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Abstract
Introduction: The effects of ovariectomy (Ovx), menopause, and estrogen replacement 
on the hemodynamic remain controversial. This study employed the technique of 
impedance cardiography analysis to measure the effect of chronic use of estrogen 
replacement on cardiovascular hemodynamic in the Ovx rats. Materials and Methods: 
Colony‑bred adult Ovx female Sprague‑Dawley rats were randomized into three 
groups: 17 β‑Ethinyl Estradiol treated ovariectomized group (OvxE), vehicle treated 
ovariectomized group (OvxV), and Sham Operated (SO). Animals received 17 β‑Ethinyl 
Estradiol (17 β‑EE) once daily for 90 days. Cardiovascular hemodynamic parameters 
such as left ventricular ejection time (LVET), pre‑ejection period (PEP), Systolic time 
interval (STI), cardiac output (CO), cardiac index (CI), stroke volume (SV), and stroke 
volume index (SVI) were assessed 24 h after last treatment on 7, 15, 30, 60, or 90 days. 
Results: Compared to SO group, Ovx with or without estrogen replacement did not 
significantly affect the mean blood pressure, CO, CI, SV, and SVI. No significant changes 
were observed in LVET and PEP from SO. Treatment with estradiol increased the STI by 
66.62% and 53.60% (P < 0.05), from control after 60 and 90 days, respectively. Blood 
velocity, base impedance (Zo) and maximum change in impedance during systole (Zt) 
corresponding to time‑varying fluid volume (blood) remained within normal limits of 
variation. Conclusion: These results demonstrate that on long‑term administration of 
estrogen significantly increased STI in rats.
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incidence of risk of coronary heart disease, i.e., estrogen 
therapy has been shown to exert prothrombotic 
effect.[3,4] The cardio‑protective effect of estrogen can 
be understood on the basis of different possibility that 
have been proposed which includes autonomic nervous 
system modulation, improvement in carbohydrate and 
lipoprotein metabolism, inhibition of vascular smooth 
muscle proliferation, and improving the vasodilatory 
potential by enhancement of nitric oxide (NO)‑dependent 
and independent effects.[5‑8] Chronic estrogen deprivation 
leads to cardiac hypertrophy, Left Ventricular  (LV) 
remodeling associated with arterial stiffening, increase 
in LV relative wall thickness, and increase in blood 
viscosity.[9‑11]

Estrogen decreases resistance to blood flow in various 

INTRODUCTION

Post‑menopausal estrogen replacement therapy has been 
associated with a decrease in cardiovascular morbidity and 
mortality.[1,2] However, the heart and estrogen/progestin 
replacement study has not shown any beneficially 
cardiovascular effect with an early increase in the 
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vascular beds.[12] Endothelium‑dependent coronary 
artery vasodilatation is enhanced by estrogen 
treatment in Ovx monkey.[13,14] Estrogen therapy 
exerts beneficial effects in ischemia‑reperfusion 
injury and cardiac remodeling by normalizing 
wall tension and inhibiting post‑infarction left 
ventricular dilatation.[15‑18] The technique of impedance 
cardiography analysis provides unique index of 
myocardial contractile a measure of left ventricular 
performance. It helps to distinguishes two phases of 
systole: The PEP and the LVET. As cardiac function 
deteriorates, the PEP lengthens while the LVET 
shortens, resulting in an increase in the ratio.

Short‑ and long‑term hemodynamic effects of estrogen 
significantly increase of mean, systolic and diastolic 
pressures were observed after menopause.[19, 20] Estrogen 
decreases late systolic blood pressure in post‑menopausal 
woman. There is improvement in aortic functions 
on acute administration of 17 β‑EE. But studies of 
long‑term use have shown no significant effect on 
BP.[21‑24] Controversial study done by Hayward reported 
significant change in HR after menopause, the result of 
which was opposed by Saab et al.[25]

Therefore, our objective was to explore the long‑term 
estrogen replacement on cardiovascular hemodynamic 
using impedance cardiography in rats. In this study, 
we calculated systolic time interval (STI), which is the 
ratio of the PEP (time from onset of electrical systole 
to onset of mechanical systole) to LVET (duration of 
mechanical systole).

MATERIALS AND METHODS

Materials
17 β‑EE was procured from Sigma Chemical (USA) and 
all other chemicals were of analytical grade.

