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ABSTRACT

Introduction: Polycystic Ovary Syndrome (PCOS) is a common
metabolic disorder, it affects both humans and animals. It may
induce coronary heart disease, obesity and hyperandrogenism.
Previous studies show that Low frequency Electroacupuncture
(EA) have an effect on PCOS, however the exact pathway is
unclear.

Aim: To find the effect of EA on autonomic activity of the heart
in Estradiol Valerate (EV) induced PCOS rats.

Materials and Methods: Heart rate variability (HRV) was
assessed in 3 groups: 1) Control; 2) PCOS rats; and 3) PCOS rats
after EA treatment (n=8 in each group). From the time domain

analysis and frequency domain analysis (linear measures) HRV
analysis was done. EA stimulation was given at low frequency of
2Hz for 15 min on alternate days for 4-5 weeks. Collected data
were statistically analysed using One-Way Analysis of Variance
with the application of multiple comparisons of Tukey test.

Results: EA treatment group shows significant reduction in
Heart Rate (HR) and low frequency, high frequency ratio (LF/HF);
and increase in RR interval, Total Power (TP) when compared to
PCOS group.

Conclusion: The study concludes that EA treatment has a

significant effect on reducing sympathetic tone and decreasing
HR in PCOS.
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INTRODUCTION

Cardiovascular disease (CVD) in one of the most common
metabolic disorder in women with polycystic ovary syndrome,
it is also associated with insulin resistance, hyperandrogenism
and obesity [1,2]. Young women with PCOS have increased
sympathetic and decreased parasympathetic activity in heart
measured by heart rate variability (HRV) [3].

Autonomic imbalance in heart is related to CVD, group of women
with PCOS has high risk of CVD [4]. Heart rate fluctuation is an
indication of autonomic nervous system dysfunction in response
to anxiety and environmental stimuli [5].

Earlier studies show EV induced PCOS animal model shows
acyclicity in the ovary [6]. The induced PCOS rats have shown
alterations in basal luteinizing hormone, follicle stimulating hormone
and gonadotrophin releasing hormone and sympathetic activity
of the heart [7]. The PCOS in rats and the human shows similar
endocrinological and morphological features [8].

A serious alteration of HRV is associated with CVD [9] Alteration of
HRV in different stages of the menstrual cycle was reported [10].
HRV is a non-invasive index for studying the autonomic activity of
heart. The linear method of HRV is analysed by time and frequency
domain. The time domain analysis measures changes in heart
rate over time. The time domain parameters are driven mainly via
parasympathetic innervations of heart. In short term recordings
the frequency domain analysis of heart rate explains three bands
very low frequency (VLF), low frequency (LF) and high frequency
(HF) [11]. An alternate approach of recording ECG in conscious
state allows a long term HRV study in a rat model [12]. HRV has
been studied for alterations in the autonomic activity of heart
during acupressure stimulation in Dysmenorrhoea [13].

The standard pharmacological treatment for PCOS is effective,
but it has side effect such as super ovulation are common.
Laparoscopic ovarian drilling may help in regulating ovulation
in women with PCOS [14]. Manual stimulation of acupuncture
needles and metformin therapy, both showed similar improvement
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in the endocrine and metabolic function in obese PCOS women
[15]. Regular ovulations were induced in more than one third
women without any side effects [16].

Earlier studies were limited in explaining the association between
the PCOS and metabolic disorders.

AIM
Therefore, this study may contribute to understanding the
autonomic alteration of heart in PCOS and the effect of EA on
PCOS.

MATERIALS AND METHODS

Animals: The study was conducted at the KM college of Pharmacy,
Madurai, Tamil Nadu. The time period of the study was 3 months.
24 adult virgin cyclic rats weighing 200 -250g were housed in
cages at a controlled temperature, for a period of one week 12-12
hours a day, night cycle is maintained and has free access to food
and ad libitum water. The study was conducted after getting the
institutional animal ethical committee approval.

