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It was investigated contractility and adrenoreactivity of intact myocardium strips of right
ventricular in experiment with 60 rats. They were assessed by the force of induce contraction and
its changes under the influence of adrenaline (10° or 10° g / ml). Found that these indicators do
not depend on the phases of the estrous cycle and the presence of pregnancy. Histidine (107°-
10*g / ml) did not increase the response to adrenalin (10°g / ml), but increased the force of the
contractions in rats in progesterone dominance (trend) and pregnancy (statistically significant).
Against the background of propranolol (10 g / mL) or atenolol (108 10° g/ mL), adrenaline (10°g
/ mL) instead of increasing the force of contraction reduced it (probably due to activation of beta.-,
alpha, - and alpha, a2- adrenergic receptors), and histidine (10* g / mL) prevented this reduction,
but does not restore full ability of adrenaline to exert a positive inotropic effect. On the background
of nicergoline (10-® g / mL or nicergoline and propranolol (102 g / mL), adrenaline (10-° g / mL)
did not alter the force of contraction, and histidine (10* g/mL) restore ability of adrenaline to exert
a positive inotropic effect but only in the experiments with nicergoline. Concluded that histidine
increases the efficiency of the activation of all three (beta,-, beta,- and beta,-) populations of
myocardial beta-adrenoceptoprs, including at lower by adrenergic blockers. Therefore, histidine
proposed as an antagonist of beta-adrenergic blockers and as resensitizator of these receptors.

Core Tip: In the experiments with strips of the right ventricle of 40 nonpregnant and 20
pregnant rats histidine (107%-10* g /mL) did not increase the response to adrenaline (10° g / ml),
but increased the force of contractions in pregnant rats. On the background of propranolol (10
g / mL) or atenolol (108, 10° g / mL), adrenaline (10°g/mL) showed a negative inotropic effect,
and histidine (10* g / mL) prevented it, but does not restore the ability of adrenaline to show
positive inotropic effect,. i.e histidine exhibits the properties of the antagonist of beta-blockers and
of resensitizator of beta-adrenoceptors.

Introduction

Interest in the physiological role of histidine as a free amino acid increased after
establishing its ability to enhance the effectiveness of activation beta,-adrenoceptors
(AR) of rat myometrium [1], which was confirmed in subsequent years [2,3], including
under artificial reduction of activate of effectiveness of beta,-AR by ozone [4], or
lysophosphatidylcholine [5] or propranolol as blocker of beta -AR [5,6]. Histidine was
originally considered as a possible component of endogenous sensitizer of beta-AR

# HTTPS://WWW.HEIGHPUBS.ORG

How to cite this article: Tsirkin V, Nozdrachev A, Korotaeva J, Khodyrev G. Influence of Histidine on the contractility
and adrenaline inotropic effect in the experiments with myocardium of right ventricular of Non pregnant and
Pregnant Rats. J Cardiol Cardiovasc Med. 2018; 3: 084-0103. https://doi.org/10.29328/journal.jccm.1001030



=

pregnant and Pregnant Rats

Influence of Histidine on the contractility and adrenaline inotropic effect in the experiments with myocardium of right ventricular of Non h
y

