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Original Article
Antifibroid and High-performance Liquid 
Chromatography Analysis of Azadirachta indica 
(Meliaceae) Leaves

Background: Globally, women’s reproductive health is endangered due to fibroids, benign 
tumors that develop from the uterine smooth muscle cells. Women are increasingly turning to 
herbal remedies to treat uterine fibroids due to the disadvantages of conventional therapies. 
Among these plants, the leaves of Azadirachta indica are particularly noteworthy. 

Objectives: This study aimed to evaluate the antifibroid potential of the ethanol leaf extract of 
A. indica (Meliaceae) in Wistar rats.

Methods: Rats were administered monosodium glutamate (MSG) daily for 30 days to 
induce the formation of spindle-shaped fibers characteristic of fibroids. The extract was 
administered in graded doses to a second group as a prophylactic measure concurrently with 
MSG (preventive approach). In the curative approach, MSG was administered for 30 days to 
induce fibroid cell formation, following which the extract was administered. Total cholesterol, 
protein, estrogen, and progesterone levels were measured using biochemical analysis of blood 
serum. Uterine histopathological examination was performed. High-performance liquid 
chromatography (HPLC) was employed to identify the bioactive components of the plant.

Results: MSG elevated serum cholesterol (P≤0.05), progesterone (P≤0.001), and estradiol 
levels in rats. Extract administration inhibited the rise in these parameters, both in the 
preventive and curative experiments. Histopathology assessment of the rat uterus treated with 
the extract revealed a reduction in fibroid cells at the 80 mg/kg dose. HPLC analysis identified 
β-caryophyllin, azadirachnol, azadirachta-A, and quercetin as the major phenolic compounds 
in the extract.

Conclusion: These findings demonstrate the antifibroid potential of A. indica leaves which 
merits further research.
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Introduction

ibroids, sometimes referred to as leiomy-
oma or myoma, are noncancerous muscle 
tumors that develop in the uterus. They 
can range in size from an apple seed to a 
grapefruit; in certain situations, they can 
become extremely large. Premenopausal 

women frequently experience these alterations, and they 
may revert following menopause [1]. Approximately 
30% of the 70% of women who are affected experience 
symptoms. For women who are still capable of becom-
ing pregnant, it is the most common reason for hyster-
ectomy. Uterine smooth muscle cells give rise to these 
benign tumors. They are categorized according to their 
various sites and can develop inside and outside the uter-
us, impacting the walls or cavity [2]. 

The precise cause of fibroids remains unknown, de-
spite their prevalence. Although there is still much to 
learn about the molecular mechanisms underlying their 
genesis, growth, and regression, researchers have pro-
posed that a variety of factors may be involved. Several 
channels and mechanisms have been discovered several, 
including growth factors, sex hormones, stem cells, and 
epigenetic variables. In particular, estrogen and proges-
terone significantly impact the pathophysiology of uter-
ine fibroids [3]. Increased protein and cholesterol levels 
have also been implicated in fibroid formation. Other 
factors, such as ethnicity, alterations in the extracellular 
matrix, inflammation, genetic mutations, and exposure 
to particulate matter, can result in fibroids. They often 
enlarge during periods of elevated hormone levels and 
contract when anti-hormonal drugs are taken or after 
menopause [4]. Symptomatic women usually have iron 
deficiency anemia, low back pain, abdominal/pelvic 
pain, and constipation due to heavy or protracted men-
struation [1].

No specific treatment plan works for all women be-
cause each situation is unique. The size and location 
of the fibroids, the frequency of fibroid symptoms, the 
patient’s age and proximity to menopause, and the de-
sire for future pregnancy are some of the criteria that 
clinicians examine when making treatment decisions. 
Medication, surgery, and cautious waiting are the current 
treatments for uterine fibroids, each with disadvantages 
and potential side effects [4]. Women are increasingly 
using herbal therapies to treat uterine fibroids because of 
the potential side effects, high costs, and lack of access 
to conventional therapies [5].

