
Spearmint (Peppermint), has been cultivated for 

its distinctive medicinal and fragrant qualities, 

therefore commonly used in confectionaries, food, 
1

chewing gum and tooth pastes.  It has the ability to 

induce cytochrome P450, is a potent regulator of fatty 
2

acid peroxidation.  This enzyme is mainly produced by 

liver, and works by producing reactive oxygen species 

(ROS), especially free radicals. Peppermint has also 

a remarkable inhibitory effect on mutagens found in 

cooked meat, especially heterocyclic amines. This anti-

mutation quality makes it valuable in beverages and 
3

teas.

 The peppermint by inducing P450 enzyme is also 

involved in the metabolism of hormones, thus can 
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Background and Objective: Spearmint (Peppermint), known for its aromatic and medicinal properties, is 
used in various products globally, including food, confectionaries, chewing gum, and toothpaste. While it has 
been known for its potential therapeutic benefits, this study aimed to investigate the effects of spearmint on 
the morphology, histology, and biochemistry of ovaries in Wistar albino rats.

Methods: This Experimental animal study involved 30 adult female albino mice (200–250 g), divided into 
three equal groups. Group A (Control) received 15 ml/kg distilled water, Group B (Low Dose) received 0.3 
g/kg body weight ethanol extract of peppermint leaves, and Group C (High Dose) received 0.6 g/kg body 
weight. Treatments were administered via gastric infusion for 30 days. Ovaries were dissected, weighed, and 
histological slides were prepared using H&E staining. Parameters, including capsule thickness, follicle 
diameter, and corpus luteum, were analyzed with ImageJ® software. Data were processed using SPSS 20.0, 
with significance level as p < 0.05.

Results: Final ovarian weights (Group A: 0.19±0.02 g, Group B: 0.36±0.09 g, Group C: 0.49±0.05 g; p<0.001) 
and Relative Tissue Weight Index (RTWI; Group A: 0.08, Group B: 0.17, Group C: 0.27; p<0.001) increased 
significantly in experimental groups. Histological analysis revealed decrease in follicle diameters with 
higher doses of spearmint in both secondary and graafian follicle (secondary follicle; Group A 29.10±4.11 
µm, Group B 22.31±5.51 µm, Group C 15.20±2.94 µm and Graafian follicle; Group A 53.75±8.01 µm, Group 
B 35.87±4.97 µm, group C 23.64±4.96 µm). Decreased corpus luteum size, along side significant reductions 
in serum progesterone levels post-experiment (Group A: 55.29±5.94 ng/ml, Group B: 23.01±8.89 ng/ml, 
Group C: 4.12±0.70 ng/ml; p<0.001) were also observed.

Conclusion: This study reveals detrimental effects of excessive spearmint leaf consumption on rat ovarian 
histology, body weight, and progesterone levels. Caution, particularly during pregnancy, is advised due to 
potential risks to hormonal and ovarian function. Further research is essential to understand the mechanisms 
and assess the implications for human health.
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used to treat the hormonal imbalances, especially in 

the treatment of polycystic ovary syndrome, where its 
4anti-androgenic properties can improve the symptoms.  

It could be due to reduction in high testosterone, FSH 

and LH levels after drinking mint tea as compared to 
5placebo.  Similarly hirsutism and facial hairs associated 

with PCO’s due to increases androgenic effects of 

male hormones were also reduced after consuming 
6peppermint herbal tea.  A histopathological study on 

effects of peppermint on uterine tissue observed apop-

totic cells in the surface and glandular epithelium, with 

diffuse infiltration of leucocyte in both the endometrial 
7

and myometrial layers.  There are studies that reported 
8-10

its toxic effects on kidney, liver, placenta and fetuses.  

While its effects on biochemical parameters are well 

documented, previous studies have not examined the 

gross and histological aspects of ovarian function. To 

address this gap, this study was conducted to investigate 

the effects of spearmint on morphological, histological 

and biochemical aspects of ovaries in Wistar albino 

rats.

