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Abstract 
Tolazoline, betahistine, burimamide and compound 

48/80 release histamine from isolated guinea pig atria 
resulting in histamine concentrations that will stlmulate H 2- 
reeeptors. Tolazoline, burimamide and 48/80 also release 
histamine from rabbit atria but do not result in histamine 
concentrations that will stimulate either H 1- or HE-receptors. 
However, betahistine (which does not release histamine from 
rabbit atria) and tolazoline stimulate the rabbit atrial ehrono- 
tropic response by releasing catecholamines, 

Introduction 
The identification of a compound as a 

specific agonist for a given receptor system in 
vivo or in vitro requires the fulfilment of at least 
three criteria: (1) The compound must mimic the 
responses produced by the natural agonist, (2) the 
compound's effect must be antagonized by 
specific antagonists of the natural agonist, and (3) 
other mechanisms such as the release of the 
natural agonist from endogenous stores, blockade 
of the natural agonist's re-uptake, and alteration 
of the natural agonist's metabolism must be 
eliminated. 

A number of investigators have fulfilled only 
the first and second criteria before classifying 
certain compounds as direct histamine agonists; 
therefore, their designation must be considered 
tentative until further evidence is presented. 

Several studies have suggested that 
tolazoline acts as a specific HE-receptor agonist 
[10, 20, 22-25]. All of the studies have based 
their conclusions on the evidence that the hista- 
mine-like actions produced by tolazoline in 
several different preparations are attenuated or 
reversed after the addition of specific HE-receptor 
antagonists (metiamide/burimamide). These 
studies are incomplete since other possible 
explanations have not been considered. 

The nllrno~e of thi,~ ,~tudv was to show that 

tolazoline might act by a mechanism other than 
direct receptor agonism to produce its 
metiamide/burimamide-sensitive histamine-like 
actions. An earlier study from our laboratory [8] 
showed that tolazoline produced a metiamide- 
sensitive positive chronotropic response in guinea 
pig atria but did not produce a similar response in 
rabbit atria. Histamine produces a positive 
chronotropic response which in guinea pig atria 
appears to be mediated by only H 2 receptors [ 11] 
while in rabbit atria a combination of H 2- and H l- 
receptors appear to be involved [ 12]. Since there 
is a difference in the endogenous histamine 
content between rabbit and guinea pig atria [14], 
the possibility existed that tolazoline might act by 
releasing endogenous histamine, rather than 
direct receptor agonism. 

Compound 48/80 was also used in this 
study as a known histamine-releasing agent [18, 
19]. The activities of betahistine, a reported 
histamine analog [3, 17], and burimamide, a 
histamine HE-receptor antagonist [2] which has 
been reported to show histamine-like activity [5], 
were also tested. 

Methods 
Forty-eight guinea pigs (average wt. 0.6 kg) and 67 

rabbits (average wt. 1.6 kg), unselected as to sex, were killed 
by cervical fracture. The chest was opened along the midline 
and the whole heart removed and immersed in Tyrode's 
solution which was gassed with 95% 02-5% CO 2. The atrial 
pairs were dissected free of all extraneous tissue and a thread 
was passed through the tip of  each auricular apex. 

Each. atrial pair was mounted in a separate tissue bath 
(50 ml) with one atrium tied to a glass hook and the other to 
a Statham strain gauge. The average control tension was 
0.3 g (guinea pig) and 0.5 g (rabbit) per atria. The tissues 
were allowed to equilibrate for 60-90 min before experi- 
mental procedures were begun. Signals from the transducers 
were recorded on a Beckman Dynograph R411 recorder. 
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The tissue baths were immersed in a large-volume 
thermostated water bath which maintained the temperature 
at 36~ The bathing solution in the tissue chambers could 
be changed (rapidly or slowly) by a continuous flow from a 6 
1 reservoir. The bathing medium was gravity-fed through 
glass coils (immersed in the water bath) into the base of the 
tissue baths, and the chamber volume was kept constant by 
suction applied to a side arm at the 50 ml level. Flow was 
stopped during the drug response period by clamping the 
reservoir tubing. 

