61 H Odonto : Dental Journal. Volume 13. Number 1. April 2026

Effect of Fenugreek Seed Extract on Osteoblasts, Osteoclasts, and

Neocapillaries After Extraction in Hypoestrogenic Rats

Ester Handayani Lodra’, Fitriana’, Athallah Nisrina Amanda”™, Ossana Bernicha Nugroho”, Azza Cindikia™

* Faculty of dentistry, Department of Oral and Maxillofacial Surgery, UB
** Faculty of dentistry, UB

Correspondence: ester.fk@ub.ac.id

Received 18 December 2025; 15t revision 19 March 2026;2" revision 23 April 2026; Accepted 27 April 2026;

Published online 29 April 2026

Keywords:

hypoestrogen; extraction;
Fenugreek; osteoblasts;
osteoclasts

ABSTRACT

Background: Hypoestrogen is characterized with lower level of estrogen
hormone that affects wound healing following tooth extraction. In a
hypoestrogenic condition, the post-extraction healing prosses is marked by the
osteoblasts count, increased activation of osteoclasts, and suppressed the
neocapillaries count. Fenugreek seeds with compounds such as diosgenin,
quercetin, galactomannan, trigonellin and Ilupeol can potentially stimulate
osteoblasts formation, suppress the number of osteoclasts cells, and increase
the neocapillaries count. Purpose: To evaluate the influence of Fenugreek seed
extract (FSE) on administration on osteoblasts, osteoclasts, and neocapillaries
count in the post-extraction socket of hypoestrogenic rat teeth.

Methods: True experimental study and the design that was used is Post Test
Only Control Group Design. Female Wistar rats were used as experimental
subjects and assigned to two untreated control groups and three treatment
groups receiving fenugreek seed extract at doses of 100, 200, and 400
mg/kgBW. The right maxillae of rats euthanized on days 3, 7, and 30 were
processed into histological sections, stained with hematoxylin—eosin (H&E),
and examined under a microscope at 400x magnification across ten fields of
view.

Results: This study was analyzed using the Tukey post-hoc test demonstrated
statistically significant differences in osteoblast numbers, osteoclast counts,
and neocapillary density (p < 0.05).

Conclusion: Fenugreek seed extract affects increasing the osteoblasts,
decreasing the osteoclasts, and enhance neocapillary development following
tooth extraction in hypoestrogenic White Wistar rats.
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INTRODUCTION

Tooth extraction is a common dental procedure that causes injury to both soft and hard tissues, initiating
a wound healing process consisting of hemostasis, inflammation, proliferation, and remodeling phases'?.
Successful healing is essential to prevent complications, yet it can be significantly affected by systemic factors,
particularly estrogen levels.

Postmenopausal women represent a significant proportion of dental patients requiring tooth extraction,
with estimates suggesting that approximately 50% of women over the age of 51 experience estrogen deficiency,
and studies have reported that postmenopausal status is associated with a higher risk of impaired post-
extraction healing and complications such as delayed bone regeneration and dry socket®. In hypoestrogenic
conditions, such as postmenopause, wound healing is impaired due to disrupted balance between pro-
inflammatory and anti-inflammatory mediators, leading to delayed bone formation and increased bone
resorption*. Estrogen deficiency also negatively impacts angiogenesis, reducing neocapillary formation
necessary for oxygen and nutrient supply during healing®. Bone remodeling depends on the balance between
osteoblasts, which form new bone, and osteoclasts, which resorb bone®’. Hypoestrogen conditions enhance
osteoclast activity through dysregulation of the RANK/RANKL pathway and increased proinflammatory
cytokines, resulting in excessive bone resorption®?.

During the healing process, osteoblasts contribute to new bone formation, while osteoclasts remove
damaged bone tissue'®. Meanwhile, angiogenesis in the proliferation phase, driven by mediators such as VEGF,
is critical for forming neocapillaries that support tissue repair'''*. However, all these processes are
compromised under low estrogen conditions, leading to delayed healing outcomes®.

To address this issue, natural therapies such as Fenugreek (Trigonella foenum-graecum L.) have been
explored. Fenugreek seeds contain bioactive compounds, including diosgenin and quercetin, which exhibit
phytoestrogenic activity by binding to estrogen receptors and mimicking estradiol effects'>'6. Additionally,
Fenugreek demonstrates anti-inflammatory, pro-angiogenic, and wound healing properties, including
stimulation of macrophages, fibroblast proliferation, and cytokine expression'®'”.

