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Abstract 
The chronotropic response (A rate) to histamine (1.4 to 

18 • 10 6 Air) of isolated atria from antiestrogen (tamoxifen)- 
pretreated immature female rabbit was investigated. Tamoxifen 
treatment (1.0 and 10.0 mg/kg/day for 14 days) had no sig- 
nificant effect on the A rate. The Rm,~ and Dv2m.x were not 
significantly different in the two tamoxifen-treated groups 
compared to the oil-treated (1.0 ml/kg/day for 14 days) control 
group. Cimetidine (2.8 x 10-~M) inhibited the A rate to hista- 
mine in all groups: control, 27%; tamoxifen (1.0 mg/kg), 
38%; and tamoxifen (10.0 mg/kg), 28%. Only the low dose of 
tamoxifen was found to be estrogenic (uterotropic). We con- 
clude that tamoxifen pretreatment, both at estrogen-agonist 
and estrogen-antagonist doses, is without effect on atrial 
chronotropic response to histamine. 

Introduct ion 
His tamine ,  a ub iqu i tous  cons t i tuen t  o f  nor-  

mal  an imal  tissues [1, 2], is present  in all areas  o f  
the m a m m a l i a n  hear t  in measurab le  quant i t ies  [3] 
but  is highly concen t ra t ed  in the r ight  a t r ium [4]. 
The  occurrence  o f  large amoun t s  o f  h is tamine  in 
p rox imi ty  to the special ized center  o f  conduc t ion  
and  au t omac i t y  [5] and  the presence o f  h i s tamine  
receptors  in a t r ia  (6-9)  have s t imula ted  a grea t  
deal  o f  interest  and  research regard ing  the role o f  
h is tamine  in ca rd iovascu la r  funct ions  [10--18]. 
The  re la t ionship  o f  the presence o f  h i s tamine  in 
the m a m m a l i a n  hear t  [2, 3] to the presence o f  
h i s tamine  receptors  varies a m o n g  species, as does  
the ca rd iac  response to h is tamine  [1, 19, 20]. 

Cer ta in  aspects  o f  ca rd iovascu la r  funct ions  
can be a l tered by estrogens [21, 22]. Es t rogens  
have been shown to m o d u l a t e  h is tamine  receptors  
a t  the hypo tha l amic  level [23] and  are  suspected 
o f  a l ter ing h is tamine  me tabo l i sm [24, 25]. In a 
previous  s tudy [26] we repor ted  that  chronic  estra-  
diol  t r ea tment  of  immatu re  female rabb i t  m o d u -  
lates the a t r ia l  ch rono t rop i c  response to 

his tamine,  indica t ing  t ha t  es t rogen can also in- 
fluence ca rd iac  h is tamine  receptors .  Ant ies t ro -  
gens are  being increasingly used as therapeut ic  
agents  in cer ta in  types o f  h u m a n  breas t  cancer  
[27]. The  effects o f  these drugs  on ca rd iovascu la r  
funct ions  are largely unknown.  Fu r the rmore ,  the 
effects o f  es t rogen and  ant ies t rogen on bra in  
t ransmi t te rs  in rats  and  rabbi t s  are  not  a lways 
pred ic tab le  based  on the estrogen agonis t  and  
an tagon i s t  act ivi ty  [28-30]. The  purpose  o f  the 
present  s tudy was to de te rmine  i f  chronic  ant i -  
es t rogen t r ea tment  al ters  card iac  response to 
h is tamine  in isola ted a t r ia l  pai rs  in rabbi ts .  

Methods 
Animals 

One-month-old (average body weight 1.7 + 0.2 kg) 
female New Zealand rabbits were obtained from Bell Rabbit 
Ranch, Lubbock, TX. The rabbits were fed a commercial diet 
(Thriftymaster T M  Rabbit Pellets, Acco Feeds, Abilene, TX). 
Tap water was available adlibitum. The animal room tempera- 
ture was 26~ and the light/dark period was controlled with 
14 hours of light (light on at 03.00 hr). The animals were 
acclimatized for one week before the start of the experiment. 

