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ABSTRACT

Project Code : RSA/11/2540

Project Title : Role of Sex Hormones in Cardiac Myofilament Activation
Investigator : Assoc. Prof. Dr. Jonggonnee Wattanapermpool

E-mail Address : tejwt@mahidol.ac.th

Project Period : December 2000 - November 2003

Our previous studies have demonstrated the significant role of sex hormones in cardiac
myofilament activity (1-3). Further experiments reported here focused on answering three
questions, 1) Can exercise training be used as an alternative for preventing changes in cardiac
myofilament activation in ovariectomized rat hearts? 2) Which mechanisms and sites of action
in cardiac myofilament activity were induced by ovarian sex hormone deficiency? 3) Does male
sex hormone play significant role in cardiac myofilament activity?

We approached the first question by subjecting the exercise groups one week after
surgery to a nine-weeks of freadmill-running program of 65-75% maximum oxygen consumption.
Results of our studies clearly indicate the cardio-protective effects of exercise training on
changes in cardiac myofilament Ca’ activation in ovariectomized rats. Alterations in
expression of P-adrenergic receptors and Hsp72 may in part play a mechanistic role in the
cardio-protective effects.

As hypothesized, changes in myofilament Ca2+ activation after ovarian sex hormone
deficiency was found to involve the suppressed magnitude of intracellular Ca2+ transients during
cardiac contraction as well as prolongation of Ca2+ decay during relaxation. These results
resemble many earlier reports in heart failure (33-38). Measurements of sarcoplasmic reticulum
{SR) Caz* uptake activity demonstrated a decrease in maximum Ca2+ uptake activity but an
increase in Ca2+ sensitivity for the uptake. These changes in SR Ca2+ uptake activity is
correlated well with changes in SR,Ca2+ pump (SERCA) activity. It is therefore possible that a
reduction in intraceliular Ca’ concentration induce after long term deprivation of ovarian sex
hormones stimulated many adaptive mechanisms including an increase in the amount of 8-
adrenergic receptors, and an increase in SR Ca”' uptake sensitivity via SERCA activity in order
to maintain the cardiac function.

Besides ovarian sex hormone, male sex hormone was also found to be significant for
the cardiac function. Suppression of maximum myofilament actomyosin ATPase activity was
detected in castrated rats. However, in male rats with high testosterone level in the plasma
after injection, cardiac hypertrophy was induced. Moreover, the amount of [;-adrenergic
receptors was suppressed. Hypertrophy and reduced [s-adrenergic receptor level were also
indicators of heart failure. It is therefore very interesting to study more on the high-dose
testosterone model to explore information on the role of male sex hormones in cardiac

myofilament activity.

Keywords: cardiac myofilaments, sex hormones, exercise training, intracellular free calcium
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Table 1. Body, heart, uterine, and plantaris citrate synthase activities from sham controls

(SHAM) and ovariectomized rats (OVX) of sedentary and exercise groups.

SEDENTARY EXERCISE
SHAM ovX SHAM ovX

Body weight, g 265 + 5.1 336 £ 7.5" 280 £ 3.9* 324 +3.2*
Heart weight, g 0.80 £+ 0.02 0.93 £ 0.01* 0.89 + 0.02* 0.95 £ 0.02*
Uterine weight, g 0.56 +0.03 0.11 ¢ 0.00* 0.53 + 0.04 0.10 + 0.009*
Soleus weight, g 0.094 +0.001 0.128 £ 0.005* 0.118 £ 0.004* 0.118 + 0.003*
% Heart/body 0.304 +0.004 0.278 + 0.005* 0.318 + 0.004* 0.293 % 0.003"
% Soleus/body 0.037 £0.001 0.038 + 0.001 0.039 2 0.001 0.036 + 0.000
Citrate synthase activity 446 +1.9 444 + 1.9 578+ 19" 524 +16"

{(umole/g protein/min)

Values are means t SE of 8-9 rats. * P < 0.05 and * P < 0.05 represent significant difference

from sedentary-sham controls and sedentary-ovariectomized rats, respectively.

