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O R I G I N A L  A R T I C L E

Background: Polycystic ovarian syndrome (PCOS), characterized by ovulatory infertility and 
hyperandrogenism, is associated with metabolic complications such as dyslipidemia, insulin 
resistance and endothelial dysfunction. Almost 70% PCOS women have abnormal serum lipid levels 
(dyslipidemia) and 50% of these women are obese. Several classes of pharmacological agents 
have been used to manage dyslipidemia. However, studies have shown adverse effects associated 
with these drugs. In the light of alternate therapy, many medicinal herbs have been reported to 
show hypoglycemic, anti-hyperlipidemic potential. Aloe barbadensis Mill. or Aloe vera is reported 
as one such herb. This study was to evaluate the lipid correcting effect of Aloe vera gel (AVG) in 
a PCOS rat model. Materials and Methods: PCOS was induced in Charles Foster female rats by 
oral administration of non-steroidal aromatase inhibitor letrozole (0.5 mg/kg body weight, 21 days). 
All rats were hyperglycemic and 90% rats also showed elevated plasma triglycerides, elevated 
LDL cholesterol levels, and lowered plasma HDL cholesterol levels indicative of a dyslipidemic 
profile. PCOS positive rats with an aberrant lipid profile were selected for treatment. An AVG 
formulation (1 ml (10 mg)/day, 30 days) was administered orally. Results and Conclusion: AVG 
treated PCOS rats exhibited significant reduction in plasma triglyceride and LDL cholesterol levels, 
with an increase in HDL cholesterol. The gel treatment also caused reversion of abnormal estrous 
cyclicity, glucose intolerance, and lipid metabolizing enzyme activities, bringing them to normal. In 
conclusion, AVG has phyto components with anti-hyperlipidemic effects and it has shown efficacy 
in management of not only PCOS but also the associated metabolic complication : dyslipidemia.
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INTRODUCTION

Polycystic ovarian syndrome (PCOS), one of  the most 
common causes of  infertility due to anovulation, affects 
up to one in fifteen women of  reproductive age. There is 
a consistent 4–9% prevalence of  PCOS seen in studies 
carried out across diverse populations in the world.[1-5] 
According to the National Institutes of  Health (NIH), the 
diagnostic criteria for PCOS are (1) hyperandrogenism, (2) 
chronic oligo-anovulation along with (3) the exclusion of  
other causes of  hyperandrogenism like Congenital Adrenal 
Hyperplasia (CAH).[6]

PCOS subjects demonstrate many features of  the metabolic 
syndrome such as insulin resistance, hypertension and 
dyslipidemia.[7] Around 70% PCOS women have abnormal 
serum lipid levels or dyslipidemia, as confirmed by the 
National Cholesterol Education Program (NCEP), making 
it the most common metabolic abnormality associated 
with PCOS.[8] Furthermore, dyslipidemia-induced 
atherosclerosis is a primary determinant in the development 
of  cardiovascular diseases (CVD), thus acting as a major 
risk factor in PCOS women for the development of  CVD.[9]

Dyslipidemia in women with PCOS is characterized by 
decreased HDL-C (high-density lipoprotein cholesterol) 
levels and increased plasma triglycerides, increased LDL-C 
(Low-density lipoprotein cholesterol), and increased non-
HDL cholesterol levels.[10] PCOS women also tend to 
have an increased waist-to-hip ratio, manifested as a result 
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of  visceral fat accumulation. Visceral fat tissue delivers 
high concentrations of  free fatty acids and increases the 
production of  very low density lipoprotein (VLDL) in 
the liver, thus contributing to the dyslipidemic profile in 
these women.[11]

Insulin resistance and dyslipidemia are almost concomitantly 
observed in most PCOS women. While the effects of  
hormonal changes on insulin secretion and function 
in PCOS women have been studied extensively, the 
interactions of  metabolic and hormonal abnormalities 
on lipid metabolism in PCOS are not very well explored. 
Combination therapies of  insulin sensitizing drugs such as 
metformin and thiazolidinediones along with lipid lowering 
drugs such as statins (HMG-CoA reductase inhibitors), 
nicotinic acid and fibric acid derivatives are used currently 
as a therapies for PCOS women.[12-15]

Several studies have shown that a prolonged use of  some 
of  these pharmacological agents have a variety of  moderate 
to severe side effects.[16-18] Thus, current research is shifting 
its focus to alternative therapies in order to prevent these 
deleterious effects. In India and China, many medicinal 
plants are used for the treatment of  various diseases. The 
goal of  herbal remedy is to enable the body to readjust 
excess levels of  hormones, bring them to ‘normal’ and 
establish normal physiological function. Medicinal plants 
such as Terminalia arjuna and Enicostemma littorale have been 
used for their anti-hyperlipidemic effects,[19,20] whereas 
Tecoma stans and Poliomintha longiflora have been used as 
therapy for their hypoglycemic properties.[21]

