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Background: Osteoporosis is a public health problem in the elderly wherein a decrease in bone mass and
mineral density increases the at risk of fractures. Panchatikta Ghrita (PG) is a classical Ayurvedic
formulation that may help slow bone degeneration.
Objective: This experimental study was conducted to assess the efficacy of Panchatikta ghrita (PG) in
protecting against postmenopausal osteoporosis in ovariectomized rats.
Materials and methods: The experiment was initiated after Institutional Animal Ethics Committee
approval. 96 female Sprague Dawley rats were divided into 8 groups viz. sham control (NC), diseased
control (DC), vehicle control (VC), 3 test drug (PG) groups (PG1, PG2 & PG3 - 0.9, 1.8 and 2.7gm/kg body
weight respectively) and 2 standard control (SC) groups - SC1 received 17a-ethinylestradiol 1mg/kg/day
while SC2 received alendronate (7mg/kg/week). Study medications were administereddaily for four
months. Bone specific biomarkers viz. osteocalcin and TRAP-5b were estimated at baseline and end of
study. Animals were sacrificed on day 121 and their femurs and tibiae were harvested for histo-
morphometric analysisand bone microarchitectural studies.
Results: Serum osteocalcin and TRAP-5b showed significant increase (p < 0.001) in levels in DC group as
compared to sham controls. All 3 doses of PG decreased bone specific biomarker levels with maximal
effect seen with highest dose of PG similar to that seen with standard drugs. PG also significantly
improved bone micro architectural parameters like bone mineral density and mineral content at higher
dose levels. Decrease in osteoclasts and significant dose dependent increase in bone hardness and
elasticity was seen with PG which was comparable to standard drugs.
Conclusion: PG increased bone mineral density and content, decreased turnover of bone specific bio-
markers and osteoclast formation, indicating its protective effect against experimentally induced post-
menopausal osteoporosis.
© 2019 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteoporosis affects bones by decreasing bone mass and bone
mineral density, thus making the bone more fragile and at a higher
risk of fractures [1]. Osteoporosis has become a global public health
concernwith the acceleration of ageing in the population especially
among women [2e4]. The results from the National Osteoporosis
ary University, Bangalore.
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Risk Assessment (NORA) revealed that women aged 50 years or
older with no previous diagnosis of osteoporosis had a higher
prevalence of osteopenia (39.6%) and osteoporosis (7.2%) following
menopause with an higher predictive risk for fractures [5].

Osteoporosis is a slowly progressive disease and so it takes
several years before the beneficial effect of medications is observed
both in humans and animals. Hence, selecting a suitable animal
model that reliably replicates the disease condition and demon-
strates the benefits of medicines being evaluated on Osteoporosis is
important. The United States Food and Drug Administration
(USFDA) has approved the ovariectomized rat model as an
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appropriate preclinical model to study the potential beneficial ef-
fects of different therapeutic interventions postmenopausal oste-
oporosis inspite of its limitations [6e8].

Estrogen replacement is the best therapy to decrease post-
menopausal bone loss, serious side effects like thromboembolism
have been seen with a reported 75% discontinuation rate at 6
months [9] and is thus recommended only for those women who
are already using hormone replacement for menopausal symp-
toms. Although drugs like the bisphosphonates and Selective Es-
trogen Receptor Modulators (SERMs) like raloxifene are used to
treat osteoporosis, they have side effects that affect patient
adherence in the long term. Thus, researchers and the medical
fraternity are now focusing attention on the plant kingdom and
looking for clues among the different traditional systems of medi-
cine to treat chronic debilitating diseases like osteoporosis.

Although “osteoporosis” has not been directly mentioned in the
ayurvedic texts; there are references that describe a decrease in
“asthi” or bone as a person grows older. Decrease in “asthi” causes
an imbalance of the vata dosha thus weakening the bone structure
and thickness. Plants with tikta (bitter) and katu (pungent) prop-
erties are said to reverse this imbalance in the dosha [10,11]. Pan-
chatikta Ghrita (PG) is a classical Ayurvedic formulation that
contains 5 plants with these properties viz. Azadirachta indica
(Nimba), Trichosanthes dioica (Patola), Solanum surattense (Kant-
akari), Tinospora cordifolia (Guduchi) and Adhatoda vasica (Vasa)
and so is claimed to help in slowing the process of bone degener-
ationwhich is useful in conditions like osteoarthritis. The processed
ghee “ghrita” in the formulation acts like a vehicle for these plants
to reach the level of the bones to exert a maximum effect [12].

