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Phytoestrogenic Effects of Equisetum arvense
(Horsetail) Extract in an Oestrogen-deficient

Rat Model: An Experimental Study
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ABSTRACT

Introduction: Postmenopausal osteoporosis, primarily driven
by oestrogen deficiency, is characterised by reduced bone
mass, compromised microarchitecture, and increased fracture
risk. Hormone Replacement Therapy (HRT) is effective but
associated with serious adverse effects such as increased risks
of breast cancer and cardiovascular events prompting interest
in plant-based phytoestrogens. Equisetum arvense (EA) (field
horsetail), rich in flavonoids and silica, is traditionally used for
bone health, yet its oestrogenic potential in oestrogen deficient
models remains underexplored.

Aim: To assess the oestrogen-like activity of EA (horsetail)
extract in an oestrogen deficient rat model (ovariectomised
rats) by analysing both histological features and biochemical
parameters.

Materials and Methods: The present preclinical experimental
animal study was conducted at Cape Bio Lab and Research
Centre, Marthandam, Tamil Nadu, India, between January and
June 2023, 54 female Albino Wistar rats (three-month-old, 200-
220 g) were bilaterally ovariectomised to induce oestrogen
deficiency. One-month postsurgery, rats were divided into sham
operated, Ovariectomised (OVX) control, and treatment groups.
The treatment groups received both E. arvense extract (60 mg/
kg/day) and estradiol for 45 and 90 days. After overnight fasting,
blood samples were collected via retro-orbital plexus under
anaesthesia. Serum samples were analysed for biochemical

parameters, including osteocalcin, Alkaline Phosphatase (ALP),
Liver Function Tests (LFTs), and Renal Function Tests (RFTs).
Femur bones were harvested for histological examination at the
end of treatment.

Results: Phytochemical analysis of EA's ethanolic extract
revealed a diverse array of secondary metabolites, including
carbohydrates, proteins, flavonoids, saponins, glycosides,
tannins, phenolics, and fixed oils. OVX rats displayed notable
bonelossandelevated markers of boneresorption, hepaticstress,
and renal dysfunction. Treatment with E. arvense, especially
over 90 days, significantly improved bone architecture (p<0.01),
lowered Osteocalcin and ALP levels (p=0.63) and normalised
LFT (p<0.001) and RFT markers (p=0.004). Protein profiles
also returned to near-normal levels (p<0.05). The effects were
comparable to those observed in estradiol-treated groups, with
no statistically significant difference between the two treatment
arms. The current study revealed that supplementation with
EA notably enhanced bone microarchitecture and normalised
critical biochemical markers in OVX rats.

Conclusion: The EA exhibited significant phytoestrogenic,
bone-protective, hepatoprotective, and nephroprotective
effects in OVX rats. These findings highlight its promise as
a natural alternative to Oestrogen replacement therapy for
managing postmenopausal symptoms, warranting further
clinical evaluation.
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INTRODUCTION

Osteoporosis is a metabolic bone disease characterised by low
bone mass and microstructure degeneration of bone tissue,
which leads to enhanced fragility. As a result, individuals with
osteoporosis are at a high-risk of fracture. Women have a higher-
risk of osteoporosis than men. In 2005 to 2006, 10% of older
women in the United States had osteoporosis at the femur neck,
whereas only 2% of men did [1]. In India, the overall prevalence
of osteoporosis among postmenopausal women aged 50 years
and above is around 29% at both the femoral neck and lumbar
spine. Furthermore, in a more general Indian population with an
average age of 50 years, the condition affects approximately 6.9%
of individuals, with a higher rate in women (11.1%) compared to
men (4.2%) [2]. Ovarian dysfunction leading to oestrogen deficiency
is recognised as the primary factor responsible for osteoporosis in
postmenopausal women [3]. Research demonstrates that oestrogen
therapy can mitigate the decline in bone mass after menopause
[4,5]. Nevertheless, such therapy is associated with adverse effects,
including increased risks of breast cancer, coronary heart disease,
stroke, and venous thromboembolism [6,7]. These complications
restrict its long-term use, thereby necessitating safer alternatives for
osteoporosis management.