(ESBAR) [2,3], but then was assigned to the group of exogenous analogues of ESBAR
[5,6]. In subsequent studies were initiated on the effect of histidine on contractility
and adrenoreactivity of myocardium of animals [7,8] and humans [9,10]. But they have
given mixed results. Thus, in experiments with frog heart ventricle was shown [11],
that histidine (10° g / mL) did not effect on its contractility, but increases the positive
inotropic effect of adrenaline used at concentrations of 10%, 107 and 10° g / mL.
However, Yu. Penkina et al. [7], in similar experiments with intact strips of frog ventricule
revealed that the positive inotropic effect of adrenaline (10 g /mL) increases under the
influence of histidine at a concentration of 10 g / mL, but not changes under histidine at
a concentration 107 - 10-*g / mL. However histidine at concentrations of 10* and 103 g
/ ml, restored the ability of adrenaline (10 g / ml) have a positive inotropic effect which
was reduced under the influence of lysophosphatidylcholine (10 7 g / mL). In experiments
with intact strips of the right ventricle of the heart of nonpregnant rats (excluding the
phase of the cycle) YA Penkina et al. [7] using histidine at three concentrations (10, 10**
and 102 g / mL) showed that at a concentration of 10° g / mL adrenalin does not effect
on myocardial contractility, and at the concentrations 10* and 103 g /mL adrenaline
increases at the same time in any of these concentrations histidine did not increase
positive inotropic effect of adrenaline (10%-10° / mL), even in concentrations of 103 g
/ mL histidine exhibits beta-adrenoceptor blocking effect in relation to adrenaline (10
¢ g/mL). However, in experiments with lysophosphatidylcholine (10° g /mL), which
blocked the positive inotropic effect of adrenaline (10 g / mL), all three concentrations
of histidine (10°%, 10* and 10-3g / ml) restores the ability of adrenaline exert a positive
inotropic effect. KN Korotaeva and al [9,10] in experiments with biopsies from the right
eye patients undergoing aorto-coronary bypass heart using histidine at concentrations
of 10°-10* g / mL, showed that at a concentration of 10-° g / mL, it increases the force of
contraction (up to 133% of background level), but it does not effect in the concentrations
10° 107 and 10* g / mL. At the same time, the positive inotropic effect of adrenaline
(10® g /mL) was not changed under the influence of histidine at concentrations 10-°-
107 g / mL, but it increased under the influence of histidine in 10 and 10* g /mL. The
authors concluded that histidine is able to increase the efficiency activation of beta,-AR
of rat myocardium and human myocardium, but provided that this efficiency is reduced
artificially, for example lysophosphatidylcholine [7] or the pathological process [9,10].
This can be considered histidine as a kind of "chaperone”, restoring the efficiency of signal
transmission from adrenergic to intracellular effector, and points to the prospects of the
using of histidine in clinical practice, as efficiency activation of myocardial beta,- AP are
reduced in hypertension [12] and heart failure [13]. It is known that both of these kinds
of diseases are found in pregnant women [14]. Therefore, question about the impact
of histidine on contractility and myocardial adrenoreactivity at humans and animals,
including at the presence of pregnancy, is of great interest. It should be noted that in the
literature there is no information about influence of histidine on myocardial contractility
and adrenoreactivity at pregnant animals and humans. Moreover, analysis of literature
data indicates scarcity and contradictory information about the nature of the changes in
the physiological properties of the myocardium during pregnancy [15,16].

With all that said, the goal was set - in the experiments with strips of myocardium
of the right ventricle of nonpregnant rats (including estrous cycle phase) and pregnant
rats (for 5 - 20 days) rats to evaluate the effect of histidine (10'°-10* g / mL) on its
contractility and responses to adrenaline (10°and 10° g / ml) and investigate the
effects of histidine (10*g / mL) on the contractile effects of adrenaline (10 g/mL) in
the presence of a non-selective blocker of beta —~AP propranolol, selective blocker of
beta,-AR atenolol and non-selective blocker of alpha-AP nicergoline.

Research Methods and Techniques of Statistical Processing
Objects of research

Studied 60 strips of myocardium of the right ventricle of rats, which length
reached 8-13 mm, and width - 1-2 mm. The extraction of heart occurred under ether
anesthesia. Of these 8 rats were taken in experience in proestrus phase, 11 - in the
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estrus phase, 13 - in metaestrus phase, 8 - in the diestrus phase, 4 rats were taken on
5-9 days of pregnancy, 6 rats - on 12-14 days of pregnancy, and 10 rats on 16 -20 days
of pregnancy. The phase of the estrous cycle was determined by vaginal smear pattern
[17]. Gestation period was determined by weight and the length of the fetus [18].

Method registration of contraction of rat myocardium

The registration of contractions of myocardial strips were performed as described in
[7]- To this strip was placed in the working chamber (volume 1 ml) of "Miotsitograph"
(brand "Noris", Russia). It continuously perfused at 37 °C at a rate of 1.1 mL / min
oxygenated (100% oxygen) Krebs solution using a syringe dispenser (brand "Noris").
Contractions of myocardial strips caused by single rectangular stimuli (5 ms, 20 V, 1
Hz) from the stimulator ESL-1. To register an isometric contraction applied force sensor
(Honeywell, USA), whose signal through the analog-to-digital converter ADC-70 aircraft.
("Rudnev-Shilyaev", Russia) was applied to the computer. In each experiment the strip
was stretched to an optimal length, at which it generated contractions of maximum force.

Study design

It was carried out eight (I-VIII) series of experiments (Tables 1,2, Figure 1). In series
I (nonpregnant rats) and Il (pregnant rats) containing 32 stages (Table 1) evaluated
the effect of histidine at concentrations ranging from 10° to 10* g/mL (sequentially,
i.e. through washing with Krebs solution) on the force of the contraction, including on
background adrenaline, used near the threshold concentration (10° g / mL), which
allows to reveal a beta-adrenomodulatory action of the test substance.