A Ghanaian herbal mixture called Femitol, composed 
of Anthocleista nobilis, Vernonia amygdalina, Alstonia 
boonei, Persea americana, Heliotropium indicum, and 
Angelica sinensis, succeeded in lowering high cholester-
ol and estrogen levels and uterine enlargement induced 
by monosodium glutamate (MSG) [6]. Tissue analyses 
in another study revealed that an ethanol extract from 
Diodia sarmentosa leaves prevented leiomyoma and as-
sisted in reversing the metabolic alterations induced by 
MSG [7]. 

Neem, or Azadirachta indica, has been used for mil-
lennia in traditional medicine due to its numerous ther-
apeutic advantages [8, 9]. Despite anecdotal claims of 
its use in this area [10], there is a dearth of scientific 
evidence supporting the plant’s effectiveness in treat-
ing fibroids. Therefore, by examining its protective ef-
fect on biochemical indicators, such as total cholesterol, 
protein, progesterone, and estradiol, this study aimed to 
ascertain its antifibroid action on MSG-induced uterine 
leiomyoma in Wistar rats. This will be further verified by 
examining the rats’ uterus histopathologically. The main 
components of the extract will be identified using high-
performance liquid chromatography (HPLC).

Materials and Methods

Chemicals and reagents

All reagents employed in this study were analytical 
grade and obtained from established local vendors.

Plant collection and preparation

In December 2023, leaves of A. indica were collected 
from the University of Benin in Edo State, Nigeria. A 
voucher specimen bearing the Herbarium number UBH-
A286 was deposited at the institute after Akinnibosun 
Henry confirmed the identity of the leaves. The leaves 
were completely air-dried and milled into coarse pow-
der, which was extracted with absolute ethanol (99%) 
using a Soxhlet apparatus at 60 °C. The obtained plant 
extract was concentrated using a thermo-regulated water 
bath. The semi-solid plant extract obtained was weighed 
and stored in a refrigerator at 4 °C until needed. 

Animal handling conditions

The study used adult female non-pregnant Wistar rats 
weighing between 110 g and 200 g. The rats were ob-
tained from the University of Benin’s Pharmacology de-
partment’s animal house and kept in separate, clean plas-
tic cages with wood shavings as bedding, under hygienic 
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and well-ventilated conditions. Animals were provided 
with clean water and normal pelletized animal food 
(Chukun Feed, Ibadan). The animals were given two 
weeks to acclimate. The National Institutes of Health’s 
established requirements for the humane treatment and 
care of laboratory animals were followed in this study. 
Every experimental procedure was performed in compli-
ance with the recommendations and guidelines for the 
use of animals authorized by the University of Benin’s 
Faculty of Pharmacy’s Ethical Committee.

Acute toxicity test

Lorke’s approach was used to determine this [11]. Nine 
mice were divided into three groups of three mice each 
during phase 1. A. indica leaf extract was administered 
to each mouse group in varying doses (10 mg/kg, 100 
mg/kg, and 1000 mg/kg). The animals were kept under 
observation for a whole day to track their mortality and 
behavior. Three mice were used in phase two and split 
into three groups of one mouse each. After receiving 
larger dosages of A. indica leaf extract (1600 mg/kg, 
2900 mg/kg, and 5000 mg/kg), the mice were monitored 
for unusual behavior and death for a whole day.

Antifibroid effect of A. indica leaves extract

Preventive study

This study was conducted according to the methods 
described in the literature [7]. Female Wistar rats were 
divided into five groups, each containing five rats. The 
drug was administered orally once a day. Group A (con-
trol) was the untreated group and was given only dis-
tilled water. Group B was treated with 400 mg/kg MSG 
only. Groups C and D were simultaneously treated with 
400 mg/kg MSG and A. indica extract (80, 160 mg/kg). 
Group E received 160 mg/kg extract only. These doses 
were chosen based on other studies [12] that document-
ed their subacute safety profiles. All treatments were per-
formed simultaneously over 30 days. On day 31, animals 
were sacrificed by anesthesia in a chloroform-saturated 
chamber, and blood was collected by cardiac puncture 
and transferred to plain bottles which was used for mea-
surements of total plasma cholesterol, protein, proges-
terone and estradiol. The uterus was surgically removed 
and transferred to a sterile tissue bottle containing 10% 
neutral buffered formal saline solution for histopatho-
logical examination.