Animals and treatment
The experimental protocol used in this study was 
approved by the Institutional Animal Ethical 
Committee. Colony‑bred adult virgin female 
Sprague‑Dawley rats at 12 weeks of age (body weight: 
180‑200 g) maintained under standard conditions with 
alternate 12 h light/dark periods at 22°C and free access 
to pellet diet and tap water as per committee for the 
purpose of control and supervision on experiments on 
animals guidelines were used. The animals were kept in 
polypropylene cages containing rice husk. Minimum 
six numbers of adult female rats were randomly 
assigned into three groups. Animals in Groups 1 and 
2 were bilaterally ovariectomized, whereas, rats in 

group 3 were subjected to SO. After a 7‑day rest to 
allow for natural elimination of endogenous hormones, 
rats in groups 1 were administered 17 β‑EE (150 μg/kg/
day) by oral gavage[26] once daily for 90 days (dissolved 
in sesame oil to a final concentration of 0.15 mg/ml), 
whereas all the remaining rats received vehicle only 
for the same duration. Approximately, 24  h after 
the last treatment on days 7, 15, 30, 60, and 90 rats 
were anesthetized bilateral overiectomy using dorsal 
approach was performed,[27] for both 17 β‑  EE and 
vehicle treated rats at 12  weeks of age sparing SO. 
Long‑term treatment with estrogen to Ovx females 
may be arguably an animal model for menopause. 
Twenty‑four hour after last treatment for 7, 15, 30, 60, 
or 90 days trachea of each fasted rat, maintained on a 
heating table (37oC; Hugo Sachs Electronic, Germany), 
was cannulated under pentobarbital anesthesia.[28] 
Non‑restored Ovx females or sham‑operated intact 
females were sacrificed at the days the estrogen 
replacement therapy females were examined and 
sacrificed. Intermittent positive pressure respiration 
with oxygen‑atmospheric‑air‑mixture  (2.5  ml, 120/
min) was maintained using Animal Ventilator (Harvard 
Apparatus, USA).

Hemodynamics
Common carotid arteries were dissected free and mean 
blood velocity was measured in right carotid artery 
with 20 MHz pulsed‑Doppler flow probe (CBI‑8000; 
Crystal Biotech, Hopkinton).[29] Left carotid artery 
was cannulated with heparinized  (50 U heparin/ml) 
polyethylene cannula connected to pressure transducer 
for measurement of systolic and diastolic pressure using 
data acquisition and analysis system MP100 with Biopac 
Acknowledge software, version 3.7.3 and mean arterial 
blood pressure was calculated.[30] EBI 100C module is 
utilized to measure Z (t) directly and electrocardiogram 
was recorded using ECG‑100C (NICO‑100C, Biopac 
System). After 5‑minute of equilibration/stabilization 
time, hemodynamic parameters were recorded for 
20  min. Impedance cardiography‑based cardiac 
hemodynamic is measured by incorporating a precision 
high‑frequency current source and electrodes are 
placed (I1, I2, V1, V2) subcutaneously in the region of 
neck and thorax (near xiphisternum and mid‑axillary 
line); thus, it measures the voltage across the tissue 
volume connected to transducers and amplifiers. STI 
between electrical and mechanical systole  = PEP/
LVET  (PEP; time interval between ventricular 
depolarization and aortic valve opening) and (LVET; 
time interval between aortic valve opening and closing) 
were calculated.



	 Journal of Pharmaceutical Negative Results | Jan-Dec 2013 | Vol 4 | Issue 1
56

Bhalla, et al.: Chronic estrogen replacement on cardiovascular hemodynamic in rats

Statistical analysis
All the values have been reported as the Mean ± standard 
error mean  (SEM) in all the groups. Comparisons 
between different groups were performed by two‑way 
ANOVA with Newman‑Keuls multiple comparison 
test and Microcal software version 6.0 was used for data 
analysis[31] and differences were considered significant 
at P < 0.05.

RESULTS

STI
To assess left ventricular performance suggesting 
chamber dynamics and the presence of possible 
chronotropic and inotropic actions, the STI was found 
to increase consistently in 17 β‑EE‑treated Ovx rats 
in comparisons to vehicle control. The STIs obtained 
in Ovx rats are 0.80 ± 0.01, 0.82 ± 0.09, 0.71 ± 0.04, 
0.93 ± 0.13, and 0.95 ± 0.1 after 7th, 15th, 30th, 60th, and 
90th days of treatment, respectively, by 17 β‑EE, whereas 
STI obtained in case of vehicle control is 0.61 ± 0.03 
and that of sham‑operated one is 0.78 ± 0.08 [Table 1].