Table 1: The force of the evoked contraction (in % to the force, which observed on previous stage of the experiment, the median and 25th and 75th percentiles) of strips of the
right ventricle myocardium of nonpregnant (estrogen or progesterone background, and as a whole) and pregnant women (5-20 day) rats at action of adrenaline (10° g /mL),
histidine (107°-10* g / mL) or its mixture.

Nonpregnant rats

Steps of (series I, n=10) Pregnant rats
. Substance i
experience . progesterone background regardless of the phase of the (series II, n=10)
estrogenic background ( n=5)
(GE)) cycle
2 Adrenaline 101 104 104 99
(10°g /mL) (100;125) (103;115)* (102;115) (92,127)
4 Histidine 99 100 99 113
(10°g/mL) (97;116) (98;122) 97,114) A(105;152)*
Lo . 91 86 89 106
6 Histidine + adrenaline (87:135) (81:133) (82:123) (102,116
8 Histidine 94 105 97 110
(10° g /mL) (93;103) (86;119) (86;107) (104;126)**
L\, . 84* 86 86 107
10 Histidine + adrenaline 81:97) (85:116) (84:104)A (94;131)¢
12 Histidine 100 97 99 118
(10t g/mL) (94;,127) (92;161) (91;128) (105;151)*
LI . 108 93 101 121
14 Histidine + adrenaline (93:113) (83:138) (84:112) (102133)*
16 Adrenaline 106 101 104 112
(10°g/mL) (93;120) (100;137) (94,118) (105;126)*
18 Histidine 103 101 102 115
(107 g /mL) (99;124) (92;106) (94;115) (105;130)
- . 82 90 86 89
20 Histidine + adreggne (79;121) (81;104) (78,112) (87,107)*A, T
22 Histidine 75 110 109 115
(10°g /mL) (71;135) (109;125) (72;124) (107;125)*
- . 80 98 91 100
24 Histigihe y'adienaline (79;114) (89;107) (80;106) (93;108)A, T
Histidine 90 119 104 1RV
2 (1059 /mL) (79:152) (87:132) (76:134) 119 (119165)
M . 80 99 91 97
28 Histidine + adrenaline (74:147) (86:128) (77:138) (85;107)A, T
30 Histidine 87 117 103 130
(10*g /mL (82;145) (96;120) (84;120) (114;148)*
- . 83 80 83 125
32 Histidine + adrenaline (83:122) (74:114) (75:114) (93;150)
Note: *- difference with the previous step (Krebs solution) was significantly (p <0.05"); # - difference with nonpregnant statistically significant (p <0.05"); Aand H — difference
with the effect of adrenaline (A) or histidine (H) was significantly (p <0.05“"). Steps 1,3,5,7,9,11,13,15,17,19, 21, 23, 25, 27, 29, 31 - strips perfusion with Krebs solution.
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Table 2: Force of induced contractions (in % to the indicated phase of the experiment, the median and 25th and 75th percentiles) of myocardial strips of the right ventricle of
nonpregnant rats (estrogenic background, progesterone background and as a whole) and of pregnant (5-20 days) rats before and at expose adrenergic agents.

Nonpregnant rats

The experimental conditions and units of

. Pregnant rats
forces of evoked contraction g

e e e () progesterone background | regardless of the phase of the (n=10)
(GEL)) cycle (n=10)
Adrenaline, 10°° g/mL, series Ill (nonpregnant rats) and series IV (pregnant rats)
Tst testing, in % to step 1(KS) 121 (117;160)* 108 (104;143) 119 (111;142)* 121 (113;126)*
2nd testing , in % to step 7(KS) 137 (126;156)* 127 (118;145)* 128(1119;144)* 119 (99;143) #
Adrenaline, 10°° g/mL, series VI (nonpregnant rats) and series VI (pregnant rats)

Tst testing, in % to step 1(KS) 120 (118;191)* 110 (107;121)* 117 (109;124)* 116 (107;129)
2nd testing , in % to step 7(KS) 104 (103;84) 108 (107;144) 108 (106;113) 118 (111;155)*
Propranol 10 g/mL, series Ill and IV