Curative study

The rats were divided into five groups (A, B, C, D, and 
E), each containing five rats. Group A (control) received 
only food and water. In an effort to stimulate the uterine 
fibroid formation, group B was administered 400 mg/kg 
of MSG for 30 days and thereafter stopped, with nor-
mal rat chow continued for another 30 days. Groups C 
and D were also administered 400 mg/kg of MSG for 
30 days to induce fibroids. From the 31st day, groups C 
and D were administered 80 and 160 mg/kg of A. indica 
leaf extract, respectively, once daily for another 30 days. 
Group E was administered 160 mg/kg A. indica leaf ex-
tract only for 30 days, after which it was stopped, and 
food and water were continued for another 30 days. All 
administrations were performed using means of oral ga-
vage. On the 61st day, the animals were sacrificed, blood 
samples were collected for biochemical analysis, and the 
uterus excised for assessment [13].

Biochemical assays

Determination of total cholesterol content

This assay used a semi-automated chemistry analyzer 
(Mindray BA-88A Reagent system) with an AGAPPE 
test kit. Following the test kit’s instructions, the analyzer 
was programmed for the total cholesterol test. The blank 
microtube received only the cholesterol Biuret reagent 
(1000 μL). The standard tube was prepared by adding 10 
μL of standard cholesterol solution and 1000 μL of the 
reagent, which was mixed. Sample tubes were prepared 
by adding 10 μL of sample A1 and 1000 μL of choles-
terol reagent, which was also properly mixed in a tube 
labeled ‘A1’. The same procedure was followed for the 
remaining samples (A1-E5) in their respective tubes. All 
tubes were incubated for 10 minutes at 37 °C. After incu-
bation, the blank solution was aspirated into the flow cell 
to establish a baseline measurement in the analyzer. The 
standard solution and each sample were then measured 
to determine their absorbance, which was recorded [14].

Determination of total protein content

This assay used a semi-automated chemistry analyzer 
(Mindray BA-88A Reagent system) and the AGAPPE 
test kit. Following the test kit’s instructions, the analyzer 
was programmed for the total protein test. The blank mi-
crotube received only the protein Biuret reagent (1000 
μL). The standard tube was prepared by adding 20 μL 
of standard total protein solution and 1000 μL of the re-
agent, which was properly mixed. Sample tubes were 
prepared by adding 20 μL of sample A1 and 1000 μL 
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of total protein reagent which was also properly mixed. 
The same procedure was performed for the remaining 
samples (A1-E5) in their respective tubes. All tubes were 
incubated for 10 minutes at 37 °C. After incubation, the 
blank solution was first aspirated into the flow cell to 
establish a baseline measurement in the analyzer. Then, 
the standard solution and each sample were measured 
individually to determine their absorbance, which was 
recorded for further analysis [6].

Determination of estradiol content

This assay used a microplate reader (Mindray MR-
96A), microplate washer (Mindray MW-12A) and 
E2 Accubind “enzyme-linked immunosorbent assay” 
(ELISA) kit. Microplate wells for each sample, control, 
and reference material to compare were set up. A total 
of 25 μL of each sample was placed in the designated 
well. Fifty μL of estradiol biotin reagent was added to 
each well on the test plate. The plates were then gently 
swirled for 30 seconds and then incubated for 30 minutes 
at room temperature. Next, 50 μL of estradiol enzyme 
reagent was added to all wells. The plate was then in-
cubated for 90 minutes at room temperature. The con-
tents of the plates were discarded, and the plates were 
dried with absorbent paper. The wells were washed thor-
oughly with 350 μL wash buffer solution and decanted 
thrice. Substrate solution (100 μL) was added to each 
well and incubated for 20 minutes, followed by a 50 μL 
of stop solution to halt the reaction. The light absorbed 
by the wells at 450 nm was measured within 15 minutes. 
Estradiol in the samples was determined using a dose-
response curve [15].