The Tyrode's solution had the following composition 
in mM: Na + 146.0, K + 5.6, Ca ++ 1.8, Mg ++ 1.7, CI 133.6, 
HCO 3 25.0 and glucose 9.1. The pH was 7.40. Drugs were 
injected at the base of the tissue bath with a Finnpipette, The 
gas mixture was bubbled into the tissue chamber through a 
sintered glass base and served as a source of oxygenation, 
regulation of pH and rapid mixing of the injected drug solu- 
tions with the bathing medium. Drug concentrations refer to 
the free base and were dissolved in deionized water. 
Concentrations specified in the text are those attained in the 
bathing medium after drug injection. 

Preparation of tissue for histamine assay 
This experimental protocol permitted the testing of 

four separate atria at the same time. In each experiment, one 
of the four atria tested served as a control. Control atrial 
pairs were treated in a manner identical to experimental atria 
except no drugs were administered. At the conclusion of the 
experimental period, both the control atria and bathing 
solution were assayed for histamine content. In addition, to 
test whether the experimental procedure itself caused a 
decrease in tissue histamine content, some atrial pairs were 
assayed immediately after being dissected free of extraneous 
tissue. These crude tissue values represent the tissue hista- 
mine content before the atria were placed into the tissue bath 
and allowed to equilibrate. 

For all single drug dose experiments, the drug was 
administered and 10 rain later the tissues were freeze 
clamped in liquid N 2 and a volume of 40 ml was taken from 
each bath and frozen in a plastic bottle at 0~ The 
cumulative drug dose experiments were performed by giving 
doses of the drug every 10 min until a total of 4 doses were 
given, except in the case of rabbit atria where 5 doses of 
Compound 48/80 were used. Ten minutes after the last dose, 
the tissues and bathing medium were frozen as described 
above. The atrial rates were always measured during the 9th 
to 10th minute, just before the next drug dose and/or at the 
same time just before the tissues were frozen. 

Tissues and bathing medium were assayed for his- 
tamine content by the method of LORENZ et al. [13, 14]. 
Tissues were homogenized in 9 volumes of 0.4 N HC104 
with a Brinkman Polytron| for at least 1 min. The 
homogenate was allowed to set for at least 10 min before 
being centrifuged at 2000 x g for 5 min. 

The tissue supernatant or 40 ml of the bathing medium 
were then adjusted to pH 6.5 at a glass electrode, with 1 ml 
of 1 M sodium phosphate buffer (pH 6.5) and 2 N N a O H  or 
2 N HCI. These solutions were then applied to small, 
separate columns of Dowex| 50W-8X, H +, mesh 200-400 
(0.6 x 1.5 cm), equilibrated with 0.1 M sodium phosphate 
buffer, pH 6.5. The ion exchange resin was washed and 
prepared according to the technique of LORENZ et al. [15]. 
The columns were then successively washed with 5.0 ml of 
0.1 M sodium phosphate buffer, pH 6.5, 1.0 ml of twice 
distilled water, and 5.0 ml of 1 N HC1. Histamine was eluted 

with 3.0 ml of 4 N HC1. An aliquot (0.8 ml) of the eluate was 
diluted with 0.8 ml of twice distilled water. This solution was 
mixed with 0.8 ml of 5 N NaOH and 0.1 ml of o- 
phthaldialdehyde solution (1% w/v in methanol). Two 
minutes later, 0.6 ml of 2 M H3PO 4 was added and the 
fluorescence was measured in an ice water cooled cuvette 
chamber of an Aminco SPF-125 spectrofluorometer. The 
excitation wavelength was 360 nm, the emission wavelength 
was 430 rim. Slit settings were successively 4 mm and 2 mm 
excitation, and 5 mm and 1 mm emission. Fluorescence 
intensity was directly proportional to histamine concentra- 
tion in the range of 1-500 ng of histamine (free base)/ml of 
diluted eluate. Recovery of histamine was 96.1 + 2.6% (n : 
8). 