In % to step 3(KS) \ 98 (94,137) \ 87 (86;94)*3 \ 92 (89;101) \ 105(99;117)#
Adrenaline, 10° g/mL + propranol 10 g/mL, series Il and IV
In % to step 4 (Pr8) \ 65 (63;80)* \ 71 (70;92)* \ 70 (65;85)* \ 82 (76:100)*
Adrenaline, 10°° g/mL + propranol 10 g/mL + histidine, 10 g/mL, series lll and IV
In % to step 4 (Pr8) \ 95 (91;118) \ 97 (87;104) \ 96 (87;103) \ 91 (77-110)
Atenolol, 10 g/mL (series V) u 10" g/m (cepus VI)
In % to step 3(KS) \ 74 (59:95)* \ 94 (84;109) \ 86 (76;101) \ 110 (94;135)#
Adrenaline, 10° g/mL + atenolol, 10 g/mL, series V and VI
In % to step 4 (At) \ 93 (77;107) \ 85 (80:89)* \ 85 (75;99)* \ 76 (66;98)*
Adrenaline, 10° g/mL + atenolol, 10 g/mL + histidine, 10 g/mL, series V and VI
In % to step 4 (At) \ 106 (105;137)* 87 (84;94)*3 \ 98 (87;107) \ 105 (90;142)
Adrenaline, 10°° g/mL series VIl (nonpregnant rats )
1st testing, in % to step 1(KS) 123 (119;146)* 150 (123;191) 126 (116;170)* not investigated
2nd testing , in % to step 7(KS) 127 (122;97)* 137 (124;142)* 128 (119;138)* not investigated
Nicergoline, 10-¢ g/mL series VIl (n=10)
In % to step 3(KS) \ 100 (92;108) 93 (84;110) \ 97 (85;108) \ not investigated
Adrenaline, 10° g/mL + nicergoline, 10 g/mL, series VII
In % to step 4 (Pr8) \ 89 (87;103) \ 77 (76;110) \ 88 (77;104) \ not investigated
Adrenaline, 10° g/mL + nicergoline, 10-® g/mL+ histidine, 10+ g/mL, series VIl
In % to step 4 (Pr8) \ 124 (115;128) \ 113 (109;122)* \ 114(110;125)* \ not investigated
Nicergoline, 10-® g/mL + propranolol, 10 g/mL, series VIl (n=8)
In % to step 1(KS) ‘ not investigated ‘ not investigated ‘ 102 (88;128) ‘ not investigated
Adrenaline, 10°° g/mL + nicergoline, 10 g/mL+ propranolol 10 g/mL, series VIII (n=8)
In % to step 3 (N8+Pr8) ‘ not investigated ‘ not investigated ‘ 90 (82;101) ‘ not investigated
Adrenaline, 10° g/mL + nicergoline, 10 g/mL+ propranolol 10-¢ g/mL + histidine, 10-* g/mL, series VIII
In % to step 3 (N8+Pr8) ‘ not investigated ‘ not investigated ‘ 103 (88;127) ‘ not investigated
Note: * - difference with indicated step statistically significant (p <0.05"); # - difference with nonpregnant rats statistically significant (p <0.05 "W E - difference with estrogen
background statistically significant (p <0.05 M¥). KS - Krebs solution; Pr8- propranolol, 10® g/ mL; At - atenolol; 10 or 10 g/ mL, H8 - nicergoline, 10 g / mL.

In series IIl and V (nonpregnant rats), [V and VI (pregnant rats) and VII (nonpregnant
rats) consisting of eight stages (Table 2, Figure 1, panel A, B and C), the effect of histidine
(10-*g / mL) on the effect of adrenaline in the above-threshold concentration (10° g /
mL) on the background of blocker of beta -AR propranolol (10® g /mL, series Il and IV)
or atenolol (10 g /mL in series V and 10-8 g / mL in series VI), as well as nicergoline
(10® g / mL, series VII) or nicergoline (10® g/ml) together with propranolol (10® g/
mL; series VIII). This series (Figure 1, panel D) was carried out on the same strips of
myocardium that series VII. It consisted of 5 stages (Table 2, Figure 1, panel D).

Force of contraction of myocardial strips expressed in mN, or in mN per mg wet
weight of the strip or in mN per mg dry weight, either expressed as a percentage of
force of contraction, which is observed in the previous stage of the experiments, as
indicated in the text and tables. The damp, or wet weight of strips (i.e. after removal
of moisture with filter paper) and dry weight of strips (after 12 hour drying at room
temperature) was determined with torsion balance type WT.

The substances used. We used L-histidine (SIGMA-ALDRICH, Japan), adrenaline
hydrochloride (Moscow Endocrine Plant), propranolol (anaprelin, "Uralbiopharm"”,
Russia), atenolol ("Synthesis", Russia), and nicergoline ("Obolenskoe", Russia). Krebs
solution (pH = 7.4) contained (mM): NaCl - 136; KCl - 4.7; CaCl, - 2.52; MgCl, - 1.2;
KH,PO, - 0.6; NaHCO, - 4.7; C.H ,0, - 11.
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A SeriesIIT
3 min. Ad5 KS Pr@ Pr3+ PR3+ KS§ Ad5(2)
AdS  AdS+
His4
B SeriesV
3min. KS KS AR AB+ AR+ KS  AdS(2)
AdS  AdS+
His4
¢ Series VI

KS§

KS N8 NS+ NB+ KS Ad5(2)

Ads+
D SerlesVEII‘ llul‘ “

His4
3min. AdS KS N8 N8+ Na+
Pr8 Pr3+
His4

3 min.