Therefore, this study focuses on evaluating the effect of Fenugreek seed extract on osteoblast numbers,
osteoclast counts, and neocapillary formation following tooth extraction in hypoestrogenic Wistar rats, aiming to

improve wound healing outcomes under estrogen-deficient conditions.

RESEARCH METHOD

Fenugreek seeds were obtained from local purchase in Malang, East Java, Indonesia. Seeds were
selected based on the following criteria: uniform yellowish-brown color, free from mold or visible contamination,
fully mature and dried, and confirmed to be of the species Trigonella foenum-graecum L. based on
morphological characteristics. Processing into extracts was carried out at UPT Laboratorium Materia Medica,
Malang. Fenugreek seeds were initially cleansed and oven-dried at 50 °C for 24 hours, then ground using an
ultra centrifugal device to become 25 g of powder. The powdered material was subsequently subjected to
maceration extraction — a method chosen for its ability to preserve thermolabile bioactive compounds — with
96% ethanol at a solvent-to-material ratio of 5 mL/g under room temperature conditions for a minimum duration
of three days, with periodic agitation, following the standard maceration protocol described by Departemen

Kesehatan Republik Indonesia’®.
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The filtrate was dried with a rotary evaporator until a thick extract was obtained, then stored for 72 hours
at 37°C and sterilized. According to the in-silico study of this extract, the agent that possible found in FSEE as
the estrogen agonist agent are naringenin, quercetin, luteolin, dan kaempferol. These results were obtained
through computational screening based on Lipinski's Rule of Five, suggesting favorable predicted oral
bioavailability of the compounds, as this rule is commonly applied to assess drug-likeness according to
molecular characteristics such as molecular weight'®.

The finished extract can be applied to the treatment group at a dosages of 100, 200, and 400mg /kgBW
with the dilution formula % =V / V (volume / volume)?>?°. We use this dosage because according to the previous
study that describe about the dosage of FSEE of the bone mechanical properties of the rats showed that
50mg/kg is the minimal dosage and higher doses usually used in pharmacological studies respectively. To
facilitate the administration of the extract, it was done using a gastric sonde and diluted by dilution technique.

This research uses a true experimental Post Test Only Control Group Design which is done in the
laboratory in-vivo by comparing the experimental group with the control group at the Oral Biology Laboratory of
the Faculty of Dentistry, Brawijaya University. The study samples consisted of female Wistar rats (Rattus
norvegicus) aged 4—6 months with body weights ranging from 250 to 300 g. In this design there are 5 large
groups determined randomly, namely 3 treatment groups and 2 control groups. Each group consisted of 5 rats
per observation time point (days 3, 7, and 30), resulting in 15 rats per group and a total of 75 rats used in this
study. Sample size determination was based on Federer's formula for experimental animal studies, which
requires a minimum of (t-1)(n-1) =2 15, where t is the number of treatment groups and n is the number of animals
per group. The treatment group consisted of rats that had been ovariectomized and performed tooth extraction
and given Fenugreek seed extract at dose 100 mg/kgBW, 200 mg/kgBW, and 400 mg/kgBW respectively.
Meanwhile, the control group consisted of rats that underwent tooth extraction in the post-ovariectomy state
and with or without ovariectomy, the rat's tooth extraction wound was left without sutures.

This study was previously received prior ethical clearance from the Health Research Ethic Committee of
the Faculty of Medicine, Universitas Brawijaya on number 173/EC/KEPK/06/2022. Subsequently, the rats were
maintained for one week before the research in a plastic box with the use of wood husks replaced every two
days and the need for food and drink that must be met. After one week of maintenance, rats in the K2 control
group and the experimental groups were ovariectomized to obtain hypoestrogen conditions by freeing the
oviduct and ovaries from fatty tissue and surrounding connective tissue. The rats were then maintained for four
weeks post ovariectomy while still meeting the needs of food and water. The 4-week post-ovariectomy
maintenance period was chosen based on previous studies confirming that significant estrogen depletion and
its systemic effects on bone metabolism are established within 4 weeks following ovariectomy in rats. After this
period, rats in all groups had their maxillary right molar teeth carefully extracted under general anesthesia using
a combination of ketamine (50 mg/kgBW) and xylazine (5 mg/kgBW) administered intraperitoneally, following
the tooth extraction model in experimental animals as previously described?°. The rat's tooth extraction wound
was left without sutures. Rats that had undergone tooth extraction were given post-extraction care by
administering Sagestam (gentamicin) antibiotics at a dose of 0.3 mg/kgBW to prevent post-operative infection,
as gentamicin provides broad-spectrum coverage against gram-negative bacteria commonly found in the oral
cavity, and Santagesik (metamizole) analgesics at a dose of 3.5 mg/kgBW to manage post-operative pain®.

