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SUMMARY 

The chronotropic and inotropic actions of histamine were recorded 
from rat atria. Histamine (5 x lo-4 to lo-3 M) produced only the positive 
chronotropic action whereas at higher concentrations (>2.5 x l0-3 M), a 
biphasic response characterized by a brief reduction in heart rate 
followed by a gradual increase in heart rate was observed in spontaneous­
ly beating right atria. Similar results were obtained when studying the 
inotropic actions of histami ne ori the paced left atria . 

Propranolol (10-6 M) and r eserpi ne abolished the positive chrono­
tropic and inotropic but not the negative chronotropic and inotropic 
actions of histamine . Diphenhydramine at a concentration of 5 x lo-7 M, 
which failed to block the positive chronotropic action of norepinephrine, 
was effective in blocking the positive chronotropic action of histamine. 
Metiamide (5 x lo- 5 M) failed to alter the cardiac actions of histarr.ine . 
We suggest that the cardiac stimulant actions of histamine in rat atria 
are the result of released-endogenous catecholamines. 

Histamine alters the electrical and mechanical functions of 

isolated hearts of various species includtng,cat (1,2), rabbit (1 -3), 

guinea pig (2 ,4-6) and frog (7). Unlike the information available from 

other species, the observations of the cardiac actions of hi stamine in 

rat atria are very few and not consistent . For example , in La.ngendorff 
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preparations, it has been reported that histamine produces negative 

inotropic and chronotropic actions (6), negative inotropic followed by 

marked positive inotropic action (8,9) and in isolated spontaneous l y 

beating right atria, a positive chronotropic action (10). 

At present it is generally believed that the cardiac stimulant act­

ions of hista~ine are mediated by its direct action on specific his tamine 

receptors (2,S,11) . However, in rats, it has been suggested that the 

effects of hi stamine were mainly a result of catecholamine release (8,9). 

Later it was reported that histamine released catecholamines in the dog 

heart-lung preparation, but only at high concentrations (12). 

In the present work, we attempted to resolve these confl icting re­

ports by using paced left atria to study the inotropic action of hista­

mine and spontaneously beating right atria for studying the chronotropic 

action. Pharmacological intervention, including the use of reserpine, 

propranolol and antihistaminic agents were also employed in this study 

to e lucidate whether the cardiac actions of histamine observed in rat 

atria were mediated by specific histamine receptors or by release of 

endogenous catecholamines. 

MATERIALS AND METHODS 

General 

Experiments were performed on isolated left and right atria from 

Sherman rats (250-300 g) of either sex . Rats were sacrificed by dislo­

cation of the neck, The hearts were removed quickly and placed in a 

saturated 95% o2 and co2 Kreb's solution at ambient temperature (22-24°C). 

The atria were separated careful l y from the ventric l es and further 

divided into right and left atria. The tis sue then was suspended verti­

cally in an isolated organ oath (5 ml volume) containing a Kreb 1 s solut­

ion of the following composition (mM): 118 NaCl, 4 . 7 KCl, 0 . 4 MgS04 , 

1 , 2 KH
2
Po4, 2. 8 Cac1

2
. 2H

2
o, 25 NaHC0

3
, 11 glucose . The bathing so lution 
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was maintained at 35° C and was bubbled with a 95% o
2

, 5% co
2 

mixture. 

The prl of the solution was measured before and after the addition of 

drug solutions and ranged between 7.3 - 7.4. 

Experimental Procedure 

Isometric contraction was measured with a force displacement 

transducer (Grass FT-03) and recorded on a curvilinear recorder ·(Grass 

793), A preload of 0.75 g was applied to both right and l eft atria. 

Square wave pulses of 1 msec duration, double threshold voltage and at 

a frequency of 270 beat s/min were applied across bipolar platinum 

electrodes to pace the left atria. The frequency of spontaneous contract­

ions of the right atria was measured on an oscilloscope . 

Isolated atria were allowed to equilibrate for 45 min in the organ 

bath during which time the bath so lution was changed every 10 min. In 

a few experiments the right and left atria were maintained for about 30 

min without changing the bathing solution. No significant changes were 

observed in either force or rate of contraction. Cumulativ~ dose-response 

curves were obtained by exposing the tiss ues to s tepwise increments in 

drug concentration. At the maximum response to each dose the next higl, er 

concentration was added . The maximal response to a given drug was 

reached when a 3-fold increase in concentration failed to elicit a 

further response. 

