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Abstract
Background: Labisia pumila (LP) a Malaysian herb thought to have phytoestrogenic effects in rats with
PCOS. In this study we investigate the effects of LP aqueous extracts on bone composition, bone
biomarkers and metabolic disorder in female rats fed continuously with high fat diet to induce PCOS.

Hypothesis: The administration of Labisia pumila treatment in PCOS rats for 90 days will ameliorate the
adverse effect of osteoporosis by reducing the in�ammatory cytokine and improving the dermal elasticity
of PCOS rats.

Study design: On the 90th day of the development of PCOS model rats fed with high fat diet and after the
vaginal smear analysis indicating a prolonged estrus cycle of more than 2 weeks, all PCOS rats were
divided into 4 groups which consisted of control, placebo (water), LP25 (LP 25mg/kg) and LP50 (LP 50
mg/kg) respectively. All PCOS continue to received the formulated high fat diet and control animals
continued to received normal chow and water ad libitum.

Method: Vehicle and treatments, which were given orally by using stomach gavaging needle size 16
gauge straight and curve retrolingual administration. The rats were sacri�ced at the end of the trial phase
and organs, tissues and blood samples were harvested for multiple assays and analysis listed below.

Results: The level of estradiol was signi�cantly increased in LP25 and LP50 as compared with placebo.
The in�ammatory cytokine of C-reactive protein and TNF-  were signi�cantly decreased in LP25 and
LP50.

Conclusion: Treatment of LP extract might reduce the in�ammatory cytokine related to the formation of
osteoporosis and loss of bone mass, increase the insulin sensitivity and reduce of osteoporosis in PCOS
patients. The phytoestrogenic of LP all of the above signi�cant positive results are proven in lowering
osteoporosis and metabolic disorder in PCOS rats.

1. Introduction
The women reproductive disease such as polycystic ovary syndrome (PCOS) is a hormonal disorder that
affects women in their reproductive age. Women with PCOS tend to have prolonged menstrual cycle and
excess of male hormone such as androgen. The polycystic ovary syndrome describes the development of
cysts that form in the ovaries. However, some women with PCOS disorder do not have cysts. There is a
link that obesity can cause PCOS. The main cause of the disease development is still unclear. PCOS is
common endocrinology disease that affecting women on their reproductive age at almost 10% (Goodarzi
et al., 2011) and studies have shown that almost 40% − 80% of the PCOS are affected by obesity (Sam,
2007). The most common symptoms of PCOS are insulin resistance, irregular estrus cycle and
hyperandrogenism. Recent studies suggest that hyperandrogenic condition is cause by genetic
inheritance governing the steroid hormone synthesis due to maternal inheritance (Ashraf et al., 2019).
The major underlying cause of PCOS is due to obesity which is linked to overconsumption of high fat diet
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(Roberts et al., 2017). The stimulation of high fat diet to normal rats can results the same PCOS as
human. Some rats model had been expose to nanoromatizable dihydrotestosterone (DHT), starting
before puberty to results in polycystic ovary morphology, adiposity and enlarge in adipocytes and insulin
resistance (Mannerås et al., 2007).

Report have suggested clinical diagnosis of PCOS can be classi�ed as two of the three criteria of
symptoms (i) hyperandrogenism (ii) chronic anovulation and (iii) polycystic ovaries (Group, 2004). Apart
from that, women with PCOS tend to develop other chronic metabolic disorder such as weight gain,
insulin resistance, hyperinsulinemia, hyperlipidemia and abdominal adiposity (Dunaif et al., 1989). The
insulin elevation can be very alarming in PCOS model, and it plays an important role in pathophysiology
of PCOS model on 50–70% of patient (Mannerås et al., 2010). Increase in insulin thus related to elevation
of androgen production, which cause the metabolic disturbance in PCOS model. Furthermore, the
increase in insulin in PCOS model have an in�uence on the bone metabolism which lead to osteoporosis
condition (Katulski et al., 2014).