Determination of progesterone content

Before proceeding with the assay, all reagents, serum 
reference calibrators, and controls were brought to room 
temperature (20-27 °C). Microplate wells were formatted 
for each calibrator, control, and specimen. The assay was 
performed in duplicate. A total of 0.025 mL of the appro-
priate serum reference calibrator, control, and specimen 
were pipetted into the assigned well. Then 0.05 mL of 
progesterone enzyme reagent was added to all wells. The 
microplate was swirled gently for 10-20 seconds to mix. 
0.05 mL of progesterone biotin reagent was then added 
to all wells. The microplate was gently swirled for 10-20 
seconds. The mixure was then covered and incubated for 
60 minutes at room temperature. The content of the mi-
croplate was discarded by decantation, and the plate was 
also blotted dry with absorbent paper. A total of 0.35 mL 
of wash buffer was added to the plate. The plate was then 
decanted and the process repeated two additional times. 

Substrate reagent (0.1 mL) was then added to all wells, 
and care was taken not to shake the plate after the addi-
tion of the substrate. The plates were incubated at room 
temperature for 20 minutes, after which 0.05 mL of stop 
solution was added to each well and gently mixed for 
15-20 seconds. The absorbance was read for each well 
at 450 nm [15]. 

Histopathology analysis of organs

A 10% neutral buffered formalin solution was used to 
fix the tissue. The uterus was placed in appropriately la-
beled cassettes after being further dissected to choose the 
best area for inspection. Dehydration was performed us-
ing alcohol in an ascending sequence. Xylene was used 
for clearing, followed by paraffin wax infiltration. Tis-
sues soaked in paraffin wax were then cut into ultra-thin 
sections of 5 microns using a semi-automated rotary mi-
crotome, allowed to dry overnight, and then, after being 
hydrated, stained with hematoxylin and eosin. Dehydra-
tion with alcohol was repeated in ascending sequence. 
The sections were examined under a microscope and 
photographed after staining with dibutyl phthalate poly-
styrene xylene (DPX) [16].

HPLC procedure

HPLC analysis was performed at Bato Chemical Labo-
ratory at the Lagos, Nigeria. The HPLC model was Shi-
madzu (Nexera MX). A special column called a C18 
reverse phase column (ubondapak) was used for the 
separation, with dimensions of length: 100 mm, inter-
nal diameter: 4.6 mm, and thickness: 7 μm. A mixture 
of water and acetonitrile (70% acetonitrile, and 30% wa-
ter) was used as the mobile phase to move the sample 
through the column. The HPLC device was connected 
to a ultraviolet (UV)–Vis diode array detector that uses 
ultraviolet (UV) light to analyze the chemicals (set at a 
specific wavelength of 254 nm). A pressure of 15 MPa 
was applied to push the samples through the column. 
First, standard solutions were injected into the machine. 
This resulted in a chromatogram showing peaks that 
represented the separated chemicals. Then 5 μL of the 
desired extract was injected into the HPLC system at a 
2 mL/min constant flow rate. The device then produced 
another chromatogram with peaks for the chemicals in 
the extract. By comparing these peaks to the window set 
up earlier, the chemicals of interest present in the extract 
were identified [17]. 
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Data analysis

GraphPad Prism software for Window, version 6.01 
was used to create bar graphs showing the data. A one-
way analysis of variance (ANOVA) was performed to 
analyze the data, followed by Tukey-Kramer multiple 
comparison test. P≤0.05 was considered statistically sig-
nificant throughout the study.

Results

Acute toxicity test

During phase 1 acute toxicity test, no toxicity or mor-
tality was observed at 10 mg/kg, 100 mg/kg, and 1000 
mg/kg doses (Table 1). In phase 2 testing, convincing 
evidence of toxicity and mortality was observed at 5000 
mg/kg but no toxicity was observed at 1600 mg/kg and 
2900 mg/kg, and no other signs of toxicity were ob-
served; no secretions from the eyes, ear, nose, anus, or 
external genitalia, as well as no wasting, audible chat-
tering, alopecia, or pallor in the eyes. The rats were not 
sluggish; they ate well and defecated normally. No ocu-
lar abnormalities, decreased motor activity, or neurologi-
cal problems were observed.