METHODS 

 This experimental animal study was conducted 

in Department of Anatomy, from January 2023 to 

December 2023 at Sheikh Zayed Postgraduate Institute 

of Medicine, Lahore after ethical approval (Letter # 

F-38/NHRC/AQMIN/FRB/205)

 Thirty adult female albino mice weighing 200-

250 gm were selected for the study and were divided 

into three groups (n=10). Group A (Control) received 

15ml/kg of distilled water, Group B (Low dose) received 

Ethanol extract peppermint leaves at 20 g/l (0.3 g/kg 

body weight) while Group C (High Dose) received 

Ethanol extract peppermint leaves at 40 g/L (0.6g/kg 

body weight) for 30 days by gastric infusion. Wister 

rats were weighed at the start and end of the experiment. 

At the end, these rats were dissected, ovaries were 

removed, weighed, and then histological slides were 

prepared and stained with Hematoxylin & Eosin (H 

& E). Ovaries were evaluated for histomorphometric 

parameters, including capsule thickness, corpus luteum, 

and follicle diameter and analyzed for intra- and myo-

metrial thickness, shrinkage, and cellular damage. 

Image analysis software ImagJ® was used to micro-

scale these sections. 

Data were entered and analyzed using SPSS 20.0. The 

quantitative data, such as body weight, fetal weight, 

placental weight, and placental weight are presented 

as mean ± S.D. Comparisons between groups for 

these parameters were made using one-way ANOVA 

and Chi-square test, with significance set at p < 0.05.

RESULTS 
 The mean initial body weights (g) of adult Albino 

rats in groups A, B, and C showed no significant diffe-

rences (p-value: 0.140). However, the final body weights 

were significantly increased in all groups by the end 

of the experiment. The paired ovarian weight at the 

end of the study was significantly higher in groups B 

and C compared to the control group (A). A similar 

trend was observed in the Relative Tissue Weight Index 

(RTWI), which showed a significant increase from 

group A to group B and a further significant increase 

from group B to group C. (Table1).
 The ovaries of group A had normal pink colour, 

while in group B, only  20% had normal pink ovaries 

and 80% had dark purple ovaries. Group C consisted 

of all animals with dark red and black spotted ovaries. 

The differences between all three groups were highly 

significant (Table 2). While the uterine morphology 

and shape of the ovaries appeared to be normal with a 

compact ovoid structure and irregular peripheral mar-

gins, with no significant differences in group wise 

comparisons.

Table 1:  Initial and Final Body Weight, Paired 
Ovarian Weight, and Relative Tissue Weight Index 
(RTWI) for Groups A, B, and C, with p-values 
Indicating Comparisons Among the Three Groups.

Parameters
Group 

A
Group 

B
Group 

C
P 

value

Initial Body Weight
(gm)

246.0±
22.8

238.4±
6.1

251.4±3
1.2

0.14

Final body Weight
(gm)

248.7±
4.4

205.6
±8.4

180.9±
10.7

<0.001 

Paired Ovarian weight 0.19±
0.02

0.36±
0.09

0.49±
0.05

<0.001

Relative Tissue Weight 
Index (RTWI)

0.08 0.17 0.27
<0.001
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Table 2:  Status and comparison of color of ovary for animals in control and experimental groups after 
exposure to dried leaves extract of spearmint. 

Color of 
Ovary

% of normal and abnormal Coloured ovaries in Groups

A B C Total

N % N % %

Normal 20 100 4 20 40

Abnormal 0 0.0 16 80 60

Total 20 100 20 100

N

0

20

20

%

0.0

100

100

N

24

36

60 100

 The histological examination of control group 

A and experimental groups B and C revealed normal 

cervical muscle and tissue. Within the ovarian stroma, 

the cortex contained microvascular growth at different 

stages, while the tissue contained blood vessels, smooth 

muscle and connective tissue. (Figure 1) 

Figure 1: Histological images of the ovaries (first 

row), uteri (second row) collected from groups A, B, 

and C are presented. Ovaries from Group A oocytes 

have well-developed corpus luteum  (CL), Graphian 

follicles (GF) and secondary follicles (SF) in the 

cortex region, while blood vessels are present in the 

medullary region but histological changes like vascular 

congestion, reduction in size and vacuolation in CL, 

GF and SF are seen in both experimental groups (B 

and C) (H&E, 100X). 

The histological sections uteri of group A had evenly 

distributed uterine endothelial glands (black arrow) 

with well intact uterine mucosa. The inner circular and 

outer longitudinal smooth muscles in  myometrial 

layers (myo) with normal blood vessels (bv). The 

gropu B and C showed decreased endometrial and 

myometrial thickening with moderately to severely 

slightly dilated blood vessels in Group B and C respec-

tively.