Aloe barbadensis Mill. (Aloe vera) has been popularly used 
as a medicinal plant and is known for its hypoglycemic,  
lipid lowering, anti-inflammatory, and anti-oxidant 
properties.[22-25] Our previous work has already shown that 
an Aloe vera gel (AVG) formulation causes partial reversion 
of  estrous cyclicity and improves steroidogenic activity in 
the PCOS rat model.[26] Hence, this study was aimed to test 
the efficacy of  the AVG formulation as a antihyperlipidemic 
and hypoglycemic agent in the PCOS condition, in order to 
establish its therapeutic use for PCOS–metabolic syndrome 
subjects.

MATERIALS AND METHODS

Preparation of Aloe vera gel (AVG) formulation
Aloe barbadensis Mill. (Voucher no. PSN 723) was compared 
with the specimen (Bhatt 2486, 653, 279, JVJ 448) located 
at the nationally recognized BARO Herbaria of  the 
Department of  Botany, The M.S. University of  Baroda, 
Vadodara, Gujarat, India. The Aloe vera formulation was 
prepared under aseptic conditions. Fresh mature Aloe vera 

leaves (3.5 years old) were taken and washed with water. 
The epidermis (outer green portion) was removed with 
a sterilized knife in order to remove the aloin. The gel 
(colorless inner substance) was allowed to stand for 2 h 
and then later sonicated into a homogenous gel. Natural 
preservatives : turmeric (Curcuma longa L. [0.1 g/l]), Karaya 
gum (Sterculia urens Roxb. [10% g/l]), and lemon juice 
(Citrus limon L. [0.1 %]) were added. The concentration 
was decided after vigorous studies on the stability of  Aloe 
vera juice with the stated concentration of  preservative 
for its anti-microbial and anti-fungal properties. The 
concentration of  aloin was checked by comparing the Aloe 
formulation prepared with the aloin A and B standards 
procured from Sigma (B6906) using HPTLC. The turmeric 
added to AVG had 4–5% curcumin. All precautions taken 
while preparing Aloe vera juice were as per the WHO 
guidelines (WHO monograph on selected medicinal plants 
volume I/ref. no. 43).

Induction of letrozole-induced PCOS
Adult virgin female Charles Foster rats (3–4 months) 
showing regular estrous cyclicity, weighing 200–225 g under 
controlled conditions of  light and temperature, with free 
access to diet and water were chosen for the induction of  
the PCOS model. Animals were treated orally with letrozole 
(0.5 mg/kg body weight) every morning for 21 days,[27] 
while different control groups were administered their 
respective vehicle substances. All PCOS positive animals 
which exhibited glucose intolerance, irregular ovarian 
cyclicity with the presence of  cysts, altered steroidogenic 
activity, increase in body weight and altered lipid profile 
were considered and chosen for the study. Proposal No : 
BC/03/2010 was administered by the M.S. University of  
Baroda Animal Ethics Committee (Registration no. 38/
A06/CPCSEA) which approved all the protocols.

Experimental set-up
Induction of  model: The rats were divided into three 
groups namely (a) CMC control group (treated with 1% 
carboxymethyl cellulose or CMC daily for 21 days), (b) 
Aloe control group (treated with AVG formulation— 
1 ml(10mg)/day daily for 21 days), and (c) letrozole-induced 
PCOS positive rats (treated with letrozole—0.5 mg/kg 
body weight daily for 21 days). The CMC and AVG control 
groups had six to eight animals each whereas the letrozole-
induced PCOS group had 32 animals.

Treatment: On induction of  PCOS model, the CMC and 
AVG control groups were continued with the same 
treatment for 30 days. The PCOS positive group was 
divided into four groups: (i) PCOS positive group or PCOS 
control group (no treatment given), (ii) AVG treated PCOS 
rats (treated AVG formulation—1 ml (10mg)//day daily 
for 30 days), (iii) PCOS rats treated with Metformin (500 
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mg/kg body weight daily for 30 days),[28] and (iv) positive 
control group or statin Group (treated with atorvastatin–25 
mg/kg body daily for 30 days).[29]

All compounds were administered orally.
Analysis: Estrous cyclicity of  the animals in all the groups 
was monitored daily during treatment. After 30 days of  
treatment, 12 h fasting blood samples were collected for all 
groups of  rats, and the rats were then killed. Plasma from 
the blood samples was used for the estimation of  glucose 
and lipid profile parameters. Ovarian steroid enzymes 
activities were assayed from the mitochondrial fraction of  
ovarian tissue. HMG-CoA reductase activity from the liver 
tissue was determined.