Drugs 
The drugs used and their sources were Compound 

48/80 (Sigma Chemical Co.), tolazoline HCl (Aldrich 
Chemical Co.), histamine diphosphate (Sigma Chemical 
Co.), betahistine (a gift of Unimed Inc.), and burimamide (a 
gift of Dr J. Black of Smith, Kline and French). 

All statistical calculations were done on a Texas 
Instruments Programmable 58 calculator equipped with the 
Applied Statistics software. 

Results 
I. Guinea pig atria 

A. Bath histamine concentrathgn following 
single drug doses. T h e r e  is s o m e  s p o n t a n e o u s  
re lease  o f  h i s t a m i n e  in to  the  b a t h i n g  m e d i u m  
f rom u n t r e a t e d  con t ro l  atr ia .  A t r i a  t e s t ed  w i th  a 
single dose  o f  4 8 / 8 0  (40  / t g /ml  o f  the  b a t h i n g  
m e d i u m )  did  no t  s h o w  a s ign i f ican t  i nc r ea se  in the  
b a t h  h i s t a m i n e  c o n c e n t r a t i o n  w h e n  c o m p a r e d  to  
the  con t ro l  release.  Th i s  was  also t r ue  o f  a s ingle 
dose  o f  t o l azo l ine  (20  gg /ml ) .  H o w e v e r ,  b o t h  
be t ah i s t i ne  (50  g g / m l )  a n d  b u r i m a m i d e  (10  
g g / m l )  d id  s igni f icant ly  i n c r e a s e  the  h i s t a m i n e  
c o n c e n t r a t i o n  in the  b a t h  (Fig.  1A). 

B. Bath histamine concentration following 
cumulative drug doses. A series  o f  four  doses  o f  
the  tes t  d rug  were  g iven  at  10 m i n  in t e rva l s ;  e a c h  
ind iv idua l  dose  was  equa l  to  a s ingle d r u g  dose  
l is ted in the  p r e v i o u s  p ro toco l .  T h u s ,  the  f inal  
b a t h  c o n c e n t r a t i o n  a f te r  the  las t  d o s e  is equa l  to  
four  t imes  the  b a t h  d r u g  c o n c e n t r a t i o n  o f  the  
s ingle dose  expe r imen t s .  F i g u r e  1B s h o w s  t h a t  a 
s igni f icant  i n c r e a s e  in the  h i s t a m i n e  c o n c e n t r a t i o n  
o f  the  b a t h i n g  m e d i u m  a b o v e  c o n t r o l  levels 
fo l lowed  t r e a t m e n t  wi th  all four  c o m p o u n d s :  
4 8 / 8 0 ,  to lazol ine ,  be t ah i s t ine ,  a n d  b u r i m a m i d e .  
T h e  g r ea t e s t  i nc r ea se  was  seen  wi th  b e t a h i s t i n e  

(Fig.  1B). 
C. Tissue histamine content before and 

after treatment. A single d o s e  o f  b u r i m a m i d e  was  
t he  on ly  tes t  p r o c e d u r e  w h i c h  r e su l t ed  in a signifi- 
c a n t  i nc r ea se  o f  t i s sue  h i s t a m i n e  c o n t e n t .  N o n e  o f  
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these treatments to guinea pig atria caused a 
significant decrease in tissue histamine content. In 
addition, crude tissue histamine content was not 
significantly different from control tissue content 
(Table 1). 

D. The chronotropie response following 
drug treatments. Single doses. All single drug 
doses except for burimamide produced a signifi- 
cant positive chronotropic response. Although 
burimamide significantly increases the bath his- 
tamine concentration, since it is an H2-receptor 
antagonist the chronotropic response to the 
increased levels of histamine was blocked. Com- 
pound 48/80 and tolazoline produce positive 
chronotropic responses without causing a signifi- 
cant increase in the bathing solution concentra- 
tion of histamine (Fig. 1A). These responses may 
be the result of a high local extracellular con- 
centration of histamine which is then taken up 
and/or destroyed before mixing with the bathing 
medium. 