PEP
PEP is the interval from the onset of ventricular 
depolarization to the beginning of the left ventricular 
ejection. PEP was 0.05 ± 0.002, 0.06 ± 0.01, 0.06 ± 0.002, 
0.06 ± 0.002, and 0.06 ± 0.003 s for OvxE after 7th, 15th, 
30th, 60th, and 90th days of treatment, respectively, and 
0.06 ± 0.005 for vehicle‑treated and 0.06 ± 0.002 for 
sham‑operated rats [Table 1].

LVET
LVET reflects the duration that the aortic valve 
remains opened; thus, it is directly related to stroke 
volume  (SV)[32‑34] obtained with treatment of OvxE 
was 0.07 ± 0.003, 0.074 ± 0.01, 0.077 ± 0.01, 0.07 ± 0.01, 

and 0.074 ± 0.01 on 7th, 15th, 30th, 60th, and 90th day of 
treatment, respectively, whereas baseline with OvxV 
was 0.095 ± 0.06 s.

The cardiac output (CO) observed with treatment of 
OvxE was 47 ± 4.3, 44 ± 6.6, 46 ± 7.2, 48 ± 9.7, and 
38 ± 8.3 on 7th, 15th, 30th, 60th, and 90th day of treatment, 
respectively, whereas baseline reading observed 
was 39  ± 5.5. OvxE treatment increased the heart 
rate (364 ± 20) on 7th day from that of control (320 ± 18); 
however, on 15th day of treatment, it reduced 
to  (360  ± 23). Further reduction in heart rate was 
observed on 30th, 60th, and 90th day of treatment from 
that of 7th day. This suggests that OvxE modulates the 
heart rate, albeit not significantly from that of baseline/
control. Moreover, OvxE treatment modulated the 
Mean blood pressure  (MBP). Increase in MBP was 
observed on 7th, 15th, 30th, and 60th day of treatment. 
However, MBP came down to normal on 90th day of 
treatment. Also, concordant increase and decrease in 
Systolic and diastolic blood pressure were observed. 
These results suggest that 17 β‑EE treatment can 
increase CO if administered for longer duration with 
slight modulation of MBP, blood flow velocity, cardiac 
index (CI), SV, and stroke volume index (SVI) related 
cardiac parameter and the effect of 17 β‑EE treatment 
on CO, CI, SV, SVI, Velocity, Zo sec, and dZ/dtmax 
in Sham, OvxV, and OvxE rats on 7th, 15th, 30th, 60th, 
and 90th day are summarized in Table 2.

DISCUSSION

It has been shown that with 17 β‑EE replacements, there 
is an increase in systemic arterial compliance[35‑37] in 
post‑menopausal women which reflected to be increase 
in STI because of peripheral vasodilatation. In addition 
to its reduction in the after load, estrogen can acutely 

Table 1: Effect of 17β‑Ethinyl estradiol treatment on heart rate, mean blood pressure, systolic blood 
pressure, diastolic blood pressure, left ventricular ejection time, pre‑ejection period, and systolic time 
interval in Sham, ovariectomy vehicle and 17 β‑Ethinyl estradiol rats on 7th, 15th, 30th, 60th and 90th days
Parameter Sham Vehicle control 

(OvxV)
17β‑Ethinyl estradiol (OvxE) 150 μg/kg

7 15 30 60 90
HR beat/min 378±5 320±18 364±20 360±23 305±18 335±22 344±19
MBP mmHg 103±2 117±10 132±7 137±10 134±9 135±7 112±15
SBP mmHg 126±3 131±12 150±9 153±16 146±9 156±5 119±16
DBP mmHg 95±2 110±6 110±6 124±7 120±10 120±7 112±12
LVET s 0.076±0.01 0.095±0.006 0.07±0.003 0.074±0.01 0.077±0.01 0.070±0.01 0.074±0.01
PEP s 0.06±0.002 0.06±0.005 0.05±0.002 0.06±0.01 0.06±0.002 0.06±0.002 0.06±0.003
STI 0.78±0.08 0.61±0.03 0.80±0.01 0.82±0.09 0.71±0.04 0.93±0.13* 0.95±0.1*

