind Inc.

The desired number of coated wells was secured in a holder. Twenty-five microliter (25µl) of standards, specimens, and control were dispensed into appropriate wells. Estradiol Biotin reagent (50µl) was dispensed into each well, swirled thoroughly, and allowed to mix for 20 to 30 seconds(Benjamin et al.,2020). The mixture was allowed to incubate for 30 minutes at room temperature. Estradiol Enzyme reagent (50µl) was also dispensed into each well, swirled thoroughly, and allowed to mix for 20 to 30 seconds. The mixture was allowed to incubate for 90 minutes at room temperature. The contents of the microwells were discarded by decantation, then rinsed and flicked 3 times with wash buffer (350µl). Substrate solution (100µl) was dispensed to each well. The mixture was incubated at room temperature (18 to 22 0C) for 20 minutes. The reaction was stopped by the addition of stop solution (50µl) to each well and gently mixed for 15 to 20 seconds to ensure a complete colour change. Absorbance at 450nm (using a reference wavelength of 620 to 630nm to minimize well imperfection) was read within 30 minutes with a microplate reader. 
 Determination of serum prolactin (PRL) concentration using assay kits from Monobind Inc 

The microwell for each serum reference, control, and specimen was formatted and assayed in duplicate. Appropriate serum reference, control, and specimen (25µl) were pipetted into the assigned wells. Prolactin enzyme reagent solution (100µl) was added to all wells. The microplate was gently swirled for 20 to 30 seconds to mix and then covered. The mixture was incubated at room temperature for 60mins. The contents of the microplate were discarded by decantation and the plate was blotted dry with absorbent paper. Wash buffer (350µl) was added and then decanted by tapping and blotting. This was repeated twice for a total of 3 washes. A working substrate solution (100µl) was added to all the wells. This was done in the same order to minimize reaction time differences between wells. The mixture was incubated for 15minutes at room temperature. Stop solution (50µl) was then added to each well and gently mixed for 15 to 20 seconds. The absorbance in each well was read at 450nm (using a reference wavelength of 620 to 630nm to minimize well imperfections) in a microplate reader within 30minutes of adding the stop solution (Saleem et al., 2018).

 Statistical analysis
Data are expressed as Mean ± SEM. Mean differences between the treated groups and the control were tested using a one-way analysis of variance (ANOVA). Values were considered statistically significant when P is less than or equal to 0.05 (P≤0.05). Significant differences were assessed between the control group and treated groups using the bonferroni post-hoc test. Student’s t-test was used as a confirmatory test. Computer Software Package SPSS version 21 was used.









[bookmark: _Hlk154050260]RESULTS
Result of phytochemical analysis of Physalis angulata
Nineteen (19) compounds were identified from Gas chromatography of the ethanolic extract of Physalis angulata fruit extract. Some of these compounds have a higher percentage, they include: Naringenin (8.424%), Kaemperol  (5.59%) (a flavonol), Tannin (13.89%), Proanthrocyanin (6.55 %) (also referred to as condensed tennin , is the most abundant plant-derived poly-phenols), Flavonones (9.37%), Anthrocyanins (2.2931 %), Flavones (6.701 %), Spartein (7.63%), Cyanogenic glycoside (6.46%), Ammodendrine (5.99%), Phytate (4.15%), Catechin (3.80%), Steriod (4.14%), Epihedrine (3.401%), Aphyllidine (3.66%), Dihydrocytisine (2.081%), sapogenin (0.017 %), oxalate (2.526%), cardiac glycoside (3.341%) (Table 2).

Result of fibroid inducement
In the control group, uteri were observed to be bicornuate and brightly coloured (Figure 9). Uteri from animals induced with fibroid showed morphological alterations such as hypertrophy, edematous appearance and presense of cyst indicative of successful fibroid inducement (Figure 10).

From the result of image J analysis, the uterine horn width showed a significant (p≤0.05) increase in fibroid induced group (0.61±0.01 cm) when compared to the control (0.21±0.01 cm) indicating cell proliferation (Table 3). Result from cell count using image J showed that BAX an apoptotic marker was downregulated (0 % for both cells linning the uterus and stroma cells) and BCL2 an anti apoptotic marker upregulated (73.5 % for cells linning the uterus and 68.2 % for stroma cells) in fibroid induced group.
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FIG. 8: Identification of chromatogram showing the result of separating the 
components of a mixture by chromatography.