Cumulative doses. The cumulative drug 
doses were given to prolong the time and 
concentration of drug exposure, thereby increas- 
ing the time period for histamine release and 
mixing with the bathing medium. 

Figure 1B shows that cumulative 'doses of 
tolazoline and betahistine produce significant 
positive chronotropic responses and increased 

bath histamine concentrations. Cumulative doses 
of 48/80 show an increased bath histamine 
concentration; however, the increased atrial rate 
seen after a single dose of 48/80 has returned to 
the control rate by the end of serial dosages. This 
may be the result of secondary effects which 
occur with the final high drug concentrations 
obtained with cumulative doses. As with the 
single drug dose, although there is a significant 
increase in the bath histamine concentration, 
cumulative doses of bur•177 do not show a 
positive chronotropic response, again, probably 
as a result of H2-blockade. The absolute atrial 
rates for each experiment before and after drug 
treatment are shown in Table 1 and it is from this 
data that the change in rate (beats/min) shown in 
Figure 1A and 1B were calculated. 

II. Rabbit atria 
A. Bath histamine concentration following 

single drug doses. Control rabbit atria also spon- 
taneously releases histamine. Single doses of 
48/80 and betahistine do not significantly alter 
bath histamine although a slight increase is seen 
with betahistine. Single doses of both tolazoline 
and burimamide produce significant increases in 
the bath histamine concentration (Fig. 2A). 

Table I 
Tissue histamine concentrations and pre- and post-drug atrial rates (mean • S.E.M.). 

Guinea pig Rabbit 

n Tissue gg/g Atrial rate 
(beats/min) 

Pre-drug Post-drug 

Tissue/ lg /g  Atrial rate 
(beats/min) 

Pre-drug Post-drug 

Crude 4 
Control 12 

Single doses 
48/80 (40/~g/ml) 5 
Tolazoline (20/2g/ml) 4 
Betahistine (50 /~g/ml) 3 
Bur•177 (10/tg/ml)  5 

Cumulative doses 
48/80 (160 jtg/ml) 3 
48/80 (200/zg/ml) 
Tolazoline (80/tg/ml)  3 
Betahistine (200/tg/ml)  3 
Burimamide (40 r 6 

8.61 + 0.81 - - 4 0.26_+ 0.11 - - 
8 . 7 2 + 0 . 6 5  1 4 3 + 6  - 17 0 . 2 1 + 0 . 0 4  130_+5 - 

1 0 . 5 0 + 1 . 0  1 4 7 + 1 0  1 6 8 •  a 6 0.17_+0.02 1 0 8 + 8  1 1 1 •  
7 .86•  1.5 143+  16 249_+4 a 7 0 . 2 8 + 0 . 1 0  1 2 9 •  130_+5 
9.00 • 1.2 148 _+ 13 259 -+ 5 a 6 0.23 • 0.05 130 + 4 199 -+ 7 a 

1 1 . 3 0 + 1 . 2  a 1 3 8 •  1 3 9 •  5 0 . 1 5 •  1 3 2 •  1 3 0 •  

9.88 • 2.2 152 • 5 136 • 2 - - 
- - 5 0 . 2 3 •  1 2 7 •  1 1 3 •  

7 . 32 •  1.3 154+_4 2 5 4 •  1 a 5 0.23_+0.03 124 •  10 1 4 9 •  a 
10 .30 •  1 4 1 •  2 5 5 + 1 1  a 6 0 . 2 3 •  1 3 1 •  2 6 5 •  a 
9 . 53 •  1.1 1 4 0 •  141___4 6 0.19+_0.01 1 3 0 •  1 2 7 + 5  

a Significant increase P < 0.05. 
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pig atria. Rate responses show increase over pre-drug rate. Histamine concentration expressed as ng histamine (free base)/ml 
of  the 50 ml bath. Drug concentrations are the final bath concentrations reached. All values expressed as mean + S.E.M. 
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Abbreviations: Tol = tolazoline, Bet = betahistine, Bur = burimamide, * = P _< 0.05. 