Total serum cholesterol

The treatment of normal female rats with 400 mg/
kg MSG resulted in a significant increase (32.73% 
[P≤0.05]) in plasma cholesterol levels in the preventive 
treatment. 80 and 160 mg/kg doses of the extract with 
MSG gave 29.35% and 14.81% increase, respectively 
(Figure 1). Treatment with only 160 mg/kg extract re-
sulted in a 71.04% increase in total plasma cholesterol. 
The curative study showed a 33% increase in cholesterol 

after induction with MSG for 30 days. A 1.56% and 
31.17% increase in plasma cholesterol was observed 
when 80 and 160 mg/kg doses were administered, re-
spectively, compared to the control (Figure 2). 

Total protein content

No significant increase (P≥0.05) was observed in to-
tal plasma protein levels in normal female Wistar rats 
treated with 400 mg/kg MSG, both in the preventive and 
curative treatments (Figures 3 and 4). When 80 mg/kg 
and 160 mg/kg doses of the extract were administered, 
they showed a 9.32% and 16.99% reduction in total 
plasma protein relative to the control (Figure 4). The 160 
mg/kg extract alone did not significantly reduce the total 
plasma protein (4.66% [P≥0.05]).

Total serum estradiol

MSG treatment resulted in a 19.99% increase in estra-
diol levels. The 80 mg/kg and 160 mg/kg doses resulted 
in 16.92% and 32.41% reduction, respectively, relative 
to the control (Figure 5). The 160 mg/kg dose of the ex-
tract significantly reduced estradiol content compared 
to the control (63.4% [P≤0.01]). There was a 30.15% 
increase in estradiol levels in the curative treatment in-
duced by MSG. A total of 80 mg/kg and 160 mg/kg dos-
es resulted in 4.08% and 12.88% reduction, respectively, 
compared to the control (Figure 6). A total of 160 mg/
kg leaf extract dose resulted in a significant reduction 
(60.36% [P≤0.01]) in estradiol content.

Total serum progesterone  

MSG treatment resulted in a significant elevation in 
progesterone levels, both in the preventive (104.15% 
P≤0.01) and curative (93.33% P≤0.001) treatments 

Figure 1. Preventive effect of the ethanol extract of A. indica leaves on total serum cholesterol in female Wistar rats administered 
400 mg/kg MSG 
*P<0.05, ****P<0.0001 compared to the control group.
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compared to the normal. Concurrent treatment with 
MSG and extract at both doses reduced the elevation of 
51.95% and 34.39% in the preventive experiment (Fig-
ure 7), and 18.98% and 31.2% in the curative treatment 
(Figure 8). A significant difference was observed with 
the extracts concerning the MSG group in the curative 
treatment (P≤0.01). Serum progesterone level in the 160 
mg/kg extract only group was reduced by 30.67% com-
pared to the normal.

Histopathology result of the rat uterus

The normal uterus architecture (panel A) observed in 
the control group showed endometrial lining (EL), endo-
metrial stroma (ST), and endometrial glands (GL) (Fig-
ure 9). The MSG only group revealed spindle-shaped 
proliferating bundles of smooth muscle fibers (SF, MF), 
and collagenous ST characteristics of leiomyoma (panel 
B). In the group administered 80 mg/kg, endometrial GL 
surrounded by plump ST was observed in the preven-
tive group (panel C). The curative treatment group also 
showed reduced spindle-shaped smooth muscle fibers 

Figure 3. Preventive effect of the ethanol extract of A. indica leaf on total protein in female Wistar rats administered 400 mg/
kg MSG 

Figure 2. Curative effect of the ethanol extract of A. indica leaves on total serum cholesterol in female Wistar rats administered 
400 mg/kg MSG 
**P<0.01, ****P<0.0001 compared to the normal group.

Imade RO, et al. Antifibroid and HPLC Analysis of Azadirachta indica Leaves. PBR. 2025; 11(3):201-214.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


207

 September 2025. Volume 11. Number 3

(SF). The 160 mg/kg treated group (panel D) revealed 
mainly smooth muscle fibers (MF) supported by thick 
collagenous ST. A total of 160 mg/kg extract only group 
showed normal uterus architecture, EL, GL, endocrine 
(EC), and ST composed of fibrocollagenous connective 
tissue (panel E).