TABLE 2
Phytochemical constitute of Physalis angulata fruit
	Parameters
	%

	Kaempferol
	5.5890

	Cardiac glycoside
	3.3406

	Steriod
	4.1410

	Catechin
	3.7996

	Anthrocyanin
	2.2931

	Dihydrocytisine
	2.0811

	Cyanogenic glycoside
	6.4647

	Aphyllidine
	3.6620

	Naringenin
	8.4240

	Ammodendrine
	5.9928

	Tannin
	13.8828

	Flavonones
	9.3733

	Flavone 
	6.7016

	Proanthrocyanin
	6.5513

	Phytate
	4.1459

	Spartein
	7.6328

	Oxalate
	2.5257

	Epihedrine
	3.4014

	Sapogenin
	0.0174

	Total 
	100.00
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FIG. 9: Photograph of the Uterus from control animals given distilled water only.
UB-------Uterine Body
UH-------Uterine Horn
UBW-----Uterine Body width 
UHW-----Uterine Horn width 
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FIG. 10: Photograph of the uterus from animals induced with fibroid using diethylstilbesterol 1.35 mg/kg/d; progesterone 1.0 mg/180g; adrenal hydrochloride 0.9 mg/kg/d from the fifth week.

UB-------Uterine Body
UH-------Uterine Horn
UBW-----Uterine Body width 
UHW-----Uterine Horn width 
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TABLE 3
Table showing the morphometry of the uterus
	GROUPS
	U.H. H (cm)
	U.H. W (cm)
	U. B. H (cm)
	U. B. W (cm)

	Control
	5.83±0.22
	0.21±0.01
	0.9±0.14
	0.31±0.04

	Fibroid Induced
	4.54±0.28
	0.61±0.01a
	1.91±0.31
	0.66±0.16

	Fibroid + Mifepristone
	3.65±1.45
	0.29±0.11b
	1.39±0.44
	0.41±0.11

	Fibroid + Fruit Extract (500 mg/kg)

	4.01±0.4
	0.16±0.06b
	1.31±0.26
	0.26±0.07

	Fibroid + Fruit Extract (1500 mg/kg)

	5.61±0.6
	0.24±0.04b
	1.3±0.14
	0.4±0.02

	Mifepristone
	5.57±0.49
	0.31±0.03b
	1.15±0.23
	0.4±0.15

	Fruit Extract (500mg/kg)
	4.82±0.17
	0.21±0.01b
	1.24±0.42
	0.3±0.01

	Fruit Extract (1500mg/kg)
	5.02±0.34
	0.22±0.01b
	1.63±0.01
	0.27±0.03

	p-value
	0.254
	0.002*
	0.444
	0.181


Values are expressed as mean ± standard error of mean (SEM), n = 4.*= statistically significant at p < 0.05; a = significantly different from Control group at p<0.05; b = significantly different from Fibroid Induced group at p<0.05. Uterine horn height (Uterine H.H); uterine horn width (Uterine H.W); Uterine body height (Uterine B.H)




 Result from therapeutic studies 
Photographs of the uteri from group III animals showed no cyst. There was slight increase in size when compared to the control (Figure 11). Uteri of rats in group IV induced with fibroids for   6 weeks and later administered with a low dose, 500 mg/kg of Physalis angulata fruit for another 6 weeks showed that the uteri of rats were normal in size and shape (Figure 12).  Uteri of rats in group V induced with fibroids for 6 weeks and later administered with a high dose, 1500 mg/kg of Physalis angulata fruit for another 6 weeks. These uteri were bicornuate, symmetrically, and brightly colored with no cyst, or swellings (Figure 13). Uteri from rats in group III induced with fibroids for 6 weeks and later administered with mifepristone (2.24mg/kg). 

Uteri of animals in group VI, mifepristone group were observed to be bicornuate, brightly coloured, not cystic compared to the uteri of the fibroid induced group (Figure 14).  Uteri of animals from the groups given 500mg/kg and 1500mg/kg of extract only had no cyst, swellings or enlargement, the uteri were symmetrical and brightly coloured (Figures 15 and 16 respectively).

From the result of image J analysis, the uterine horn width showed a significant (p≤0.005) decrease in low dose treatment group (0.16±0.06 cm), high dose treatment group (0.24±0.04 cm), Physalis angulata fruit extract low dose only (0.21±0.01 cm) and Physalis angulata fruit extract high dose treatment group (0.22±0.01 cm) when compared to the control (0.21±0.01 cm) (Table 3).
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FIG. 11: Photograph of the uterus from animals induced with fibroid and given mifepristone (2.24mg/kg) for 6 weeks.