Liberation of Histamine by Compound 48/80, Tolazoline, Betahistine and Burimamide 145 

B. Bath h&tamine concentration following 
cumulative drug doses. Cumulative drug doses to 
rabbit atria result in a significant increase in bath 
histamine concentrations following 48/80, 
tolazoline and burimamide, but not betahistine 
(Fig. 2B). The cumulative drug dose treatment of 
rabbit atria involved the same protocol as  des- 
cribed for guinea pig atria except that rabbit atria 
received five doses of 48/80 rather than the four 
doses given for all other drugs tested. 

C. Tissue histamine content before and 
after treatment. There was no significant dif- 
ference in the tissue histamine content of crude, 
control, and experimental atria (Table 1). The 
endogenous histamine content of rabbit atria is _~ 
30 times less than the endogenous histamine 
content of guinea pig atria; however, the amount 
of histamine released into the bathing medium by 
rabbit atria is greater (Figs. 1 and 2). 

D. The chronotropic response following 
drug treatments. Single doses. The only signifi- 
cant positive chronotropic response to single drug 
doses is seen with betahistine (Fig. 2A). Single 
doses of tolazoline and burimamide increase the 
bath histamine concentration; however, increased 
chronotropic responses are not produced. The 
rabbit chronotropic response is mediated by both 
H 1- and HE-receptors , therefore burimamide's 
blockade of H2-receptors alone should not pre- 
vent an increase in chronotropic activity if the 
concentration of histamine at the receptors 
reached effective levels. 

Cumulative doses. Compound 48/80 caused 
a slight negative response which is similar to that 
which occurred with guinea pig atria at high drug 
concentrations. Cumulative doses of both tolazo- 
line and betahistine produce significant positive 
chronotropic responses, and again with burima- 
mide, there was no change in atrial rate (Fig. 2B). 
Table 1 shows the absolute atrial rate for each 
experiment before and after drug treatment. 
These values were used to calculate the delta rates 
seen in Figures 2A and 2B. 

Discussion 
In the present study, 48/80 was used for 

comparative purposes as an agent known to 
release histamine [18, 19]. Burimamide, an H e- 
antagonist [2], was used as another type of 
control. Although on the basis of structural 
considerations it might be expected to release 
histamine since it is an HE-blocker, there should 
be little or no activation of H2-receptors. 

It is evident from Figure 1 that all four 
compounds tested released significant concentra- 
tions of histamine from guinea pig atria and that 
this release is dose and/or time dependent. The 
chronotropic response is stimulated by 48/80, 
tolazoline, and betahistine. The lack of stimula- 
tion by burimamide in spite of release can be 
explained by this compound's HE-blocking 
properties. 

In addition, the lack of a greater effect of 
burimamide with cumulative doses compared to 
single doses may indicate a different mechanism 
of action. It is plausible that burimamide acts not 
by directly releasing histamine but by blocking 
H2-receptors responsible for inhibitory feedback 
of histamine. Thus the blocking of histamine's 
inhibitory feedback prevents histamine from 
decreasing its own release and an increased spon- 
taneous release of histamine is seen. This scheme 
has been proposed by BEAVEN for the mast cell 
[1]. It is also possible that burimamide acts by 
blocking the re-uptake mechanisms for histamine 
thus resulting in an increased extracellular 
concentration of histamine. 

In guinea pig atria, the bath concentration 
of  histamine is approximately doubled even 
after a single dose of betahistine. A rough 
calculation can be made since the bath volume 
is 50 ml and the bath concentration of  hista- 
mine following betahistine is 0.57 ng/ml.  There- 
fore, approximately 28.5 ng of histamine had 
been released which was not enzymatically des- 
troyed or taken back into the storage sites. The 
average weight of the guinea pig atrial pairs was 
0.25 gm with an extraceUular space (assuming 
16% of wet weight) of approximately 0.04 ml. It 
is obvious that the local concentration of  hista- 
mine at the cellular level must be relatively 
higher during the time of  release and /o r  re- 
uptake, even assuming a fast equilibration with 
the bathing medium. A fast equilibration seems 
unlikely since it takes approximately 10 min for 
a steady-state chronotropic response to occur in 
response to exogeneously administered hista- 
mine [2]. This is strongly supported by the fact 
that it takes ~-~30 min for the atrial rate to 
return to control values following even small 
concentrations of exogeneously administered 
histamine which have been completely washed 
out of  the bath [7]. 