Drugs 
Tamoxifen citrate (ICI 46,474; p-/3-dimethylaminoe- 

thoxyphenyl- 1,2-diphenyl but- 1-ene, lot No. BX 79/NXA/45) 
used in this study was a gift from 1CI Americas. The drug was 
dissolved in corn oil and injected subcutaneously daily for 14 
days. The control group received an equal volume (1.0 ml/kg) 
of corn oil. The treatment groups and doses were as follows: 
control (oil); tamoxifen (1.0 and 10.0 mg/kg). Each group 
contained 6 animals. 

Procedures 
At the end of the 14-day treatment (52 days after birth) 

and 24 hours after the final drug or vehicle treatment, each 
rabbit was decapitated, the chest was opened along the mid- 
line, and the whole heart was removed and immersed in 
Tyrode's solution (Na + 146, K + 5.6, Mg 2+ 1.7, Ca 2+ 1.8, CI 
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133.6, HCO325.0 and glucose 9.1 in mM/L) which was gassed 
with 95% 02 and 5% CO2. The atrial pair was dissected free 
of all extraneous tissue and a thread was passed through the 
tip of each auricular apex. The atria were mounted in a 50 ml 
tissue bath with one atrium tied to a glass hook and the other 
to a Statham strain gauge (Model UC-3). The average control 
tension was 0.7 + 0.04 g. The tissue was allowed to equilibrate 
for 60-90 min before the experimental procedure was begun. 
Signals from transducers were recorded on a Beckman Bio- 
medical Dynograph R411 recorder. Histamine diphosphate 
(Sigma Chemical Co.) and cimetidine hydrochloride (Taga- 
met TM, Smith Kline and French Laboratories) were dissolved 
in deionized water and dispensed with a Finnpipette in a 
volume of 500 pl or less near the base of the bath. The gas 
mixture, which was bubbled into the tissue bath chamber 
through a sintered-glass base, served as a source of oxygen- 
ation, regulation ofpH, and rapid mixing of the drug solutions 
with the bathing medium. The pH of the bath was 7.4 • 0.02 
and the temperature 36~ The method has previously been 
described in detail [31]. Cumulative histamine doses (0.15, 
0.25, 0.5, 0.75, 1.0, and 2.0 #g/ml or 1.4, 2.2, 4,5, 6.7, 9.0, and 
18.0 • 10 6M) were added to the bath at 10-min intervals 
and the atrial rate was recorded (l-rain counts were made 
before each addition and a 10-min count after the last ad- 
dition). 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. After a waiting period of 25 rain, the 
same concentrations of histamine were added using the above 
method. 

Statistics 
Statistical calculations were carried out on a Texas 

Instruments Programmable 59 calculator equipped with ap- 
plied statistical software. Scratchard plots of the data from 
the histamine dose-response curves before and after cimeti- 
dine were calculated for each concentration of histamine by 
dividing the change in rate of the chronotropic response 
(A rate: beats/min) by the spontaneous atrial rate. The math- 
ematical basis for these calculations using histamine and 
isolated atrial pairs has been published [32, 33]. 

R e s u l t s  
The  effect o f  t amox i f e n  p r e t r e a t m e n t  o n  the 