PCOS is the common disorder-affecting women mostly due to unhealthy diet and lifestyle. Some of the
health conditions found are osteoporosis and poor dermal elasticity. The current modern treatment of
PCOS includes drugs medication and surgery is very costly and high risk. Natural product such as Labisia
pumila is abundant in nature and has been proven safe for human consumption.

This study is design to study the development of polycystic ovary syndrome induce by high fat diet and
the preventive action of different concentration of Labisia pumila extract on osteoporosis in PCOS rats
and improvement of dermal elasticity. The study examines on three major research questions, which is,
could the high fat diet induce PCOS in rats. Secondly, could the Labisia pumila prevent the osteoporosis
in PCOS rats. Thirdly, could the different concentration of Labisia pumila improve dermal elasticity in
PCOS rats induce by HFD.

2. Methodology

2.1 Animal Management
Thirty-six female Sprague Dawley rats at the age of 12 weeks rats (B.W: 250 ± 30g) supplied from Animal
Resource Unit, Department of Veterinary Pathology and Microbiology, Faculty of Veterinary Medicine were
used in this study. This protocol was approved by the Institutional Animal Care and Use Committee
(IACUC) at UPM (UPM/IACUC/AUP-R038/2019).

2.2 Development of High Fat Diet (HFD)
All rats were divided into �ve groups PCOS model with HFD (n = 30) and control group with standard diet,
(n = 6). The PCOS rats were fed with HFD for 90 days. Rats in control group were fed with standard diet.
The HFD were composed of 40% fat, 30% carbohydrates and 30% glucose, with a total caloric value of
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334kcal/kg and standard chow diet composed of 3% fat and 21% protein with total caloric value of 25
kcal/kg were purchased from Gold Coin, Selangor, Malaysia.

2.3 Measurement and analysis of body weight, vaginal
smear and serum biochemistry
Body weight measured weekly from day 1 of feeding high fat diet to determine the average weekly weight
gain of PCOS rats. Blood samples obtained from all rats fasting for 12 h were centrifuged at 2500 rpm
for 10 min and stored at -80°C. Serum levels of glucose, cholesterol, creatinine, ALT, AST, ALP will
determined the stage of cyclicity from of the age 56 days to the end of experiment. In this procedure,
vaginal smear obtained by vaginal washing were dyed with methylene blue and analyzed under
microscope for the predominant cell type in vaginal smears. The estrus cycle experiences four stages of
proestrus, estrus, metestrus and diestrus phase. Cycles with duration of 4–5 days were considered as
regular. At the beginning of experiment, all rats showed regular estrus cycle.

2.4 Experimental design
On the 90th day of the development of PCOS model rats after the vaginal smear analysis indicating a
prolonged estrus cycle of more than 2 weeks. All the PCOS rats were divided into 6 groups which
consisted of normal, placebo (water), LP25 (LP 25 mg/kg) and LP50 (LP 50 mg/kg). All PCOS continue to
received the formulated high fat diet and control animals continued to received normal chow and water
ad libitum. Vehicle and treatments, which were given orally by using stomach gavage with needle size 16
gauge straight and curve retrolingual administration. The rats were sacri�ced at the end of the trial phase
and organs, tissues and blood samples were harvested for multiple assays and analysis listed below.

2.5 Measurement of Serum C-reactive protein, TNF-alpha,
Testosterone, Estradiol and Insulin by ELISA
Results of PCOS rats’ C-reactive protein, TNF-alpha, testosterone, estradiol and insulin in serum of control
and treated PCOS rats were measured by ELISA for c-reactive protein (PTX 1), Testosterone, Estradiol and
ALPCO’s Insulin ELISA (Abcam, United Kingdom). The process of ELISA was incubating a speci�c
monoclonal anti-rat HRP-conjugate in an anti-mouse IgG-coated microtiter wells for 60 minutes at 20–
24°C. The samples undergo washing of standard, and control. Adding a releasing agent and chromogenic
substrate will eventually bound to HRP- conjugate form colour substrate. The reaction was stope using
stop solution and measured the absorbance reading at 450 nm at microtiter plate reader.