The tissue levels of histamine in guinea pig 
atria are approximately 30 times that of rabbit 
atria (Table 1); however, the spontaneous release 
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of histamine from rabbit atria is twice that of 
guinea pig atria (Figs. 1A and 2A). This is 
probably the result of some difference in the 
storage forms in these two tissues. Guinea pig 
atria have been reported to contain relatively 
large numbers of mast cells while rabbit atria 
contain few mast cells [4, 9, 16, 22]. The 
difference in mast cell population may also 
account for the much higher guinea pig atrial 
tissue histamine concentration. LORENZ et al. [14] 
reported that guinea pig atria contains 7.4 ~tg/g of 
histamine and rabbit atria contains 2.3 ~g/g 
histamine. Our results (8.7 /~g/g) are in close 
agreement with the guinea pig atria values 
reported by these authors, while our results from 
rabbit atria (0.21 /zg/g) are about I0 times less 
than these authors report. This difference may be 
the result of variations within different strains of 
rabbits available. 

The bathing medium containing rabbit atria 
shows significant increases in the histamine 
concentration following 48/80, tolazoline and 
burimamide which were also concentration 
and/or time-dependent. 

Betahistine caused the highest bath con- 
centration of histamine when guinea pig atria 
were the test tissue; however, it does not cause a 
significant increase when rabbit atria are used 
(Fig. 2). This may also reflect a difference in the 
lability of histamine storage in the two tissues. 

Tolazoline and betahistine both show 
positive chronotropic responses in rabbit atria but 
this is probably the result of catecholamine 
release since the responses are blocked by pro- 
pranolol as previously shown [6, 8]. Although the 
cumulative doses of 48/80 and tolazoline increase 
the bath concentration by approximately the 
same amount, there is no increase in rate with the 
48/80 treated group of rabbit atria (Fig. 2). There 
are two possible explanations" first, large 
concentrations of 48/80 may cause some 
depression independent of histamine release, 
and/or second, the concentration of histamine at 
the receptors is not high enough to cause a 
measurable increase in rabbit atrial rate. 

Guinea pig atria are much more sensitive to 
histamine than rabbit atria. The concentration of 
histamine necessary to cause a half maximum 
increase in rate for rabbit atria is approximately 
3.5 times greater than for guinea pig atria, while 
the threshold dose is 7-10 times more for rabbit 
atria. The highest bath histamine concentration 
obtained with any of the drugs was _~1.3 ng/ml 

with rabbit atria and (with the exception of the 
cumulative dose of betahistine) for guinea pig 
~0.57 ng/ml, approximately half as much. Even 
though some histamine is released by these 
compounds from rabbit atria, data suggests that 
the concentration at the receptors is not high 
enough to cause a chronotropic response. 

Finally, since there appears to be significant 
spontaneous release of histamine from control 
guinea pig and rabbit atria, the possibility exists 
that these compounds may act to inhibit the 
degradative metabolism of histamine (analogous 
to monoamine oxidase inhibitors) or by blocking 
the re-uptake of histamine (analogous to the tri- 
cyclic antidepressants) rather than directly releas- 
ing histamine. 

In conclusion, all of the compounds tested 
release histamine from guinea pig atria and 
indirectly mediate an increase in atrial rate. There 
appears to be some difference in both the total 
amount and in the kind of histamine storage in 
rabbit atria. Although 48/80, tolazoline, and 
burimamide release histamine from rabbit atria, it 
is not released by betahistine, the most effective 
guinea pig releaser. None of these compounds 
appear to stimulate rabbit atria by histamine 
release but in the case of tolazoline and beta- 
histine by the release of catecholamine. 
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