Thus, the present study was undertaken to evaluate whether
administration of PG would help in preventing the progression of
bone degeneration in postmenopausal osteoporosis in an ovariec-
tomised model in Sprague Dawley (SD) rats.

2. Materials and methods

Institutional Animal Ethics Committee for animal experimen-
tation was obtained prior to study initiation [IAEC project No. 2015/
01]. The study was carried out at the Central Animal House, TNMC
and BYL Nair Ch. Hospital, Mumbai Central, Mumbai 400 008.

2.1. Animal species for the study

4 month old female Sprague Dawley rats weighing between 280
and 300 gms were used in the study. This particular species was
selected as osteoporosis has been found to occur more readily in SD
rats as compared to Wistar rats as measured by bone mineral
density (BMD) of the lumbar region [13]. The rats were housed in
the Central Animal House facility approved by CPCSEA, a statutory
Table 1
Details of the ingredients present in Panchatikta ghrita (PG) classical herbal formulation

No Plant name Local name

1 Azadirachta indica Nimba
2 Trichosanthes dioica Patola
3 Solanum xanthocarpum Kantakari
4 Tinospora cordifolia Guduchi
5 Adhatoda vasica Vasa

Jala for decoction Water
reduced to

6 Terminalia chebula Haritaki
7 Terminalia bellerica Bibhitaki
8 Phyllanthus embelica Amlaki
9 Ghee as vehicle Ghrita (Goghrita)
body under Ministry of Environment, Forests & Climate Change,
Government of India at 22 �C± 2 �C and 40% humiditywith a 12/12-
hour light/dark cycle. All rats were provided free access to normal
rat pellet diet and purified water.
2.2. Chemicals

17a-ethinyl estradiol and alendronate were purchased fromM/s
SigmaeAldrich, USA. Other chemicals and reagents required for the
study were purchased from SD Fine Chemicals Ltd., Mumbai, India.
2.3. Plant medication

Panchtikta ghrita (PG) was procured from Sampurna Jeevan
Pharmachem Pharmaceuticals (P) Ltd., Yadrav, Kolhapur, a GMP
certified ayurvedic pharmacy. The formulationwas prepared as per
the Ayurvedic Pharmacopoeia of India, Part II (formulations). Vol I,
Part-I, 6:26 (No.31) [14]. Quality control analysis was performed on
the preparedmedication prior to use in the study. The details of the
plant ingredients present in the formulation is given in Table 1.
2.4. Study procedure

There were 8 study groups with 12 rats in each group (n ¼ 96
rats). Group 1 (12 animals) acted as the sham control group (NC).
The remaining 84 animals were to be ovariectomized using the
dorso-lateral abdominal incision under ketamine hydrochloride
(10 mg/ml) and xylazine (1 mg/ml) induced anesthesia given
intraperitoneally. With the permission of the IAEC, an additional 14
rats (2 per group for 7 groups) were ovariectomized so as to obtain
12 rats which had reached the diestrous stage and could be taken
up further for the study. The stage of oestrus cycle was confirmed
by performing vaginal swab test on days 0, 7, 14 and 28 post-
surgery. Only those animals which were consistently in the dies-
trous stage were then randomly divided into seven groups. Group 2
acted as the diseased control (DC) and did not receive any treat-
ment post-surgery. Group 3 was the vehicle control (VC) group and
received only pasteurized milk orally. Groups 4, 5 and 6 were the
test control groups andwere administered 3 doses of PG viz., 0.9,1.8
and 2.7 gm/kg respectively with pasteurized milk as the vehicle.
These doses were extrapolated from the clinical dose of PG i.e.
10e20 g per day to be taken with milk [12]. Groups 7 & 8 were the
standard control (SC) groups receiving estrogen therapy (17a-
ethinylestradiol 1 mg/kg/day daily, subcutaneously) or alendronate
(7.2 mg/kg/orally daily). 2 positive controls were used as these are
the drugs commonly prescribed for the management of post-
menopausal osteoporosis. All the study groups received the study
drugs & vehicle for a period of 4 months (120 days).
as per API.