2.6 Bone Scanning Electron Microscope (BSEM)
First, H2O was removed from the samples. After the samples were dry, the samples were a�xed to
specimen holder and then cleaned by hand blower. Once the samples were ready, they then were put into
the specimen chamber to be observed and analyzed for their micro structure on the SEM screen. Results
of the SEM image then would indicate their topography (their surface texture) and morphology (shape
and size of particles arranging them).
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2.7 Bone Calcium Content Analysis
Bone calcium content measurement was performed using Leco’s Inductive Couple Plasma atomic
emission spectroscopy at Material Characterization Laboratory, Department of Chemical and
Environmental Engineering, Faculty of Engineering, UPM. The bones were dried in an oven at 600 ˚C for
24 h. The bones were then crush into ashes. The ash is weighed and dissolved in 3ml nitric acid and
diluted in lanthanum chloride. The calcium chloride was measure at 422.7 nm.

2.8 Micro-CT Analysis
X-ray micro-CT (Skyscan 1172, Bruker, Germany) were used to assessed LP supplement on trabecular
bone. The bone of left humerus was placed in a sample holder in a vertical direction. The epiphyseal
head facing downward to maximise the scanning process. The source energy selected for this study were
70 KVp and 114 µA.

2.9 Skin and Vaginal Elasticity Analysis
Before the biomechanical analysis was performed, both skin (on the ventral part of the rats) and vaginal
tissue were harvested from the euthanised animals. The skin and vaginal tissue was collected and stored
with 0.9% normal saline. The samples was stored at 0–4°C in a refrigerator. The samples were allowed to
equilibrium at reach room temperature. The samples were cut into a bone shape with an aspect ratio of 7
cm where the testing areas is 5cm in length and 2 cm for clamp grip on the tissue using a specially
design soft tissue clamp. This is to ensure a uniform distribution of stretch. The special design sample-
clamp was attached to a uniaxial tensile testing machine (Instron™ Universal Testing Machine 5566). The
setting of the machine was set at preloaded to 1 Newton.

During the testing, samples were hyrdated with 0.9% saline solution. The cyclic preconditioning was not
performed prior to the load to failure test. The universal testing machine were stretch at rate of 15
mm/min. Data produce from the testing were presented as load (Newtons) and elongation (millimeters).
The stretched produce result of load-elongation curve was generated for each test. This experiment
represents the mechanical strength of the tissue. Data of tangent modulus (MPa) d from this curve was
analyzed in the linear region. The tangent modulus result form long-elongation of the stretch is an
indicator of tissue stiffness on a per unit basis.

3. Statistical Analysis
Data obtained were expressed as mean ± SEM. The Wilck-Shapiro test used for statistical analysis for
normal distribution. Single factor analysis of variance (ANOVA) were used for multiple comparison
between the data. The analysis followed by post hoc comparisons with the Tukey test, according to the
GraphPad Prism V 5.1. Differences were considered signi�cant at p < 0.05.

4. Results
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4.1 Body weight of PCOS rats
There were no signi�cant change in the body weight rats given with high fat diet throughout experimental
period (Fig. 1). However, there is signi�cant increase in Placebo group compare to control and treatment
group LP 25 and LP 50.

4.2 Measurement of Serum levels of glucose, cholesterol,
creatinine, ALT, AST, ALP
The results show serum biochemistry of PCOS throughout the experimental period given with high fat
diet (Table 1). All the experimental group showed an increase level of glucose throughout 90 days of
experimental period.

Table 1
Serum biochemistry levels of glucose, cholesterol, creatine, ALT AST and ALP

Parameter /Group CONTROL PLACEBO LP 25

(25
mg/kg)

LP 50

(50
mg/kg)

NORMAL RANGE
VALUE

Urea (mmol/L) 6.15 2.95 3.40 4.45 0.73–1.50

Creatinine (µmol/L) 58.0 71.5 62.0 62.0 17.68–53.05

ALT

(U/L)

52.0 128.5 52.5 58.5 16–48

AST

(U/L)

196.0 378.0 125.5 154.0 65–203

ALP

(U/L)