Figure 1: Mechanogramms - caused by electrostimulation (1 Hz, 5 ms, 20 V) contractions of myocardial strips
of right ventricle of nonpregnant rats (Phase metaestrus; panels A, C and D) and pregnant rat (17 day; panel B) in
steps 1-8 of series Ill (panel A), of series V (panel B), of series VIl (panel C) and in steps 1-4 series VIl (panel D).
Mechanograms demonstrate the ability of histidine (10 g/mL, His 4) to restore the effectiveness of the activation
of beta-adrenoceptors (AR), which reduced by propranolol (10 g/mL, Pr8; panel A), or by atenolol (10®g/mL, At8;
panel B) or by nicergoline (10 g/mL, N8; panel C), and the absence of histidine effect against the backdrop of the
joint effects of nicergoline (10® g/mL), and propranolol (10® g/mL, panel D). KS - Krebs solution; Ad5 - adrenaline,
10° g / mL; calibration - 4 mN, 3 min.

Statistical analysis of the study results

Statistical results of the study treatment was carried out using BioStat2009
Professional program. 5.8.4. (Analyst Firm Soft). The hypothesis of normality of
distribution was assessed by the Shapiro-Wilk test. In the absence of normal distribution
of parameters and given the small sample size, the results of the study, according to
[19], presented in the text and tables as median and interquartile amplitude (25th
and 75th percentiles). Assessment of the differences between two dependent samples
(i.e. between steps of series) was performed using the paired Wilcoxon T test, and
between independent samples (between series) - using the Mann-Whitney test UMW),
In all cases the differences were considered statistically significant at p <0.05 [19],
which means text and tables with simbol * (the difference with the previous stage of
the experiment) or the # (difference from baseline).

Results of the Study

Mass of myocardial strips

It was found that wet and dry weight of the strips of rat right ventricle whose value
needed for contractility evaluation is independent of the phase of the cycle and the
presence of pregnancy. Thus, for estrus and proestrus phase (n = 15), i.e. with the
dominance of estrogen [20] "wet" mass was 88 (75; 116) mg and the "dry" mass was 20
(18,26) mg. For metaestrus and diestrus phase (n = 15), i.e. progesterone dominance
these values were respectively 100 (84; 130) and 22 mg (20; 30) mg (difference from
rats in proestrus and estrus phase, not statistically significant, p> 0.05 "W). The average
non-pregnant rats (without phase of the cycle, n = 30) wet mass of strips was 88 (72;
103) mg, and dry mass was 22 (20; 35) mg. The same value had myocardial strips from
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pregnant rats at 5-20 days of gestation (n = 20) , respectively 86 (70; 124) mg and 21
(18; 28) mg (p> 0.05™"). Hence the method of preparation of myocardial strips was
the same in different series. This allows you to compare myocardium contractility of
nonpregnant and pregnant rats.

Myocardial contractility (based on series I-VI)

Judging from the results of a series I-VI, contractility of myocardium of rat right
ventricle, estimated by the force caused by contractions (in mN, in mN per mg wet mass
or mN per mg dry mass of strips) in step 1, i.e. before any effects are not dependent
on the phase of the estrus cycle and the presence of pregnancy. Thus, when estrogen
dominance (n = 15), it was 3.4 (2.0; 4.6) mN or 0.03 (0.02; 0.04) mN / mg of wet weight
of the strips or 0.12 (0.08; 0.18) mN / mg of dry weight of the strips (n = 30), and with
the dominance of progesterone (n = 15) respectively 2.5 (2.2; 4.0) mN or 0.03 ( 0.02;
0.04) mN / mg of wet weight, and 0.11 (0.07; 0.15) mN per mg of dry weight (n = 30);
while the differences were not statistically significant (p> 0.05 "W). So we thought it
possible to assess the force of myocardial contractions of nonpregnant rats excluding
cycle phase. In this case, the force of contraction was 2.8 (2.0, 3.1) mN or 0.03 (0.02;
0.04) mN / mg of wet weight, or 0.12 (0.08; 0.15) mN / mg of dry weight. In pregnant
rats, it was the same as in nonpregnant rats (p> 0.05 YW), and amounted to 2.8 (2.2;
4.1) mN or 0.02 (0.02; 0.04) mN per mg of wet weight, or 0.13 (0.08; 0.2) mN per mg
of dry weight. The absence of differences of contraction force of myocardium between
nonpregnant and pregnant rats allowed to compare the results between a series of
studies that have evaluated the effect of substances on the contractility of the strips of
rat right ventrile given the presence of pregnancy.