Values are the mean±SEM *P<0.05, as compared to control, n=Minimum 6 numbers, HR: Heart rate; MBP: Mean blood pressure; SBP: Systolic blood pressure; DBP: Diastolic 
blood pressure; LVET: Left ventricular ejection time; PEP: Pre‑ejection period; STI: Systolic time interval; OvxV: Vehicle treated ovariectomized group; OvxE: 17 β‑Ethinyl 
estradiol treated ovariectomized group
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increase CO and ejection fraction. In our studies, CO 
increased following 7, 15, 30, or 60 days of treatment; 
however, it restored to its range in vehicle control group 
following 90 days of treatment. STI can be influenced 
by factors like heart rate. Our study precludes the 
possible subtle impact of the marginal increase in heart 
rate with increase in STI following 90 days of treatment 
with estrogen. Combined effect of both increase in 
heart rate and MBP contributed at least in part to the 
increase in STI. STI has been found to increase with 
reduction in pre‑load, with negative inotropy and in 
conditions of left ventricle diseases. STI should be viewed 
as a measure of chamber performance which under the 
most rigorous condition could be applied as a measure 
of contractility.[38] The mechanisms by which 17 β‑EE 
affects cardiac and aortic geometry on ovariectomized 
rats are unclear. This study demonstrates that long‑term 
use of 17 β‑EE in female rats significantly increases 
systolic time index/STI.

It has been shown in the various perfusion studies on 
heart that at the moderate after load, there is decrease 
in negative dP/dt, whereas, the duration of cardiac 
relaxation is increased.[39] Estrogens have negative 
inotropic  (direct effect) on mammalian heart due 
to reduced L‑type voltage‑sensitive calcium channel 
current.[40] Animal studies on gonadectomized rats show 
that with the long‑term use of estrogen, there is decrease 
in contractile performance of heart[39] which has been 
corroborated by further studies on rabbit papillary 
muscles of heart, which shows decrease in isometric 
force of contraction.[41] Long‑term estrogen study 
on human heart observed that estrogen can increase 
cardiac mass[42‑44] as well as increase NO formation 
causing sustained coronary artery vasodilatation.[45] 
This is due to enhancement of endothelial function 
via NO‑dependent pathway through non‑genomic and 
other post‑transcriptional mechanisms.[46,47]

LVET is inversely proportional to heart rate[48,49] which 
correlate with our data and observation in this study 
and is directly proportional to MBP[50] and condition 
which decreases pre‑load[51] such as vasodilatation, 
SV,[32‑34] end diastolic volume, and positive and negative 
inotropic drugs.[52] The cellular basis of estrogen may be 
mediated by the initiation or modification of protein 
synthesis and is presumed to be mediated by the nuclear 
translocation of cytosolic estrogen receptors present 
in vascular smooth muscle cells, myocardium,[53,54] 
and vascular endothelium.[55] Moreover, nuclear 
translocation of the estrogen receptor (and physiological 
actions of estrogens) in the cardiovascular system is 
reported to be absent following oophorectomy in 
female baboons.[54]

It is not clear till date whether the long‑term protective 
effects of estrogen replacement therapy in women 
involve any direct effects of estrogens on the heart as 
described in the earlier studies. The long‑term estrogen 
administration has several benefits such as causing 
reduction in the development of atherosclerosis[56,57] and 
improvement of the vasodilatory potential of normal and 
atherosclerotic vasculature.[58‑60] However, the decreased 
potential for calcium entry through the L‑type channel 
could provide some beneficial effect during either global 
or regional myocardial ischemia.[61,62]

CONCLUSION

Very little is known about the net effect of long‑term 
estrogen administration on the electrical or mechanical 
consequences of myocardial functions. The results 
obtained from the present studies suggest that sex 
hormonal levels can have important influences 
on cardiac function and biochemistry. Precise 
mechanisms and physiological significance await 

Table 2: Effect of 17β‑Ethinyl estradiol treatment on cardiac output, cardiac index, stroke volume, 
stroke volume index, thoracic impedence and dZ/dtmax in Sham, ovariectomy vehicle and 17 β‑Ethinyl 
estradiol rats on 7th, 15th, 30th, 60th and 90th days
Parameter Sham Vehicle control  