 The simple cubic connective tissue layer capsule 

filled with germinal epithelium remained intact and 

undamaged in all three groups (A, B, C).

 Primary follicles were found in both control group 

A and experimental groups B and C, located in the 

peripheral cortex below the capsule. They are spherical 

oocytes surrounded by a thin layer of follicular epithe-

lial cells in the oocyte stroma.

 The secondary follicles of control group A reached 

deep into the cortical stroma. They consisted of spheri-

cal oocytes, polymeric granulosa cells with a central 

nucleus, and fluid-filled zones separated from the 

theca cells by a narrow bottom Theca interna cells 

varied in size surrounding blood vessels. Secondary 

follicles had spherical oocytes surrounded by granulosa 

and theca cells located deep in the ovarian cortex in all 

the groups but in both the experimental groups number 

and size of follicles were small as compared to group A. 

This difference in diameter was not only significant 

between group A and experimental groups B and C 

(p value <0.001) but also between groups B and C.

 The graafian follicles occupied the superficial 

cortex with primarily oocytes surrounded by granulosa 

cells in all the groups, but the size of the Graafian folli-

cles was reduced in group B and C. This reduction in 

size of graafian follicle was highly significant, with 

p-values <0.001 (Table 3). 

 In group A, there were more corpora lutea in 

different parts of the cortex, especially in the superficial 

area. These corpora lutea contained multilayered granu-

losa luteal cells, large oval nuclei, and eosinophilic 

vacuolar cells. Theca-luteal cells were also rectangular 
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Table 3:  Comparison of mean diameter of secondary & secondary & graafian follicile and pre-post
serum progesterone levels among control in experimental grounps. (One way ANOVA)

Parameter Group A Group B Group C p-value

Diameter of Secondary 
Follicle (µm)

29.10 ± 4.11 22.31 ± 5.51 15.20 ± 2.94 Group A vs Group B <0.001

Group A vs Group C <0.001

Group B vs Group C <0.016

Diameter of Graafian 
Follicle (µm)

53.75 ± 8.01 35.87 ± 4.97 23.64 ± 4.96 Group A vs Group B <0.001

Group A vs Group C <0.001

Group B vs Group C <0.001

Pre-Experiment Serum 
Progesterone (ng/mL)

55.54 ± 6.28 54.46 ± 5.93 53.99 ± 6.89 Group A vs Group B <0.001

Group A vs Group C <0.001

Group B vs Group C <0.001

Post-Experiment Serum 
Progesterone (ng/mL)

55.29 ± 5.94 23.01 ± 8.89 4.12 ± 0.70 Group A vs Group B <0.001

Group A vs Group C <0.001

Group B vs Group C <0.001
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but smaller, with dark round nuclei. The corpora lutea 

was scattered with numerous blood vessel. In experi-

mental groups B and C, corpora lutea were present in 

superficial and deep corpora regions. It consisted of 

granulosa luteal and theca luteal cells: small granulosa 

luteal cells and dense chromatin in theca luteal cells. 

Although no blood exudates were observed, the size of 

the corpora lutea was reduced in both experimental 

groups B and C. 

 Initial serum progesterone levels were similar 

among the three groups: Group A (54.54±6.28 ng/ml), 

Group B (54.046±5.49 ng/ml), and Group C (53.99 ± 

5.43 ng/ml) while at the end of experiment these levels 

for group A, B and C were 55.29±6.20, 23.01±8.89 

and 4.12±0.70 ng/ml respectively. Significant diffe-

rences in progesterone levels were observed in all 

three groups, with group C showing the lowest levels of 

progesterone and significantly different from groups 

A and B (Table 3).

DISCUSSION

 Spearmint, scientifically known as Mentha Spi-

cata Labiateae, is a herbal plant renowned for its medi-
1

cinal and aromatic qualities . It is indigenous to North 

America and Egypt, and widely employed as a flavoring 

agent in various applications, including medicines, 
11,12

toothpaste, and candies.  This versatile herb is utilized 

to alleviate conditions such as cold, headaches, vomi-
13,14ting, chest problems, and allergic reactions.  More-

over, spearmint has demonstrated effectiveness in the 

treatment of autoimmune arthritis. Additionally, its 

essential oil is harnessed for fumigation and as an 

insecticide, and it exhibits antibacterial, antiviral, and 
15-18anti-mutagenic properties.