UB-------Uterine Body
UH-------Uterine Horn
UBW-----Uterine Body width 
UHW-----Uterine Horn width 
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FIG. 12: Photograph of the uterus from animals induced with  fibroid and given  fruit extract (500 mg/kg)  for 6 weeks.

UB-------Uterine Body
UH-------Uterine Horn
UBW-----Uterine Body width 
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FIG 13: Photograph of the uterus from animals induced with fibroid and given fruit extracts (1500 mg/kg) administration for 6 weeks.
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FIG. 14: Photograph of the uterus from the animals given mifepristone onlyfor 6 weeks.
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FIG. 15:Photograph of the uterus from animals given fruit extract only (500 mg/kg) for 6 weeks.
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FIG. 16: Photograph of the uterus from animals given fruit extract only(1500 mg/kg) for 6 weeks.

UB-------Uterine Body
UH-------Uterine Horn
UBW-----Uterine Body width 
UHW-----Uterine Horn width 






Result from cell count using image J showed that BAX an apoptotic marker was downregulated in Fibroid + 500 mg/kg bodyweight of Physalis angulata (0 % for both cells linning the uterus and stroma cells), and  in  Fibroid + 1500 mg/kg bodyweight of Physalis angulata (0 % in cells linning the uterus and 14.3 % in stroma cells). BAX was upregulated in 500 mg/kg bodyweight of Physalis angulata (81.3 % in cells linning the uterus and 98.6 % in stroma cells). And downregulated in 1500 mg/kg bodyweight of Physalis angulata (26.3 % in cells linning the uterusand 10.1 % in stroma cells).

Result from cell count using image J showed that BCL2 an apoptotic marker was downregulated in Fibroid + 500 mg/kg bodyweight of Physalis angulata (0 % in cells linning the uterus and 2.1 % in stroma cells), and in Fibroid + 1500 mg/kgbw of Physalis angulata (26.3 % in cells linning the uterus and 10.1 % in stroma cells). BCL2was downregulated in 500 mg/kg bodyweight of Physalis angulata (0 % for both cells linning the uterus and stroma cells), downregulated in 1500 mg/kg bodyweightof Physalis angulata (0 % for both cells linning the uterus and stroma cells).


Relative organ weight 
The relative organ weight and uterine weight of the fibroid induced group was significantly higher when compared to the control. The relative organ weight and uterine weight of the treatment groups (mifepristone, Physalisangulata low and high dose treatment groups) were significantly lower when compared to the fibroid induced and control groups (Table 4). 






TABLE 4

Relative organ weight for therapeutic study

	
	Final body 
weight (g)
	Absolute uterine weight (g)
	Relative
uterine weight 

	Control
	151.75
	1.06
	0.01

	
	15.87
	0.26
	0.00

	
	
	
	

	Fibroid Induced
	139.80
	1.83
	0.01

	
	9.30
	0.40*
	0.00*

	
	
	
	

	Fibroid+ Mifeprostone
	152.75
	0.52
	0.00

	
	1.84
	0.08*,a
	0.00a

	
	
	
	

	Fibroid + Physalis low
	150.40
	0.66
	0.00

	
	5.89
	0.12*,a
	0.00*,a

	
	
	
	

	Fibroid + Physalis high
	161.00
	0.43
	0.00

	
	9.17
	0.03*,a
	0.00*,a

	
	
	
	

	Mifepristone only
	140.00
	1.79
	0.01

	
	8.42
	0.33*,b,c
	0.00

	
	
	
	

	Physalis low  only
	133.50
	1.40
	0.01

	
	11.41
	0.12*,a,b,c
	0.00

	
	
	
	

	Physalis high only
	144.50
	1.40
	0.01

	
	4.03
	0.05*,a,b,c,d
	0.00,b,c,d


Values are expressed as mean +SEM, n = 5.
* = significantly different from control at p<0.05
a = significantly different from Fibroid Induced at p<0.05
b = significantly different from Fibroid + mifepristone at p<0.05
c = significantly different from Fibroid +Physalis low dose at p<0.05
d = significantly different from Fibroid +Physalis high dose at p<0.05









Histological observation of the uterus
In the control group, sections of the uterus showed simple columnar epithelium, tubular uterine glands and lined by cuboidal cells separated by moderate population of stromal cells (Plate 1).  The endometrium consists of widely spaced endometrial glands. There were mild inflammatory infiltrates mainly polymorphs. In fibroid induced group, section of the uterus showed abnormal stratified epithelium lining with an underlying fibrocollagenous stroma consisting of sparsely populated stroma cells and a dense irregularly dispose fibrous tissues.  Few glands lined by benign epithelium were noted (Plate 2) compared with uterifrom control animals which showed normal columnar epithelium (Plate 1).
 (
STR
) (
GL
)[image: ]
PLATE 1:  Section of the uterus from animals in the control.
GL---Gland; STR –Stroma; H and E    X400.
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PLATE 2:  Section of the Uterus from animals induced with fibroid.
EPI—Epithelium; STR---Stroma; BV --- Blood vessel; H and E X400
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PLATE 3:  Section of the uterus from animals induced with fibroid and given mifepristone for 6 weeks.

