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Summary  

The chronotropic response (A rate) to histamine of atria from estradiol 17-~ (E2; 
0.1 mg/kg)-treated (14 days) rabbi t  was significantly greater compared to those from 
control  rabbits.  However,  the max imum response of atria from rabbits t reated with 
a higher  dose of E2 (1.0 mg/kg) was not significantly different from control. 
Cimetidine (2.8 x 10 _7 M) inhibi ted the theoretical maximum increase in rate to 
h is tamine  in all 3 groups, control  25 %, E2 (0.1 mg) 42 % and E2 (1.0 mg) 35 %. 
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In troduct ion  

I t  is  e v i d e n t  t h a t  e s t r o g e n s  can  c a u s e  c h a n g e s  in  c e r t a i n  a s p e c t s  o f  t h e  
c a r d i o v a s c u l a r  f u n c t i o n  (2). E s t r o g e n s  h a v e  b e e n  s h o w n  to m o d u l a t e  h is -  
t a m i n e  r e c e p t o r s  a t  t h e  h y p o t h a l a m i c  l eve l  (9). T h e  f e m a l e  s ex  h o r m o n e s ,  
p a r t i c u l a r l y  e s t r o g e n s ,  a r e  s u s p e c t e d  o f  a l t e r i n g  h i s t a m i n e  m e t a b o l i s m  (5, 
7). C a r d i a c  h i s t a m i n e  r e c e p t o r s  m a y  h a v e  i m p o r t a n t  f u n c t i o n s  in  car -  
d i o v a s c u l a r  p h y s i o l o g y  (6). T h e s e  s t u d i e s  s u g g e s t  t h a t  e s t r o g e n s  p r o b a b l y  
i n f l u e n c e  c a r d i a c  h i s t a m i n e  r e c e p t o r s  a lso.  T h e  p r e s e n t  s t u d y  i n v e s t i g a t e s  
t h e  e f f ec t  o f  e s t r a d i o l  17-~ p r e t r e a t m e n t  on  c a r d i a c  h i s t a m i n e  r e c e p t o r  
f u n c t i o n  in  i s o l a t e d  r a b b i t  a t r i a l  pa i r s .  A p r e l i m i n a r y  r e p o r t  o f  t h i s  w o r k  
h a s  a p p e a r e d  in  a b s t r a c t  f o r m  (1). 

Materia ls  and m e t h o d s  

Twelve immature  (average body weight 1.0 _+ 0.04 kg) female New Zealand rabbits  
were d ivided into 3 equal  groups. Two groups received estradiol 17-6 (E2) dissolved 
in corn oil at a dose of 0.1 or 1.0 mg/kg daily subcutaneously for 14 days. The control  
group I'eceived oil (0.1 mYkg). The rabbits  were fed a commercial  diet (Thriftymas- 
ter T M  Rabbi t  Pellets,  Acco Feeds,  Abilene, TX). Tap water was available ad libitum. 
The rabbi t  room tempera ture  was 26~ and the light/dark period was control led 
with 14 h of light. At  the end of 14 days, t reatment  (75 days after birth) each rabbi t  
was decapi tated,  the chest  was opened along the midline, and the whole heart  was 
removed and immersed  in Tyrode's  solution which was gassed with 95 % 02 and 5 % 
CO2. The atrial pair  was dissected free of all extraneous tissue and a thread passed 
through the tip of each auricular apex. 

The atria were mounted  in a 50-ml tissue bath, with one atr ium tied to a glass hook 
and the other to a Sta tham Strain gauge (Model UC-3). The average control tension 
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for atria was 0.6 -+ 0.03 g. The tissue was allowed to equilibrate for 60-90 min before 
experimental  procedure began. Signals from transducers were recorded on a Beck- 
man Biomedical Dynograph R411 recorder. Drugs were dissolved in deionized 
water and dispensed with a Finnpipette  in a volume of 500 ~1 or less, near the base of 
the bath. The concentrations of drugs are specified below. 

The gas mixture was bubbled into the tissue bath chamber through a sintered- 
glass base and served as a source of oxygenation, regulation of pH and rapid mixing 
of the drug solutions with the bathing medium. The pH of the bath was 7.4 and the 
temperature 36 ~ The method has been described in detail before (6). The drugs 
used and their sources are: estradio117-~ and histamine diphosphate (Sigma Chemi- 
cal Co.) and cimetidine hydrochloride (Tagamet TM, Smith Kline and French Lab. 
Co.). 