c h r o n o t r o p i c  response  to h i s t am ine  o f  a t r ia  is 
g iven  in  Tab l e  1 a n d  F igures  1 a n d  2. Sc ra t cha rd  
p lo ts  were d r a w n  us ing  a s ta t is t ical ly  d e t e r m i n e d  
regress ion  line. The  theore t ica l  m a x i m u m  incrase  
in rate  (Rmax) was f o u n d  to be 134, 126, a n d  131 
b e a t s / m i n  for  the two t am ox i f en - t r e a t ed  (1.0 a n d  
10.0 mg /kg )  g roups  a n d  the o i l - t rea ted  con t ro l  
g ro up  (F igu re  3), respectively.  The  t r e a t m e n t  
caused  n o  s ignif icant  d i f ference in Rmax; there  was  
no  s igni f icant  dif ference in A rate  af ter  h i s t am ine  
in  a n y  g roup .  C ime t id ine  (2.8 • 10 7 M ) ,  a H2 
receptor  an t agon i s t ,  reduced  the  m a x i m u m  rate  
to 38% in the g r o u p  t rea ted wi th  the lower  dose  
o f t a m o x i f e n  c o m p a r e d  to 27 a n d  2 8 %  for the  oil- 
t rea ted con t ro l  g r o u p  a n d  the  g r o u p  t rea ted  wi th  
the h igher  dose  o f  t amoxi fen ,  respectively.  The  
dose o f  h i s t a m i n e  which  w o u l d  cause  a half-  
m a x i m u m  increase  in  rate  (Dl/2max) was n o t  sig- 
n i f ican t ly  d i f fe rent  e i ther  before  or  af ter  c imet i -  
dine.  The  slopes a n d  co r r e l a t i on  coeff icients  (7) 
for these three  g roups  were ca lcu la ted  a n d  f o u n d  
to be - 2 . 5 5  (y = - 0 . 9 9 )  for the con t ro l  g roup ,  
- 1.75 (~, = - 0.95) for the 1.0 m g / k g  and - 2.19 
(3 - 0 . 9 8 )  for the 10.0 m g / k g  t am ox i f en - t r e a t ed  
g roup .  T h e  m e a n  f requencies  o f  a t r ia  for  the  
con t ro l ,  1.0, a n d  10.0 m g / k g  t a m o x i f e n - t r e a t e d  
g roups  before  a d d i n g  d rugs  were 133 + 6, 121 + 
5, a n d  120 + 6, respectively,  which  were n o t  
s ignif icant ly  different .  F o u r t e e n  days '  t r e a t m e n t  
wi th  the  lower  dose  (1.0 m g / k g )  o f  t a m o x i f e n  
s igni f icant ly  (p < 0.05) increased  the u te r ine  
weight  f rom values  for the  o i l - t rea ted  con t ro l  
g roup :  0.75 + 0.04 g /kg  b o d y  weight  ( m e a n  + 
S E M )  to 2.14 + 0.2. This  estrogenic effect was 
a b s e n t  in  the  g r o u p  t rea ted  wi th  the h igher  dose  
(10.0 m g / k g )  o f  t amoxi fen ;  u te r ine  weight  was 
0.74 + 0.05. There  was no  s igni f icant  d i f ference 

Table 1 
The chronotropic response to histamine (1.4 to t 8 x 10 -6 M) of isolated atria from immature rabbits 
pretreated with oil (control) or tamoxifen (Tam) for 14 days. Dt/2max is the dose of histamine necessary 
to obtain the theoretical half of the maximum response. Mean 4- SEM of 6 atria. 

Treatment Maximum h rate Histamine dose 
(beats/min) ( • 10 -6 M) for D~/2,,,x 

Before After % Change Before After %Change 

cimetidine cimetidine 
(2.8 x 10 7M) (2.8 • 10 -TM) 

Control (oil) 113 4- 3 83 4- 4** 27 3.5 7.8 55 
Tam (1.0 mg/kg) 110 4- 4 68 +__ 7** 38 5.2 9.8 48 
Tam (10.0 mg/kg) 105 + 3 76 + 7* 28 4.1 10.2 60 

*p < 0.01; **p < 0.001. Significantly different from the A rate obtained after cimetidine was added 
to the tissue bath. There was no significant difference in A rate due to tamoxifen pretreatment. 
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(A) Scatchard analysis of the chronotropic response to hista- 
mine of atria from rabbits pretreated with low dose of tamox- 
ifen (1.0 mg/kg/day) for 14 days. Data from histamine dose- 
response curve. R,~a, is the maximum calculated response and 
can be read from horizontal axis. The slope yields - l/km. 
(B) Rabbit atrial chronotropic response to histamine (1.4 
to 18 x 10 6 M) from rabbits pretreated with low dose of 
tamoxifen. Low curve depicts chronotropic response after 
addition ofcimetidine (2.8 x I0 7 M) in the tissue bath. Mean 
_+ SEM (vertical bar) of six atrial pairs. Significantly different: 
*p < 0.05; **p < 0.01. 

in body weight gain due to the treatments (data 
not shown). 