These drugs were selected due to their established safety profile and common use in rodent post-surgical care
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in Indonesian experimental studies?. Rats in the treatment group were given Fenugreek seed extract that had
been made from local Fenugreek seeds and diluted beforehand. Each treatment group received a different
dosage, group P1 was administered 100 mg/kgBW, group P2 received 200 mg/kgBW, and group P3 was given
400 mg/kgBW, all delivered via gastric sonde.

All rats in the control and treatment groups were then sacrificed on days 3, 7, and 30 after extraction.
These time points were selected to represent the three main phases of post-extraction wound healing: day 3
represents the early inflammatory phase characterized by blood clot formation and early granulation tissue; day
7 represents the proliferative phase in which osteoblast activation and neocapillary formation are prominent;
and day 30 represents the remodeling phase characterized by mature bone formation and a decrease in
osteoclast and neocapillary activityM®. The preparations were then viewed and histologically counted using a
light microscope (Nikon Eclipse type Ei) with a magnification of 400x and 10 fields of view with the zig-zag
method. Osteoblasts were identified as large, mononuclear cells with abundant basophilic cytoplasm, prominent
nucleoli, and a cuboidal-to-columnar shape, typically arranged in a single layer along the bone surface.
Osteoclasts were identified as large, multinucleated giant cells with eosinophilic cytoplasm located in Howship's
lacunae on the bone surface. Neocapillaries were identified as newly formed small blood vessel structures lined
by a single layer of endothelial cells with visible lumens containing red blood cells, located within the granulation
tissue of the extraction socket. The osteoblasts, osteoclasts, and neocapillaries count that have been obtained
from histological observations is then subjected to data analysis testing. Data analysis was carried out using
the One-way ANOVA test followed by Tukey's Post-Hoc test to identify significant differences between groups,

as recommended for parametric comparison of multiple independent groups with normal data distribution®.

RESULTS

In this study, the number of osteoblasts, osteoclasts, and neocapillaries were quantified during wound
healing following tooth extraction of Wistar strain rats in hypoestrogen state. This study showed that the highest
mean number osteoblasts count was observed in treatment group 3, which received a dose of 400 mg/kgBW,
reaching 13.76 £ 3.16 on day 7. Conversely, the lowest mean osteoclast count was also found in treatment
group 3 at the same dose, with a value of 7.28 + 2.08 on day 3. Additionally, the greatest mean number of
neocapillaries occurred in treatment group 3 at 400 mg/kg body weight, amounting to 11.70 £ 1.31 on day 3.

The One-way Anova test revealed statistically significant variations in the number of osteoblasts,
osteoclasts, and neocapillaries in all treatment groups when compared to the positive control group on days 3,
7, and 30 (p<0.05). Tukey's Post-Hoc test showed significant differences in the number of osteoblasts,
osteoclasts, and neocapillaries between each treatment group and the positive control group both on days 3, 7,
and 30 (p=<0.05), with the exception of neocapillary numbers between the positive control group and treatment

group 2 on day 7.
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Figure 1. Mean Number of Osteoblasts, Osteoclasts, and Neocapillaries Diagram

Table 1. Results of One-way ANOVA Test of Osteoblasts Number

Observation Group p-value
Time K(+) P1 P2 P3 (One-way
ANOVA)
Day 3 4.46+0.59° 8.88+1.26%° 11.22+4.09° 12.9448.15° 0.021
Day 7 5.98+1.04° 12.1442.63° 13.00+4.32° 13.76+3.16° 0.003
Day 30 4.44+0.92° 10.00+1.35° 12.2242.77° 13.924+4.73° 0.000
Table 2. Results of One-way ANOVA Test of Osteoclasts Number
Observation Group p-value
Time K(+) P1 ) P3 (One-way
ANOVA)
Day 3 16.02+2.242 9.60+1.71° 8.70+1.17° 7.28+2.08° 0.000
Day 7 14.88+2.142 9.38+1.70° 8.46+2.17° 7.86%1.65° 0.000
Day 30 18.58+1.64°2 12.26+1.31° 10.98+2.06° 9.46+2.00° 0.000