EPI --- Epithelium; STR---Stroma; GL---Gland; H and E X400






In the group induced with fibroids and administered with low dose (500mg/kg) Physalis angulata, sections of the uterus showed cuboidal epithelium with an intact basement membrane. In the group induced with fibroids and administered with mifepristone, section of the uterus showed an intact luminal epithelium and an abundant endometrial stroma with sparsely populated tubular glands lined by cuboidal epithelial cells (Plate 3). The epithelial cells were vacuolated. The underlying stroma is loose consisting of sparsely populated stroma cells and thin walled blood vessels (Plate 4). 

In the group induced with uterine fibroids and administered with high dose (1500 mg/kg) Physalis angulata, sections of the uterus showed stratified epithelium with an intact basement membrane. The epithelial cells are vacuolated. The underlying stroma is fibrocollagenous and hyalinized with sparsely populated stroma cells (Plate 5).  In the Mifepristone only group, section of the uterus showed an intact superficial epithelial lining and an abundant endometrial stroma with sparsely populated tubular glands lined by cuboidal epithelial cells (Plate 6).

In the group administered with low (500 mg/kg) dose of Physalis angulata, section of the uterus showed that the endometrium consist of a simple columnar epithelium lining with an underlying widely spaced endometrial glands. The glands are cystically dilated and separated by moderate amount of endometrial stroma (Plate 7). In the group administered with high dose (1500 mg/kg) doses of Physalis angulata, section of the uterus showed an intact superficial epithelium with an increased cellular endometrial stroma (Plate 8).
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PLATE 4: Section of the uterus from animals induced with fibroid and Physalis angulata fruit extracts (500 mg/kg) for 6 weeks.

EPI --- Epithelium; STR---Stroma; GL---Gland; H and E X400
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PLATE 5: Section of the uterus from animals induced with fibroid + Physalis angulata fruit extracts (1500 mg/kg) administration for 6 weeks. 

EPI----Epithelium; GL----- Gland; STR---Stroma; H and E X400
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PLATE 6: Section of the uterus from the animals given mifepristone only for 6 weeks.

STR---Stroma; GL---Gland; H and E X400
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PLATE 7: Section of the uterus from animals given Physalis angulata fruit extracts (500 mg/kg) for 6 weeks.

EPI----Epithelium; STR---Stroma; GL---Gland; H and E X400
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PLATE 8: Section of the uterus from animals given Physalis angulata fruit extracts 
1500 mg/kg  for 6 weeks. 

STR---Stroma; GL---Gland; H and E X400


 Investigation for apoptosis in the uterus of Wistar rats (BAX Stain)
In the control group, marked apoptotic cells (65.5 % uterine glands and 13.1 % stroma cells for BAX immunochemical stains) were present.  This was indicated as dark brown stains in the stromal cells, the ratio of positive cells was 51 to 75 % (Plate 9). Apoptosis was absent in the uterus of rats induced with fibroids (Plate 10). The ratio of positive cells was ˂ 25 %. In fibroid induced + Mifepristone group, sections of uterus showed a negative staining reaction for apoptosis for both for the stroma and cells linning the uterine glands (Plates 11). The ratio of positive cells was ˂ 25 %. In fibroid group + Physalis angulata low and high dose treatment groups (Plates 12 and 13  respectively), section of the uterus displayed a negative BAX tissues reaction for the stromal cells and epithelial cells lining of the glands. The ratio of positive cells was ˂ 25 %. In Mifepristone group (Plate 14), marked apoptotic cells were present.  This was indicated as dark brown stains in the stromal cells, the ratio of positive cells was 51 to 75 %. It was observed that sections of the Uterus administered with low (Plate 15) and high doses (Plate 16) of Physalis angulata fruit extract had evidence of doses) and Mifepristone groups compared with FI group (Table 6).