Journal of Clinical and Diagnostic Research. 2026 Jan, Vol-20(1): AC01-AC07

In this regard, phytoestrogens- plant-derived, nonsteroidal
polyphenolic compounds with oestrogen-like activity have attracted
significant attention. They are classified into several groups:
isoflavones (genistein, daidzein, biochanin A), lignans (enterolactone,
enterodiol), coumestanes (coumestrol), flavonoids (quercetin,
kaempferol), and stilbenes (resveratrol) [8,9]. Isoflavones are mainly
obtained from soy products, cereals, legumes, and certain meat
sources [10], while lignans occur abundantly in flaxseed, oilseeds,
cereals, legumes, fruits, and vegetables [11]. Phytoestrogens act
primarily through binding to Oestrogen Receptors (ER), producing
both oestrogenic and antioestrogenic effects [12,13]. Due to
their structural resemblance to oestrogen, numerous studies
indicate their beneficial influence on postmenopausal symptoms,
cardiovascular health, bone metabolism, and certain cancers
[8]. Hence, phytoestrogens present considerable potential in the
prevention of postmenopausal bone loss.

EA, a perennial herb belonging to the order Equisetales, has long
been used in traditional medicine for its diuretic, anti-inflammatory,
and bone-strengthening properties. Additionally, it has been
employed to manage bleeding, serve as a topical antiseptic, and
treat various ailments including kidney and liver disorders as well as
gastric ulcers [14,15]. EA is rich in a variety of phytoconstituents,
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including alkaloids, phytosterols, tannins, triterpenoids, and phenolic
compounds such as flavonoids, styrylpyrones, and phenolic
compounds-indicates potential oestrogenic and antioxidant activity
[16,17]. The sterile stems are particularly noted for their high content
of silicic acid and silicates (5-8%), along with appreciable amounts
of potassium (1.8%), calcium (1.3%), and trace elements such as
aluminum, sulfur, magnesium, and manganese [18-20]. However,
scientific data supporting its use as a phytoestrogen, especially in
models of oestrogen deficiency remain scarce.

This research aimed to investigate the oestrogen-like effects
of EA extract using histological and biochemical assessments
in ovariectomised rats- a widely accepted animal model for
simulating postmenopausal oestrogen deficiency [21]. The findings
could offer important insights into the potential of E. arvense as
a natural therapeutic option for conditions associated with low
oestrogen levels.

MATERIALS AND METHODS

The present preclinical experimental animal study was conducted
at Cape Bio Lab and Research Centre, Marthandam, Tamil Nadu,
India, between January and June 2023. The study received approval
from the Institutional Animal Ethics Committee (IAEC), and the
approval letter number is (CBLRC/IAEC/15/01-2023).

Inclusion and Exclusion criteria: Inclusion criteria included
healthy female Albino Wistar rats, aged approximately 3 months
and weighing 200-220g that had undergone acclimatisation for
one week under controlled conditions (temperature 22+3°C, relative
humidity 50-55%, and 12-hour light/dark cycle). Exclusion criteria
included any rats showing signs of iliness, congenital deformities, or
surgical complications following ovariectomy.

A total of 54 female Albino Wistar rats were used in the study.
The sample size was determined based on similar experimental
models evaluating phytoestrogens in ovariectomised rats, ensuring
statistical validity for biochemical and histological analysis across
control and test groups.

Study Procedure

Collection of plant material: The Plant EA collected from Senpati
District, Manipur. The collected plant materials were shade-dried
until complete removal of moisture, ensuring they were suitable
for grinding. The dried samples were then finely powdered using a
mechanical blender and stored in airtight containers with appropriate
labelling for future use.