HamsnaaasluanTed 1. usasfsemimings dminiala ﬁﬂuﬁ,’numgn uazdn
UHATuudula Citrate Synthase vaanduiloatudn Plantaris ﬂamhwfo 4 nguN1IMAnes
ﬂ:l.ﬁu'hmamsjuﬂ'mquﬁ'laiﬂ"ﬂ%'q'l'ﬂ daldeanmdmperiiwminduRfuduimios wanimae
gaSlunnamonaInTaada Ly a:ﬁualﬁ"lf'mﬁ’nﬁ"aLﬁu_ﬂ'fumnn'hl.tﬂ'“&a:aanﬁ'lﬁ’amw?a'hjﬁ
au wdmendioaiu dmini s dumondimssenddamedulszdr Siestaeni
iminvsslafiindumendimsdaiols ldhezsentdmonislifien Tasnireaniidd
mufludssimendammnezeflunenivliie  Lidnanssnuddudaiminduazwilous
ately  Wadmmasuafidudiminiiladaimings daiiudauedfean1iz Hypertrophy
vaandranitawale wu:i'm'ﬁaanﬁwé’amu'luwgfﬂnﬁa:ﬁﬂﬁmmmaoﬁ"zhLﬁm'fuati’mﬁﬁuﬁwﬁ'{y
lunwasiiudhy msvesefluwwannitlindulinanssnulivwavasizladnasanngu
ALY ugmisanmdsmodwlssinmendaimsaasslidindnalbiRvswevasialalvngu
wdn@ivinnguauga T.mumm]ﬁﬂuuﬂawaofmﬁfnﬁ"flmam:ﬁ’aofhﬁwwamwwia:nq‘u

L =l e lil :‘ -~ L A 1 L h A A’ v & 1
gaangsvluruedfsinunsuisuulssraniiminialefnauntnadu  SaEldiAniiniseen



fadamodulszdn Tintwalumafivanueusolunsinausasndudtawslalagiawzan
wlavasssthoudluanzrege N luwmwanda lfany Y'lp’ai{msamawaufmﬁ’nmﬁn‘lw%
gafrlifusunmemnesailuwnaatnefolan  wanendi  szduveIntseaniidaniiu
Uszdr mansaBudwldonmisifindusasszdundwled Cirate Synthase waanduiiarmaives

m‘&nﬁguaanr'hs':’amuTﬂuvLajﬁmam:numnmwmaaﬂumwemn%’q‘hiu.@iaLha'L's

A
=
sz 1807 o Sedentary SHAM
< .E = Sedentary OVX
o g ¢ Exercise OVX
s 120
: ; :
. £
o o
T
2 2 60g
[ I~ J
e T L
= g r ; . '
75 70 65 60 55 50
pCa
B
£ SEDENTARY EXERCISE
Z T 200
o E
< g
© g 1501
L
K o 1004
E
Ex
£ w 501
T( [=)
N E
=L 0

SHAM OVX SHAM OVX

Fig. 1. {A) Effects of ovariectomy and exercise training on the Ca2+-dependent MgATPase
activities of cardiac myofibrils in various calcium concentrations ranging from pCa 7.5 to 4.875,
pH 7.0. (B) Comparisons'of maximum MgATPase activities between sham controis (SHAM)
and ovariectomized rats (OVX) of sedentary and exercise groups. Data are means t SE from
8-9 preparations with 2-3 rat hearts for each preparation. * P<0.05 = significantly different from
sedentary-sham controls using Student Newman-Keuls test after ANOVA.
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Fig. 2. {A) Effects of ovariectomy and exercise training on the % maximum MgATPase
activities of cardiac myofibrils in various calcium concentrations ranging from pCa 7.5 to 4.875,
pH 7.0. (B) Comparisons of pCagy determinants between sham controls (SHAM) and
ovariectomized rats (OVX) of sedentary and exercise groups. Data are means + SE from 8-9
preparations with 2-3 rat hearts for each preparation. * P<0.05 = significantly different from
sedentary-sham controls using Student Newman-Keuls test after ANOVA.
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Fig. 3. (A) Myosin heavy chain (MHC) region of SDS gels on which were samples of left
ventricular trabeculae from sham controls (SHAM) and ovariectomized rats (OVX) of sedentary
and exercise groups. (B) Relative amount of a-MHC (as a percentage of total MHC) of left
ventricular trabeculae from each group. Data are means + SE from 8 hearts. * P<0.05 =