HPLC analysis result

HPLC analysis of ethanol leaf extract of A. indica revealed 
the presence of major components such as β-caryophyllin, 

azadirachnol, azadirachta-A, and quercetin, with decreased 
amounts of azadiractol, phyllene, myricetin, and phytol. Table 
1 presents the various identified compounds, and Figure 10 
shows the chromatogram.

Discussion 

The acute toxicity test results indicated that oral admin-
istration of A. indica leaf extract induced mortality in 
mice only at 5000 mg/kg, indicating that the plant extract 
is relatively safe at lower doses. No sedation, diarrhoea, 

Figure 4. Curative effect of the ethanol extract of A. indica leaf on total protein in female Wistar rats administered 400 mg/kg 
MSG 
*P<0.05 compared to the normal group. 

Figure 5. Preventive effect of the ethanol extract of A. indica leaf on total serum estradiol in female Wistar rats administered 
400 mg/kg MSG 
**P<0.01 compared to the normal group.
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change in gait, or body posture was observed at lower 
doses in the mice, and no decreased locomotory activity 
or hyperactivity was observed. 

There was a considerable increase in cholesterol fol-
lowing the administration of MSG in both the curative 
and preventive tests. The extract demonstrated better 
ability to lower increased cholesterol levels in the cura-
tive experiment than in the preventive. The ability of the 
leaf extract to lower cholesterol may be due to a decrease 
in dephosphorylated 3-hydroxyl-3-methoxylglutamyl-

CoA reductase (HMGR) levels, as well as an adverse 
effect on cholesterol production caused by the activa-
tion of glucagon and adrenaline [18]. Cholesterol is a 
crucial building block for the formation of many steroid 
hormones, which are powerful signaling molecules that 
control several processes in the body Elevatied serum 
cholesterol levels are typically linked to the activation of 
the enzyme HMGR, which catalyzes the conversion of 
HMG-CoA to mevalonate, the rate-limiting step of cho-
lesterol synthesis [19].

Figure 6. Curative effect of the ethanol extract of A. indica leaf on total serum estradiol in female Wistar rats administered 400 
mg/kg MSG
**P<0.01 compared to the normal group.

Figure 7. Preventive effect of the ethanol extract of A. indica leaf on total serum progesterone in female Wistar rats administered 
400 mg/kg MSG 
**P<0.01 compared to the normal group, ###P<0.001 compared to the MSG group.
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The formation and development of uterine fibroids 
have been linked to ovarian steroid hormones, which 
have been shown to be crucial molecular indicators. 
Estradiol is unique in its ability to promote the growth 
of uterine cells because it binds to ERα receptors in the 
uterus and forms a complex that interacts with DNA in 
the nucleus to activate transcriptional promoters and en-
hancer regions that govern gene expression. This allows 

ribonucleic acid (RNA) polymerase II binding and the 
subsequent start of transcription, leading to protein pro-
duction and increased uterine and ovarian cell prolifera-
tion [20].

Certain proteins linked to uterine fibroids have been 
shown to rise in response to MSG. This results from 
activating RNA polymerase and increasing its activity, 

Table 1. HPLC analysis of A. indica ethanol leaf extract

S/N Component Retention Time (min) Area Height

1 Beta-caryophyllene 3.70 2382.6510 50.322

2 Azadirachtol 5.883 750.2430 12.648

3 Phyllene 7.233 85.6850 5.267

4 Azadirachtin A 7.966 846.4960 17.212 

5 Phytol 10.500 91.6675 3.192

6 Trans-B-farnes 11.300 92.0700 3.235

7 Ascaridole 11.850 142.8645 7.517

8 Azadirachnol 15.500 803.8350 14.133

9 Quercetin 17.233 2389.0760 35.380

10 Myricetin 19.466 119.2680 3.538

11 Alpha ionone 19.950 121.3410 6.896

12 Alpha funebren 20.650 103.4535 7.078

Figure 8. Curative effect of the ethanol extract of A. indica leaf on total serum progesterone in female Wistar rats administered 
400 mg/kg MSG 
***P<0.001 compared to the normal group, #P<0.05 and ##P<0.01 compared to the MSG group.