BCL2Associated X- Protein (BAX) 
[image: C:\Users\USER\Desktop\BAX\IMG_20231127_121428_2LAB.jpg]
PLATE 9: Section of the uterus from animals in the control group.
BAX Expression, Brown stain indicated by arrows (65.5 % uterine glands and 13.1 % stroma cells). GL---Gland; BAX    X400
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PLATE 10: Section of the uterus from animal induced with fibroid. BAX Expression, Brown stain indicated by arrows- (0 % uterine glands and 0 % stroma cells). GL---Gland; BAX  X400
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PLATE 11: Section of the uterus from the animals induced with fibroid + mifepristone administration for 6 weeks.

BAX Expression, Brown stain indicated by arrows - (0 % uterine glands and 0 % stroma cells).  GL---Gland; BAX   X400
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PLATE 12: Section of the uterus from the animals induced with fibroid + Physalis angulata fruit extracts (500 mg/kg) for 6 weeks.

BAX Expression, Brown stain indicated by arrows -(0 % of cells linning the uterine glands and 0 % stroma cells). GL---Gland; BAX   X400

[image: C:\Users\USER\Desktop\BAX\IMG_20231127_125234_3LAB.jpg]
PLATE 13: Section of the uterus from the animal induced with fibroid + Physalis angulata fruit extracts (1500 mg/kg) administration for 6 weeks.

BAX Expression, Brown stain indicated by arrows - (0 % uterine glands and 0 % stroma cells).  GL---Gland; BAX   X400
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PLATE 14: Section of the uterus from animals given mifepristone for 6 weeks.

BAX Expression, Brown stain indicated by arrows - (77.5 % uterine glands and 13.1 % stroma cells). GL---Gland; BAX   X400
[image: C:\Users\UNCLE T\Desktop\PROJECT 2023\ugbem T 2\IMG_20230916_172021_7LAB.jpg]

PLATE 15: Section of the uterus from the animal given Physalis angulata fruit extracts (500 mg/kg) for 6 weeks.

BAX Expression, Brown stain indicated by arrows - (81.3 % uterine glands and 13.1 % stroma cells).  GL---Gland; BAX   X400

[image: C:\Users\UNCLE T\Desktop\PROJECT 2023\ugbem T 2\IMG_20230916_170440_6LAB.jpg]
PLATE 16: Section of the uterus from the animal given Physalis angulata fruit extracts(1500 mg/kg) administration for 6 weeks.

BAX Expression, Brown stain indicated by arrows- (28.3 % uterine glands and 10 % stroma cells). BAX   X400


Investigation for anti apoptosis in the uterus of Wistar rats (BCL2 Stain)


B cell lymphoma-2

[image: C:\Users\UNCLE T\Desktop\New folder (13)\IMG_20231026_133136_2LAB.jpg]
PLATE 17: Section of the uterus from the animal in the control group.

BCL2  Expression, Brown stain indicated by arrows - (34.3 % uterine glands and 11.4 % stroma cells). GL---Gland; BCL2 X400

[image: C:\Users\USER\Desktop\BAX\IMG_20231127_130658_0LAB.jpg]
PLATE 18: Section of the uterus from fibroid induced group.
BCL2  Expression, Brown stain indicated by arrows - (73.5% uterine glands and 68.2 % stroma cells). BCL2  X400
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PLATE 19: Section of the uterus from animals induced with fibroid + mifepristone administration for 6 weeks.

BCL2  Expression, Brown stain indicated by arrows - (11.3 % uterine glands and  6.6 % stroma cells). BCL2  X400
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PLATE 20: Section of the uterus from animals induced with fibroid + Physalis angulata fruit extracts (500 mg/kg) for 6 weeks.

BCL2  Expression, Brown stain indicated by arrows –  (0 % uterine glands and 2.4 % stroma cells).  BCL2  X400
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PLATE 21: Section of the uterus from animals induced with fibroid + Physalis angulata fruit extracts (1500 mg/kg) administration for 6 weeks.

BCL2Expression, Brown stain indicated by arrows - (4.1 % uterine glands and 14.3 % stroma cells).  GL---Gland; BCL2  X400
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PLATE 22: Section of the uterus from animals given mifepristone for 6 weeks. BCL2Expression, Brown stain indicated by arrows - (18.1 % uterine glands and 23.4 % stroma cells). BCL2  X400
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PLATE 23: Section of the uterus from animals given Physalis angulata fruit extracts (500 mg/kg) for 6 weeks.