PCO induction: After acclimatization the rats were divided into
three groups, control (n=8), PCOS (n=8) and PCOS + EA (n=8).
Each rat in the PCOS group was injected with single I.m injection of
4.5 mg of EV (Progynon deport, German Remedies). The animals
were handled according to CPCSEA guidelines [17].

Vaginal smear: In all the control and experimental group rats
vaginal smear was taken periodically. The EV induced PCOS
rats shows prolonged diestrus stage, when compared to control
that we consider it as PCOS group. The vaginal smear was
the conformance test for PCOS appearance. The smears were
stained using crystal violet and viewed under microscope and the
predominant cell type in vaginal smear in the PCOS is leukocytes
the main cell type in diestrus stage [18].

Animal preparation and HRV recording: For adaptation the
animals were conditioned inside a transparent restrainer on
everyday 20 minutes for a week prior to recording of HRV. The
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ventral surface of the animals were shaved. A conductive gel was
applied over the self adhesive platinum electrode with care being
taken to avoid the establishment of gel bridge between them.

The electrodes were connected to cable to reach the data
acquisition system. The animal was placed inside the transparent
retainer which has holes for ventilation. After 10 minutes inside the
retainer, the HRV was recorded for 5 minutes in all the groups. All
the recording was done at the same time between 9am to 11am
under thermonueral condition. To avoid the potential acute effect
of EA, no treatment was performed 24 hours before recording
HRV in PCOS EA group.

HRV analysis: In time domain analysis the following index was
obtained mean RR interval, mean heart rate HR, and SDNN
(Standard deviation of RR interval), for frequency domain analysis,
there were two major spectral component is Low frequency (LF
0.2 - 0.8 Hz) and High frequency (HF 0.8 -2.5 Hz).

Electroacupuncture treatment: Low frequency EA treatment was
carried outin the PCOS group, each treatment lasted for 20 minutes
for one in two days upto 4-5wks. The rats were anesthetized and
suspended in harness. The needles were inserted bilaterally in the
biceps femoris and erector spinae muscle in somatic segment
corresponding to the innervations of the ovaries. The needles
were inserted to the depth of 0.3 -0.5 cm and then connected
to an electrical stimulator with the low frequency of 2Hz and the
burst frequency of 80 Hz. The intensity was adjusted until the local
muscle contraction valid from 0.8 — 1.3 mA. The animals in the
PCOS and control groups were anesthetized and suspended in a
harness and handled as a PCOS EA group and they are exempted
from EA stimulation.

STATISTICAL ANALYSIS

The data are expressed as mean + SD. The time and frequency
domain parameters were analysed using One-Way Analysis of
Variance with the application of multiple comparisons of Tukey test.
Significance of p < 0.05 was considered statistically significant.

RESULTS

In EV induced PCOS rats there was a significant decrease in the
time domain indices (mean RR, RMSSD, SDNN, and NN50) when
compared to normal (p <0.05). After 4-5wks of EA treatment in EV
induced PCOS rats there was a significant increase in time domain
indices when compared to untreated PCOS rats (p <0.05) [Table/
Fig-1,2].
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Parameters Control PCOS EA treatment
™ 71.6+10.1 41.75+6.8" 65.8+11.2**
LF 15.07£1.9 20.32+2.6* 16.5+1.6"
HF 156.87+4.08 8.62+0.9% 13.7+£2.08*
LF/HF 0.98+0.17 1.72+0.16* 1.2+0.19**

Parameters Control PCOS EA treatment
Mean RR 176+3.8 150+3.8 * 170.7+£3.4 **
SDNN 13.6+1.4 10.76£1.4* 11.6+£0.9
rMSSD 5.8+0.8 3.46+0.68 * 5.5+0.8"*

[Table/Fig-1]: Comparison of time domain analysis between PCOS, Control and EA
treatment groups.

Values are present in mean + SD. Comparision with control group, * p < 0.05. and comparison with

PCOS group ** p < 0.05
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[Table/Fig-2]: Mean Comparison of the RR interval in PCOS compared with control

and EA treatment.