Plant authentication: The plant materials were taxonomically
identified and authenticated by Taxonomist, Jawaharlal Nehru
Tropical Botanic Garden and Research Institute, Palode, Trivandrum,
India, Voucher specimen is maintained in the Research Department
of Jawaharlal Nehru Tropical Botanical Garden [Table/Fig-1].

Preparation of plant extracts: After authentication, the fresh healthy
plant of EA dried properly in shade for three weeks, segregated,
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pulverised by a mechanical grinder and passed through a 40 mesh
sieve. The powdered plant materials were stored in an airtight
container, and used for further studies. About 1 kg of air-dried plant
of EA was extracted in soxhlet assembly with ethanol. The extract
was concentrated by using rotary vacuum evaporator. The extract
obtained with each solvent was weighed and the percentage yield
was calculated in terms of dried weight of the plant material. The
colour and consistency of the extract were also noted. All the
solvents used for this entire work were of analytical reagent grade
(Merck, Mumbai).

Phytochemical analysis: The preliminary phytochemical screening
was performed to detect the presence of alkaloids, flavonoids,
tannins, saponins, glycosides, proteins, amino acids, triterpenoids,
steroids, carbohydrates, fixed oils, and phenolic compounds. Al
reagents used were of analytical grade (Merck, Mumbai).

Animals to be used: Female Albino Wistar Rats (n=54) three-
month-old, weighing about 200-220gm obtained from Cape Bio
Lab and Research Centre. All animal are allowed to acclimatise in
animal housing standard conditions, temperature of (22+3°C) relative
humidity (50-55%) and a 12 hour light/dark cycle before being used
for the study [22].

Toxicological study: Acute toxicity study was performed according
to OECD guidelines 423 (Organisation of Economic Co-operationand
Development). Thetoxicological evaluation of EAextractadministered
orally at 60 mg/kg/day for 90 days revealed no significant adverse
effects in female Wistar rats. The extract demonstrated a high
safety margin, with an LD50>5000 mg/kg and no evidence of organ
toxicity on both biochemical and histopathological grounds. These
findings support the extract’s suitability for further pharmacological
development as a phytoestrogenic agent [23].

Experimental osteoporosis (Ovariectomy in female rats): After a
period of adaptation (one week), the female rats were anesthetised
with ketamine hydrochloride and xylazine, and their ovaries were
removed bilaterally according to the method described by Lasota
and Danowska (2004) [24]. After recovery from surgery, the extract
was administered to the rats in an oral dose of 60 mg/kg body
weight for 45-90 days [25] and estradiol of 0.2mg/kg body weight
administered for 45-90 days [26].

Experimental design and procedures: After one week of recovery
from surgery, the OVX rats were randomly divided into four groups.
The experimental groups were as follows: group 1 (n=6): Control
negative (sham operated), rats received daily saline water orally.
Group 2a (n=6): Control positive (OVX-45 days), group 2b (n=6):
Control positive (OVX-90 days), both the control positive group
rats received the saline water. Group 3a (n=6) rats received EA-
OVX-45 days, group 3b (n=6): received EA-OVX-90 days. Group
4a (n=6) OVX rats received estradiol- 45 days, group 4b (n=6) OVX
rats received estradiol- 90 days and treatment commenced and
continued for 90 days.

One day after the end of treatment, rats from each group were
fasted overnight. Blood samples were withdrawn by heparinised
capillary tube from the retro-orbital plexus of each the rats were first
anesthetised with an intraperitoneal injection of 2 mL ketamine (100
mg/mL) and 1 mL of xylazine (20 mg/mL) [27]. Blood samples were
allowed to clot, and then centrifuged at 3000 rpm for 15 minutes to
separate serum, which kept at -20°C till biochemical analysis.

Femur bones were collected from all experimental groups under
anaesthesia with an intraperitoneal injection of 2 mL ketamine (100
mg/mL) and 1 mL of xylazine (20 mg/mL) [27]. Histological staining is
performed on the section of Left femur bone in all groups. Samples
were fixed in 10% Neutral Buffered Formalin (NBF). After paraffin
embedding, 3-4-um serial sections were prepared and then stained
with Haematoxylin and Eosin (H&E).