Table 3. Results of One-way ANOVA Test accompanied by Tukey's Post-Hoc Test of Neocapillaries Number

Group p-value
Observation o
ne-wa
Time K(+) P1 P2 P3 ( y
ANOVA)
Day 3 3.78+0.86° 8.34+1.72b 9.96+1.17b¢ 11.70+1.31¢ 0.000
Day 7 4.42+0.692 8.32+1.58P 7.76+1.222b 9.92+3.43P 0.004
Day 30 4.86+1.152 6.90+1.282 11.06+2.38° 14.86+1.32¢ 0.000

Odonto : Dental Journal. Volume 13. Number 1. April 2026



Lodra/ Fitriana/ Amanda/ Nugroho/ Cindikia 66

K(-)

K({#)

P1

P2

P3

Figure 2. Results of Histological Examination of Osteoblasts, Osteoclasts, and Neocapillaries with Hematoxylin-Eosin
Staining on days 3, 7, and 30 (magnification 400%). Osteoblasts (indicated by black arrows) appear as large mononuclear
cells with basophilic cytoplasm and round nuclei, arranged along the bone surface. Osteoclasts (indicated by red arrows)
appear as large multinucleated cells with eosinophilic cytoplasm located in resorption lacunae. Neocapillaries (indicated by
blue arrows) are identified as small vascular channels lined by endothelial cells with visible erythrocytes within the lumen.
K(-): negative control (without ovariectomy); K(+): positive control (ovariectomized, without FSE); P1: 100 mg/kgBW FSE;
P2: 200 mg/kgBW FSE; P3: 400 mg/kgBW FSE.

DISCUSSION

The outcomes of the study of the negative control group and the positive control group at all observation
times (p-value <0.05) showed a significant difference in the mean numbers of osteoblasts, osteoclasts, and
neocapillaries on days 3, 7, and 30 due to the effects of estrogen. This finding is consistent with previous studies
showing that the application of bioactive materials to post-extraction sockets can significantly increase
osteoblast numbers during bone regeneration?'?2. The positive control group (K2) exhibited a pronounced
increase in osteoclast numbers, reflecting the hypoestrogenic state of the rats. This study also showed an
increase in the number of osteoblast and neocapillaries cells, as well as a significant decrease in the number
of osteoclast cells in all treatment groups compared to the positive control group. This study aims to reveal the

effect of Fenugreek Seeds Extract on hypoestrogen condition by contains several active compounds such as
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steroidal sapogenins (diosgenin), polysaccharides (galactomannan), alkaloids (trigonelline), amino acids (4-
hydroxyisoleucine), and flavonoids (quercetin). Biological activity analyses indicated that the metabolites
quercetin, naringenin, luteolin, and kaempferol are predicted to function as estrogen agonists based on their
high predicted activity scores. Additionally, these metabolites exhibited elevated Pa scores, suggesting potential
anti-inflammatory effects and inhibition of TNF expression’®??, so in post-menopausal patients where the
amount of estrogen decreases, fenugreek phytoestrogens can act as estrogen mimicking because the active
ingredients in Fenugreek have the ability to bind to ERa which resembles estradiol or has an estrogen-like
structure and function®924-2%6_ |n addition, Fenugreek phytoestrogens are also able to work like estrogen
replacement therapy (ERT) as evidenced by previous studies indicating that administration of fenugreek extract
markedly elevates estradiol levels, so in other words, Fenugreek extract has an effect in restoring the hormonal
balance of individuals during menopause®.

Several active ingredients of Fenugreek, diosgenin and lupeol compounds with phytoestrogen
properties contained therein are known to have chemical structures similar to estrogen, these component also
have an anti-inflammatory effect, which is in high doses can significantly reduce RANKL expression in the bones
of ovariectomized rats when compared with the control group, potentially contributing to the prevention of
excessive osteoclastogenesis by decreasing the RANKL/OPG ratio. RANKL stimulates osteoclast formation,
while OPG counteracts the effects of RANKL. The reduction of the ratio may indicate that Fenugreek has the
potential to reduce excessive osteoclast activity?”. RANK itself is expressed on osteoclasts in response to CSF-
1/CSF-1R signaling. Compounds derived from fenugreek have been reported to mitigate excessive bone
resorption by inhibiting CSF-1R phosphorylation, thereby disrupting the signaling cascade that regulates
osteoclast activation and proliferation. Consequently, inhibition of CSF-1R reduces RANK expression in
osteoclasts*. Therefore, the lack of RANK/RANKL-induced signaling pathway will limit osteoclast differentiation
and will prevent excessive bone resorption.