BCL2  Expression, Brown stain indicated by arrows - (0 % uterine glands and 0 % stroma cells) . GL---Gland; BCL2  X400
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PLATE 24: Section of the uterus from animals given Physalis angulata fruit extracts (1500 mg/kg) for 6 weeks.
BCL2  Expression, Brown stain indicated by arrows - (0 % uterine glands and 0 % stroma cells) .  GL---Gland; BCL2  X400
	Hormone levels in the different groups
	 Follicle-stimulating hormone (FSH), Luteinizing hormone (LH),  progesterone, prolactin and estrogen


Significant differences were observed in LH (P0.05) between the control and the test groups (Figure 17). No significant difference was observed in FSH (Figure 18) concentration among the different experimental groups. The prolactin concentrations in control and fibroid-induced groups were 0.36±0.02 and 0.39±0.03 respectively, showing no significant differences between control and fibroid groups. Prolactin was in turn significantly (p<0.05) higher in Fibroid + Mifepristone (0.74±0.03) compared to control and other groups (Figure 19).

The progesterone concentration in control was 5.95 ±0.18, it was significantly (p<0.05) higher in FI (9.66±0.58) and the group given Mifepristone alone (9.66 ±0.58) when compared with control. Progesterone levels in Physalis angulata 500 mg/kg, Fibroid + Mifepristone (6.83±0.32), Fibroid + Physalis angulata 500 mg/kg (6.90±0.48), and Fibroid + Physalisangulata 1500 mg/kg (6.80±0.47) were significantly reduced when compared with fibroid induced group. The Estrogen level in the Fibroid induced (FI) group (16.38±0.80) was significantly (p<0.05) higher compared with the control. Estrogen levels in the extract only and treatment groups were significantly reduced when compared to fibroid induced group.
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FIG.  17
: Luteinizing hormone concentration in the different experimental groups.
Values are expressed as mean ± SEM, n=5
* = significantly different from control at p<0.05
a = significantly different from fibroid-induced at p<0.05
b = significantly different from Fibroid + 
Mefiprostone
 at p<0.05
)








[image: ]FIG.  18: Follicle stimulating hormone concentration in the different experimental 
groups of fibroid induced rats.
Values are expressed as Mean ± SEM, n=5
No significant among groups
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FIG.  19: Prolactin hormone concentration in the different experimental groups.
Values are expressed as Mean ± SEM, n=5.
*= significantly different from control at p ≤  0.05
a= significantly different from fibroid induced at p ≤  0.05
b=significantly different from Fibroid + Mifepristone at p ≤  0.05
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FIG. 20: Progesterone hormone concentration in the different experimental groups.
Values are expressed as Mean ± SEM, n=5.
*= significantly different from control at p ≤  0.05
a= significantly different from fibroid induced at p ≤  0.05
b=significantly different from Fibroid + Mifepristone at p ≤  0.05
c= significantly different from Fibroid + Physalis (low) at p ≤  0.05
d=significantly different from Fibroid +  Physalis (high) at p ≤  0.05
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FIG. 21: Estrogen hormone concentration in the different experimental groups.
Values are expressed as Mean ± SEM, n=5.
*= significantly different from control at p ≤  0.05
a= significantly different from fibroid induced at p ≤  0.05
b=significantly different from Fibroid + Mifepristone at p ≤  0.05
c= significantly different from Fibroid + Physalis (low) at p ≤  0.05
d=significantly different from Fibroid +  Physalis (high) at p ≤  0.05


Discussion
In the fight against different diseases, medicinal plants in different forms have been used. In recent times, the mechanism of  action of several medicinal plants has been reported for various diseases which enhance their increased acceptance among the population (Talukdar et al.,2018). In many rural locations around the world, plants have played important roles as medicine during pregnancy, birth, and postpartum care (Abdillahi and Van Staden, 2013). Plants have also been used for ages to treat infertility and other reproductive issues.

The identification of novel components that can be successfully applied in a variety of biomedical applications, such as anticancer therapies, is aided by natural chemicals (Mann, 2002; Newman and Cragg, 2007; Cragg, and Newman, 2013;  Bailon-Moscoso et al., 2017). The idea that natural compounds are highly influential sources of new potential therapeutic agents is supported by the fact that over 60% of anticancer agents currently in use are derived from natural sources (Newman and Cragg, 2007; Cragg and Newman, 2013).