Histological analysis was conducted on femur bone. Samples
were fixed in 10% NBF, processed and done paraffin embedding,
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sectioned at 3-4 um thickness, and stained with Haematoxylin and
Eosin.

Biochemical and histological parameters studied included:

e  Bone turnover markers (Osteocalcin and ALP), Liver function
markers- Serum Glutamic-Oxaloacetic Transaminase (SGOT),
Serum Glutamic Pyruvic Transaminase (SGPT), Renal markers
- Creatinine (mg/dL), Urea (mg/dL), Protein profile -total protein
(g/dL), aloumin (g/dL).

e Bone microarchitecture (histological analysis of femur):

Instrumentation included the Lyca microtome RTS 2125 and
reagents such as Merck’s Haematoxylin and Eosin staining kits
were used throughout the study.

STATISTICAL ANALYSIS

Data were expressed as mean+SEM. One-way Analysis of Variance
(ANOVA) detected overall significant differences (p<0.05) across
all parameters. Bonferroni post-hoc test was applied to identify
specific intergroup differences. Statistical analyses were performed
using SPSS software (Version 25.0, IBM Corp., Armonk, NY, USA).

RESULTS

Phytochemical analysis: Phytochemical analysis of EA's ethanolic
extract revealed a diverse array of secondary metabolites, including
carbohydrates, proteins, flavonoids, saponins, glycosides, tannins,
phenolics, and fixed oils [Table/Fig-2]. Notably, alkaloids were
present, consistent with the plant’s known antimicrobial and diuretic
properties. However, phytosterols and triterpenoids were absent,
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After 90 days of ovariectomy, osteocalcin and ALP levels were
markedly elevated compared to controls, indicating sustained
bone turnover and resorption. Treatment with E. arvense for 90
days produced a noticeable reduction in both osteocalcin and
ALP values, though these changes were not statistically significant
(p=0.63 and p=0.16, respectively). In contrast, estradiol treatment
significantly decreased osteocalcin (p<0.001), while its effect on
ALP remained non-significant (p=1.0). These findings suggest that
prolonged E. arvense supplementation tends to normalise bone
turnover markers, albeit less effectively than estradiol [Table/Fig-4].

Group SGOT (U/L) p-value | SGPT (U/L) p-value
1 (Control negative) 144.2+2.4 56.4+1.8
2A (OVX 45 days) 166.4+2.8 741421
3A (OVX+EA 45 days) 160.4+2.7 p<0.001 65.3+2.0 p=0.009
g:ygvx+63trad'°' 45 1587226 | P<O00T | 59901 p<0.001

[Table/Fig-4]: Bone turnover markers (Osteocalcin and ALP)- Equisetum arvense

90 days.
“p-value: in comparison with group 2A

Ovariectomy for 45 days significantly elevated SGOT and SGPT
levels compared to the control group, indicating hepatic stress.
Treatment with E. arvense markedly reduced both SGOT (p<0.001)
and SGPT (p=0.009) levels relative to the OVX group, reflecting
partial hepatoprotection. Estradiol supplementation also significantly
lowered these enzymes (p<0.001), restoring values close to normal
[Table/Fig-5].

possibly due to solvent polarity limitations. These findings highlight Group Osteocalcin (ng/mL) | *p-value | ALP (IU/L) | *p-value
species-specific biosynthetic pathways, underscoring the unique 1 (Control negative) 418015 056,532
therapeutic potential of E. arvense.
P P 2B (OVX 90 days) 7.79+0.33 297.0+2.4
Phytochemical Equisetum arvense (EA) 3B (OVX+EA 90 n.s. n.s.
: days) 5.93+0.26 (p=0.63) | 269925 | (_51g
Alkaloids +
4B (OVX+estradiol n.s.
Carbohydrates ¥ 90 days) 4544017 p<0.001 | 2616+26 | "o
Proteins and amino acids + [Table/Fig-5]: Liver function markers (SGOT and SGPT)- Equisetum arvense
Phytosterols 45 days.
*p-value: in comparison with group 2A