Cumulative histamine doses (1.4, 2.2, 4.5, 6.7, 9.0 and 18.0 • 10 -s M) were added to 
the bath at 10 min interval and the rate recorded (l-rain counts were made before 
each addition and 10 rain after the last addition). After the initial histamine dose 
response testing, the baths were completely emptied by suction and refilled three 
times. Retesting did not start until  the atrial rate had returned to the control value. 
At this time, cimetidine (2.8 x 10 -7 M) was added to the bath, a waiting period of 
25 min was observed before the same concentrations of histamine were added as 
before. 

Statistical calculations were done on a Texas Inst ruments  Programmable 59 
calculator equipped with applied statistics software. Scatchard plots of the data 
from the histamine dose response curves before and after cimetidine were calcu- 
lated by dividing the chronotropic response (A rate; beats/rain) change in rate above 
the spontaneous atrial rate by at each concentration of histamine (fig. 1). 

R e s u l t  

T h e  effect  of  e s t r ad io l  17-~ (E2) p r e t r e a t m e n t  on  the  c h r o n o t r o p i c  
r e s p o n s e  to h i s t a m i n e  is g i v e n  in  t ab l e  1 a n d  f igure  1 (B). S c a t c h a r d  p lo t s  
we re  d r a w n  by  u s i n g  a s t a t i s t i ca l ly  d e t e r m i n e d  r e g r e s s i o n  l ine,  a n d  the  
m a x i m u m  i n c r e a s e  in  ra te  (Rmax) was  f o u n d  to be  130 + 3.1, 174 + 1.6 a n d  
141 + 9.9 b e a t s / m i n  for  a t r ia  + S E M  f rom oil, 0.1 a n d  1.0 m g / k g  E2-treated 
an ima l s ,  r e s p e c t i v e l y  (fig. 1 A). E2 (0.1 mg/kg)  t r e a t m e n t  p r o d u c e d  i n c r e a s e  
in  Rmax in  r e s p o n s e  to h i s t a m i n e  t ha t  was  s i g n i f i c a n t l y  g rea te r  t h a n  c o n t r o l  
atr ia,  b u t  n o t  at t he  h i g h e r  dose  of  E2 (1.0 mg/kg)  c o m p a r e d  to cont ro l .  
C i m e t i d i n e  r e d u c e d  the  m a x i m u m  r e s p o n s e  to h i s t a m i n e  d i f f e r en t ly  in  t he  
3 g roups .  The  i n h i b i t i o n  in  c o n t r o l  g r o u p  was  25 % w h e r e a s  it was  42 % a n d  
35 % in  0.1 a n d  1.0 m g / k g  E2-treated g roups ,  r e spec t ive ly .  T h e  dose  of  
h i s t a m i n e  w h i c h  w o u l d  cause  a ha l f  m a x i m u m  i n c r e a s e  in  ra te  (D,/~ . . . .  ) was  
also i n c r e a s e d  s i g n i f i c a n t l y  b y  Ee - t r ea tmen t s  be fore  c i m e t i d i n e  was  added .  
B u t  t he r e  was  no  s i gn i f i c an t  d i f f e r ence  in  D,/2 . . . .  af ter  c i m e t i d i n e  in  the  
a t r ia  f r o m  h i g h e r  (1 .0mg/kg)  dose  of E2-treated a n i m a l s  ( tab le  1). 
C i m e t i d i n e - i n d u c e d  r e d u c t i o n  in  Rmax in  r e s p o n s e  to the  s a m e  doses  of  
h i s t a m i n e  was  116 _ 2.6, 126 _+ 6.8 a n d  87 + 6.4 b e a t s / m i n  for  a t r ia  f rom oil, 
0.1 a n d  1.0 m g / k g  E2-treated an ima l s ,  r espec t ive ly .  T h e  s lopes  a n d  correla-  
t i o n  coe f f i c i en t  (r) for t he se  th ree  w e r e  ca l cu l a t ed  a n d  f o u n d  to be: -1 .27  
a n d  ( r = - 0 . 9 7 )  for  oil, - 0 .97  a n d  ( r = - 0 . 9 6 )  for  0.1 m g / k g  E2, -1 .33  a n d  
(r = - 0 . 9 7 )  for 1.0 m g / k g  E2. The  m a t h e m a t i c a l  bas i s  for t he se  k i n d s  of 
c a l c u l a t i o n s  u s i n g  h i s t a m i n e  a n d  r a b b i t  a t r ia  h a v e  b e e n  p u b l i s h e d  (4). T h e  
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Fig. 1. (A) Scatchard analysis of the chronotropic response to histamine of atria 
from estradiol 17-~ (E2)-pretreated rabbits, data from histamine dose response 
curve. Rm,. is the max imum calculated response and can be read from horizontal 
axis. The slope yields -1/Km. 
(B) Rabbit  atrial chronotropic response to histamine (1.4 to 18 x 10 6 M) from E2- 
pretreated rabbits. **P<0.01; ***P<0.001 from control (oil). Means bearing the 
same superscript are significantly different. Vertical bar represents SEM of 4 atria 
in each group. 