87.0 115.0 90.5 95.50 26.147

Glucose (mmol/L) 12.20 16.05 11.10 10.90 1.33–4.05

Cholestrol
(mmol/L)

2.10 2.35 2.00 1.95 4.22–9.71

4.3 Estrus cycle of PCOS rats
The results show the estrus cycle of PCOS rats given with high fat diet. The experimental group placebo,
LP 25 and LP 50 shows a prolonged estrus cycle compared to the control group throughout 90 day of
experimental period (Figs. 2, 3, 4 and 5)

Anti-Osteoporotic experiment:
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4.4 Bone calcium content analysis PCOS rats
The bone calcium content of PCOS rats show no statistical signi�cant between all treatment groups.
However, LP 50 shows the highest level of bone calcium content in PCOS (Fig. 6).

4.5 Micro-CT analysis of PCOS rats
The total porosity of PCOS showed no signi�cant results as compared with PLACEBO (Fig. 7). However,
all treatment group showed lower levels of concentration of total porosity compared with PLACEBO. LP
50 showed the lowest level of total porosity in PCOS rats. PLACEBO showed the highest level of total
porosity in PCOS rats.

4.6 Bone Scanning Electron Microscope (BSEM) of PCOS
rats
The bone scanning electron microscope show the image of porosity surface area (Figs. 8, 9, 10 and 11).
The placebo group show the highest level of percentage porosity 33.67% compared to control 19.54%
(Table 2). LP 50 show the lowest percentage porosity of 14.52%, while LP 25 show 17.02% compared to
control group in (Table 2).

Table 2
Percentage of Porosity surface area of PCOS rats

GROUP PERCENTAGE OF POROSITY SURFACE AREA

Placebo 33.67 %

Control 19.54 %

LP 25 17,02 %

LP 50 14.52 %

4.7 Serum C-reactive protein assay of PCOS rats
C-reactive protein assay of PCOS rats and * bars indicate statistical signi�cance at p < 0.05 (Fig. 12). C-
reactive protein of PCOS showed a signi�cant decrease given with LP 25 and LP 50 alone as compared
with placebo. Control group showed a signi�cant decrease as compared with placebo.

4.8 Serum TNF-alpha assay of PCOS rats
TNF-Alpha assay of PCOS rats and * bars indicate statistical signi�cance at p < 0.05 (Fig. 13). TNF- alpha
showed a signi�cant decrease given with treatment LP 25 and LP 50 when compared with placebo.
Control also showed a signi�cant decrease when compared with placebo.

4.9 Estradiol assay of PCOS rats
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Estradiol assay of PCOS rats and * bars indicate statistical signi�cance at p < 0.05 (Fig. 14). The
treatment LP 25 and LP 50 showed a signi�cant increase in Estradiol level as compared with placebo.
Control also showed a signi�cant increase as compared with placebo

4.10 Testosterone assay of PCOS rats
Testosterone assay of PCOS rats and * bars indicate statistical signi�cance at p < 0.05 (Fig. 15). Control,
LP 25 and LP 50 showed a signi�cant decrease in testosterone when compared with placebo. Control, LP
25 and LP 50 showed the same level of signi�cant decrease in testosterone as compared with placebo.

4.11 Insulin assay of PCOS rats
Insulin assay of PCOS rats and * bars indicate statistical signi�cance at p < 0.05 (Fig. 16). The Insulin
showed a signi�cant decrease in treatment LP 25 and LP 50 compared with placebo. control also showed
a signi�cant decrease in Insulin compared with placebo.

4.12 Skin elasticity of PCOS rats
The elasticity of skin and vagina was not signi�cantly altered in all treatment group (Figs. 17 and 18).
However, LP 50 signi�cantly increase the level of skin elasticity. Treatment LP 25 and LP 50 showed the
highest level both in skin and vaginal elasticity compared with PLACEBO.