Glycosides +

Saponins + At 90 days post-ovariectomy, SGOT and SGPT levels were markedly
Flavonoids . elevated compared to the control group, indicating progressive
Tannins and phenolics N hepatic dysfunction. Supplementation with E. arvense &gmﬂcarﬁly
- - reduced both SGOT (p<0.001) and SGPT (p<0.001), restoring

riterpenolias - . . N

: P : values close to baseline and showing strong hepatoprotective
Fixed oils + effects. Estradiol treatment produced a similar significant reduction in

[Table/Fig-2]: Phytochemical composition of Equisetum arvense.

Biochemical analysis: After 45 days, ovariectomised rats showed
a significant increase in osteocalcin levels compared to controls
(p<0.001), reflecting accelerated bone resorption. Administration
of E. arvense markedly lowered osteocalcin (p=0.012), with values
closely resembling those of the estradiol group (p<0.001 vs OVX).
Although ALP activity was elevated following ovariectomy, estradiol
treatment produced no significant effect (p=1.0), while E. arvense
supplementation resulted in a significant reduction (p<0.001).
Overall, these results suggest that E. arvense effectively restores
bone turnover markers to near-normal levels, similar to estradiol
[Table/Fig-3].

Osteocalcin
Group (ng/mL) *p-value | ALP (IU/L) | *p-value
1 (Control negative) 4.18+0.15 256.5+3.2
2A (OVX 45 days) 7.43+0.29 280.0£2.7
3A (OVX+EA 45days) 6.33+0.20 p=0.012 | 273.7+2.4 p<0.001
4A (OVX+estradiol 45days) 4.23+0.14 | p<0.001 | 270.8+2.6 p=1.0

[Table/Fig-3]: Bone turnover markers (Osteocalcin and ALP)- Equisetum arvense

45 days.
*p-value: in comparison with group 2a
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enzyme levels (p<0.001), confirming its protective role [Table/Fig-6].

Group SGOT (U/L) | p-value | SGPT (U/L) | p-value
1 (Control negative) 144.2+2.4 56.4+1.8
2B (OVX 90days) 180.7+2.7 88.1+2.4
3B (OVX+EA 90days) 148.5+2.6 p<0.001 57.9+2.0 p<0.001
4B (OVX+estradiol 90days) 148.6+2.5 p<0.001 61.4+2.1 p<0.001

[Table/Fig-6]: Liver Function Markers (SGOT &SGPT)- Equisetum arvense 90 days.

“p-value: in comparison with group 2A

Ovariectomy for 45 days caused a rise in serum creatinine and
urea levels compared to controls, indicating early renal dysfunction.
Treatment with E. arvense did not significantly alter creatinine levels
(p=1.0) but significantly reduced urea concentrations (p<0.001)
compared to the OVX group. Estradiol treatment showed a similar
trend, with no significant effect on creatinine but a moderate
reduction in urea (p=0.028) [Table/Fig-7].

Urea (mg/
Group Creatinine (mg/dL) | p-value dL) p-value
1 (Control negative) 0.62+0.02 28.7+1.1 0.62+0.02
2A (OVX 45days) 0.66+0.02 33.7+1.2
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3A (OVX+EA 45 0.64+0.02 1.0 30.1+1.1 p<0.001
days)

4A (OVX+estradiol ~

45 days) 0.66+0.02 1.0 31.3+1.2 p=0.028

[Table/Fig-7]: Renal Markers (creatinine and urea) Equisetum arvense 45 days.

*p-value: in comparison with group 2A

Ninety days of ovariectomy significantly increased serum creatinine
and urea levels compared to controls, indicating progressive renal
impairment. Supplementation with E. arvense brought creatinine
values close to normal (n.s., p=0.059) and significantly reduced urea
levels (p=0.004) relative to the OVX group, demonstrating protective
effects. Estradiol treatment also lowered creatinine significantly
(p<0.001), but its effect on urea was not significant [Table/Fig-8].