A. The results of the series I and II: Each testin a series o [ and Il included 32 step
(the duration of each - 3 min.). They are carried out according to the scheme (Table
1): Krebs solution (KS) — adrenaline, 10° g /mL (Ad 9) — KS — histidine (10°g /
mlL, His10) —» KS — His 10+ Ad 9 - KS - His 9 - KS - His 9+ Ad9 - KS »...—» Ad 9
(step16) — KS— His 7 = His 7+ Ad 9....»KS.— His 4— KS — His 4 + Ad 9. It is possible
to assess the initial adrenoreactivity of myocardium, as well as the effect of histidine
on contractility and adrenoreactivity of myocardial, including ability of histidine to
exercise the beta adrenosensibilizatory activity. Consider the results of these two
series, separately in respect of effects of adrenaline, histidine, and its mixtures.

Effect oflow concentration ofadrenaline (10°g / mL): In order to avoid reducing
of the effectiveness of adrenaline during prolonged exposure experiment testing strips
with adrenaline (10° g /mL) was performed twice (Table 1) - at the beginning of
experiments (stage 2) and in the middle (step 16). In experiments with nonpregnant
rats have shown (Table 1), that adrenaline, as a rule, does not change the force pf
contractions - ai rats with the dominance of estrogen force of contraction during the
1st and 2nd tests was respectively 101% and 106% of the background, at rats with the
dominance of progesterone - respectively 104%* and 101% (with estrogen background
differences were not statistically significant), but in general, i.e. excluding phases -
104% and 104%. In pregnant rats adrenaline at 1st test did not change of contraction
force (it was 99%), while at the 2nd test is a statistical significantly increased its up to
112% * of the background. At the same time all the difference with the nonpregnant
rats were not statistically significant. Consequently, the investigated concentration
of adrenaline (10° g / mL) or no effect on the contraction force of nonpregnant and
pregnant rats, or slightly increases it. This means that the investigated concentration
of adrenaline (10° g / mL) is subthreshold or close to the threshold, i.e. near the
threshold. Using of this concentration implements one of the conditions necessary for
the detection of beta-adrenosensibilizatory activity of substances, including histidine.
You can also state that during pregnancy adrenoreactivity of myocardium, judging by
the reaction to the adrenaline in a concentration of 10 g / mL, not increases.
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Influence of histidine (10'°, 10, ., 10* g/mL) on the force of evoked
myocardial contraction: It was found (Table. 1, Steps 4, 8, 12, 18, 22, 26 and 30),
that in nonpregnant rats (regardless of the phase of the cycle) histidine in any of the
studied concentrations did not significantly alter of the force of myocardial contraction.
At the same time, the effect of histidine when used in relatively high concentrations
(10%, 10° and 10* g /mL), to some extent dependent on the phase of the cycle -
histidine increase contraction force at rat with progesterone dominance. For example,
histidine at a concentration of 10 g / mL in rats with estrogen background reductions
of contraction force up 75% from the previous step, and in rats with progesterone
background increase of force up 110% . For histidine at a concentration of 10°g / mL
these values were respectively 90% and 119%, and for histidine at a concentration of
10* g / mL - respectively 87% and 117%. (Table 1). However, all these changes were
not statistically significant.

Unlike the nonpregnant rat histidine in pregnant rats in all tested concentrations
significantly increased the force of contraction (up to 110% -130% of the background
level) and only in the experiments with histidine at a concentration of 107 g / mL this
increase (up to 115%) was not statistically significant. At the same time a statistically
significant difference from the nonpregnant rats were detected only for histidine at
a concentration of 10°g /mL (110% vs. 97%). Note that the degree of increasing of
contraction force of myocardium at pregnant rats under the influence of histidine did
not depend on its concentration in the medium (Table 1). Thus, histidine does not effect
on myocardial contractility at nonpregnant rats (although it tends to increase when
progesterone dominance), but it increases myocardial contractility at pregnant rats
(although the degree of increasing does not depend on the concentration of histidine.