significantly different from sedentary-sham controls using Student Newman-Keuls test after
ANQVA.
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Fig. 4. The density (Bn. A) and dissociation constant (K, B) of Py-adrenergic receptors in
cardiac membrane preparations from sham control injected with oil (SHAM+COIL), pair-
fed ovariectomized rats (PF-CVX), and various groups of ovariectomized rats injected
with oil (OVX+OIL), estrogen (OVX+E), progesterone (OVX+P), or estrogen plus
progesterone (OVX+EP). Values represent mean + SE of 7-8 hearts. * P < 0.05 =
gignificantly different from SHAM+OIL using Student-Newman-Keuls Test after ANOVA.
P < 0.05 = significantly different from OVX+OIL using Student-Newman-Keuls Test
after ANOVA. NS = not signifycantly different among the groups.
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Fig. 5 Immunoblot of Pj-adrenergic receptor proteins from left ventricular
homogenates of various groups of rat hearts (A) and summary of
immunoblot analyses from each group (B). Data are presented as mean
 SE of 4-6 hearts. * P < 0.05 = significantly different from other groups
using Student-Newman-Keuls Test after ANOVA.
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Fig. 6. Comparisons of density (B.. A) and dissociation constant (K4, B) of
cardiac [Pq-adrenergic receptors in left ventricular membrane
preparations from sham controls (SHAM) and ovariectomized rats
(OVX) of sedentary and exercise groups. Data are means + SE of 8
hearts. * P<0.05 = significantly different from sedentary-sham controls
using Student Newman-Keuls test after ANOVA.
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Fig. 7. Region of Pi-adrenergic receptor proteins on immunoblots on which
were samples of left ventricular homogenates from sham controls
(SHAM} and ovariectomized rats (OVX) of sedentary and exercise
groups (upper panel) and comparisons of the relative intensity unit
from densitometry of immunoblots from each group (lower panel).
Data are means * SE from 4 hearts. * P<0.05 = significantly different

from sedentary-sham controls using Student Newman-Keuls test after
ANOVA,
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Fig. 8. Region of Hsp72 and calsequestin on immunoblots on which were
samples of left ventricular homogenates from sham controls (SHAM) and
ovariectomized rats (OVX} of sedentary and exercise groups (upper panel)
and comparisons of the relative Hsp72 to the relative calsequestin
intensity from densitometry of immunoblots from each group (lower panel).
Data are means + SE from 4 hearts. * P<0.05 = significantly different
from sedentary-sham controls using Student Newman-Keuls test after
ANOVA.
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Figure 9, Ca2+ uptake of sarcoplasmic reticulum (SR) vesicle in left ventricular homogenates.
(A) Effects of ovariectomy on the initial rates of Ca uptake by SR vesicle in
various calcium concentratigns ranging from pCa 7.5 to 4.875 at pH 7.0. (B)
Comparion of maximum Ca uptake rates among sham-controls, ovariectomized
rats and ovarietomized with hormones supplementation rats. Data are means * SE
from 8-9 preparations. * P < 0.05 = significantly different from sham-controls using
Student Newman-Keuls test after ANOVA.
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TABLE 2. Body, left ventricle, and uterine weight of sham-controls, ovariectomized rats and

ovariectomized rats with hormones supplementation.

Parameters SHAM ovX OVX + E; OVX +P OVX + E;P
Body Weight (g) 280 % 2.8 346 + 6.5 243 £ 3.3 335+ 4.7* 249 + 6.4*"

Left Ventricular

) 057 +0.01 064+001* 053+001" 061+002* 055+001*"
Weight (g)

LW/BW 0.204 + 0.004 0.186 + 0.003* 0.217 + 0.003*" 0.182 + 0.004* 0.223 + 0.004*"

Uterine Weight ~ 045+002 0.11+001* 049+001° 011+001* 051 +0.02"
(g)