Creatinine Urea
Group (mg/dL) p-value (mg/dL) p-value
1 (Control negative) 0.62+0.02 28.7+1.1
2B (OVX 90days) 0.70+0.02 36.6+1.3
3B (OVX+EA B
90days) 0.63+0.02 0.059 29.9+1.1 p=0.004
4B (OVX+estradiol 0.65+0.02 <0.001 32.141.2 p=1.0
90 days)

[Table/Fig-8]: Renal markers (creatinine and urea) Equisetum arvense 90 days.

“p-value: in comparison with group 2A

At 45 days, ovariectomy caused a slight reduction in serum protein
and albumin compared to controls, suggesting impaired hepatic
protein synthesis. E. arvense treatment significantly lowered total
protein (p=0.001) and albumin (p<0.001) levels compared to the
OVX group, while estradiol maintained protein levels without
significant change but markedly improved albumin concentrations
(p<0.001). These findings indicate that both treatments modulate
protein metabolism, with estradiol showing stronger effects on
albumin restoration [Table/Fig-9].

Total protein Albumin
Group (9/dL) p-value (9/dL) p-value
1 (Control negative) 6.37+0.07 3.35+0.05
2A (OVX 45days) 6.35+0.08 3.13+0.07
3A (OVX+EA 45days) 6.25+0.08 0.001 3.11+£0.06 | p<0.001
4A (OVX+estradiol 45 days) 6.35+0.06 1.0 3.20+0.06 | p<0.001

[Table/Fig-9]: Protein profile (total protein and albumin) Equisetum arvense 45 days.

“p-value: in comparison with group 2A

At 90 day, supplementation with E. arvense significantly restored
both total protein (p<0.001) and albumin (p<0.001) to near-control
levels. Estradiol treatment produced a similar effect, with significant
improvement in albumin concentrations (p<0.001), highlighting the
hepatoprotective role of both interventions [Table/Fig-10].

Total protein Albumin
Group (9/dL) p-value (g9/dL) p-value
1 (Control negative) 6.37+0.07 3.35+0.05
2B (OVX 90days) 6.34+0.06 2.86+0.07
3B (OVX+EA 90days) 6.37+0.07 <0.001 | 3.35+0.05 | p<0.001
4B (OVX+estradiol 90 days) | 6.34+0.06 1.0 3.31+0.06 | p<0.001

[Table/Fig-10]: Protein profile (total protein and albumin) Equisetum arvense 90 days.

*p-value: in comparison with group 2A

Histological examination of the upper end of the femur bone of albino
Wistar rats in the control group showed that the trabeculae were
numerous, thick, and densely interconnected, and the intervening
marrow spaces showed haematopoietic elements, representing
optimal bone mass with mineralised matrix. The cortex was well-
preserved and thick [Table/Fig-11]. In the 2a group, OVX control
rats observed for 45 days showed faintly stained, short bony
trabeculae with free-floating trabeculae and a large proportion of
the marrow space and few decalcified osteoid bones [Table/Fig-
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12]. In the 2b group OVX, control rats kept for 90 days showed
faintly stained cortical area, thickness reduced and decalcified
osteoid bone are seen. Severely thinned bony trabeculae and
floating trabeculae with reduced connectivity Substantial loss of
trabecular bone mass [Table/Fig-13]. In the 3a group, OVX rats
treated with EA-45 days showed interconnected bony trabeculae.
It was shown the potential of protection from osteoporotic changes
induced because of ovariectomy was observed. The cortical layer
is relatively thick and continuous. Some osteoblast-like cells line
the trabeculae, suggesting active bone formation [Table/Fig-14].
In 3b group, OVX rats treated with EA-90 days shows thick bony
trabeculae compared to group 2b with only occasional floating
trabeculae. The cortical structure was relatively thick and intact,
with no clear evidence of resorptive activity, active osteoblast-
like cell presence was evident along some trabecular surfaces,
indicating ongoing bone formation. It was characterised by
negative histochemical reaction (absence of osteoclast) along
with a thick cortex, which is a marker of significant improvement
compared with 2b group [Table/Fig-15]. In 4a group -OVX rats
treated with estradiol-45 days showed minimal surface cartilage
irregularities and trabecular bone appears moderately diminished
in volume. The few active remodelling is visible [Table/Fig-16]. In 4b
group, OVX rats treated with estradiol-90 days compared to other
groups, estradiol showed slightly more pronounced trabecular
density and marrow quality, reflecting its strong anti-osteoporotic
properties. Trabeculae were thick and interconnected. No presence
of osteoclastic pits, necrosis, or fibrosis. The findings align with
known effects of oestrogen replacement therapy in preventing
post-ovariectomy bone loss [Table/Fig-17].
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[Table/Fig-15]: Group 3b OVX rats with EA-90 days (H&E, 40x).
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DISCUSSION