Plant part Quantity

Stem & bark 480 g
Plant 480 g
Plant 480 g
Stem 480 g
root 480 g

12.29L
3.07L

Fruit 128 g
Fruit 128 g
Fruit 128 g
Clarified butter from cow's milk 768 g
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Fig. 1. Effect on Serum Osteocalcin (n ¼ 12). #p < 0.001 as compared to the Normal
Control group. *p < 0.001 as compared to the Disease Control group. (ANOVA followed
by Tukey's multiple comparisons test).
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2.5. Assessment parameters

Serum and urine samples were processed at monthly intervals
for calcium estimation using Colorimetric Arsenazo III method and
inorganic phosphate using phosphomolybdate UV endpoint
method.

2 bone specific biomarkers viz. serum osteocalcin, a specific
biomarker of osteoblast function which is used to measure bone
formation rate in osteoporosis and TRAP 5b, which is secreted by
osteoclasts during bone resorption and is frequently used as a bone
resorption marker were used to assess bone turnover in the study.
These were estimated at baseline and at the end of the study period
using double-antibody sandwich enzyme-linked immunosorbent
assay (ELISA) kits procured from Shanghai Korain Biotech Co Ltd,
China. The sensitivity of the kits was 0.02 ng/ml for rat Osteocalcin
assay and 0.022 U/L for the rat TRAP 5b assay.

Bone histomorphometric analysis [15] using hematoxylin and
eosin (H&E) and tartrate-resistant acid phosphatase (TRAP) stain-
ing was carried out on one set of excised femurs and tibiae of the
animals once they had completed the study period and were
euthanized on day 121 by carbon dioxide inhalation as per CPCSEA
guidelines.

The second set of excised femurs and tibiae was evaluated to
assess bone microarchitecture. The micro SPECT/CT images were
acquired using a micro PET/CT/SPECT tri-modality gamma imaging
system (Triumph@, Gamma Medica Ideas, Northridge, CA, USA).
The samples were scanned at 40 keV voltage, with exposure time of
600 ms. The focal spot was 84 mmwith 4 magnification having field
of view (FOV) 29.3 mm. The acquisition time was 38 min. Bone
mineral density (BMD), bone mineral content (BMC), trabecular
bone volume (BV/TV, %), trabecular separation (Tb.Sp, mm) and
trabecular thickness (Tb.Th, mm) parameters were calculated using
the MicroView (V 2.4) software.

Bone hardness and bone elasticity was also studied using the
nanoindentation technique [16]. The indentation was carried out
using CSM-Instrument make Ultra-Nano Hardness tester. Spherical
diamond indenter with 5 mm radius was used for indentation.
Indentation was carried out by following Oliver and Pharr method.
Spherical indenter was used to avoid crack formation. Predefined
load of 5 mN was applied on the bone samples. Loading unloading
ratewas kept 10mN/minwith 30sec hold time at maximum load to
avoid creeping of the sample.

2.6. Statistical analysis

Results were expressed as Mean ± Standard Deviation. All
experimental data were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey's multiple comparison
posthoc test. A value of p < 0.05 was considered as statistically
significant.

3. Results

3.1. Biochemical parameters

Blood and urine samples were collected on days 0, 30, 60, 90 and
120 for the measurement of serum calcium and inorganic phos-
phate. Bone specific biomarkers viz. serum osteocalcin and serum
TRAP 5b estimation were done at baseline and at the end of the
study period using elisa kits.

3.1.1. Effect on blood & urine parameters
A decrease in serum calcium and increase in urine calcium was

observed in the diseased group as compared to sham control group
and vice versa in case of serum and urine inorganic phosphorus
levels at day 120. Panchtikta ghrita, in a dose dependent manner,
increased the serum calcium and lowered phosphorus levels when
compared to the disease control group. However these changes
were not statistically significant.
3.2. Effect on bone specific biomarkers

3.2.1. Serum osteocalcin
A significant increase in serum osteocalcin levels was

observed in the diseased control group which was lowered by
Panchtikta ghrita at all the 3 doses tested, with maximum effect
seen with the highest dose used i.e. 2.7 mg/kg body weight. The
lowering of osteocalcin levels seen with PG was similar to that
seen with oestrogen therapy while alendronate lowered osteo-
calcin levels to a much greater extent. The results are represented
in Fig. 1.
3.2.2. Effect on Serum TRAP 5b
An increase in serum TRAP-5b levels was observed in diseased

group as compared to sham control and vehicle control groups. All
the 3 doses of Panchtikta ghrita exhibited dose dependent
decrease in Trap-5b levels, with maximum effect seen with the
highest dose used i.e. 2.7 mg/kg body weight. Both the standard
drugs used also showed a significant reduction. The results are
represented in Fig. 2.
3.3. Histomorphometrical analysis