(OvxV)
17β‑Ethinyl estradiol (OvxE) 150 μg/kg

7 15 30 60 90
CO ml/min 52.8±5.3 39±5.5 47±4.3 44±6.6 46±7.2 48±9.7 38±8.3
CI ml/min/100 g 24.6±2.1 17±2.3 20±1.7 21±3.6 21±3.8 25±4.6 20±4.3
SV ml/beat 0.19±0.01 0.21±0.07 0.14±0.01 0.12±0.2 0.15±0.02 0.14±0.03 0.12±0.04
SVI ml/beat/100 g 0.071±0.03 0.09±0.03 0.06±0.01 0.06±0.01 0.07±0.01 0.08±0.01 0.11±0.05
Velocity mm/s 18±4.2 16.17±1.4 13.1±2.3 13.8±3.0 8±1.5 15.2±2.4 16.7±2.2
Zo s −28±3.9 −22±2.1 −21±1.8 −24±4.4 −19±2.1 −24±4.4 −17±10.7
dZ/dtmax ohms/s 2.1±0.3 1.8±0.48 2.0±0.3 2.4±0.6 1.7±0.4 2.3±0.4 1.5±0.3

Values are the mean±SEM *P<0.05, as compared to control, n=minimum 6 numbers, CO: Cardiac output; CI: Cardiac index; SV: Stroke volume; SVI: Stroke volume index; 
LVET: Left ventricular ejection time; Zo: Thoracic impedence; dZ/dtmax: Maximum change in thoracic impedence during systole; OvxV: Vehicle treated ovariectomized group; 
OvxE: 17 β‑Ethinyl estradiol treated ovariectomized group
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further exploration. Moreover, STI should be 
considered an important hemodynamic parameter 
in cardiovascular system. Several drugs modulate or 
influence the hemodynamic functions of heart such 
as heart rate, pre‑load, ejection fraction, after load, 
ejection fraction, etc. If all these parameters are taken 
together for assessing the myocardial contractibility 
and ventricular performance along with STI, then it 
could yield a more comprehensive and valid analysis of 
ventricular performance. Moreover, STI can be used as 
an important parameter in LV systolic function as it can 
be easily and accurately measured in clinical settings.

ACKNOWLEDGMENT

We gratefully acknowledge the scientific input and technical 
expertise of Dr.  Pranav Sikka. We also acknowledge the 
expertise of the Pharmacology Department, Subharti Medical 
College for its excellent animal care and technical assistance, 
and the assistance for statistical analysis.

Disclaimer
The opinions expressed in this publication are those 
of the authors and do not necessarily represent those 
of SCIBIOLMED.ORG. Authors are responsible 
for their citing of sources and the accuracy of their 
references and bibliographies. The editors cannot be 
held responsible for any lacks or possible violations of 
third parties’ rights.

REFERENCES

1.	 Stampfer  MJ, Colditz  GA. Estrogen replacement therapy 
and coronary heart disease: A  quantitative assessment of the 
epidemiologic evidence. Prev Med 1991;20:47‑63.

2.	 Grady  D, Rubin  SM, Petitti  DB, Fox  CS, Black  D, Ettinger  B, 
et  al. Hormone therapy to prevent disease and prolong life in 
postmenopausal women. Ann Intern Med 1992;117:1016‑37.

3.	 Hulley  S, Grady  D, Bush  T, Furberg  C, Herrington  D, Riggs  B, 
et  al. Randomized trial of estrogen plus progestin for secondary 
prevention of coronary heart disease in postmenopausal women. 
Heart and Estrogen/progestin Replacement Study (HERS) Research 
Group. JAMA 1998;280:605‑13.

4.	 Canonico  M, Plu‑Bureau  G, Lowe  GD, Scarabin  PY. Hormone 
replacement therapy and risk of venous thromboembolism in 
postmenopausal women: Systematic review and meta‑analysis. BMJ 
2008;336:1227‑31.

5.	 Du  XJ, Riemersma  RA, Dart  AM. Cardiovascular protection by 
oestrogen is partly mediated through modulation of autonomic 
nervous function. Cardiovasc Res 1995;30:161‑5.

6.	 Wild  RA. Estrogen: Effects on the cardiovascular tree. Obstet 
Gynecol 1996;87:27S‑35.

7.	 Dai‑Do D, Espinosa E, Liu G, Rabelink TJ, Julmy F, Yang Z, et al. 17 
beta‑estradiol inhibits proliferation and migration of human vascular 
smooth muscle cells: Similar effects in cells from postmenopausal 
females and in males. Cardiovasc Res 1996;32:980‑5.

8.	 White CR, Shelton J, Chen SJ, Darley‑Usmar V, Allen L, Nabors C, 
et al. Estrogen restores endothelial cell function in an experimental 
model of vascular injury. Circulation 1997;96:1624‑30.

9.	 Saba  PS, Roman  MJ, Pini  R, Spitzer  M, Ganau  A, Devereux  RB. 
Relation of arterial pressure waveform to left ventricular and carotid 
anatomy in normotensive subjects. J Am Coll Cardiol 1993;22:1873‑80.