Influence of hystidine (101°, 107, .., 10*g / mL) to the effect of adrenaline used
in the near-threshold concentration (10°g/mL): Established (Table 1, steps 6, 10,
14, 20, 24, 28 and 32) that histidine (10'° - 10*g / mL) did not increase the ability
of adrenaline to show positive inotropic effects in experiments with myocardium
of nonpregnant rats (regardless of the cycle phase) and pregnant rats. Moreover,
histidine at concentrations 107, 10° and 10°g / mL in experiments with pregnant
rat myocardium it significantly reduced the ability of adrenaline to increase the force
of contractions. For example, in experiments with pregnant rats in the study of the
histidine at a concentration of 10-° g /ml the force of contractions on the background of
adrenaline (stage 16) was 112% * from the previous stage, against histidine - 119% *,
and against the backdrop of a mixture of "histidine + adrenaline "- 97%. All this means
that histidine (10°-10* g / mL) in the experiments with intact myocardium does not
exhibit beta-adrenosensibilizatory activity, and in some cases (107, 10 and 10° g /
mL), even shows beta-adrenoblocking activity.

B. The results of series III-VI: This series consisted of eight stages (Figure 1, panels
A-C). They are carried out under the scheme: the Krebs solution (KS) — adrenaline, 10
g / mL (Ad5) = KS — blocker of adrenoceptors(AR) —blocker of AR + Ad5 — blocker
AR + AdS5 + histidine, 10* g / mL — KS — Ad5. Consider the results separately for the
effects of adrenaline, blockers and histidine.

The effect of adrenaline (10° g / mL): Established (Table 2, Figures 1,2). That the
concentration of adrenaline 10° g / mL at the 1st test, i.e. before exposure blocker and
histidine, as well as the 2nd test, i.e. on the eighth (final) stage of the series, as a rule,
significantly increases the force of contraction, i.e. induce a positive inotropic effect.
However, its expression does not depend on the stage of the reproductive process.
Thus, in the series III and IV (study of the effect of propranolol) in rats with estrogen
background adrenaline at first test increased force of contraction up to 121%* from
the previous phase, at rats with progesterone background adrenaline increased force
of contraction up to 108% (the differences between the backgrounds are insignificant;
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Figure 2: Force (median) of evoked by electrostimulation of contractions of the myocafrdial strips of right
ventricle of nonpregnant and pregnant (5-20 day) rats in experiments with blockers of beta-adrenoceptors -
propranolol (10 g/mL; panel A) and atenolol (10® g/mL or10° g/mL; panel B) in a series with histidine (10 g/mL)
and adrenaline (10°g/mL).

Note: stage 1 - perfusion with Krebs solution (force of contraction is taken as 100%); stage 2- effects of
adrenaline (force in % of stage 1); stage 4 -impacts blocker (force in %% to the previous stage, i.e, force at perfusing
with Krebs solution); stage 5 - effects of adrenaline on the background of blocker (in % to force at stage 4); stage
6 - effects of adrenaline on the background blocker and histidine (in % to force at stage 4). * - differences with
comparison stage is statistically significant at Wilcoxon test (p <0.05); 3,4,5 - the difference with the appropriate
stage is statistically significant for Wilcoxon test (p <0.05).

p>0,05""), and as a whole, i.e. regardless of the phase of the cycle adrenaline increased
force of contraction up to 119% * and in pregnant rats adrenaline increased force of
contraction up to 121% * (differences with nonpregnant rats is insignificant, p>0.05
MW Similarly, in experiments with atenolol with nonpregnat rats (series V) or with
pregnant rats (series VI), these values at 1., test were 120%* and 110%* (differences
between phones insignificant, p> 0.05 "), and at 2" test respectively 117%* and 116%
(differences between pregnant and nonpregnant rats were not statistically significant,
p>0.05MW), Thus, these results suggest that beta- adrenoreactivity of myocardium of rat
right ventricle, which determined by the expression of inotropic effect of adrenaline in
above-threshold concentration (10 g / mL) is independent of the phase of the estrous
cycle, and of availability of pregnancy.

Influence of propranolol (102 g / ml) on contractility of rat myocardium: In the
series IIl and series IV was (Table 2; Figure 1, panel A; Figure 2, panel A) was found that
propranolol in experiments with myocardium of nonpregnant rats (with the dominance
of estrogen background) is not influenced on the force of contractions (it was 98% from
the previous step), in experiments with myocardium of rats with the dominance of
progesterone background propranolol reduced it (up to 87%*, while differences with
estrogen background were statistically significant, p <0.05™"), but propranololo did not
alter the force of contraction in pregnant rats (it amounted to 105%). This means that by
itself propranolol may exhibit negative inotropic effect, which is typical, however, only
for nonpregnant rats with the domination of progesterone background.