Following sacrifice of the animals on day 120, the femur bones
were excised using bone cutter and cleaned to remove any remains
of muscle fibers. The bones were deposited in 10% formalin solution
for histomorphometric parameters. The results of histomorpho-
metric analysis are summarized as follows:
3.3.1. Hematoxylin and Eosin staining
The disease control group showed highest bone damage score as

the bone was totally damaged/resorbed with increased osteoclast
formation and decreased trabecular thickness as compared to the
sham control indicating osteoporotic condition. PG showed a dose
dependent decrease in the total bone damage score withmaximum
effect seen in the highest dose testedwhich was similar to that seen
with the 2 standard drugs used. The results are summarized in
Table 2 and Fig. 3.
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Fig. 2. Effect on Serum TRAP 5b (n ¼ 12). #p < 0.01, ##p < 0.001 as compared to the
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3.3.2. TRAP staining
TRAP staining showed that there was a significant increase in

the number of osteoclasts in the epiphyseal and metaphyseal,
paratrabecular and medullary regions of the bone in the diseased
group as compared to the sham control. PG treated rats showed a
significant decrease in the number of osteoclasts at medium and
high doses testedwhich was comparable to the standard drugs. The
results are shown in Table 3.
3.4. Bone hardness & elasticity assessed by the nano-indentation
method

Bone hardness and elasticity were found to be low in the
diseased group as compared to the Sham control group. Pan-
chatikta ghrita treated rats showed a significant dose dependent
increase in bone hardness and elasticity as compared to the dis-
ease control group and the effect at the lowest dose (0.9 gm/kg)
was comparable to that exhibited by the Standard drugs. The re-
sults obtained on hardness and elasticity of bones are summarized
in Fig. 4 (a) & (b).
Table 2
Observations of Hematoxylin and Eosin staining.

Reduced
trabecular
Thickness

Depleted
Bone
Marrow

Resorption
of bone

Osteoclast
formation
(multinucleated)

Total Bone
damage
Score
(Total)

Normal/Sham
Control

Nil Nil Nil Nil 0

Disease Control þþþ þ þþþ þþþ 10
Vehicle Control þþþ þ þþþ þþ 9
PG low dose

(PG1)
þþ þþ þþ þþ 8

PG medium
dose (PG2)

þþ þþ þ þ 6

PG high dose
(PG3)

þ þ þ þ 4

Oestrogen þ þ þ þþ 5
Alendronate þ þ þ þ 4

Note: þ ¼ Mild Change; þþ ¼ Moderate change/Damage; þþþ ¼ Severe change/
Damage.
3.5. Bone microarchitecture

Micro-CT was used to assess changes in the bone micro-
architecture of the excised femor & tibia samples. Bone mineral
density (BMD), bone mineral content, trabecular bone volume (BV/
TV, %), trabecular separation (Tb.Sp, mm) and trabecular thickness
(Tb.Th, mm) were estimated using a software. A decrease in all the
bone microarchitecture associated parameters was observed in the
diseased control All the study drugs improved the bone micro
architectural parameters like bone mineral content and mineral
density, trabecular thickness and bone volume as compared to DC
group. Panchtikta ghrita showed a dose dependent increase in these
parameters. The maximum benefit was seen with Oestrogen ther-
apy which was statistically significant. The results are summarized
in Table 4 & Fig. 5.

4. Discussion

Panchatikta Ghrita (PG), a classical ayurvedic formulation has
plant ingredients that, as per Ayurveda, have properties of tikta rasa
which maintains the dhatvagni in normal state which in turn keeps
all the dhatus in the body in equilibrium. As asthi dhatu (related to
bone tissue) becomes stable, bone degeneration decreases [11,17].
Thus, this formulation, based on the osteoprotective properties of
its plant ingredients, protects against bone degeneration and loss.

In our previous study, we had studied the protective effect of
the same formulation against an experimental model of gluco-
corticoid induced osteoporosis [11]. The results demonstrated
that Panchtikta ghrita protected against worsening of bone
degeneration in this model of osteoporosis. Buoyed by these re-
sults, we wished to reconfirm whether the formulation benefits
other hormone associated osteoporosis viz. that associated with
menopause in both men & women. Thus, we selected the ovari-
ectomized rat model of osteoporosis to assess the efficacy of this
formulation in post-menopausal osteoporosis in women as this
model is a validated pre-clinical model to test drug efficacy in
osteoporosis [6,8,18]. We used oestrogen and alendronate as the
positive controls as postmenopausal osteoporosis is mainly due to
a decrease in the oestrogen level while alendronate, a
bisphosphonate, is commonly used in clinical practice to treat
osteoporosis [19,20].