mean frequency of  atria (beats/rain) before adding drugs were 125 + 4 
(control); 127 +_ 7 (E2 0.1 mg) and 131 + 6 (E2 1.0 mg). 

Fourteen days of  E2 treatment significantly (P < 0.001) increased the 
uterine we ight  from control value of  0.59 4-_ 0.05 g (mean +_ SEM) to 
3.95 + 0.7 and 5.73 _+ 0.3 in 0.1 and 1.0 mg/kg E2-treated groups, respec- 
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tively. There  was no significant difference in b o d y  weight  gain after E2 
t rea tments  (data not  shown). 

D i s c u s s i o n  

The present  s tudy  demons t ra tes  that  estradiol 17-6 (E~) pre t rea tment  can 
induce  alterations in the his tamine response  of  atria f rom immature  rab- 
bit. The increase in A rate after his tamine in rabbits  t reated with low dose 
of  E2 (0.1 mg/kg) could be due to increased n u m b e r  of h is tamine receptors  
in the atria (fig. 1). Rabbi t  atria contain both H1 and H2 chronot rop ic  
h is tamine receptors  (6). Using an antagonist  of histamine,  c imet idine 
which  compe tes  with the H2 type  receptor,  we found that  inhibit ion of  
m a x i m u m  rate by cimetidine was more  in the two El-treated groups  
compared  to oil-treated control, and in all cases the inhibit ion was non- 
compet i t ive  (table 1). We interpret  these results as an indicat ion of  poss- 
ible change  in the ratio of H1 and H2 type  receptors  for histamine.  The - 1/ 
K m  value which  gives the calculated dose of his tamine required to obtain 
half  the m a x i m u m  chronot ropic  response  (D1/2max) was also higher  in low 
dose of  E2 (0.1 mg/kg)-treated rabbits  compared  to control,  suggest ing a 
reduced  affinity of  his tamine for the receptors.  The percent  increase in 
D,/:max after c imet idine is not  very  different at the low dose of E 2 from that  
in the control  but  is marked ly  reduced  after the higher  dose of E2 (1.0 mg/ 
kg) t rea tment ,  again suggest ing an alteration in H1 and H2 receptor  ratio 
(table 1). 

The his tamine content  of  rat u terus  after es t rogen t rea tment  is repor ted  
to be decreased  (8). Es t rogen t rea tment  (83 ~g/kg) has also been shown to 
reduce  the tissue store and increase the releasable fraction of  h is tamine 
f rom guinea pig atria (3). Based on these findings, we speculate  that  a low 
dose (0.1 mg/kg) of  E2 probab ly  decreases his tamine content  of  rabbit  
atria, and the apparen t  increase in the n u m b e r  of  h is tamine receptors  in 
this g roup  may  be a compensa to ry  response  to d iminished his tamine 
output .  The presence  of  es t rogen receptor  in the a t r ium of the rat have 
been repor ted  (10). 

Table 1. The chronotropic response to histamine of isolated atria from immature 
rabbit pretreated with estradiol 17-6 (E2) for 14 days. Data from Scatchard plots. 
D,j2max is the close of histamine necessary to obtain the theoretical half the maxi- 
mum response. Mean ___ SEM of 4 atria in each group. 

Maximum A rate (beats/min) Histamine dose (x 10 -~ M) 
for D,/~max 

Cimetidine 
(2.8 x 10 -7 M) Before After % Change Before After % Change 

Control (oil) 112 + 3 a 84 + 5** 25 3.4 6.4 47 
E2 0.1 mg/kg 132 ___ 1 a'b 76 + 5*** 42 5.8 9.3 38 
E2 1.0 mg/kg 104 _+ 4 b 68 + 3*** 35 7.1 6.8 -4 

**p < 0.01; ***p < 0,001. Significantly different from control. Means bearing the 
same superscript are significantly different. 
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Our observation may be physiologically relevant since estrogen-contain- 
ing contraceptive drugs are widely used. 
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