5. Discussion
Obesity has become a major problem which lead to many chronic diseases such as insulin resistance,
type 2 diabetes, cardiovascular disease and polycystic ovary syndrome (Guilherme et al., 2008). The over
consumption of high calory diet which lead to reduction in energy utilization and subsequently results in
insulin resistance promote the formation of obesity (X.A. et al., 2013). The high fat diet not only shows
sign of metabolic impairment it also disturbs the female reproductive performance which can lead to
polycystic ovary syndrome (PCOS). Polycystic ovary syndrome is the most common endocrinopathy and
most frequent cause of infertility in women reproductive age. It is characterize by hirsutism, acne,
anovulation, menstrual irregularities, hypeandrogenemia, hyperinsulinimea and polycystic ovary (Franks,
1995; Goodarzi et al., 2011). According to clinical diagnosis, PCOS requires the presentation of two of the
three symptoms of hyperandrogenism, chronic anovulation and polycystic ovaries (Group, 2004).
However, PCOS involve many metabolic impairments, the important role in pathophysiology of PCOS is
50–70% of patients have insulin resistance (Dunaif et al., 1989). In much severe cases, PCOS will in time
develop to musculoskeletal disorders such as osteoporosis (Katulski et al., 2014), osteoarthritis (Sanchez-
Santos et al., 2018) and tendinitis (Jewson et al., 2018). Due to the metabolic impairment in PCOS, it can
lead to impairment skin cutaneous leading to loss of elasticity. The in�ammatory plays a major role in
the development of PCOS and other metabolic problem.
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Aqueous extracts of Labisa pumila (LP) is a herbal formula used in this study to determine the e�cacy of
its natural compound in correcting the effects of osteoporosis, hormonal imbalances and cutaneous
disorders. In this study, we presented results showing that orally administrated different concentration of
LP25 and LP50 (as stated in Methodology) decreases the osteoporosis, hormonal imbalances,
in�ammatory mediators level and increases the skin elasticity without any distinct toxicities in PCOS rats
induced by HFD.

This study used two doses of LP alone (25 mg/kg and 50 mg/kg) were given at 5 times a week for a
duration of 90 days duration of treatments to evaluate the dose effects on modulation of c-reactive
protein, TNF-alpha, insulin, serum estradiol and testosterone levels pertaining to the osteoporosis effects
by ELISA assay. It is important to note LP extract has been shown to be safe with an LD50 of more than
5.0 g/kg (M.F. et al., 2007). According to other studies on LP extract was reported to exhibit no-adverse-
effect-level (NOAEL) at the dose of 50 mg/kg in sub-acute (G.D. et al., 2009). At dose 1000 mg/kg in sub-
chronic (S.C, 2004) and 800 mg/kg was reported to show no adverse effect level (NOEL) in reproductive
toxicity studies (M.F. et al., 2007). However, in human, the effective doses normally taken by women are
around 500–1000 mg/kg daily. Which is similar to 25 mg/kg and 50 mg/kg when calculate for animal
trial. Therefore, the doses used in this study are considered to be safe. From the study, it showed that
signi�cant effects of anti-osteoporosis was detected in this experiment of PCOS rats treated with LP
alone.

Labisia pumila contained phytoestrogenic properties that can upregulate the synthesis of estrogen in
human. The antioxidant effects initiated by the estrogen can decrease lipid peroxidation of that will result
in oxidative damage and indirectly help in free radical scavenging (S.P. et al., 2002). Furthermore,
estrogen de�ciency result in the decline bone formation and in turn increase bone resorption process
leading to osteoporosis. It can be said that osteoporosis is the systemic skeletal disease characterized by
low bone mass and micro-architecture deterioration of bone tissues which results in increase bone
fragility and fracture (Norhayati et al., 2014). It is important to understand estrogen is a hormone that has
a profound effect on bone physiology. It keep the bone turnover rate at balance and reduces the cause of
osteoporosis which can be seen postmenopausal women.

Therefore, the doses used in this study are considered to be safe. From the study, it showed that
signi�cant effects of anti-osteoporosis were detected in-group of PCOS rats treated with LP25 and LP50.
This indicates that extracts of LP alone managed to reduce the level of C-reactive protein, a cytokine that
is used as an indicator for bone mass density. Increase levels of c-reactive protein in blood indicates a
detrimental effects of this in�ammatory cytokines towards bone health and mass, thus contributing
towards the risk of fractures (Huang and Schooling, 2017).

