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Histidine (3x10 -5 g/ml) had no effect on contractility and chronoinotropic relationships in 
frog myocardium, but rapidly and reversibly increased myocardial [3-adrenoreactivity (increa- 
sed myocardial response to 7• --s, 3• --7, and 4xl0 -6 g/ml epinephrine) and potentiated 
the positive effect of epinephrine (7xl0 -s, 3• -7 g/ml) on chronoinotropic relationships in 
the myocardium. Histidine is considered to be a component of endogenous sensitizer of 
~-adrenoceptors in human blood modulating the function of cardiomyocytes. 
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It is known that 50-, 100-, 500-, and lO00-fold diluted 
human venous blood serum, umbilical blood serum, 
liquor, and amniotic fluid rapidly and reversibly in- 
crease [3-adrenoreactivity of longitudinal myometrial 
strips from the uterine horn of nonpregnant rats [4,6,8, 
10,11]. The lO0-fold diluted solution of blood serum 
produced a similar effect on the smooth muscle of 
porcine coronary artery and bovine trachea [6,8,9,11 ] 
and on frog myocardium [7]. This fact is explained by 
the presence of endogenous sensibilizer of [5-adreno- 
ceptors in the blood [4-11]. Histidine (3x10 -s, 3• -7, 
3• -6, and 3x10 -5 g/ml), tryptophan (10 -5 g/ml), 
and tyrosine (2• -6 and 2x10 -5 g/ml) also increase 
[3-adrenoreactivity of smooth muscles in rat myomet- 
rium, porcine coronary artery, and bovine trachea [4,5, 
8], which indicates a possible role of these amino 
acids as basic components of endogenous sensibilizer 
of ~-adrenoceptors. The potency of these amino acids 
(histidine included) to rise [3-adrenoreactivity of car- 
diomyocytes was not studied. However, taking into 
consideration high incidence of cardiovascular patho- 
logies, cardiac insufficiency, and hypertension [12], 
which reduce the efficiency of adrenergic influences 
[2,13], this problem is of great importance. 
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Our aim was to study the effect of histidine in a 
concentration of 3x10 -5 g/ml, which corresponds to 
its content in the plasma of healthy humans [1], on 
[~-adrenoreactivity of isolated frog heart. 

MATERIALS AND METHODS 

Experiments were carded out on isolated hearts of 
Rana Ridibunda (n=30). [~-Adrenoreactivity of the heart 
was assessed by its responses to epinephrine (7• --s, 
3x10 -7, and 4x10 ---6 g/ml in groups I, II, and IT[, re- 
spectively). Contractile activity of the heart and histi- 
dine-induced (3x10 --5 g/ml) changes in its [~-adreno- 
reactivity was measured at 16-22~ in a Myocytograph 
Complex consisting of a 6MX1C mechanotron, H-3020 
recorder, and a syringe dispenser to perfuse a 1-ml 
working camber with Ringer solution (114.4 NaC1, 1.6 
KC1, 1.80 CaC12, 2.4 NaHCO3, pH 7.4, 0.7 ml/min 
perfusion rate). The heart was ligated to eliminate 
automatic contractions. The induced contractions were 
triggered with 30-sec trains of rectangular voltage 
pulses (1 Hz, 5 msec, and 5-10 V) generated with an 
ESL-1 stimulator. The experimental protocol consisted 
of seven 10-rain stages: Ringer----)epinephrine---)Rin- 
ger---)histidine---)histidine+epinephrine---~Ringer---)epi- 
nephrine. At each stage, the stimulation trains were ap- 
plied at the ends of the first and second 5-min intervals. 

The data were processed statistically using para- 
metric and nonparametric Fisher--Student's and Wil- 
coxon tests at p<0.05 [3]. 
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Fig. 1. Cardiac sensibilization to epinephrine induced by histidine (3x10 -s g/ml). Mechanogram of frog isolated heart. The horizontal lines 
show periods of epinephrine and/or histidine application. Each contraction was elicited by a single electrical pulse (duration 5 msec, amplitude 
5 V, repetition rate 1 Hz). The calibration bars correspond to 10 mN (ordinate) and 15 sec (abscisa). 