Fenugreek extract also increases bone turnover and bone strength supported by increased ALP and
mineralization in osteoblast cells®. During this process, TGF-B stimulates osteoblast proliferation and migration.
Enhanced proliferation and activation of osteoblasts subsequently elevates osteoprotegerin (OPG) expression.
The increase in OPG significantly impacts osteoclast activity, as OPG functions as a decoy receptor for RANKL,
preventing its interaction with RANK on the membranes of osteoclast precursors. This inhibition of RANKL-
RANK signaling suppresses osteoclastogenesis, promotes osteoclast apoptosis, reduces bone resorption, and
ultimately enhances bone formation?"2°, Hypoestrogen inhibits angiogenesis or neocapillary formation by
disrupting the polarization activity of M1/M2 macrophages. This can cause VEGF secreted by M2 macrophages
to decrease so that the induction of the angiogenesis process is disrupted, thereby impairing the development
of new capillary blood vessels, which results in a lower neocapillary count compared to normal conditions3°-32,
The neocapillaries count in post-tooth extraction sockets under hypoestrogen conditions increased due to the
effects of compounds contained in Fenugreek seeds. Phytoestrogens can be said to be estrogen mimics so
that they have a sufficient tendency to bind to ERa and Erf so that hormonal activity is formed which is very
influential in the process of neocapillary formation3'23, The hormonal activity formed can make the polarization
activity of M1 macrophages and M2 macrophages back in balance or M2 macrophages increase again which

previously decreased. This condition causes VEGF secreted by M2 macrophages to increase so that the
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induction of the angiogenesis process or neocapillary formation is back on track, which was previously disrupted,
and the neocapillaries count increases.

On day 3, osteoblast and osteoclast decreased and increased the mean number of cells counts within
each group based on the phase of bone healing. The average results on day 3 are appropriate, where on that
day it is still in the early phase of inflammation characterized by the formation of blood clots and granulation
tissue that fills the socket. On day 3, the mesenchymal cells had begun differentiating into osteoprogenitor cells,
which subsequently proliferate into osteoblasts along the margins of the extraction socket?®34. Osteoclasts have
not yet reached their peak because in this phase, The socket remained largely filled with blood clots, while
clusters of multinucleated giant cells began to appear on the surface of the retraction wall and in areas of the
bone cavitycavity in contact with these cells®35.

The number of neocapillaries on day 3 in the treatment group showed a rise in the number of
neocapillaries from the control group K2, The number of neocapillaries in post-tooth extraction sockets under
hypoestrogen conditions increased due to the effects of compounds contained in Fenugreek seeds. Diosgenin
and lupeol compounds with phytoestrogen properties contained therein are known to have chemical structures
similar to estrogen. Therefore, phytoestrogens can be said to be estrogen mimics characterized by phenolic
rings and two hydroxyl groups so that they have a sufficient tendency to bind to ERa and Erf so that hormonal
activity is formed which is very influential in the process of neocapillary formation'€36. The resulting hormonal
activity can restore the balance between M1 and M2 macrophage polarization, or lead to a resurgence in M2
macrophage numbers that had previously declined. This condition causes VEGF secreted by M2 macrophages
to increase so that the induction of the angiogenesis process or neocapillary formation is back on track, which
was previously disrupted, and the number of neocapillaries increases #1536

The results of osteoblasts by day 7 indicated that osteoblast cells numbers after tooth extraction has
increased in all control and treatment groups where it should be on day 7 osteoblast activity is still in the early
stages of proliferation and osteoblasts help mineralize soft callus which is dominantly carried out by osteoclasts
by secreting matrix (collagen type ) which will later become woven bone. Furthermore, in the results of the
mean number of osteoclasts on day 7 in groups K2, P1, and P2 there was a discrepancy, which should be on
day 7 tends to show the highest osteoclast activity, At this stage, simultaneous bone resorption by osteoclasts
cells is seen, while woven bone formation begins at the base of the socket3*%. The discrepancy was not
statistically significant or it can be said that there was no notable change in the mean between day 3 and day
7. However, the increase in osteoblasts numbers on day 7 of the study could be due to the expression of BMP-
2 protein which is dominated by osteoblasts. The main function of BMP-2 is to accelerate the production of
alveolar bone'8. So that in this study it can occur presumably due to the accelerated production of alveolar bone
after tooth extraction followed by faster activation of osteoclast cells along with the effectiveness of the work of
Fenugreek Seed extract which has a faster and more effective effect. Another case with the suitability of data
on the average number of neocapillaries on day 7, all treatment groups showed an increase in the number of
neocapillaries from the K2 control group with the same mechanism of role and chemical compounds that
occurred on day 3%.