Assessment of biochemical parameters
A oral glucose tolerance test (OGTT) was performed 
after 12 h fasting in all rats by the protocol of  Buchanan 
et al.[30] Glucose (300 mg/kg body weight) was orally fed to 
the rats and blood samples were collected in NaF-coated 
tubes at the different time intervals (30′, 60′, 90′, and 120′). 
Steroidogenic enzyme assays were carried out according to 
a previously published procedure.[26] Analysis of  the lipid 
profile was done by Enzopak kits which estimated total 
cholesterol content, triglycerides, HDL-C, and LDL-C 
from plasma. The kit reagents hydrolyze the fat in the 
sample, which is then acted upon by an oxidase and then 
a peroxidase which forms a colored complex that can be 
assayed spectrophotometrically. Liver lipid was extracted by 
the method proposed by Folch et al., and subsequent liver 
cholesterol was estimated by Zlatkis’ method.[31,32] HMG-
CoA reductase is expressed as a ratio of  absorbance of  the 
substrate (HMG-CoA) to the absorbance of  the product 
(Mevalonate). The higher the substrate:product ratio, the 
lower the activity and vice versa. HMG–CoA reductase 
analysis was carried out according to the protocol published 
by Rao and Ramakrishnan.[33] Lecithin cholesterol acyl 
transferase (LCAT) activity was expressed as a measure of  

the amount of  free cholesterol liberated during the assay. 
The more the free cholesterol liberated, the lesser the LCAT 
activity. LCAT activity was estimated from the separated 
blood plasma using Hitz’ method.[34]

Statistics
Comparison of  different groups was done using analysis 
of  variance (ANOVA) and Student t-test. The analysis 
was carried out using Graph Pad version 3.0. P ≤ 0.05 was 
considered significant. All results are expressed as the mean 
± SD for 6–8 animals in each group.

RESULTS

Effect of AVG formulation on estrous cyclicity and 
ovarian steroidogenesis enzymes
The disruption of  estrous cyclicity caused by letrozole 
was observed in the PCOS positive group which showed 
an extended diestrous stage. The presence of  cysts in 
PCOS rat ovaries led to an increase in ovarian weight as 
shown in Figure 1. Ovarian weight of  PCOS positive rats 
showed a marginal nonsignificant decrease on treatment 
with AVG thus establishing that AVG reversed anovulation 
status and prevented further increases in cyst formation.  
Figure 2 demonstrates the efficacy of  AVG on ovarian 
steroidal enzymes activities. Letrozole administration 
resulted in a significant increase in both 3β hydroxysteroid 
dehydrogenase (HSD) and 17β HSD activities. AVG 
treatment of  PCOS positive rats caused in a significant 
decrease in 3β HSD activity wherein 17β HSD activity 
showed a nonsignificant decrease. The AVG extract 
decreases 3β HSD activity while keeping the 17β HSD 
activity near normal, thereby decreasing overall androgen 
production and increasing the flux of  the steroidogenesis 
pathway toward estrogen synthesis. Metformin treatment 
had a similar effect wherein statin treatment did not bring 
about a change in any of  these parameters.

Figure 1: Effect of AVG extract on ovarian weight
Figure 2: Effect of AVG extract on ovarian steroidogenesis enzyme 
activities
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Effect of AVG formulation on glucose metabolism 
and body weight
An insulin-resistant phenotype was confirmed in PCOS 
positive rats by carrying out an oral glucose tolerance 
test (OGTT) in these rats. The OGTT profile in  
Figure 3 shows that a significant reduction glucose tolerance 
in PCOS rats was seen when compared to controls groups 
wherein AVG-treated PCOS rats showed a restored glucose 
tolerance comparable to that of  the control groups. The 
body weights of  these animals were also used as a marker 
of  glucose homeostasis. Figure 4 shows the increase body 
weight in PCOS rat model when compared to CMC and 
Aloe control groups, whereas AVG-treated PCOS rats 
showed a significant decrease in body weight similar to the 
decrease shown by metformin and statin treatment groups.