Results are means + SE for 10-11 rats each group. SHAM represents sham-operated
control; OVX, ovariectomized rats; OVX+E,, ovariectomized plus estrogen supplementation;
OVX + P, ovariectomized plus progesterone supplementation; Ovx + E,P, ovariectomized piu
either estrogen or progesterone supplementation. * P < 0.05 vs sham-operated controls, and
P < 0.05 vs ovariectomized rats.
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219097 w sHAM
] 0 OVX
B 751 0
o
% 50-
(1]
E 25.
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Figure 10. Ca2+ uptake of sarcoplasmic reticulum (SR) vesicle in left ventricular homogenates.
(A) Effects of ovariectomy on the % maximum rate of Ca uptake measured in
various calcium concentrations ranging from pCa 7.5 to 4.875 at pH 7.0 for each
preparation. (B) Comparion of pCas, determinants among sham-controls,
ovariectomized rats and ovarietomized with hormones supplementation rats. Data
are means + SE from 8-9 preparations. * P < 0.05 = significantly different from
sham-controls using Student Newman-Keuls test after ANOVA.
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TABLE 3. Comparisons of the relative SERCA and phospholamban (PLB) to the relative
calsequestin intensity from densitometer of immunoblots from the sham-controls,

ovariectomized rats and ovariectomized rats with hormones supplementation.

Parameters SHAM ovX OVvX + E, OoVX +P OVX + E,P
SERCA/CQ 1.04 £ 004 076 +008" 1.056 £ 0.08 097 +009 105 + 0.04
PLB/CQ 1.01 £ 0.02 099 +0.09 1.04 £ 006 099 + 0.07 090 + 0.056

SERCA/PLB 1.03 £ 005 0.82 +0.14 1.01 £ 004 1.01 £ 013 118 + 0.06

Results are means + SE for 6 hears each group. SHAM represents sham-operated
control; OVX, ovariectomized rats, OVX + E;, ovariectomized plus estrogen supplementation;
OVX + P, ovariectomized plus progesterone supplementation; Ovx + E,P, ovariectomized plus
either estrogen or progesterone supplementation. * P < 0,05 vs sham-operated controls.
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TABLE 4. General Characteristics of Sham Control and Ovariectomized With/Without
Estrogen Supplemented Rats

Parameters SHAM ovX OVX+E2

n 18 19 19

Body Weight, g 267 £ 3.3 323 £ 3.4* 251 £ 3.2
Heart Weight, g 1.11 = 0.01 1.26 + 0.02* 1.10 £ 0.02
HW/BW Ratio 0.415 £ 0.005 0.388 + 0.006* 0.438 £ 0.009
Uterine Weight, g 0.563 + 0.021 0.124 + 0.004* 0.336 £ 0.021*

Results are means + SE from each group. SHAM represents sham-operated
control; OVX, ovariectomized rats; OVX + E,, ovariectomized plus estrogen
supplementation. * P< 0.05 vs sham-operated control.
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Figure 11. Sarcoplasmic reticulum Ca2+-ATPase (SERCA) activity in sarcoplasmic reticulum
membrane vesicles. (A) Effects of ovariectomy on SERCA activities in SR
membrane vesicle in various calcium concentrations ranging from pCa 7.5 to 4.875
at pH 7.0. (B) Comparion of maximum SERCA activities among sham-controls,
ovariectomized rats and ovarietomized with hormones supplementation rats. Data
are means * SE from 15-16 preparations. * P < 0.05 = significantly different from
sham-controls using Student Newman-Keuls test after ANOVA.

TABLE 5. Properties of .lsolated Myocytes from Sham Control and Ovariectomized
With/Without Estrogen Supplemented Hearts.

Parameters SHAM OovX QVX+E2
Hearts 4 5 5

Cells, n 14 19 18

% Shortening 8.35 + 0.39 6.50 + 0.27* 8.23 + 0.37
Time to Peak, msec 173 11 228 + 13* 233 + 8.9
Tea, MSEC 170 + 13 334 + 22" 236 + 18* "
+dL/dt, pm/sec 104.3 + 6.8 71.0 £ 4.9° 742 + 55
-dL/dt, pmisec 92.0+ 7.9 486 + 4.7* 57.6 + 5.2*