Imade RO, et al. Antifibroid and HPLC Analysis of Azadirachta indica Leaves. PBR. 2025; 11(3):201-214.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


210

 September 2025. Volume 11. Number 3

activating transcriptional enhancer and promoter regions 
that control the production of genes linked to protein de-
velopment [14]. In this study, there was no discernible 
difference between the MSG and treatment groups’ total 
protein content compared with the normal group. This is 
comparable to the results of previous studies [21].

In both curative and preventive trials, treatment with the 
ethanol extract of A. indica leaves lowered the increased 
estradiol levels in a dose-dependent manner (Figure 5). 
Its effect on estradiol may be due to the inhibition of the 
enzyme aromatase, which is responsible for aromatizing 
testosterone and androstenedione to estrogens during 
the production of estradiol from cholesterol [15]. It may 
also contain phytochemicals that function as gonadotro-

pin-releasing hormone (GnRH) agonists, which, when 
stimulated continuously decrease, the expression or 
downregulate GnRH receptors on the anterior pituitary. 
Alternatively, it may be caused by an inducer of liver 
microsomal enzyme that increases estradiol metabolism 
[3]. As a result, less estradiol is generated. 

Fibroids are caused by elevated protein, cholesterol, 
estrogen, and progesterone [3]. Experimental, clinical, 
and epidemiological data support the idea that ovarian 
steroid hormones play a role in the pathophysiology of 
uterine fibroids [22]. The higher progesterone levels 
were reduced dose-dependent after preventative treat-
ment with A. indica leaf extract. Progesterone primarily 
affects fibroids via interacting with progesterone recep-

Figure 9. Rat uterine sections (H & E staining ×400)
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tors, which are expressed more in leiomyomas than in 
normal myometrium [23]. Many studies have demon-
strated that progesterone may play a significant role in 
interacting with growth factors and extracellular matrix 
proteins, even if the precise underlying processes that 
drive extracellular matrix deposition in uterine fibroids 
are still being investigated [24]. Progesterone has been 
demonstrated to be the primary mediator of the increase 
in transforming growth factor-β expression, which is one 
of the main growth agents that causes uterine fibroids to 
undergo fibrosis [25].

Saponins, steroids, terpenes, tannins, glycosides, alka-
loids, flavonoids, phenols, and oxalic acid are among the 
phytochemicals found in the plant [8]. The presence of 
these phytochemicals may explain the therapeutic effi-
cacy. Activating the immune system and lowering cho-
lesterol levels are saponins’ health advantages. Further-
more, research has demonstrated that saponin inhibits 
the aromatase enzyme [8], which is involved in estrogen 
synthesis. Studies have indicated that the plant has anti-
proliferative, anti-inflammatory, and antioxidant proper-
ties that could be useful in treating fibroid [9]. These anti-
proliferative properties may be linked to the presence of 
limonoids, which can limit cell growth and division. The 

anti-inflammatory qualities may alleviate the pain and 
inflammation associated with leiomyoma. Additionally, 
the antioxidant properties may protect against oxidative 
stress, which can lead to leiomyoma formation [26].

According to the HPLC analysis, the main compounds 
in the leaf extract of A. indica are beta-caryophyllene, 
azadirachtol, azadirachtin, azadirachnol, and quercetin 
(Table 1). These chemicals are implicated in the plant’s 
numerous medicinal advantages and could help manage 
uterine fibroids. It has been discovered that beta-caryo-
phyllene is a sesquiterpene that is extensively found in 
the essential oils of many plants. Beta-caryophyllene is 
believed to contribute to numerous biological activities, 
including anti-inflammatory, antioxidant, and anticar-
cinogenic properties [27]. Azadirachtin has antibacte-
rial and antitumor properties, as well as the ability to 
reduce edema and encourage tissue healing [9]. Numer-
ous investigations have demonstrated quercetin’s ability 
to have anticancer effects via various pathways, which 
have been validated in several in vitro and in vivo tumor 
models [27].

Figure 10. HPLC chromatogram of compounds in A. indica ethanol leaf extract
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Conclusion

The levels of cholesterol, progesterone, and estradiol 
were lowered by the action of A. Indica leaves extract to 
varying degrees. Reduction of spindle-shaped fibers in-
dicative of fibroid formation was seen at the lower dose 
of the extract. These results demonstrate the potential of 
the plant in managing fibroid.
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