Effect of AVG formulation on the lipid profile of PCOS 
rats
As seen in Table 1, on administration of  letrozole 
for 21 days, a marked increase was seen in the plasma 
triglyceride levels, decrease in HDL-C levels, whereas 
plasma cholesterol and LDL-C levels remained almost 
the same as compared to the various control groups. 
90% of  the experimental rats showed this phenotype and 
thus a dyslipidemic PCOS rat model was established. On 
treatment with Metformin and Statin for 30 days, a marked 

decrease in plasma cholesterol and LDL-C levels was 
seen, along with an increase in HDL-C levels. However, 
AVG treatment had a more significant effect in restoring 
of  plasma cholesterol levels back to normal. In addition, 
AVG also led to a significant decrease in plasma triglyceride 
levels, thus bringing the complete lipid profile to normal.

Effect of AVG formulation on lipid metabolizing 
enzymes
Figure 5 demonstrates the high levels of  liver cholesterol 
seen in letrozole-induced PCOS rats as compared to the 
control group. Treatment with AVG, metformin and statin 
restored these levels back to normal. Decreased liver 
cholesterol levels were also reflected in the effect of  AVG 
on activity of  HMG-CoA reductase. Figure 6 shows that 
letrozole treatment increases HMG-CoA reductase activity, 
thus indicating an increased endogenous cholesterol 
production. Treatment with combined AVG, metformin 
and statin decreased its activity significantly. Ideal decrease 
in activity was seen on treatment with statin, which is a 
HMG-CoA reductase inhibitor. On administering letrozole, 
a significant decrease in LCAT activity was observed as 
compared to the control groups. This activity increased 
on treatment with combined AVG, metformin, and statin. 
However, the increase was not significant as indicated in 
Figure 7.

Figure 3: Effect of AVG extract on the oral glucose tolerance test 
(OGTT) Figure 4: Effect of AVG extract on body weight

Table 1: Effect of AVG extract on lipid profile
Groups Cholesterol

(mg/dl)
Triglycerides

(mg/dl)
HDL cholesterol  

(mg/dl)
LDL cholesterol  

(mg/dl)

CMC control 74 ± 3.52 62.17 ± 5.78 26.33 ± 2.07 35.33 ± 3.83
AVG control 73.33 ± 2.52 68 ± 3 25 ± 4.58 34.67 ± 6.66
Pcos positive 76.38 ± 3.58 108 ± 14.08## 16.8 ± 3.48# 37.88 ± 5.19
AVG treated 60.33 ± 3.72** 68.7 ± 5.94*** 23.43 ± 3.69*** 24.57 ± 4.28**

Metformin treated 67.67 ± 1.53 86.67 ± 8.02* 23.67 ± 3.06* 26.67 ± 3.06**

Statin treated 66 ± 3.85 97.2 ± 8.41 20.5 ± 2.26* 23.67 ± 5.01**

#P 0.05, ## P 0.01 as compared to CMC and AVG control groups (n = 6-8), *P 0.05, ** P 0.01, *** P 0.001 as compared to Letrozole induced PCOS groups (n = 6-8)
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DISCUSSION

PCOS is manifested primarily by anovulation and 
hyperandrogenism. First, chronic anovulation and 
hyperplasia of  the ovarian stroma are seen as a result 
of  an increase in the LH/FSH ratio. An increase in LH 
concentration is seen due to the inappropriate estrogen 
feedback to the pituitary.[35] Second, almost 80% PCOS 
patients have high levels of  free testosterone, DHEA 
(dehydroepiandrosterone), and androstenedione.[36,37] 
A deficiency in the activity of  the aromatase enzyme is 
one of  the many intra-ovarian disturbances thought to 
cause androgen excess in PCOS. Aromatase catalyzes the 
rate limiting step in the biosynthesis of  estrogens from 
androgens. Letrozole, a nonsteroidal inhibitor of  the 
aromatase enzyme, which results in androgen excess and 
promotes development of  PCOS, was used to establish a 
PCOS rat model.[27]

The working of  this model was confirmed by assaying 

for the activity of  key androgen producing ovarian 
steroidogenesis enzymes. PCOS positive rats showed a 
higher 3β HSD and 17β HSD activities as compared to 
the control groups, indicating higher androgen production. 
The experiment also demonstrated the efficacy of  AVG 
in bringing the activities of  these enzymes back to control 
levels suggesting that the presence of  polyphenols in the 
AVG could modulate the activities of  these enzymes.[26]

Ovarian cyclicity was checked regularly, and it was concluded 
that PCOS positive animals showed an extended diestrous 
state as compared to control groups, thus suggesting that 
the model mimicked anovulation. Treatment with AVG 
restored estrous cyclicity back to normal levels. This 
hypoglycemic property may be attributed to nutritionally 
rich phytosterols and phytophenols in the plant. Ovarian 
weight in PCOS-positive animals was more than control 
rats and treatment with the gel prevented further increase 
in ovarian weight, thus suggesting that AVG somehow 
prevents ovarian hyperplasia and ovarian cyst formation.