The next healing phase is day 21 to day 30, the socket became filled with new mature bone with
dense cancellous bone, so osteoclast activity has decreased, while there will be more osteoblast activity3+37.

Tooth extraction initiates a cascade of biological events within the alveolar bone, resulting in coordinated
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osteoclastic resorption and subsequent osteoblastic bone formation throughout the healing period”°. On day
21, osteoblasts had started to be trapped within the bone trabeculae and subsequently form osteoid. As a result,
osteoblast activity has begun to decline and slowly turn into osteocytes*°. The thing that affects the decrease
that occurs on day 30 is the possibility that all control and treatment groups experience the process of resorbing
the residual ridge on day 30 which is in line with Wolff's Law developed by German anatomist and surgeon
Julius Wolff in the 19th century which states that increased stress as a stimulus for new bone formation, while
decreased stress tends to cause bone loss. So that on day 30 there will be more osteoclast cells than osteoblast
cells because in post-extraction cases it is expected that there will be a decrease in mechanical load that causes
bone loss at the extraction site because there is no antagonistic contact between the teeth*!.

In conclusion, fenugreek seed extract is capable of increasing osteoblast and neocapillary counts, also
reducing osteoclast numbers in post-tooth extraction sockets of hypoestrogenic rats. The most optimal results
were observed at a dose of 400 mg/kgBW, with the highest osteoblast count recorded on day 7 (13.76 £ 3.16),
the lowest osteoclast count on day 3 (7.28 + 2.08), and the greatest neocapillary count on day 3 (11.70 + 1.31).
Regarding the control groups, the negative control group K(-) demonstrated normal wound healing progression
with balanced osteoblast and osteoclast activity, confirming that the hypoestrogenic state in the positive control
group K(+) was successfully established through ovariectomy, as evidenced by significantly elevated osteoclast
counts and reduced osteoblast and neocapillary numbers compared to K(-). Post-operative care using
Sagestam (gentamicin) was selected for its broad-spectrum antibacterial coverage against oral cavity
microorganisms to prevent surgical site infection, while Santagesik (metamizole) was chosen as an analgesic
due to its efficacy in managing acute post-surgical pain with a well-established safety profile in rodent
experimental models®. This study has several limitations that should be acknowledged: (1) the study was
conducted exclusively on an animal model (Wistar rats), and direct extrapolation of findings to human clinical
settings requires further investigation; (2) serum estrogen levels were not measured to objectively confirm the
hypoestrogenic state following ovariectomy; (3) the individual bioactive compounds responsible for the observed
effects were not isolated or tested separately; (4) the percentage composition of each active compound in the
fenugreek seed extract was not quantified; and (5) long-term observations beyond day 30 were not performed,

leaving the durability of the healing effects unknown.

CONCLUSION

Fenugreek seed extract (Trigonella foenum-graecum) significantly enhances post-extraction bone wound
healing in hypoestrogenic Wistar rats by increasing osteoblast proliferation, reducing osteoclast activity, and
promoting neocapillary formation in a dose-dependent manner. The most pronounced effects were observed at
400 mg/kgBW, with the highest osteoblast count (13.76 + 3.16) on day 7, the lowest osteoclast count (7.28 +
2.08) on day 3, and the greatest neocapillary count (11.70 £ 1.31) on day 3. These findings indicate its potential
as a complementary natural therapy for postmenopausal patients, particularly when hormone replacement
therapy is contraindicated. However, limitations include the use of an animal model, absence of direct estrogen
measurement, lack of isolation of specific bioactive compounds, and no long-term evaluation beyond day 30.

The observed effects are likely mediated by phytoestrogenic compounds that mimic estrogen activity and
regulate bone remodeling and angiogenesis. Among the identified compounds—diosgenin, quercetin,

galactomannan, trigonelline, lupeol, naringenin, luteolin, and kaempferol—diosgenin and lupeol are considered
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key contributors due to their steroid-like structure and roles in suppressing RANKL expression and promoting

angiogenesis. Nevertheless, the exact composition and contribution of each compound were not quantified.

Future studies should include hormonal assessment, phytochemical analysis, and clinical trials to confirm

efficacy and determine the most active components.
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