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Background. A higher prevalence of cardiovascular disorders has been observed in
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ovariectomy on

women after menopause. This study aimed to determine the long-term effects of
hemodynamic
metabolites (NOx) in the heart tissue of ovariectomized rats.

Methods. Fourteen female Wistar rats were divided into two groups (n=7 in each group)

functions andthe level of nitric oxide

of control and ovariectomized (OVX). OVX rat model was induced using the two
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study.

dorsolateral skin incision method. Cardiac hemodynamic function indices, including
the left ventricular developed pressure (LVDP), peak rate of positive changes in the left
ventricular pressure (+dp/dt), and peak rate of negative changes in the left ventricular
pressure (-dp/dt) were measured at the time of systole in hearts after 11 months of the
ovariectomy. Serum and left ventricular levels of NOx were measured at the end of the

Results. At the end of the study, OVX rats had lower LVDP (19%, P=0.001), +dp/dt
(30%, P<0.001) and -dp/dt (23%, P=0.004) than control group. In addition, the OVX
group had lower serum NOx levels (30%, P=0.021) compared to the control group;
heart tissue NOx was also lower by 31% in the OVX rats, but it was not statistically

significant (P=0.056).

Conclusion. Long-term ovariectomy disrupts cardiac hemodynamic function in
ovariectomized rats, which is associated with decreased NOx levels in serum.

Practical Implications. Our findings indicated impaired cardiac function following
long-term estrogen deficiency in OVX rats. These results can be used to prevent and
treat the cardiovascular disease in post-menopausal women. However, these results
need to be confirmed in humans.
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Extended abstract

Background

There were about one billion menopausal women
in 2020, and it has been estimated that menopause
will affect 1.6 billion women worldwide by 2050.
Menopause is associated with a higher risk of

cardiovascular diseases, which is the leading cause of
death worldwide. Cardiovascular diseases develop
seven to ten years later in women than in men and
increase after menopause or ovariectomy. Short-
term (less than 17 weeks) effects of ovariectomy on
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normal cardiac function have been reported, but its
long-term effects have not been documented.
Different responses to short- and long-term effects of
ovariectomy in animal studies have been reported.
For example, only long-term ovariectomy affects the
nervous system and behavior. This study aims to
determine the long-term (11 months) effects of
ovariectomy on normal cardiac function and the
level of serum and heart tissue nitric oxide (NO)
metabolites (nitrite+nitrate; NOXx) in rats.

Methods

A total of 14 Female Wistar rats were assigned
into the control and ovariectomized (OVX) groups
(n=7 in each). Ovariectomy was induced in 6-
month-old rats (body weight: 180-200 g) using the
dorsolateral skin incision method. In brief, fasted (12
hours) female rats were anesthetized with sodium
pentobarbital (60 mg/kg); the skin area was then
shaved, washed, and disinfected using electric
clippers, chlorhexidine scrub, and ethanol 70% as
well as povidone-iodine. Dorsolateral skin incision
(length=1-1.5 cm) was made on a warmed pad (30-
35 °C) to prevent hypothermia; duration of surgery
was <10 min. Vitamin A ointment was used for eye
protection. This method does not need suturing the
muscle and wound healing time is 9-10 days. After
induction of OVX model, rats were housed
individually for one week to avoid contamination
and wound reopening. To verify the OVX model,
two months after the ovariectomy, blood samples
were collected from tails of isoflurane-anesthetized
rats, centrifuged, and serum concentrations of
estradiol and progesterone were measured by ELISA
kits. In addition, body weight and uterine weight
were measured at months 2 and 11, respectively. At
month 11, rats were anesthetized with sodium
pentobarbital (60 mg/kg), and hearts from control
and OVX rats were isolated. Hemodynamic
parameters, including the left ventricular developed
pressure (LVDP), the peak rate of positive changes in
the left ventricular pressure (+dp/dt), and peak rate
of negative changes in the left ventricular pressure (-
dp/dt) in isolated hearts were recorded using the
Langendorff apparatus. To measure hemodynamic
parameters, a latex balloon was inserted into the left
ventricle, and left ventricular end-diastolic pressure

(LVEDP) was adjusted at 5-10 mm Hg by filling
water in the latex balloon. LVEDP, LVDP, and
+dp/dt were digitalized by a data acquisition system
(Power Lab, AD instrument, Australia). Heart and
serum NOX levels were measured at the end of the
study using the Griess method. In this method,
nitrate is reduced to nitrite by vanadium (III)
chloride; nitrite produces pink color in acidic
environment, which is read at 540 nm.

Results

Serum  concentrations of estradiol and
progesterone decreased by 90% (P=0.002) and 74%
(P=0.001) two months after ovariectomy. In
addition, compared to the control group, OVX rats
had significantly lower uterine weight by 78%
(0.30+0.02 vs. 1.25+0.09 g; P<0.001) at month 11 and
higher body weight by 21% (246.6+5.6 vs. 205.7+2.2
g P<0.001) at month 2. These findings indicate
successful induction of the OVX rat model. At the
end of the study, OVX rats had lower LVDP by 19%
(74.7+3.4 vs. 92.6+2.5 mm Hg, P=0.001), +dp/dt by
30% (2076£152 vs. 297173 mm Hg/s, P<0.001), and
-dp/dt by 23% (1708+84 vs. 2220+113 mm Hg/s,
P=0.004) than controls. At the end of the study,
compared to the control group, the OVX rats had
lower NOx levels in serum by 30% (20.6+5.6 vs.
29.243.5 umol/L, P=0.021); heart NOx tissue was
also decreased in OVX rats (17.1+1.7 vs. 24.8+3.2
umol/L), but it was not statistically significant
(P=0.056).

Conclusion

Long-term (11 months) ovariectomy impaired
normal cardiac function in female rats as indicated
by lower LVDP (19%), +dp/dt (30%), and -dp/dt
(23%) after ovariectomy. This effect was associated
with decreased serum NOx levels. These findings are
in line with previous reports indicating that estradiol
deficiency after menopause causes left ventricular
hypertrophy and apoptosis, exacerbates cardiac
function, decreases antioxidant and anti-
inflammatory effects, and increases the level of free
fatty acids. They all make postmenopausal women
susceptible to metabolic syndrome and insulin
resistance, the main risk factors for cardiovascular
diseases. In addition, it has been previously reported
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that estradiol deficiency following menopause
decreases NO bioavailability in serum and heart
tissues by decreasing endothelial NO synthase
(eNOS) mRNA and protein expression in the
cardiovascular system; also, it has detrimental effects
on cardiac function in OVX rats. As a take-home

message, impaired cardiac function following long-
term estrogen deficiency in OVX rats can prevent
and treat cardiovascular disease in the post-
menopausal women. However, these results need to
be confirmed in humans.
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