In our model, ovariectomy resulted in an increased risk of
osteoporosis as seen in postmenopausal women. Serum calcium
and phosphorous levels decreased following ovariectomy in the
diseased group while there was an increase in the urinary levels of
calcium and urine inorganic phosphatase. These results are in
agreement with the results obtained by other researchers [21e23]
suggesting that ovarian hormone deficiency following ovariectomy
is marked by reduced intestinal calcium & phosphorus absorption
and may contribute to the accompanying bone loss.

Osteocalcin is a molecule produced by osteoblasts as a marker
for bone formation and thus serum osteocalcin is frequently used
as the bone formation marker to monitor the drug action [24].
The ovariectomized rats in our study exhibited high levels of
serum osteocalcin, which was similar to that reported by Kim
et al. (2011) [25] & Kyung-Hyuk Yoon et al. (2012) [26] who
demonstrated that ovariectomy caused a rise in serum osteocalcin
level due to increased bone turnover. A dose dependent decrease
in serum osteocalcin levels was observed following administra-
tion of Panchatikta ghrita with maximum benefit seen with the
highest dose.

A similar trend was observed with serum TRAP 5b levels, a bone
resorption biomarker of osteoclastic origin [27,28], the levels of
which are increased in osteoporosis indicating increased osteoclast
activity. TRAP 5b level correlate inversely with estrogen level [29]



Fig. 3. Photomicrographs of the lower end of the femur bone stained with Hematoxylin & Eosin depicting the effect of the study drugs on bone damage (H & E, 400X).
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and hence although we observed a statistically significant decrease
in the serum TRAP 5b level with the study medications, the best
results were seen with oestrogen therapy. These results are in
agreement with those demonstrated by Rissanen JP et al. [30].

The nanoindentation technique helps in determining bone
hardness and bone elasticity and is very useful in case of osteo-
porotic bones, especially as effect of therapy can also be determined
at the level of the bone. Hardness of the bone depends on its
inorganic mineral components while bone elasticity depends on
connectivity between the organic and inorganic matrices [31,32].
The bones of rats treated with Panchatikta Ghrita (PG) showed an
increase in trabecular bone hardness and elasticity at all the doses
tested as compared to the ovariectomised rats, which was com-
parable to both oestrogen and alendronate. Thus PG improves bone
hardness and elasticity indicating its ability to decrease the risk of
fractures.

Micro CT studies of the rat femur showed that there was a
reduction in bone mineral density results in the diseased rats
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Fig. 4. Effect on Bone Hardness and Bone Elasticity. #p < 0.05 as compared to the
Normal Control group. *p < 0.001 as compared to the Disease Control group. (ANOVA
followed by Tukey's multiple comparisons test).

Table 4
Effect on Bone microarchitecture as seen by microCT studies.

Groups BMD BMC Trabe

Normal 476.23 ± 69.86 2331.44 ± 56.94 0.95 ±
Diseased 267.52 ± 39.65## 1146.85 ± 42.88## 0.79 ±
Vehicle 288.95 ± 54.34## 1209.4 ± 83.55## 0.80 ±
PG low dose (PG1) 328.96 ± 29.05##@@ 1466.86 ± 58.66##**@@ 1.17 ±
PG medium dose (PG2) 375.83 ± 18.73#*@@ 1572.5 ± 14.59##**@@ 1.12 ±
PG high dose (PG3) 378.74 ± 77.54#*@@ 1697.91 ± 27.69##**@@ 1.05 ±
Oestrogen 502.99 ± 45** 1971.94 ± 53.12##** 2.68 ±
Alendronate 563.76 ± 52** 1691.99 ± 51.45##** 1.35 ±

#p < 0.05, ##p < 0.001 as compared to the Normal Control group; *p < 0.01, **p < 0.001 as
Standard Control groups (ANOVA followed by Tukey's multiple comparisons test).

Table 3
Effect of the study drugs on the number and distribution of Osteoclasts.