Results are means + SE; n = no. of cells; Tgp, time required fro cell to 80% of full
relaxation from the peak of shortening; +dL/d{, rate of cell shortening; -dL/d¢, rate
of cell relengthening. * P< 0.05 vs SHAM; P < 0.05vs OVX.
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Figure 12. Sarcoplasmic reticulum CaZ+-ATPase {(SERCA)} activity in sarcoplasmic reticulum
membrane vesicles. (A) Effects of ovariectomy on the % maximum SERCA
activities measured in various calcium concentrations ranging from pCa 7.5 to 4.875
at pH 7.0 for each preparation. (B) Comparion of pCas, determinants among sham-
controls, ovariectomized rats and ovarietomized with hormones supplementation rats.
Data are means + SE from 15-16 preparations. * P < 0.05 = significantly different

from sham-controls using Student Newman-Keuls test after ANOVA.
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Figure 13. Representative recordings of mechanics and Ca”" transients of myocytes isolated

from sham (SHAM) and ovariectomized (OVX) rat hearts. Top: Ca transients.
Bottom: cell shortening.

TABLE 6. Ca2+ Transients of Isolated Cardiomyocytes from Sham-operated and
Ovariectomized With/Without Estrogen Supplemented Hearts

Parameters SHAM ovX OVX+E2
Hearts 7 6 6
Celis, n 20 20 20
Baseline, ratio unit 1.36 + 0.04 1.33 £ 0.04* 1.37 £ 0.03
Amplitude, ratio unit 2121 0.13 1.74 £ 0.10* 226 +0.14
Time to Peak, msec 953+ 43 955+19 977 22
Ts, Msec 180 + 10.7 | 232 £ 9.3* 196 £ 9.3

Results are means + SE ; n = number of cells; baseline, 340/380 ratio at rest;
amplitude, peak of 340/380 ratio — baseline ratio; Ts, times required for cell to

achieve 50% of full relaxation of Ca signal to baseline ratio from peak ratio.
* P< 0.05 vs SHAM.
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Table 7. Body weight (BW), heart weight (HW), uterine weight (UW) and citrate synthase (CS)
activity in plantaris muscle of sedentary-sham (Sed-Sham), exercise-sham (Ex-Sham),
sedentary-ovariectomized (Sed-Ovx), and exercise-ovariectomized (Ex-Ovx) rats.

Parameters Sed-Sham Ex-Sham Sed-Ovx Ex-Ovx
BW (g) 267.5+ 3.8 278.3 + 3.9 337.3 £ 5.2** 3237 + 4.4™
(13) 9 (1) (10}
HW (g) 0.812 + 0.013 0.887 £ 0.016*  0.933 + 0.012**  0.959 + 0.013**
, (13) (9) (11) o
% HW / BW 0.304 + 0.003 0.319 + 0.004*  0.277 4 0.004* 0.296 + 0.002
(13) (9 (11) (10)
LW (g) 0.569 + 0.010 0.654 + 0.014*  0.657 £ 0.008*  0.677 £ 0.013"
9) (8) \ (8) ®
% LW / BW 0.215 + 0.003 0.231 £ 0.005*  0.193 + 0.003* 0.211 £ 0.003
(9) (8) (8) (8)
UW (g) 0.567 + 0.034 0.528 + 0.042 0.112 + 0.004**  0.105 + 0.005**
(9) ) (9) ©
cs 466 + 2.0 57.8 + 1.9* 444+ 1.9 52.4 + 1.9%
(umole DTNB /g /min) (8) (8) (8) (8)

significantly different from other groups.

Data are given as mean * SEM for the number of animals shown in parentheses. *P<0.05 =
significantly different from Sed-Sham. ;’*P<0.05 = the groups that are not different but