 Spearmint promotes lipid peroxidation, resulting 

in tissue oxidative stress by generating reactive oxygen 
2

species (ROS).  These ROS trigger apoptosis, leading 

to mitochondrial depolarization, DNA fragmentation, 

and the activation of the liver enzyme Caspases P450 

(CYP 3A4), which, in turn, accelerates the breakdown 

of steroid hormones metabolized in the liver, reducing 
2,7their concentrations in the blood.  The harmful effects 

of spearmint on the liver, kidneys, uterus, fetuses and 
7-10,19testes have been established.  This study focuses 

on assessing the impact of dried spearmint leaf extract 

on the ovaries of adult female albino rats due to con-

cerns about its excessive use.

 Both experimental groups showed a significant 

decrease in body weight compared to the control group. 

These results coincide with the many previous studies 

where in same dose of peppermint and the related herbs 
20,21significantly reduced body weight.  Peppermint can 

reduce body weight by inhibiting growth hormone 

and increasing serotonin levels, which can activate 

satiety centers. In addition, its role in enhancing lipid 

peroxidation may contribute to weight loss.
 Similarly, Ovarian weight increased in experi-

mental groups, with significantly more increase at a 
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higher dose. Few studies used member of lamiacae 

family having same constituent like spearmint reported 
22,23

the same effects on adult ovaries of rats.
 Increased uterine weight in response to pepper-

mint may be due to possibly increased levels of pyru-

vate transaminase due to effects of peppermint on the 

liver resulting in uterine contractions, and causing 

blood vessel dilation.
 Relative Tissue Weight Index was also increased 

significantly (p<0.001) in both experimental groups. 

These findings are consistant with the previous study 

where significant increased RTWI was noticed. It 

could be due to enzyme induction which caused necro-
19sis in ovaries.

 Ovarian color in group C showed a marked dark 

red color due to vascular congestion, likely dose-depen-

dent but there was no change in shape observed in both 

experimental and control group. This finding concide 
22,24

with the previous studies.
 The study assessed histological parameters, inclu-

ding capsule, primordial and secondary follicles, graa-

fian follicles, and corpus luteum. Ovaries in all groups 

exhibited a typical ovulatory cycle from primordial 

to Graafian follicles, with normal differentiation of 

theca and granulosa, and the formation of antrum, 

corpus luteum and cumulus oophorus. These findings 
7,22,24

are consistent with many previous studies.
 In the present research, the diameter of the secon-

dary and graafian (Fig 1) follicles significantly (p< 

0.001) reduced in the size in both experimental groups 

as compared to control. These results concide with 

previous studies where other members of Lamiacae 

family caused reduction in the size of both the secon-

dary and Graafian follicles, but, there are studies that 
22,24,25

found no effects on the size of these follicles.  The 

reduction in size of secondary Graafian glands may 

be due to the phytoestrogen content of mint, which is 

converted to estrogen after metabolism in which this 

endogenous estrogen negatively affects hypothalamic 

GnRH release , reduces FSH from the anterior pituitary 

and inhibits follicular development by potentially inter-
22fering with ovarian estrogen receptors.

Atrophied corpora lutea were significantly (p<0.001) 

observed in majority of the experimental groups, as 

reported previously possibly due to the reduction in 
22,25

Graafian follicle size.  The medulla of experimental 

groups exhibited dilated blood vessels with significant 

congestion, possibly linked to elevated pyruvate trans-

aminase levels and the effects of spearmint's phyto-
25

estrogens.  Serum progesterone levels significantly 

(p<0.001)decreased in both experimental groups. 

Similar findings were reported in a study where phenols, 

found in mint, laid the same effects on ovaries and also 
7reduced the serum progesterone levels.  This may be due 

to phenols inhibiting steroidogenesis by affecting p450-
7

β hydroxylase enzyme and GnRh levels.

 The results of this study has shown effect on 
ovaries both morphologically, biochemically and 
histologically but its major limitation being animal 
study, the results of this study needs careful conside-
ration before generalizing on human.

CONCLUSION

 This study has have shown adverse effects of 
dried mint leaf consumption on ovarian histology, 
whole body, and weight of oocyte pairs. Although 
these effects have been noted in high doses 
equivalent to 4-8 cups of peppermint tea per day, 
precautions should be taken to reduce the possible 
levels of progesterone in the blood, in particular 
during pregnancy.