Groups Metaphyseal & epiphyseal region Paratrabecular region Medullary bone

Normal 1.5 ± 0.32 0.5 ± 0.1 0 ± 0
Diseased 7.5 ± 2.03# 2.5 ± 1.3# 1.5 ± 0.3#

Vehicle 6.5 ± 2.33# 2.5 ± 1.5# 1.3 ± 0.5#

PG low dose (PG1) 5.5 ± 1.64# 1.83 ± 1.05# 1.3 ± 0.53#

PG medium dose (PG2) 3.5 ± 1.04* 1.98 ± 0.24* 0.66 ± 0.52*
PG high dose (PG3) 2.33 ± 1.03* 1.25 ± 0.15* 0.5 ± 0.55*
Oestrogen 1.5 ± 0.3* 0 ± 0* 0 ± 0**
Alendronate 1.33 ± 0.5* 0.3 ± 0.01* 0 ± 0**

#p < 0.001 as compared to the Normal Control group; *p < 0.05 as compared to the Disease Control group; **p < 0.001 as compared to the Disease Control group (ANOVA
followed by Tukey's multiple comparisons test).
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following ovariectomy at 4 weeks. This is similar to that seen by
other researchers [33,34] where they have shown that micro-CT
scans of the femur and lumbar vertebrae had a significant reduc-
tion in bone mineral density 4 weeks after ovariectomy which
further worsened at 8 weeks, thus confirming that the model
successfully mimics the effects of osteoporosis.

Panchatikta ghrita, demonstrated a dose dependent increase in
the bone mineral density (BMD) and bone mineral content (BMC)
following treatment, with the effect seen by the highest dose
similar to that shown by the standardmedications, alendronate and
oestrogen therapy which have been shown in previous studies to
improve the microarchitecture of the bone following therapy in
ovariectomised animals [35e38].

Thus, ovariectomy resulted in a high bone turnover in the rats
as seen with the changes in the bone specific markers and with
damage to the trabecular bone as seen by a decrease in trabecular
density and deterioration of bone microarchitecture resulting in
decreased bone mineral content and density. Panchatikta Ghrita
reduced the damage to the trabecular bone by reducing osteo-
clastic activity, slowing down bone turnover as seen by an
improvement in bone specific marker levels and bone micro-
architectural parameters like bone mineral density (BMD) and
mineral content (BMC) confirming its potential as a herbal anti-
osteoporotic agent. The results seen with this classical herbal
formulationwas similar to that seenwith the drugs used in clinical
practice viz. oestrogen replacement therapy or bisphosphonates
like Alendronate.

Some of the limitations of our study were that we didn't study
the effect of the ‘ghrita’, as it may have a more important role than
just include being the vehicle. Also we didn't study the effect of the
individual plant ingredients per se to determine whether any
particular plant had the major beneficial effect or whether it was a
synergistic effect of all the plant ingredients.
cular thickness Trabecular separation Trabecular bone volume (BV/TV, %)

0.009 1.15 ± 0.113 49.45 ± 2.44
0.107 0.85 ± 0.025## 37.4 ± 0.80##

0.221 0.84 ± 0.221## 42.37 ± 2.08##

0.005**@@ 1.04 ± 0.005 55.29 ± 2.70##**@@

0.256*@@ 1.02 ± 0.131 56.87 ± 0.23##**@@

0.083*@@ 1.1 ± 0.087* 59.13 ± 1.45##**@@

0.006##** 1.21 ± 0.005** 80.58 ± 2.89##**

0.007##** 1.14 ± 0.057** 64.19 ± 1.56##**

compared to the Disease Control group; @p < 0.01& @@p < 0.001 as compared to the



Fig. 5. Micro CT images of the various experimental groups.
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5. Conclusion

The present study thus demonstrated that Panchatikta ghrita
had a stabilizing effect on the bone by decreasing bone degen-
eration and improving bone microarchitectural parameters. This
resulted in a slowing of progression of the osteoporotic condi-
tion in postmenopausal rats. Thus, PG can be used as an alter-
native in early stages of osteoporosis (osteopenia) or as an
adjuvant to prevent further bone degeneration and loss in those
patients who are at risk of osteoporosis. The mechanism by
which this formulation exerts its action at the molecular and
cellular level however needs to be studied further using in vitro
mechanistic studies. Further studies to confirm this classical
ayurvedic formulation's protective effect on the bone in patients
with osteoporosis also needs to be evaluated by conducting
clinical studies.
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