P<0.05 = significantly different from Sed-Ovx,
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Figure 14. Maximum Caz+-activated MgATPase activity (A) and pCasy (B) of left ventricular
myofibrillar preparations from sedentary-sham (Sed-SHAM), exercise-sham (Ex-
SHAM), sedentary-ovariectomized (Sed-OVX), and exercise-ovariectomized (Ex-
OVX) rats. Data are present as Mean + SEM.
* P<0.05 represents significant difference from sedentary-sham group.
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Figure 15. P;-adrenergic receptor density (Bnax, A) and dissociation constant (Ky, B) of cardiac
membrane preparations from sedentary sham (Sed-SHAM), exercise sham (Ex-
SHAM), sedentary-ovariectomized (Sed-OVX), and exercise-ovariectomized (Ex-
OVX) rats. Data represent as Mean * SEM. * P<0,05 represents significant
difference from sedentary-sham group.
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mmmmﬁmﬁﬂﬁ’ﬁw%ﬁ'wmmadwaﬁﬁ’uﬁ'\ﬁmumnmiumnqu yafaaiAaen  Anabolic
effect Ya9maslan testosterone FarhliTumuifia lipolysis 1lunisaansszauvasluiu (39-43)
lumsaniudruiimindafisass  dmidndlsiw)  nduRauiundsliAouulaedmsy
dwmindaledessnedie  LVw) Li'iauﬁumﬁuuﬁ'unsiumuqu Vel %HWBW  wIo
%LVW/BW Faiflu Hypertrophic index 11aanﬁﬂuti{aﬁthgﬁuar_mi'fﬁ’uﬁ’lﬁ'ryn'\mﬁﬁ (P<0.0005)
ﬁ'aﬁ;ﬂlumﬂoﬁ 1 Tasmansifa Hypertrophic index fiwulurnuandsaiufinulay Malhotra
et al. (44)

Table 8. Body weight (BW), heart weight (HW), percentage of heart to body weight ratio
(%HWIBW), left ventricular weight (LVW), percentage of left ventricular weight to
body weight ratic (%LVW/BW), and serum testosterone level of 10 week vehicle-
injected (Vehicle) and high dose testosterone-injected (High-T) rats.

Parameters Vehicle (12) High-T (12)
BW (g) 4386+ 7.2 374.0 + 3.5
HW (g) 1.256+ 0.03 1.35 + 0.03*

% HW /| BW 0.286 + 0.006 0.361 £ 0.001***
LVW (g) 0.84 + 0.01 0.83 + 0.02**

% LVW / BW 0.191 £ 0.003 0.361 + 0.001***

Serum Testosterone 1.08 £+ 0.19 11.73 + 1.29*
(La/dl) (8) (8)

Data are given as mean  SEM for the number of animals shown in parentheses. *P<0.05 =
significantly different from vehicle group. ***P<0.0005=significantly different from vehicle group.
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Figure 16. Maximum Ca2+-activated MgATPase activity (A) and pCagy (B) of left ventricular
myofibrillar preparations from vehicle-injected (VEHICLE) and high dose
testosterone-injected (HIGH-T) rats. Data are present as Mean = SEM.

* P<0.0005 represents significant difference from pH 7.0 of the same group.
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Figure 17. B,-adrenergic receptor density (Bnax) and dissociation constant (K;) of cardiac
membrane preparations from vehicle-injected (VEHICLE) and high dose
testosterone-injected (HIGH-T) rats. Data represent as Mean + SEM.

* P<0.0005 represents significant difference from vehicle group.
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Abstract

Changes in cardiac myofilament Ca® * activation have been demonstrated in ovariectomized rats. The underlying
mechanisms responsible for these changes, however, are unknown. Accordingly, we measured both density and
binding affinity of cardiac |-adrenergic receptors in sarcolemmal preparations from 10-week ovariectomized rats,
pair-fed ovariectomized rats, and sham-operated control rats. Receptor protein content was also measured by
immunoblotting. Deprivation of ovarian sex hormones for 10 weeks induced a significant upregulation of {3,-
adrenergic receptors without affecting binding affinity. The same magnitude of receptor upregulation was also
detected in pair-fed ovariectomized hearts. To determine which hormone is responsible for the observed increase in
f3;-adrenergic receptor density, various sex hormone supplemental regimens were administered to ovariectomized
rats. Subcutaneous injection of estrogen (5 pg/rat), progesterone (1 mg/rat), or estrogen plus progesterone three times
a week all effectively prevented the upregulation of the [3,-adrenoceptors. Western blot analyses using polyclonal
antibody of B,-adrenergic receptors revealed the same pattern of changes in the protein content of the receptors in
these various groups of experimental hearts as those obtained from the receptor binding assay. These results suggest a
possible direct suppressive effect of ovarian sex hormenes on the expression of cardiac p,-adrenergic receptors.
© 2003 Elsevier Science Inc. All rights reserved.