Ethical Approval: This study was approved by 
Ethical Review Committee of TSheikh Zayed 
Postgraduate Institute of Medicine, Lahore, vide No. 
ERB No.:  F-38/NHRC/AQMIN/FRB/205)

Funding source:     None

Conflict of interest:    None

AUTHOR’S CONTRIBUTION

All authors read and approved the final draft.

Amber Salman



105 JAIMCVol. 22 No. 3  July - September 2024

REFERENCES
1. Tafrihi M, Imran M, Tufail T, Gondal TA, Caruso G, 

Sharma S et al . The Wonderful Activities of the 
Genus Mentha: Not Only Antioxidant Properties. 
Molecules. 2021 Feb 20;26(4):1118. doi: 
10.3390/molecules26041118. PMID: 33672486; 
PMCID: PMC7923432.

2. Nagai K, Fukuno S, Omachi A, Omotani S, Hatsuda 
Y, Myotoku M et al. Enhanced anti-cancer activity 
by menthol in HepG2 cells exposed to paclitaxel 
and vincristine: possible involvement of CYP3A4 
downregulation. Drug Metab Pers Ther. 2019 Mar 
6;34(1). doi: 10.1515/dmpt-2018-0029. PMID: 
30840584.

3. Zhang LL, Chen Y, Li ZJ, Li X, Fan G. Bioactive 
properties of the aromatic molecules of spearmint 
(Mentha spicata L.) essential oil: A review. Food  
Funct. 2022;13(6):3110-32.

4. Alaee S, Bagheri MJ, Ataabadi MS, Koohpeyma F. 
Capacity of Mentha spicata (spearmint) extracts in 
alleviating hormonal and folliculogenesis 
disturbances in a polycystic ovarian syndrome rat 
model. World Vet J.2020(3):451-6.

5. Caruso G, Benatti C, Fresta CG, Fidilio A, 
Spampinato SF, Merlo S, et al. Efficacy of a 
spearmint (Mentha spicata L.) extract as nutritional 
support for retinal ganglion cells in a rat model of 
hypertensive glaucoma. Invest Ophthalmol Vis Sci. 
2023;64(5):24

6. Ashkar F, Rezaei S, Salahshoornezhad S, Vahid F, 
Gholamalizadeh M, Dahka SM  et al. The Role of 
medicinal herbs in treatment of insulin resistance in 
patients with Polycystic Ovary Syndrome: A 
literature review. Biomol concepts. 2020 Mar 
26;11(1): 57-75.

7. Uzma A, Amber S, Humaira G, Momna R, Faiza H, 
Shibrah R. Effects of Dried Leaves Extract of 
Spearmint (Mentha Spicata Labiateae) on 
Histology of Ovaries of Adult Female Wistar 
Albino Rats. Pakistan Journal of Medical &amp; 
Health Sciences [Internet]. 2023 Jul. 11 [cited 2025 
Mar. 3];17(05):369. 

8. Brahmi M, Djallal EH, Ziani K, Houari H, Slimani 
M, Kahloula K. Beneficial effect of Mentha spicata 
essential oil on lead and manganese induced 
nephrotoxicity and oxidative damage in rat kidney. 
Notulae Scientia Biologicae. 2020 Sep 
29;12(3):578-91.

9.  Baghalian A, Shahsavani D, Roshanak S, Alidadi S, 
Paolucci M, Motlagh HA. Effects of Dietary 
Supplementation of Peppermint Extract on Growth 
Performance, Intestinal Microbiota, Liver and 
Intestine Histopathology of Cyprinus carpio. 
Annals of Animal Science. Sciendo, 2023;23}(4): 
1191-1199. https://doi.org/10.2478/aoas-2023-
0042

10.  Zulfiqar A, Ali U, Siddique A, Mansoor S, Afshan 
G, Suhail M. Embryo-hepatotoxic potential of 
spearmint aqueous extracts: a histopathological 
study. InProceedings. 2023 Jan 23;37(1):36-40.