The concentrations of drugs used to antagonize the cardiac action 

of histamine were selected based on preliminary trials of each drug at 

several concentrations. The highest concentration that did not affect 

either force or rate of contraction was selected. Reserpine (5 mg/kg) 

was administered intraperitoneally in a s ingle dose 24 hrs before the 

study to reduce t he catechol amine content of t he isolated heart (13). 

In some experiments the blocking agent (propranolol, diphenhydramine 

or metiamide) was added to the bath initially for 20 min followed by a 

change in the bath solution with the same drug concentation added a 

.. 
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second time for 15 min before a cumulative dose response-curve for his­

tamine was obtained . The results were not statistically different from 

those treated for only 15 min . Since the volume of the bath solution 

was small (S ml), care was tak en to chan9e t he Kreb's solution at speci ­

fied intervals. Therefore, the minimal effective pretreatment time of 

15 min ~as preferred . 

Either single or cumulative dose s o~ histamine were· emnloyed in the 

experiments using t he following protocols. If histamine was given ia 

cumulative doses , only a single dose response curve was made for each 

tis sue . When histamine was given in one single dose, the control res­

ponse was made prior to studying the influence of an antagonist. If 

the antagonist could block the effect of histamine, then further experi­

ments were performed without a control histamine response to ensure t hat 

the antagonism observed· was not due to desensitization of the tissue. 

Data Analysis 

Statistical analysis was performed by using either a paired t wo­

tailed t-test or u1~aired two-tailed t-test and a probability of p <0 . 05 

was considered significant. The res~lts were expressed as the mean.:!"_ 

standard error of the mean . All t~e chronotropic actions of histamine 

were plotted as the actual measured heart rate. 

Drugs 

The followin~ substances were used: histamine dihydrochloride and 

diphenhydramine (Sigma), reserpine (Ciba), propranolol (Ayerst) and 

metiamide (Smith, Kl i ne and French). All drugs except reserpine were 

prepared the day of the experiment in triple distilled water. Concentra­

tions of each drug were dete rmined so that during sequential addition of 

the drug to the bath, the total volume of the bath solution changed less 

than 5%. 
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Histamine, in the dose range of 5xl0-4M to 6xl0- 3~!, was added to 

the Kreb's solution bathing the spontaneously beating right atria. Two 
-4 -3 effects of histamine were noted. Histamine 5x10 M to 10 M produced 

~ I 

only a positive chronotropic action with each dose reaching a ma.Ximal 

chronotropic effect within 3-4 mtn . At higher concentrations of histamine 

(>2.5xl0- 3) a biphasic response was noted . That i s, a brief reduction 

in rate occurred within 1 min, followed by a gradual increase in rate 

which reached the maximal response within 4-5 min as shown in Fig.1. 

Associated with this trans ient fall in heart rate was a decreased force 

of contraction. Likewise, as .the heart rate increased during the second 

phase of the response the force of contraction increased also. 

Chronotropic Action of Histamine: Reserpine Pretreatment 

Pretreatment of animals with reserpine was used to reduce cardiac 

levels of catcholamines prior to testing with histamine. The basal 

heart rate in the reserpine-treated rats was significantly decreased 

from untreated control animal s (p <0.05). · The positive chronotropic 

action of histamine was abolished by pretreating the animals with 

reserpine. However, the negative chronotropic action of histamine at 

d t:.. ~3 ' d ff d b ' d d oses auove 2. 5x10 H rema:rne una ecte y reserpine as emonstrate 

in-.·Fi~, 1, 

Chronotropic Action of His tamine: Propranolol 
. - 6 

Addition of propranolol (10 M) to the tissue bath caused a decrease 

in heart rate which was not significant l y different from the basal heart 

rate prior to the administration of propranolol . Results similar to those 

seen with reserpine were also observed with propranolol (Fig. ~). That 

is, only the positive chronotropic action was antagonised by propranolol, 

w~ereas the negative chronotropic action of his tamine was not affected. 
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Eig~re 1 - Effects of reserpine and propranolol on the chronotropic 
actions of histamine. The chronotropic action of histamine on spontaneo­
usly beating right atria at 35° C is shown (0, n=9). Heart rate is dis­
played on the ordinate and time on the .abscissa. Histamine concentrat­
ion~6were added at the time indicated by the arrows. While propranolol 
(10 M; 6. ; n=8) and reserpine ( e ; n=6) were effective in bl ocking 
the positive chronotropic action of histamine, they fai l ed to block its 
negative chronotropic actions at high_3oncentrations. The decrease in 
heart rate following high ( >2.5 x 10 M) histamine concentrations was 
statistically s i gnifi cant (*P< 0.001) compared with the rate immediately 
prior to histamine administration. Significance was determined by a 
paired two-tailed t-test. 