Medicinal plants have long been used in the treatment of various
diseases. A crucial first step in exploring their pharmacological
potential is the evaluation of their toxicological profile [28,29]. EA a
perennial herb, has traditionally been used to manage several health
conditions. Baracho NCV et al., conducted an acute toxicity study
on male Wistar rats, administration of graded doses (30 mg, 50
mg, and 100 mg/kg) of E. arvense showed no signs of toxicity [30].
Research by Oh H et al., indicated that the aerial parts of E. arvense
possess hepatoprotective and antioxidant properties [31]. However,
contrasting findings were reported by Semprini M et al., who
observed liver damage in Wistar rats following oral administration
of the plant [32]. Notably, there is a lack of clinical data regarding its
dosage range and effects specifically in female albino Wistar rats.

The current study reveals that supplementation with EA notably
enhanced bone microarchitecture and normalised critical
biochemical markers in OVX rats. These outcomes support its
traditional application in promoting bone health. The most substantial
effects were observed in the 90-day treatment group, corroborating
earlier research that emphasises the potential of botanicals rich in
flavonoids and silica in the management of osteoporosis. Kotwal
SD et al., reported anabolic/osteoprotective effects of E. arvense in
OVX'rats when combined with bone-mineralising nutrients, showing
improved bone parameters that are consistent with our histological
and biochemical improvements [33].

The serum biochemical results further corroborate the histological
findings. In OVX rats, levels of bone turnover markers- osteocalcin
and ALP- were significantly elevated, indicating heightened bone
resorption. Treatment with EA brought these markers closer to
baseline values seen in the sham and estradiol-treated groups,
suggesting its bone-protective and anti-resorptive properties [34].
Gulcin | et al., lorahem ES et al., and Bessa Pereira C et al., suggests
that the bone-protective effects of E. arvense may be linked to its
bioactive components, including silica and flavonoids, which have
been shown to support bone metabolism by enhancing osteoblast
function and suppressing osteoclast activity [35-37]. Regarding liver
function, OVX rats displayed increased levels of SGOT and SGPT,
indicating hepatic stress likely triggered by oestrogen deficiency.
EA treatment, particularly over a 90-day period, normalised
these enzyme levels, pointing to its hepatoprotective potential.
Remarkably, the liver-protective effects of EA were comparable
to, or slightly better than, those of estradiol- important given the
known hepatotoxic risks of prolonged synthetic oestrogen use
[38]. Improvements were also noted in kidney function following
EA administration. Elevated creatinine and urea levels in untreated
OVX rats were significantly reduced with EA, especially after 90
days. This nephroprotective effect is likely due to the antioxidant
properties of phenolic compounds found in E. arvense, which help
reduce oxidative stress on renal tissues [39].
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Histopathological evaluation of femoral bone tissues showed that
EA-treated rats retained trabecular thickness, exhibited improved
cortical structure, and demonstrated the presence of osteoblast-
like cells along trabecular surfaces- indicative of active bone
regeneration. In contrast, the OVX control groups (2a and 2b)
displayed severe trabecular loss, demineralisation, and disrupted
bone connectivity, which are typical of oestrogen deficient
osteoporosis [40,41]. Notably, rats in the EA-90 group (3b) showed
bone architectural restoration comparable to those in the estradiol-
treated group (4b), with fewer signs of osteoclastic activity. These
findings suggest a pro-osteogenic role of EA, possibly mediated
via ER interaction. This effect may be attributed to its bioactive
components-especially flavonoids such as kaempferol and
quercetin, along with silica- which are known to stimulate collagen
synthesis, enhance osteoblast function, and interact with ERs to
influence bone remodeling [42-44].