RESULTS 

When the heart was perfused with Ringer solution, 
each stimulus applied during the first and second sti- 
mulations triggered contraction in all three series (Ta- 
ble 1, Fig. 1). The amplitude of the first contraction 
was always minimum. During the first and second 
electrostimulations, it was 2.99_+0.60 and 2.94_+0.51 
rnN (series I), 0.88_+0.14 and 1.23_+0.17 mN (series II), 
and 2.30-+0.76 and 2.45_+0.55 mN (series HI), respec- 
tively. Than the amplitude of contractions increased 
and in series I, II, III peaked during the f'n-st stimu- 
lation after 9.4__.1.2, 13.2_+2.0, 12.2_+1.0 sec, respecti- 
vely; during the second stimulation after 7.2_+0.5, 
12.1_+1.3, and 12.2_+0.9 sec, respectively. The ampli- 
tude maxima for the first and second stimulation in 
series I, II, III were 7.89_+0.66 and 8.28_+0.79 mN, 
3.97_+0.66 and 4.36_+ 0.62 mN, and 7.60_+0.91 and 

7.30_+0.94 mN, respectively. In all cases, the differ- 
ences between the respective parameters recorded du- 
ring the first and second stimulations were insignifi- 
cant (p>0.5), which attests to a stable character of con- 
tractions of the heart perfused with Ringer solution. 

In the first test, epinephrine (7x10 "-s g/ml, series 
I) produced no effect on the minimum and maximum 
amplitudes of contractions, while in higher concen- 
trations (3•  -7  g/ml,  series II; 4x10 --6 g/ml, series 
Ill) reversibly increased it in a dose-dependent manner 
by 123.0-144.9% and 154.8-163.9% (series II L and by 
187.9-193.1% and 141.8-155.8% (series III), respec- 
tively, compared to baseline level (Fig. 2). In all se- 
ries, epinephrine strengthened the chronoinotropic in- 
terrelations: in series I, it significantly shortened the 
time of attaining the maximum contraction amplitude 
to 85.3% baseline value, while in series II and III, it 
did not change this parameter, but markedly increased 
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Fig. 2. Modulatory effect of histidine on dose-dependent inotropic 
action of epinephdne in frog heart. Abscissa: negative logarithm of 
concentration. Ordinates: the value of inotropic action of epinephrine 
(% of baseline), a) and b) minimum contraction amplitudes (A,J 
during the first and second stimulation trains, respectively; c) and 
d) maximum contraction amplitudes (A,n,~) during the first and 
second stimulation trains, respectively. The points I, II, III correspond 
to epinephrine concentrations of 7x10 -8, 3x10 -7, and 4• -6 g/ml. 
1), 2), and 3) dose dependencies before, dudng, and after applica- 
tion of histidine (3x10 ~ g/ml), respectively. 
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contraction amplitude. Histidine (Fig. 1) had no effect on 
contraction amplitude, but significantly and reversibly 
potentiated the positive inotropic action of epinephrine 
in concentrations of 7x10 ---8 and 3• -7 g/rnl and to a 
lesser degree, in a concentration of 4x10 -~ g/ml. In other 
words, histidine sensitized the myocardium to I~-adre- 
nergic influences in 60-100%, 50-90%, and 60-80% 
cases in series I, II, and 111, respectively. Specifically, 
during combined application with histidine, epineph- 
rine demonstrated a positive inotropic effect in low 
concentration (5x10 ---8 g/ml), and this effect increased 
in concentrations of 5• --7 g]lTll and to a lesser de- 
gree, 5x10 --6 g/ml. For example, during the first sti- 
mulation train in series I, the minimum contraction 
amplitudes in tests 1, 2, and 3 were 144.9__.13.2, 215.0-!-_ 
20.4, and 120.0_17.9%, respectively (in comparison 
with the baseline level, p<0.05). Histidine shifted the 
dose-response curve for the inotropic effect of epi- 
nephrine to the left and upward (Fig. 2) and 2.7-fold 
decreased epinephrine dissociation constant from 243 
to 94.6 ng/ml, which attests to increased affinity of 6- 
adrenoceptors to epinephrine. Histidine potentiated the 
chronoinotropic effects of epinephrine (7x10 ~ ,  and 
3• --7 g/ml). Specifically, while increasing the ino- 
tropic effect of epinephrine in series II (first stimu- 
lation, second test), histidine significantly shortened 
the time of attaining the maximum amplitude to 82.4__. 
7.8% baseline (p<0.05). This shows, that similar to 
blood serum [7], histidine sensitizes ~l-adrenergic re- 
ceptors not only in smooth muscles of the coronary 
artery, trachea, and uterus [4,5,10], but also in the 
myocardium. 

Thus, histidine (3xlO -5 g/ml) does not affect con- 
tractility of frog myocardium, but increases ~)-adreno- 
reactivity of cardiomyocytes, potentiates the positive 

inotropic effect of epinephrine (in concentrations of 
7x10 --8, 3x10 -7, and to a lesser degree, 4x10 --6 g/ml) 
and augments its potency to affect the chronoinotropic 
relations (in concentrations 7x10 --8 and 3• -7 g/ml). 
Being a blood ingredient, hisfidine can be considered as 
a basic component of endogenous sensitizer of ~)-adre- 
noceptors capable of increasing cardiac adrenoreactivity. 
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