10.	 Roman MJ, Ganau A, Saba PS, Pini R, Pickering TG, Devereux RB. 
Impact of arterial stiffening on left ventricular structure. 
Hypertension 2000;36:489‑94.

11.	 Verdecchia  P, Schillaci  G, Guerrieri  M, Gatteschi  C, Benemio  G, 
Boldrini F, et al. Circadian blood pressure changes and left ventricular 
hypertrophy in essential hypertension. Circulation 1990;81:528‑36.

12.	 Magness  RR, Rosenfeld  CR. Local and systemic estradiol‑17 
beta: Effects on uterine and systemic vasodilation. Am J Physiol 
1989;256:E536‑42.

13.	 Williams  JK, Adams  MR, Klopfenstein  HS. Estrogen modulates 
responses of atherosclerotic coronary arteries. Circulation 
1990;81:1680‑7.

14.	 Williams JK, Adams MR, Herrington DM, Clarkson TB. Short‑term 
administration of estrogen and vascular responses of atherosclerotic 
coronary arteries. J Am Coll Cardiol 1992;20:452‑7.

15.	 Node  K, Kitakaze  M, Kosaka  H, Minamino  T, Funaya  H, Hori  M. 
Amelioration of ischemia‑  and reperfusion‑induced myocardial 
injury by 17beta‑estradiol: Role of nitric oxide and calcium‑activated 
potassium channels. Circulation 1997;96:1953‑63.

16.	 Squadrito  F, Altavilla  D, Squadrito  G, Campo  GM, Arlotta  M, 
Arcoraci  V, et  al. 17Beta‑oestradiol reduces cardiac leukocyte 
accumulation in myocardial ischaemia reperfusion injury in rat. Eur 
J Pharmacol 1997;335:185‑92.

17.	 McKay RG, Pfeffer MA, Pasternak RC, Markis JE, Come PC, Nakao S, 
et  al. Left ventricular remodeling after myocardial infarction: 
A corollary to infarct expansion. Circulation 1986;74:693‑702.

18.	 Smith  PJ, Ornatsky  O, Stewart  DJ, Picard  P, Dawood  F, Wen  WH, 
et  al. Effects of estrogen replacement on infarct size, cardiac 
remodeling, and the endothelin system after myocardial infarction 
in ovariectomized rats. Circulation 2000;102:2983‑9.

19.	 Manson  JE, Colditz  GA, Stampfer  MJ, Willett  WC, Rosner  B, 
Monson RR, et al. A prospective study of obesity and risk of coronary 
heart disease in women. N Engl J Med 1990;322:882‑9.

20.	 Brosnihan  KB, Moriguchi  A, Nakamoto  H, Dean  RH, Ganten  D, 
Ferrario CM. Estrogen augments the contribution of nitric oxide to 
blood pressure regulation in transgenic hypertensive rats expressing 
the mouse Ren‑2 gene. Am J Hypertens 1994;7:576‑82.

21.	 Hayward  CS, Knight  DC, Wren  BG, Kelly  RP. Effect of 
hormone replacement therapy on non‑invasive cardiovascular 
haemodynamics. J Hypertens 1997;15:987‑93.

22.	 Stefanadis C, Tsiamis E, Dernellis J, Toutouzas P. Effect of estrogen 
on aortic function in postmenopausal women. Am J Physiol 
1999;276:H658‑62.

23.	 Nabulsi  AA, Folsom  AR, White  A, Patsch  W, Heiss  G, Wu  KK, 
et  al. Association of hormone‑replacement therapy with various 
cardiovascular risk factors in postmenopausal women. The 
Atherosclerosis Risk in Communities Study Investigators. N Engl J 
Med 1993;328:1069‑75.

24.	 Miller VT, LaRosa J, Barnabei V, Kessler C, Levin G, Roth AS, et al. 
Effects of estrogen or estrogen/progestin regimens on heart disease 
risk factors in postmenopausal women. The Postmenopausal 
Estrogen/Progestin Interventions  (PEPI) Trial. The Writing Group 
for the PEPI Trial. JAMA 1995;273:199‑208.

25.	 Saab PG, Matthews KA, Stoney CM, McDonald RH. Premenopausal 
and postmenopausal women differ in their cardiovascular and 
neuroendocrine responses to behavioral stressors. Psychophysiology 
1989;26:270‑80.