Physalis angulata fruit extract contains flavonoids such as Kaempferol, Naringenin, anthrocyanin and proanthrocyanin. This implies that the plant extract contains antitumour, antiproliferative, anticancer, anti-inflammatory and antioxidant properties. This agrees with Lee et al. (2004) and Dai et al. (2013), they reported that flavonoids are the main antitumour components of plant extacts which is responsible for reduction of cell proliferation inmometrial and leiomyomal cells. The present study also agrees with Oattan et al. (2022), Odion et al. (2024), they reported that flavonoids possess significant anti-inflammatory, anticancer and antioxidant properties. This study is also in agreement with He and Zhang (2023), they reported that Narigenin blocks tumour cell cycle, inhibits tumour cell proliferation and induces apoptosis. The reports from Sharma et al. (2011), Nomoto et al. (2004), Chen et al. (2014), Prasad and Katiyar. (2012), Singh et al. (2011), Rauf et al. (2019) and Toden et al. (2018) also supported the present study. They reported that proanthrocyanidins possess anticancer, antitumorigenic properties. It has been shown to induce cell cycle arrest and induce apoptosis thereby reducing survival of tumor cells. The results obtained from the present study also agrees with Shahbaz et al.(2023). They reported that Kaempferol possess cancer preventive and cancer treatment properties.

Physalis angulata fruit extract also contains tannin, anthrocyanin, steroid and catechin. This implies that the fruit extract possess antiapoptotic and antimutagenic, antifibroitc, fibroitic, anti-inflammatory and antimicrobial properties. This agrees with Kleszcz et al. (2023) and Rajasekar et al. (2021). They reported that Tannin possess profective properties such as antifibrotic, anti-inflammatory, antimicrobial and anticarnogenic properties. This also agrees with Islam et al. (2016) and Lin et al. (2016). They reported that anthrocyanin possess apoptotic, antimutagenic properties, antitumour potentials. Studies from Bland (2021), Liu et al. (2021) also agrees with the results of present study. They reported that steroids possess antitumour properties. This study was also in tandem with Li et al. (2022) and Odion et al. (2024). They reported that catechin and sparteine inhibit proliferation and growth of cancerous.

The size of the uterine horn weight uterine weight and relative organ weight of animals in the fibroid induced groups increased significantly. This implies that administration of hormone caused an abnormal responds of the uterus to estrogen and progesterone, induced toxicity and alterations in the morphology of the uterus. These malformations can be attributed to proliferation of cells, edema, hyperplasia caused by prolonged of the hormones used to induce fibroids. In the presences of DES, the uterus responds abnormally to estrogen and progesterone leading to deformations in the uterus. This agrees with Onyinloye et al. (2022), they reported that the co-administration of DES and progesterone causes oedema, hyperplasia, necrosis and increased uterine density because they make the uterus to response abnormally to estrogen and progesterone. This agrees with Lin et al. (2019), they reported that uterine weight and coefficient with the combined administration of progesterone and DES suggest organ toxicity.
The size of the uterine horn weight uterine weight and relative organ weight of animals in the treatment groups reduced significantly. This is implies that Physalis angulata fruit may likely be a curative agent, which possesses anitumour and antifibroid properties. This plant can be used for the management of uterine fibroids in rats. This agrees with Mammon et al. (2021), who reported that a reduction in the diameter of the urteine horn proved curative to the induced leiomyoma. This also agrees with Olanrewaju et al. (2017),they reported that plant extracts capable of reducing the size of the uterus have antitumour effects. The result obtained from the present study was also in tandem with Koffuoret al. (2013). They reported that plant extract capable of reducing the weight and size of the uterus can act as an antifibroid agent.

The reduction in the size of the uteri of anmals in the group pretreated with Physalis angulata fruit extract before inducing fibroid can be attributed to the presence of some phytochemicals capable of inhibiting proliferation in smooth muscle cells, inducing apoptosis, inhibiting tumour growth and blocking the production of estrogen and progesterone. This finding is in agreement with Shanle and Xu (2011) and Yanxia et al. (2016). They reported that kaempfrol exhibits inhibitory effects on cell proliferation and induces apoptosis. This study also agrees with Donnez et al. (2019). Lee et al. (2012), Wang et al. (2001) and Liang et al. (2010). They reported that the mechanism for the amelioration of oedema in animals pretreated with plant extract before inducement of fibroid may be similar to the mechanism of action of GnRH against whih is knownto shrink fibroids by blocking the protection of estrogen and progesterone.