11. Mahendran G, Verma SK, Rahman LU. The 
t r ad i t i ona l  u se s ,  phy tochemis t ry  and  
pharmacology of spearmint (Mentha spicata L.): A 
rev iew.  J  E thnopharmaco l .  2021  Oct  
5;278:114266. doi: 10.1016/j.jep.2021.114266. 
Epub 2021 Jun 1. PMID: 34087400.

12. Parv N, Tankesh , Gupta Ak, Joshi NU. Peppermint 
a medicinal herb and treasure of health: A review. J 
Pharmacogn Phytochem 2020;9(3):1519-1528. 
DOI: 10.22271/phyto.2020.v9.i3y.11525

13. Wardani RS, Schellack N, Govender T, Dhulap 
AN, Utami P, Malve V, et al. Treatment of the 
common cold with herbs used in Ayurveda and 
Jamu: monograph review and the science of ginger, 
liquorice, turmeric and peppermint. Drugs in 
Context. 2023;12.

14. Shahzad SM. Peppermint oil, it's useful and 
adverse effects on human health: a review. 
Authorea .  September  24 ,  2022.  DOI:  
10.22541/au.166401168.86712355/v1

15. Şen P, Bolouri P, Şahin F. Improvement of in vitro 
antimicrobial and antifungal activities of 
peppermint essential oil conjugated with chitosan 
and promising antiviral properties. Turk J Anal 
Chem. 2023;5(1):77-82.

16. Kolumbayeva SZ, Lovinskaya AV, Arutyunyan TS, 
Maygozhina DK, Suvorova MA, Abilev SK. 
Antimutagenic activity of alcoholic extracts of 
medicinal herbs mentha piperíta l. And thymus 
vulgaris l. Family lamiaceae. Вестник казну. 
Серия экологическая. 2022 Mar 30;70(1):26-36.

17. Mayekar V, Ali A, Alim H, Patel N. A review: 
Antimicrobial activity of the medicinal spice plants 
to cure human disease. Plant Science today. 
2021;8. doi: 10.14719/PST.

18. Rajput R, Kour A. Therapeutic values of essential 
oils. Curr J Appl Sci Technol. 2024 May 
9;43(6):42-51. 

19. Malekmohammad K, Rafieian-Kopaei M, Sardari 
S, Sewell RD. Toxicological effects of Mentha x 
piperita (peppermint): A review. Toxin Reviews. 
2021 Oct 2; 40(4):445-59.

20. Zulfiqar A, Suhail M, Iqbal J, Muzaffar T, 
Mudassir S. Effects of Spearmint Leaf Extract on 
Crown Rump Length of Pups of Swiss Albino 
Mice. Proceedings S.Z.P.G.M.I. 2019;33:1-5.

21. Idoko AS, Madaki UA, Nura L, Sadiq ME, Umar S. 
Changes in biochemical components of obesity in 
Wistar rats fed Mentha piperita*-supplemented 
high-fat diet. UMYU J Microbiol Res (UJMR).  
2023 Dec 30;8(2):136-45.

22. Zhang LL, Chen Y, Li ZJ, Li X, Fan G. Bioactive 
properties of the aromatic molecules of spearmint 
(Mentha spicata L.) essential oil: A review. Food & 
Function. 2022;13(6):3110-32.

EFFECTS OF SPEARMINT (PEPPERMINT) ON MORPHOLOGICAL, HISTOLOGICAL 



106 JAIMCVol. 22 No. 3  July - September 2024

EFFECTS OF SPEARMINT (PEPPERMINT) ON MORPHOLOGICAL, HISTOLOGICAL 

23. Bendif HH. Phytochemical constituents of 
Lamiaceae family. RHAZES Green Appl Chem. 
2021 Feb 14;11:71-88.

24. El-Gazar AA, Emad AM, Ragab GM, Rasheed 
DM. Mentha pulegium L.(Pennyroyal,  
Lamiaceae) extracts impose abortion or fetal-
mediated toxicity in pregnant rats; evidenced by 
the modulation of pregnancy hormones, MiR-
520, MiR-146a, TIMP-1 and MMP-9 protein 
expressions, inflammatory state, certain related 
signaling pathways, and metabolite profiling via 
uplcesi-tof-ms. Toxins. 2022 May 16;14(5):347.

25. Soy A, Baa J, Bara DP. Histomorphological study 
of the effect of mint on the uterus and ovary of 
adult Wistar rats. Int J Adv Appl Sci 
2023;10(2):175-181.


	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37