In this study, it was found that the treatment of PCOS rats with LP25 and LP50 alone signi�cantly
reduced the levels of TNF-α while the level in normal untreated and placebo groups of rats showed an
increase in TNF-α level at a signi�cant rate. It was noted that increase in the level of TNF-α correlates with
other parameters that were investigated in this study and this point towards the outcome following PCOS
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induction in rats in term of bone calcium contents and micro-computed topography (micro-CT) results.
TNF-  is a bone resorbing cytokine that promotes bone resorption by activating the mature osteoclast or
by stimulating the proliferation and differentiation of osteoclast (Lerner and Ohlin, 1993). The �nding
were consistent with fathilah et al 2012 and Choi et al 2010 that LP extract inhibit the TNF-α production
in the experimental study (Choi et al., 2010; Fathilah et al., 2013). TNF-α promotes osteoclastogenesis by
activating NF-κB transcription factor, which is also induced by RANK/RANK-L (Choi et al., 2010; Gilbert et
al., 2005). Activation of NF-κB is a key target for TNF-α action through TNF receptor- 1 (TNFR-1), which is
expressed on macrophages (Lam et al., 2000). This promotes pro-osteoclasts maturation even in the
absence of RANK/RANK-L signaling (Bailey and Etherington, 1980). Tumor necrosis factors-alpha also
enhances osteoclast differentiation by increasing the expression of M-CSF and RANK-L in osteoblasts
(A�nito et al., 1999).

In this study, it was noted that the levels of estradiol was depleting in the placebo group while the treated
group showed a normal levels of estradiol. At the same time, the levels of testosterone was at the normal
level and elevated in the place group while the testosterone levels in treated group was at the normal
range. The study shows that the LP extract proven to successfully replace the loss of estrogen due
reduction in placebo group. In women with PCOS, secretion rate and metabolism of androgens and
estrogens are impaired and androgens levels increase (Abasian et al., 2018). Estrogen plays a key role in
the development and maintenance of appropriate bone mass. Estrogen regulates the adipocyte
differentiation as well as skeletal growth and bone homeostasis. Estrogen acted on osteoblast and
osteoclast for bone formation. However, in PCOS the estrogen and androgen were greatly altered which
probably has great importance for bone metabolism in women. Estrogen de�ciency also can be linked to
the increase in food intake and body weight gain which result in obesity. Thus estrogen de�ciency
increase in adipose tissue proliferation on visceral fats which results in many chronic disease such as
cardiovascular disease, osteoporosis and obesity. The LP extract able replace the hormone leptine
resistin and adiponectin which in de�cient placebo group. Which show the treatment group LP 25 and LP
50 able to maintain normal body weight gain.

The LP extract able to increase the insulin sensitivity of treated group LP 25 and LP 50. The treatment of
LP 25 and LP 50 does not affect the body weight gain of PCOS rats. It is reported that PCOS are more
insulin resistant and body weight gain (Dunaif et al., 1989). This may be due to the phytoestrogenic
effect of LP extract. According Manneras et al 2010 the supplementation of LP extract increases the
insulin sensitivity up to 36% as well as improving the lipid pro�le of PCOS rats without affecting the body
weight composition (Mannerås et al., 2010). LP extract possess uterotropic effects which regulate the
body weight and lipid proliferation. Previously reported that reduction in plasma resistin increases the
insulin sensitivity (26). This is linked to the high level adiponectin in PCOS rat treated with LP extracts
(Weyer et al., 2001). Adiponectin is closely related to the metabolic abnormalities such as insulin
sensitivity and obesity.