Histopathological studies of the uteri of animals induced with fibroids showed an underlying fibrocollaenous stroma, dense irregular fibrous tissues and stratified epithelium. Few glands were lined by beningn epthelium. This distortion observed in the endometrium may be an evidence of successful uterine fibrod development in rats. This agrees with Agbadua et al. (2020), they reported that uterine fibroids distorts the endometrial epithelium and causes of fibrosis in thelamina propria of rats. The also agrees with Ezejiofor and Okoroafor (2022), they reported that the presence of spindle shaped, densly packed fibrous tissue and multifocal tumour cells in the endometrium of the group induced with fibroids confirms successful induction of uterine fibroids. This study was also in tandem with Couse et al. (2001) and Padilia-Banks et al. (2023), they reported that exposure to DES causes morphological changes in the uterine epithelium from simple columnar to stratified epithelium. DES exposure disrupts the differentiation of the epithelium permanently.

In the present study, the proapoptotic gene (BAX) was down regulated (0 %) in the uterine tissues of animals induced with uterine fibroids. And BCl2 (an antiapoptotic marker) was up regulated. This implies that apoptotic programme was not initiated, apoptosis was inhibited, and cell proliferation increased. This agrees with Raut and Gaikwad (2006) and Sunil et al. (2011), they reported that down regulation of BAX and up regulation of BCL2 initiates failure in apoptotic programme, which blocks apoptosis.

In the low dose treatment group, the photomicrograph showed fibrocollagenous stroma with scanty atrophic glands lined by cuboidal epithelium. The presence of cuboidal epithelium implies that the insult in the fibroid induced group which led to the development of stratified epithelium has been reduced. This agrees with Ezejiofor and Okoroafor (2022). They reported that the insult in the positive control which leads to the formation of stratified epithelium has been reduced. Fewer fibrous tissues were observed in the treatment groups when compared to the control group. 

In the low and high dose treatment groups, both BAX and BCL2were down regulated. Positive BAX expression was observed in Physalis angulata 500 mg/kg group. BCl2showed a negative expression in this group. This implies that Physalis angulata fruit extract may likely induce apoptosis and reduce the size of uterine fibroids due to its ability to upregulate BAX. This agrees with Ju and Xiao (2016). They reported that plant extracts reduce the size of uterine fibroids by upregulating BAX expression and down regulating BCl2 expression.

Conclusion
Physalis angulata fruit extract was therapeutically effective in reducing the size of the uteri horn width of fibroid induced rats. This effect could be attributed to the potential of its phytochemicals to inhibit cell proliferation, induce apoptosis in the cells and correct hormonal imbalance associated with fibroid inducement. It could also be through the pituitary gonadal axis. Histopathological studies indicated that the extract is not cytotoxic to the organ studied. Biochemical parameters indicated that the extract is safe and contains antioxidant properties.
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FIG. 20: Comparison of luteinizing hormone concentration in the 

different experimental groups fibroid-induced rats. 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

Experimental group

LH conc. (mIU/mL)

Control

Fibroid induced

Fibroid + Mifepristone

Fibroid+ Phyalis (LD)

Fibroid + Physalis (HD)

Physalis (Low dose)

Physalis (High dose)

Mifepistone only

*

*

  *

a, b

a, b

Values are expressed as mean +SEM, n = 5.

* = significantly significantly different from control at p<0.05

a = significantly significantly different from fibroid-induced at p<0.05

b = significantly significantly different from Fibroid + Mifeprostone at 

p<0.05


image50.png
FSH

0.50
0.00

TNomal
mFibroid induced
OFibroid + Mifepristone.
DOFibroid+ Phyalis (LD)
WFibroid + Physalis (HD)
mPhysalis (Low dose)
BPhysalis (High dose)
OMifepistone only

Experimental group




image51.png
Prolactin conc. (ng/mL)

100
090
080
070
0560
050
0.40
030
020
0.10

0.00

©Normal

BFibroid induced
DIFfbroid + Mifepristone
DFibroids Phyalis (LD)
WFibroid + Physalis (HD)
mPhysals (Low dose)
®Physals (High dose)
DMifepistone only

Experimertal group




image52.png
Progesteronee conc. (ngimL)

1200

1000

800

6.00

400

200

000

BNormal

B Fibroid induced
OFfbroid + Mifepristone
OFibroids Phyalis (LD)

W Fibroid + Physalis (HD)
BPhysals (Low dose)
@Physalis (High dose)
Mifepistone only “hed
1
a
a
] a

Experimental group




image53.png
20.00
18.00
16.00
2 1400
12.00
10.00
8.00
6.00

Estrogen conc. (pgt

4.00
2.00

BNormal

B Fibroid induced
OFibroid + Mifepristone
OFibroids Phyalis (LD)
mFibroid + Physalis (HD)
mPhysalis (Low dose)
BPhysals (High dose)
TMifepistone only

be

L de

0.00 +

Experimental group




image1.jpeg




image2.jpeg