26.	 Lundeen SG, Carver JM, McKean ML, Winneker RC. Characterization 
of the ovariectomized rat model for the evaluation of estrogen effects 
on plasma cholesterol levels. Endocrinology 1997;138:1552‑8.

27.	 Cavasin MA, Sankey SS, Yu AL, Menon S, Yang XP. Estrogen and 
testosterone have opposing effects on chronic cardiac remodeling 
and function in mice with myocardial infarction. Am J Physiol Heart 
Circ Physiol 2003;284:H1560‑9.

28.	 Li Y, Wang L, Schuschke DA, Zhou Z, Saari JT, Kang YJ. Marginal 
dietary copper restriction induces cardiomyopathy in rats. J  Nutr 
2005;135:2130‑6.



Journal of Pharmaceutical Negative Results | Jan-Dec 2013 | Vol 4 | Issue 1	
59

Bhalla, et al.: Chronic estrogen replacement on cardiovascular hemodynamic in rats

levels of estrogen on coronary vasomotor function in postmenopausal 
women. Circulation 1994;89:2545‑51.

47.	 Geary GG, Krause DN, Duckles SP. Estrogen reduces myogenic tone 
through a nitric oxide‑dependent mechanism in rat cerebral arteries. 
Am J Physiol 1998;275:H292‑300.

48.	 Harris  WS, Schoenfeld  CD, Weissler  AM. Effects of adrenergic 
receptor activation and blockade on the systolic preejection period, 
heart rate, and arterial pressure in man. J Clin Invest 1967;46:1704‑14.

49.	 Weissler AM, Harris WS, Schoenfeld CD. Systolic time intervals in 
heart failure in man. Circulation 1968;37:149‑59.

50.	 Shaver  JA, Kroetz  FW, Leonard  JJ, Paley  HW. The effect of 
steady‑state increases in systemic arterial pressure on the duration 
of left ventricular ejection time. J Clin Invest 1968;47:217‑30.

51.	 Weissler AM. Current concepts in cardiology. Systolic‑time intervals. 
N Engl J Med 1977;296:321‑4.

52.	 Lewis RP, Boudoulas H, Welch TG, Forester WF. Usefulness of systolic 
time intervals in coronary artery disease. Am J Cardiol 1976;37:787‑96.

53.	 Lin  AL, Shain  SA. Estrogen‑mediated cytoplasmic and nuclear 
distribution of rat cardiovascular estrogen receptors. Arteriosclerosis 
1985;5:668‑77.

54.	 Lin AL, Gonzalez R Jr, Carey KD, Shain SA. Estradiol‑17 beta affects 
estrogen receptor distribution and elevates progesterone receptor 
content in baboon aorta. Arteriosclerosis 1986;6:495‑504.

55.	 Colburn  P, Buonassisi  V. Estrogen‑binding sites in endothelial cell 
cultures. Science 1978;201:817‑9.

56.	 Bush  TL, Barrett‑Connor  E, Cowan  LD, Criqui  MH, Wallace  RB, 
Suchindran CM, et al. Cardiovascular mortality and noncontraceptive 
use of estrogen in women: Results from the Lipid Research Clinics 
Program Follow‑up Study. Circulation 1987;75:1102‑9.

57.	 Guetta  V, Cannon RO 3rd. Cardiovascular effects of estrogen and 
lipid‑lowering therapies in postmenopausal women. Circulation 
1996;93:1928‑37.

58.	 Bell C. Oestrogen‑induced sensitization of the uterine artery of the 
guinea‑pig to acetylcholine. Br J Pharmacol 1973;49:595‑601.

59.	 Jiang  CW, Sarrel  PM, Lindsay  DC, Poole‑Wilson  PA, Collins  P. 
Endothelium‑independent relaxation of rabbit coronary artery by 17 
beta‑oestradiol in vitro. Br J Pharmacol 1991;104:1033‑7.

60.	 Ma L, Robinson CP, Thadani U, Patterson E. Ovariectomy selectively 
increases serotonin and histamine reactivity in female rabbit 
coronary artery and aorta. Pharmacologist 1997;39:36A.

61.	 Reimer KA, Lowe JE, Jennings RB. Effect of the calcium antagonist 
verapamil on necrosis following temporary coronary artery 
occlusion in dogs. Circulation 1977;55:581‑7.

62.	 Bush LR, Li YP, Shlafer M, Jolly SR, Lucchesi BR. Protective effects 
of diltiazem during myocardial ischemia in isolated cat hearts. 
J Pharmacol Exp Ther 1981;218:653‑61.