A high level of  androgens induces insulin resistance through 
the activation of  the lipolytic cascade and by modifying 
muscle histology.[38,39] The OGTT was performed, and it 
was concluded that PCOS-positive rats showed a decreased 
tolerance to glucose. AVG and metformin treatment 
increased the glucose tolerance of  these rats, suggesting 
that certain phytocomponents in AVG are able to affect 
the secretion and metabolism of  insulin and its action. 
As glucose homeostasis is maintained in combined AVG 
treatment groups, the body weight is also maintained.

Hyperandrogenism also leads to dyslipidemia. Free 
testosterone levels have been implicated in lowering HDL 
cholesterol levels.[40] Androgens through the interaction 
with androgen receptor (AR) decrease the catabolic removal 
of  LDL.[41] The overall lipid profile was carried out and 
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Figure 5: Effect of AVG extract on liver cholesterol Figure 6: Effect of AVG extract on HMG CoA reductase activity

Figure 7: Effect of AVG on LCAT (lecithin cholesterol acyl transferase) 
activity
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90% of  all PCOS rats showed elevated plasma triglyceride 
levels and reduced HDL cholesterol levels. These rats were 
then selected for the rest of  the study and divided into 
different treatment groups. AVG-treated groups showed 
a marked reduction in plasma triglyceride, cholesterol, and 
LDL cholesterol levels along with a significant increase in 
HDL cholesterol levels as compared to PCOS-positive rats.

The liver plays an important role in glucose and lipid 
homeostasis. It is also involved in cholesterol synthesis and 
secretion of  plasma lipoproteins. Hepatic LCAT (lecithin 
cholesterol acyl transferase) acts on lipoprotein remnants 
discharged into the plasma from the liver. It scavenges 
the cholesterol from these remnants so as to form HDL 
cholesterol, which can be then taken to the liver for 
degradation. PCOS positive rats treated with AVG showed 
reduced level of  LCAT activity and this result is confirmed 
by an increase in plasma HDL-C levels as shown by the 
lipid profile results. HMG-CoA reductase is the rate limiting 
enzyme involved in cholesterol biosynthesis in tissues such 
as liver, ovary, etc. It converts fatty acyl groups in the form 
of  HMG-CoA to mevalonate. An increased HMG CoA 
activity seen in the AVG treated group as compared to 
controls could be due to decreased cholesterol absorption 
in the gastrointestinal tract. Thus, the decreasing cholesterol 
level in body under the influence of  AVG formulation 
could have enhanced the enzymatic activity by a positive 
feedback mechanism. 

It is well established that AVG is a strong hypoglycemic 
agent and reduces cholesterol levels.[23] Hypoglycemic effect 
of  AVG helps to improve glucose uptake and metabolism 
in PCOS rats. Insulin resistance is also the main cause 
of  hyperinsulinemia in PCOS and if  left untreated can 
lead to Type II Diabetes Mellitus. AVG, with its various 
phytosterols, sensitizes the insulin receptor and improves 
the insulin secretion.[23] PCOS condition exhibits high FFA 
and elevated cholesterol levels due to an androgen excess as 
discussed before. AVG works to bring the lipid profile back 
to normal in PCOS rats. Dyslipidemia is also a major cause 
of  obesity in PCOS and if  left untreated can lead to CVD.

Thus, in conclusion, our present study could highlight 
that the AVG used in our study has potential efficacy in 
prevention and management of  PCOS. Beneficial effects 
of  metformin were not as significant as that of  the 
combined herbal extract with AVG. Also, administration 
of  metformin brought about aggressiveness in the rats. 
Statin, on the other hand, showed a lipid lowering effect 
but did not act to manage the PCOS condition.

AVG has not only been confirmed to restore glucose 
metabolism in PCOS rats but has also provided strong 
evidence of  its anti-hyperlipidemic effects by reversing the 

dyslipidemic status in these rats. Preliminary phytochemical 
experiments suggest that the phytosterols and polyphenols 
in AVG are the active components in controlling the 
hyperglycemic condition. However, detailed studies still 
need to be done in order to identify the active ingredient 
that could help in management of  abnormal serum 
lipid levels in the PCOS condition. Effect of  AVG on 
dyslipidemia in a non-PCOS model also needs to be 
checked in order to test its efficacy as an anti-hyperlipidemic 
therapeutic agent.
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