Discussion 
The present study demonstrates that pre- 

treatment with an antiestrogen (tamoxifen) does 
not significantly alter the number of  histamine 
receptors in the atria, as evident from the 
chronotropic response s tudy .  The maximum A 
rate after histamine was not significantly altered 
by pretreatment with tamoxifen or a tenfold dose 
o f  tamoxifen. The inhibition of  Rm,, after cimeti- 
dine, a H2 receptor antagonist, was less pro- 
nounced (5% inhibition) in atria treated with the 
higher dose o f  tamoxifen than in the oil-treated 
control group or in atria treated with the lower 
dose o f  tamoxifen (20% inhibition). The change 
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Figure 2 
(A) Scatchard analysis of the chronotropic response to hista- 
mine of atria from rabbits pretreated with high dose of 
tamoxifen (10.0 mg/kg/day) for 14 days. See Fig. 1 for other 
notations. 
(B) Rabbit atrial chronotropic response to histamine from 
rabbits pretreated with high dose of tamoxifen. See Fig. 1 for 
other notations. 

in A rate after histamine is assumed to be due to 
the change in the number of  histamine receptors 
in the atria, Rabbit atria contain both H; and H2 
chronotropic histamine receptors [14, 34], The 
respecti ve D,/2 . . . .  calculated from the slope of  the 
regression line, was also not significantly different 
due to the treatment. It is assumed that there was 
no change in the number and affinity o f  the 
receptor population. If the affinities o f  the H, and 
H2 receptors are very different, and if the receptor 
type that has the least affinity is reduced or func- 
tionally deleted, then the apparent affinity would 
appear to increase. The probable reduction in the 
number o f  receptor sites and lower affinity after 
the addition o f  cimetidine, a H2 type receptor 
antagonist,  suggest that H j type receptors should 
not have been affected. The Rmax of  atria in the 
control rabbits after cimetidine blockade was 
116 beats/min compared to 13 i beats/min before 
cimetidine, a 12% reduction. This suggests non- 
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Figure 3 
(A) Scatchard analysis of the chronotropic response to hista- 
mine of atria from rabbits pretreated with oil (1.0 ml/kg/day) 
for 14 days. See Fig. 1 for other notations. 
(B) Rabbit  atrial chronotropic response to histamine from 
oil-treated (control) rabbits. See Fig. 1 for other notations. 
***p < 0.001. 

competitive inhibition, which could be explained 
on the basis of the presence of  H~ and H2 receptors. 
It is not known whether histamine has a preferen- 
tial affinity for H1 or Hz receptor sites; however, 
one might speculate that some difference may 
exist. If there are rather nonspecific histamine 
receptors, their affinity would probably be be- 
tween those of the specific H1 and H2 type. A 
recent study indicates that tamoxifen specifically 
blocks the histamine-induced (Hi type receptor) 
contraction of  canine tracheal smooth muscle in 
vitro [35], showing that tamoxifen is a histamine 
antagonist of H, type receptors. It is less evident 
in our study whether a 14-day treatment with 
tamoxifen had any effect at the HI receptor sites, 
except that there was a less pronounced inhibition 
o f  Rmax after cimetidine in atria treated with the 
highest dose of  tamoxifen. It is possible that 
tamoxifen treatment at this dose affected the 
affinity of the H1 receptors in the atria. The 
lower dose of tamoxifen (1.0 mg/kg), which was 
uterotropic and hence acted as an estrogen agon- 
ist, did not have the same effect as estradiol on 
atrial histamine response [26]. Estrogen treatment 
has been shown to reduce the histamine content 

of  rat uterus [36] and to increase the releasable 
fraction of  histamine from guinea pig atria [37]. 
It is not known if tamoxifen, a non-steroidal 
antiestrogen, acts like estrogen in the rabbit atria 
when administered in low doses. Antiestrogens 
have some intrinsic estrogen-agonist activity on 
estrogen-target organs in some species [38-40]. 
The estrogenic activity of  low-dose tamoxifen on 
rabbit uterus and the apparent absence of an 
effect on histamine receptors in the atria suggest 
that antiestrogen has different functions in the 
uterus and atria of rabbit. The exact molecular 
mechanism of  antiestrogen action has not been 
worked out [39]. Although rat atria are known to 
possess estrogen receptors [41], it is not known 
whether antiestrogen at an agonist dose activates 
these receptors. 
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