29.	 Gardiner  SM, Compton  AM, Bennett  T, Hartley  CJ. Can pulsed 
Doppler technique measure changes in aortic blood flow in conscious 
rats? Am J Physiol 1990;259:H448‑56.

30.	 Gevers  M, Hack  MW, van Genderingen  HR, Lafeber  HN, 
Westerhof  N. Calculated mean arterial pressure in the posterior 
tibial and radial artery pressure wave in newborn infants. Basic Res 
Cardiol 1995;90:247‑51.

31.	 Decher  N, Uyguner  O, Scherer  CR, Karaman  B, Yüksel‑Apak  M, 
Busch AE, et al. hKChIP2 is a functional modifier of hKv4.3 potassium 
channels: Cloning and expression of a short hKChIP2 splice variant. 
Cardiovasc Res 2001;52:255‑64.

32.	 Weissler AM, Harris  LC, White  GD. Left ventricular ejection time 
index in man. J Appl Physiol 1963;18:919‑23.

33.	 Weissler  AM, Harris  WS, Schoenfeld  CD. Bedside technics for 
the evaluation of ventricular function in man. Am J Cardiol 
1969;23:577‑83.

34.	 Harley  A, Starmer  CF, Greenfield JC Jr. Pressure‑flow studies in 
man. An evaluation of the duration of the phases of systole. J Clin 
Invest 1969;48:895‑905.

35.	 McGrath  BP, Liang  YL, Teede  H, Shiel  LM, Cameron  JD, Dart  A. 
Age‑related deterioration in arterial structure and function in 
postmenopausal women: Impact of hormone replacement therapy. 
Arterioscler Thromb Vasc Biol 1998;18:1149‑56.

36.	 Rajkumar  C, Kingwell  BA, Cameron  JD, Waddell  T, Mehra  R, 
Christophidis  N, et  al. Hormonal therapy increases arterial 
compliance in postmenopausal women. J  Am Coll Cardiol 
1997;30:350‑6.

37.	 Teede  HJ, Liang  YL, Shiel  LM, McNeil  JJ, McGrath  BP. Hormone 
replacement therapy in postmenopausal women protects against 
smoking‑induced changes in vascular structure and function. J Am 
Coll Cardiol 1999;34:131‑7.

38.	 Boudoulas H. Systolic time intervals. Eur Heart J 1990;11:93‑104.
39.	 Scheuer J, Malhotra A, Schaible TF, Capasso J. Effects of gonadectomy 

and hormonal replacement on rat hearts. Circ Res 1987;61:12‑9.
40.	 Jiang  C, Poole‑Wilson  PA, Sarrel  PM, Mochizuki  S, Collins  P, 

MacLeod KT. Effect of 17 beta‑oestradiol on contraction, Ca2+current 
and intracellular free Ca2+in guinea‑pig isolated cardiac myocytes. 
Br J Pharmacol 1992;106:739‑45.

41.	 Patterson E, Ma L, Szabo B, Robinson CP, Thadani U. Ovariectomy 
and estrogen‑induced alterations in myocardial contractility in 
female rabbits: Role of the L‑type calcium channel. J Pharmacol Exp 
Ther 1998;284:586‑91.

42.	 Schaible  TF, Malhotra  A, Ciambrone  G, Scheuer  J. The effects of 
gonadectomy on left ventricular function and cardiac contractile 
proteins in male and female rats. Circ Res 1984;54:38‑49.

43.	 Schaible  TF, Scheuer  J. Comparison of heart function in male and 
female rats. Basic Res Cardiol 1984;79:402‑12.

44.	 Schaible  TF, Scheuer  J. Cardiac function in hypertrophied hearts 
from chronically exercised female rats. J Appl Physiol 1981;50:1140‑5.

45.	 Gorodeski GI, Yang T, Levy MN, Goldfarb J, Utian WH. Effects of 
estrogen in vivo on coronary vascular resistance in perfused rabbit 
hearts. Am J Physiol 1995;269:R1333‑8.

46.	 Gilligan DM, Quyyumi AA, Cannon RO 3rd. Effects of physiological 

How to cite this article: Bhalla HL, Arora MK, Saxena KK, Surin WR. 
Chronic use of 17β-Ethinyl estradiol on cardiovascular hemodynamic 
profile: "Friend or foe"?. J Pharm Negative Results 2013;4:54-9.

Source of Support: Nil. Conflict of Interest: None declared.


	JPharmNegativeResults_2013_4_1_54_116761