Beyond skeletal effects, OVX animals demonstrated signs of liver
and kidney dysfunction, including elevated levels of SGOT, SGPT,
creatinine, and urea. EA-treated groups, particularly those receiving
90 days of treatment, showed marked improvements in these
parameters, implying both hepatoprotective and nephroprotective
effects. Thesefindings are consistent with earlier studies documenting
the antioxidant capacity of E. arvense, which mitigates oxidative
stress in hepatic and renal tissues by neutralising reactive oxygen
species [45,46]. Importantly, EA's effect on liver function- especially
normalisation of SGPT- was similar to or exceeded that of estradiol,
a notable benefit given the known hepatotoxic risks associated with
prolonged synthetic oestrogen use [47,48].

In terms of protein metabolism, the total protein and albumin levels,
which were reduced due to oestrogen deficiency, were significantly
restored in the EA-90 group. This improvement suggests enhanced
hepatic protein synthesis and a possible anti-inflammatory
action. While moderate improvements were noted after 45 days
of EA treatment, the 90-day protocol resulted in near-complete
normalisation, emphasising the value of extended treatment duration

Taken together, these findings highlight EA as a promising botanical
alternative to HRT for treating postmenopausal osteoporosis and
its associated systemic impairments. Given its broad range of
actions including oestrogenic support for bone, and protection of
liver and kidney function further molecular-level investigations are
warranted. Future research should explore the specific cellular
pathways involved, including roles of ER-a and ER-, and assess
long-term efficacy and safety through advanced preclinical and
clinical models.

Limitation(s)

The present study has a few limitations. Primarily, the use of an
ovariectomised rat model though commonly used to simulate
postmenopausal conditions cannot fully capture the complexity
of human hormonal and metabolic responses. Additionally, the
underlying molecular mechanisms by which EA exerts its effects
were not investigated, including its potential binding to ER subtypes
(ER-a and ER-B), involvement in signaling pathways, or influence on
gene expression. Furthermore, while histological and biochemical
parameters were assessed, direct measurements of Bone Mineral
Density (BMD) using techniques like DXA or micro-CT were not
conducted. Lastly, the study evaluated only one therapeutic dose of
EA, leaving its dose-response relationship unexplored.

CONCLUSION(S)

EA supplementation was found to enhance bone microarchitecture
and reduce bone turnover markers in oestrogen deficient rats.
In addition to its skeletal effects, it safeguarded liver and kidney
function, indicating broad systemic benefits. Notably, 90 days
of treatment yielded results comparable to estradiol, supporting
its role as a promising phytoestrogen with therapeutic potential.

www.jcdr.net

This study is important because postmenopausal osteoporosis
and oestrogen deficiency not only compromise bone strength but
also impact overall systemic health. Although estradiol therapy
is effective, its prolonged use is linked to risks such as breast
and endometrial cancers and cardiovascular issues. Therefore,
discovering a plant-derived option like E. arvense provides a
safer approach to managing postmenopausal complications,
especially for women who are unable or unwilling to undergo HRT.
Future research should focus on comprehensive dose-response
evaluations, identification of the active phytoconstituents, and
exploration of underlying molecular mechanisms. Human clinical
trials are essential to confirm its efficacy and safety in clinical
settings.
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