Results from bone scanning electron microscopy, micro-computed topography (micro-CT) and bone
calcium contents showed that the administration of LP to the rats with PCOS have successfully replaced
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the estrogen from defective ovary in these PCOS rats at dosage LP 25 mg/kg and LP 50 mg/kg.
Phystoestrogen properties in LP can have an intricate pathways of action in improving the metabolic
disorders such as PCOS and osteoporosis. It is reported that PCOS is a linked to ovulatory dysfunction,
hyperandrogenism, abdominal fat, insulin resistance and polycystic ovaries (Group, 2004). In a much
severe cases. PCOS can develop the loss of bone mass and density which can lead to osteoporosis.
Osteoporosis is de�ned as systemic skeletal disease accompanied by low bone mass and
microarchitecture deterioration of bone tissue. This consequently increase the chances to bone fragility
and fractures (Grant et al., 1996). However, World Health Organization (WHO) reported osteoporosis can
happened when the bone mineral density falls more than 2.5 Standard Deviations (SD) which is below
the standard reference of young femaler maximum bone mineral density (Kanis et al., 2008). Form this
experiment, LP 25 and LP 50 manage to signi�cantly reduce the osteoporosis in�ammatory cytokine
TNF-  and C-reactive protein which responsible in the bone formation and bone resorption.
Supplementation of LP extract provide a bene�cial aspect to estrogen de�ciency women. It is reported at
the age of 35–40, the bone mass in females begin to decline slowly, followed by a dramatic bone loss
after menopause due to estrogen de�ciency or surgical ovariectomy.

The result from skin and vaginal elasticity through biochemical testing did not altered the increase in
elasticity of both tissues. However, the elasticity is still in normal range suggesting that LP extract did not
change or possess any form of elasticity. The elasticity can be speculated whether to increase the
concentration of LP extract given to PCOS rats. Other study suggested that the supplementation of LP
extract can upregulate the synthesis of collagen human �broblast cells (Choi et al., 2010). The LP extract
can be used to protect the human skin from reactive oxygen species expose from UVB rays. Due to
antioxidant and phenolic compound such as quercetin. This compound possesses rejuvenating effects
on the skin repairing.

6. Conclusion
In conclusion the treatment of LP 25 and LP 50 signi�cantly reduced the expression in�ammatory
cytokine related to the formation of osteoporosis in PCOS rat. The LP extract acted as an effective
phytoestrogen for estrogen de�ciency in PCOS rats. Increase the insulin sensitivity of without affecting
the body weight of PCOS rats and reduced the risk of osteoporosis through oxidative properties of LP
extract.
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Figures

Figure 1

Body weight of PCOS rat. No signi�cant changes in statistical analysis.
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Figure 2

Estrous cycle of control rats. No signi�cant changes in statistical analysis.

Figure 3

Estrous cycle of Placebo rats. No signi�cant changes in statistical analysis.

Figure 4

Estrous cycle of LP 25 PCOS rats. No signi�cant changes in statistical analysis.
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Figure 5

Estrous cycle of LP 50 PCOS rats. No signi�cant changes in statistical analysis.

Figure 6

Bone calcium content of PCOS rats. No signi�cant changes in statistical analysis.
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Figure 7

Micro-CT analysis of Total Porosity of PCOS rats. No signi�cant changes in statistical analysis.

Figure 8
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Image of BSEM of Placebo

Figure 9

Image of BSEM Control

Figure 10

Image of BSEM LP 25 of PCOS rats
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Figure 11

Image of BSEM LP 50 of PCOS rats

Figure 12

Serum level of C-reactive protein of PCOS rats. * Bars indicant signi�cant changes in statistical analysis.
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Figure 13

Serum level of TNF-alpha of PCOS rats. * Bars indicate signi�cant changes in statistical analysis.
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Figure 14

Estradiol level of PCOS rats. * Bars indicate signi�cant changes in statistical analysis
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Figure 15

Testosterone level of PCOS rats. * Bars indicate signi�cant changes in statistical analysis.
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Figure 16

Insulin level of PCOS rats. * Bars indicate signi�cant changes in statistical analysis.
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Figure 17

Skin elasticity of PCOS rats. * Bars indicate signi�cant changes in statistical analysis.
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Figure 18

Vagina elasticity of PCOS rats. * Bars indicate signi�cant changes in statistical analysis.
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