Keywords: {3-adrenergic receptors; Ovarian sex hormones; Estrogen; Progesterone

Introduction
2
An increase in calcium responsiveness of cardiac myofilament activation in ovariectomized rats has
been shown in both biochemical and mechanical studies [1,2] but the underlying mechanism is still
unknown. Long-term deprivation of ovarian sex hormones has been found to induce the Ca®*
hypersensitivity of cardiac myofilament activation with suppressed maximum myofibrillar ATPase
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activity in rats [1,2]. In contrast, force measurement in single soleus fiber preparations from
ovariectomized rats demonstrated no shift in myofibrillar Ca>* sensitivity but showed significantly
less maximal tension generation [2]. The associated increase in body weight after ovariectomy did not
contribute in any way to the increase in myofibriliar Ca®* sensitivity [3]. These results thus suggest a
cardiac-specific effect of ovarian sex hormones on myofibrillar Ca®* activation. Differential cardio-
regulatory effects of ovarian sex hormones on the Ca®* activation of the myofilaments were also
introduced based on the finding that estrogen but not progesterone replacement could abolish the Ca®*
hypersensitivity of the myofilaments in these ovariectomized rats [3]. A surprising issue related to these
findings is the similar Ca’ * hypersensitive effect reported in many studies in both animal and human
cardiomyopathic hearts [4-6] with almost the same magnitude of change as that detected in
ovariectomized hearts. It is therefore interesting to investigate the possible mechanism by which
estrogen deprivation induces increased calcium responsiveness of cardiac myofilament activation.

Stimulation of cardiac R-adrenergic receptors is the most prominent and functionally relevant means
among mechanisms controlling cardiac function [7]. Binding of agonists to R,-adrenoceptors activates
cAMP-dependent protein kinase via G-protein coupling process that mediates the phosphorylation of
several intracellular proteins responsible for a calcium-mediated increase in cardiac contractility {8]. It
remains an unresolved question whether alteration in cardiac adrenergic signaling is a contributing cause
or a result of ventricular dysfunction detected in many pathological conditions. It is, however, generally
accepted that chronically augmented stimulation of the p-adrenergic system is toxic to the heart and may
contribute to the pathogenesis of heart failure [9]. It has also been shown that overexpression of By-
adrenoceptors in the heart may lead to a short-lived improvement of cardiac function but ultimately leads
to marked cardiomyopathy [10]. In human and several animal models of heart failure, the elevated
circulating catecholamines result in the reduction in the density and functional activity of cardiac 3;-
adrenergic receptors [11,12]. It is currently believed that desensitization protects the heart from the
deleterious effects of inotropic B,-adrenergic stimulation. In contrast to cardiomyopathic condition,
studies in ovariectomized rats demonstrated no change in the plasma catecholamine level [13]. With the
similar Ca”* hypersensitive effect detected in the ovariectomized hearts to those in cardiomyopathic
hearts, it was of interest to investigate whether ovariectomy induces any change in the {3,-adrenergic
receptors that may be responsible for the functional alterations of the heart.

In the present investigation we have asked the following questions: did long term deprivation of
ovarian sex hormones affect the density and binding affinity of cardiac B,-adrenergic receptors? Which
ovarian sex hormone played a significant role in controlling the activity of (3,-adrenoceptors? To answer
these questions, analyses of B,-adrenergic receptors in the sarcolemmal preparations from 10-week
ovariectomized and pair-fed ovariectomized rat hearts were compared to that of sham control using *HJ-
dihydroalprenolol, [*H)-DHA, as an agonist for the assay. Immunoblots of B,-adrenoceptors in various
cardiac hornogenate preparations were also determined. Studies of hormonal supplementation groups
were consequently examinkd using ovariectomized rats as control.

Methods

Animal Preparations

Female Sprague Dawley rats were ovariectomized or sham-operated at 8—9 weeks of age. The rats
were kept in a temperature-controlled room with a 12-hour light/dark cycle throughout the duration of