[Table/Fig-3]: Comparison of frequency domain analysis between PCOS, Control
and EA treatment groups.

Values are present in mean + SD. Comparision with control group, * P < 0.05. and comparison with
PCOS group ** P < 0.05

In frequency domain indices the EV induced PCOS rats there
was a significant decrease in total power TP (p< 0.05) and high
frequency power HF, the low frequency power LF and ratio of LF/
HF was significantly increased when compared to control. After EA
treatment for 4-5wks the TP and HF was significantly increased,
the LF and LF/HF ratio was significantly decreased when compared
to untreated PCOS [Table/Fig-3].

After treatment for 4-5 weeks of EA in PCOS EA group the vaginal
smear exhibited the keratinocytes, the predominant cell type
during the estrus stage, indicating the reappearance of cyclicity.

DISCUSSION

This study shows that intensive Low frequency EA given for 4 -5
weeks modulates the autonomic activity of heart by altering the
HR, total power TP and LF/HF ratio in rats with EV induced PCOS.
A variety of responses can be appreciated in the endocrine,
metabolic and nervous system through intramuscular needle
insersion and stimulation, which produces a specific pattern of
afferent activity in peripheral nerve fibers [19]. In a rodent model
of PCOS the acupuncture has sympathetic depression effect on
the central nervous system and reduced ovarian sympathetic tone
[20].

Normally variably in HR assessed by mean RR, RMSSD, and
SDNN for the time domain index which indicates parasympathetic
activation of heart. The overall HRV is broken down into specific
frequencies provided additional information regarding the
autonomic input of the heart. The oscillation of very low frequency
(VLF) is due to various slow mechanisms of sympathetic activity.
Low frequency (LF) is mainly by sympathetic innervations of heart.
High frequency (HF) is mainly by the parasympathetic activity of
heart. The LF/HF ratio measures the overall balance between
sympathetic and parasympathetic system. [21]. The overall
reduction in HRV represents either a reduction in LF or HF nu.

In this study, short term HRV analysis of PCOS rats showed TP
was significantly reduced, which is an index of overall HRV. A
significant increase in LF nu and decreased HF nu in PCOS rats
showed increased sympathetic and decreased parasympathetic
activity. The LF/HF ratio was increased in PCOS rats, which show
the imbalance between sympathetic and parasympathetic activity.
The increase in LF and LF/HF ratio represents the increased activity
of the sympathetic system [22]. This study of animal model has
shown the correlation with the HRV standards of human PCOS.

EV treated rats shows increased intra ovarian synthesis of nerve
growth factor a strong marker of sympathetic nerve activity [23].
Increased sympathetic activity is associated with obesity [24].
A 21 year follow up study of PCOS women showed high risk of
CVD [25].

Steroid induced polycystic ovary rats had higher mean systolic
blood pressure (MSAP) and increased hypothalamus, pituitary
adrenal axis (HPA) regulation [26]. Women with polycystic ovary
had increased levels of high sensitive C- reactive protein, which
is an inflammatory marker. Which may increase the risk for the
development of CVD [27]. In a comparative study, women with
PCOS were treated with Low frequency EA and Exercise, both
have shown decreased high muscle sympathetic activity [28].
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Further, repeated treatment of EA for 4 -5 weeks of PCOS rats
showed the HR, RR interval returned back to normal significantly.
In addition frequency domain analysis TP and LF/HF ratio was
significantly raised. Overall, it indicates there is a reduction in
sympathetic activity in PCOS rats.

LIMITATIONS

The limitation of this study is small sample size. This study does
not include the serum analysis of sex hormones and lipid profile.

CONCLUSION

Polycystic ovary syndrome is a state of increased sympathetic
activity which may have associated with the metabolic disorder
such as CVD and reproductive disturbances. This study concludes
that low frequency EA has a significant effect on PCOS rats, which
reduces the HR and sympathetic activity. This non pharmacological
less expensive alternative therapy can be implemented for PCOS
to reduce the cardiovascular risk in patients.
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