Positive Chronotropic Action of Histamine: Antihistamines 

The positive chronotropic action of low doses of histamine was 

blocked by diphenhydramine (5xl0- 7M) . The characteristics of the biphasic 

response at high doses of histamine remained unchanged as shown in Fig . 2. 
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HISTAMINE C0NCENTRATION (MnLAR) 

Fig11.re 2 - Effects of metiamide and diphenhydramine on the chrono­
tropic action of histam!~e . Histamine dose-response curve (0) . 
Diphenhydramine (5 x 10 M; • ; n=S) is effective in blocking5the posi­
t ive chronotropic action of histamine while me'tiamide (5 x 10 M; ~ ; 
n=6) is not effective. Both drugs fail to antagonize the negative 
chronotropic ·action of histamine. Statistical significance was deter­
mined as in Fig . 1 *P<' 0.001, **P< 0.02 

-b 
Higher concentrations of diphenhydramine ( >10 M) were not employed in 

this study because of a reduction in the basal heart rate. 

Metiamide was employed at a concentration which, by itself, did not 

alter the basal heart rate. As shown in Fig. 2, metiamide (Sxl0-5M) did 

not change the dos e-response curve of histamine. Two further experiments 

using metiamide were performed at a concentration of 10-
4M. At this 
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NOP.F.PINF.PHRINF. CONCENTRATION (MOLAR) 

Fj.gur~. 3 - Failure of diphenhydramine to antagonize the positive 
chronotropic action of norepinephrine. Open circle is the control dose 
respons~7curve of norepinephrine at 35° C (n=6,0). Diphenhydramine 
(5 x 10 ~4; • ; n=6) does not b l ock the positive chronotropic action 
of norepinephrine. 

higher dose of rnetiamide there was neither a s..ignificant change in the 

basal heart rate, nor an antagonism· of the response to histamine. 

In six separate experiments, it was found that diphenhydramine 
-7 (5x10 r1), which was effective in blocking the positive chro~~tropic 

... 
action of histamine, did not antagonize the positive chronotropic action 

of norepinephrine (Fig. 3). 
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Figure 4 - Antagonism of the positive inotropic action of histamine 
by reserpine and propranolol. (A) Cumulative dose-response record dur­
ing increasing doses of histamine. (B) Reserpine pretreatment resulted 
in loss of the pos itive inotropic ~7tion of histamine (n=5). (C) Pre­
treatment with propranolol (5 x 10 M) for 15 min also abolishes the 
positive inotropic action of histamine (n=5). Neither drug blocks the 
negative inotropic phase of histamine. Tracings A,B and Care from 
different preparations. Arrows indicate t he time his tamine was added 
to the !!ssue bath at the concentrations of a=5, b=7.5, c=lO, d=35 and 
e=60xl0 M. 

Inotropic Actidn of Histamine 

In studies of the electrically paced left atria a similar dose range 

of histamine was employed. Histami ne produced a posit i ve inotropic act­

ion, with an initial slight decrease at low doses (Fig . 4A) . At higher 

concentrations, a biphasic response characterized by a rapid decrease in 

force of contraction followed by positive inotropic effect was observed. 

1he biphasic response to high doses of histamine was best observed when 

administered in a single dose as shown in Fig. 5, panel (a). In 24 

single dose experiments, it was found that the rapid decrease in force 

of contraction reached about 30-50% of the basal force of contraction; 
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Figure S - The effects of reserpine and propranolol on the positive 
inotropic action of histamine .administered i~3single dose. Panel (a) 
shows typical responses to histamine (2.SxlO M). Panel (b) shows res­
ponses to: (A) the same dose of histamine administered. 20 min later, 
(B) histamine following pretreatment wi!~ reserpine, (C) histamine follow­
ing pretreatment with propranolol (SxlO M). The responses to histamine 
in (A) and (C) are from the same preparation, while (B) are from diffe-_ 3 rent preparations. Arrows indicate the time at which histamine (2.SxlO M) 
was added to the tissue bath. 

the subsequent positive inotropic action ranged from 3S to 100% above 

the basal force of contraction. 

Positive Inotropic Action of Histamine: Reserpine and Propranolol 

The positive inotropic action of histamine which was observed at all 

concentrations was abolished by pretreating the animals with reserpine 

or the addition of propranolol (Sxl0- 7M) to the tissue bath (Fig. 4B, 

4C). However, these two drugs could not block the negative inotropic 

phase of the biphasic response of histamine. Furthermore, the negative 

inotropic phase occurred whether histamine was given in cumulative doses 

(Fig. 4B, 4C) or in a single high dose (Fig. SB, SC). 

0 
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Figure 6 - Effects of antihistaminic agents on the inotropic action 
of histamine. (A) Cumulative dose response record during increasing 
doses of histamine. In~ of 12 studies, a high dose of histamine (e)_6 on l y produced a negative inotropic response . (B) Diphenhydramine (10 M) 
antagonizes the positive b~S not t he negative inotropic actions of hista­
mine. (C) Metiamide (SxlO M) does not block e ither the positive or the 
negative inotropic actions of histamine. Tracings A,B and C are from 
different preparations . Arrows indicat e the time hi stamine was added to 
the tis~~e bath at the concentrations of a=S, b=7.5, c=lO, d=35, and 
e=60xl0 M. 

Positive Inotropic Action of Histamine: Diphenhydramine and Metiamide 

The basal force of contraction and the positive inotropic response 

to histamine decreased if cumulative concentrations were given repeatedly. 

Therefore, in this study a control dose response curve to histamine was 

not performed. The blocking activity of an antagonist was determined 

by selecting the highest concentration that did not affect the basal 

force of contraction but could abo li sh the positive inotropic action 

of histamine. Using this criterion, it was found that out of 5 experi ­

ments diphenhydramine (Sxl0- 7M) blocked the positive inotropic action 
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of histamine in 2 experiments, 3 experiments were not effectively blocked. 

Diphenhydramine (l0-6M) was able to block the positive inotropic action 

cf histamine in 3 out of S experiments (Fig. 68). The other two experi­

ments, the positive inotropic responses to low concentrations of histamine 

still could be noticed. Higher concentrations of diphenhydramine were 

not used because the positive inotropic action of histamine became irre­

gular. The concentration of diphenhydramine used in this study was also 

unable to block the negative inotropic phase of the biphasic response to 

histamine. 

Metiamide (SxlO-SM) did not antagonize the positive inotropic and 

the biphasic responses to histamine (n=6) . When a high dose of histamine 

(60xlo-4~) was added to the tissue bath in the presence of metiamide 

(Sxl0- 5M), contracture developed as shown in Fig. 6C . 

DISCUSSION 

The results of the present investigation demonstrate that the cardiac 

actions of histamine in rat atria differ from other species in many 

aspects . First, in order to produce a cardiac response, histamine 

concentrations 1000 times higher are needed in the rat "compared with the 

guinea pig (10). Second, the present data indicate that both the cardiac 

stimulant and depressant actions of histamine could be observed depending 

upon the dose and how the drug was administered (single dose versus cumu­

lative dosing) . Third, in the guinea pig there is evidence to indicate 

that the cardiac action of hi s tamine is mediated by a direct action on 

specific histamine r eceptors (2,5,14). However, in rat and rabbit, it 

has been suggested that the cardiac action of histamine is mediated by 

release of endogenous catecholamines (8 , 9) . The pres~nt investigation 

supports thi s obs ervation in rat atria. 

The data indicate that histamine produces both a cardiac stimulant 

and depressant action on rat atria. The results are similar to those 

reported earlier by \\lent and colleagues (8,9). That is, a negative 
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inotropic action fol lowed by a marked positive inotropic action was 

a lways observed when histamine (2.5 x 10-
3 

M) was given in a singl e dose. 

Propranolol and reserpine could abolish the positive chrono tropic and 

inotropic actions of his tamine but not the negative chronotropic and 

inotropic actions of histamine at high doses. These results l ead us to 

suggest that the effect of the cardiac stimulant actions of hi stamine on 

rat atria are mediated through released endogenous catecholamines. 

Diphenhydramine (5 x l0- 7M) which is effective in antagonizing the 

positive chronotropic action of histamine failed to block the cardiac 

stimulant actioR of norepinephrine in rat atria. Hence, the anta~onistic 

activity of diphenhydramine appears to be specific for histamine. Based 

on the dif::erential sensitivity of histamine antagonists employed in this 

investigation, we suggest that histamine combines with an H1 -rece~tor in 

the heart, urobably in noradrenergic nerve endings, to initiate the release 

of endogenous catecholamines. This H1-histamine receptor is blocked by 

diphenhydramine but not metiamide. 

In the present investigation, it was found that none of the anta­

gonists used; propranolol, diphenhydramine or metiamide, or pretreating 

the animals with reserpine, could block the negative chronotropic and 

inotropic actions of histamine. The negative inotropic and chronotropic 

actions of histamine are interesting; further study will be needed to 

elucidate the mechanism associated with this effect of histamine. 
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