The effect of adrenaline (10-° g / ml) against propranolol (10-g / ml): Established
(Table 2, Figure 1, panel A; Figure 2, panel A), which, independently from the stage of
the reproductive process adrenaline on background of propranolol instead of a positive
inotropic effect is statistically significant (p <0.05) exerts a negative effect, i.e. adrenaline
reduces the force of contraction, including the estrogen background adrenalin reduces
the force of myocardial contraction to 65% * from the previous stage, when progesterone
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background adrenalin reduces it to 71% *, in general, at nonpregnant rats adrenaline
reduce reduces the force of contraction to 70% *, and in pregnant rats to 82% * (all
differences between group was not statistically significant, p> 0.05).

Effect of adrenaline (10° g / mL) against propranolol (10 ® g / mL) and
histidine (10* g / mL): Established (Table 2, Figure 1, panel A; Figure 2, panel A),
that independently from the stage of the reproductive process adding histidine (10
* g / mL). stops negative inotropic effects of adrenaline, but it does not restore the
ability of adrenaline to show positive inotropic effect. Indeed, the presence of histidine,
propranolol and adrenaline force of contraction in rats with estrogen background
was 95% of the level observed under the action of propranolol, with progesterone
background - 97%, in general, in nonpregnant rats was 96%, and in pregnant - 91%
( difference to baseline, and all differences between groups were not statistically
significant, p> 0. 05).

The effect of atenolol (10 and 10® g/mL): In series V is set (Table 2, Figure 1,
panel B; Figure2, panel B), that atenolol at a concentration of 10 g / mL in rats with
the dominance of estrogen reduced force of contractiomn to 74% from the previous
stage,in n rats with the dominance of progesterone atenolol had no effect on force
of contractions (it was 94%) and differences with estrogen background were not
statistically significant, p> 0.05™"), and in pregnant rats (series VI) atenolol used in
a concentration of 10 g / mL, did not alter force of contractions ( it was 110%.) This
means that atenolol may be have a negative inotropic effect, which is characteristic
only for nonpregnant rats with estrogen dominance background.

The effect of adrenaline (10° g / mL) against atenolol (10 or 10% g / mL):
It was found (Table 2, Figure 1, panel B; Figure 2, panel B) that in nonpregnant and
pregnant rats adrenaline on background atenolol, regardless of the concentration
of blocker (10 or 10® g /mL) did not have a positive inotropic effect, and in some
cases. Caused a negative inotropic effect. Indeed, in nonpregnant rats with estrogen
dominance background force of contraction under influence of adrenaline (10° g /
mL) against atenolol was 93% from the previous stage (p> 0.05%), and in rats with the
dominance of progesterone is even significantly reduced (up to 85%%*), and in general,
at nonpregnant rats, it was reduced to 85%%*. In pregnant rats on background atenolol
(10® g / mL) the force of contraction under the influence of adrenaline reduced to76%%*.
In this case, all difference between groups were not statistically significant. Thus, on
the background of blockade of beta -AR by atenolol, as well as on the background of
the blockade of beta,-AR and beta,-AR by propranolol adrenaline instead of a positive
inotropic effect exhibits a negative inotropic effect.

Effect of adrenaline (105 g /mL) against atenolol (10° or 108 g / mL) and
histidine (10* g /mL): Established (Table 2, Figure 1, panel B; Figure 2, panel
B), that in rats with estrogen dominance addition of histidine was accompanied
by a reduction of ability of adrenaline to exercise a positive inotropic effect on the
background of atenolol (10 g / mL) - the force of contraction in these conditions
significantly increased to 106%™ (instead of 93% in the absence of histidine). In rat
with progesterone dominance histidine on the background atenolol (10 g / mL) did
not change the response to adrenalin - in these conditions, as in the absence of histidine
force of contraction was statistically significantly lower (respectively 87% *and 85%%*)
than in conditions of perfusion of only atenolol. In pregnant rats by adding histidine in
the background atenolol (10® g / mL) adrenaline stopped to show a negative inotropic
effect - under these conditions, the force of contraction amounted to 105% (p> 0.05),
which was statistically significantly higher than the force of contractions before the
introduction of histidine (76%* of force, observed on the background of atenolol).
Thus, the histidine at a concentration of 10* g / mL is able to remove the negative
inotropic effect of adrenaline, observed under influence of adrenaline on background
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of atenolol. It is set for myocardium of nonpregnant rats with estrogen dominance
background, as well as for myocardium of pregnant rats, and even histidine able to
change this effect from the negative to the positive, that found in nonpregnant rats
with estrogen dominance.

C. Results of series VII (experiments with nicergoline): In this series, which was
carried out only with myocardium of the nonpregnant rat as used blocker of alpha-AR
nicergoline (10 g / mL). This series as a series IlI-VI, comprised of 8 stages. It showed
(Table 2, Figure 1, panel B), that, regardless of the cycle phase initially adrenaline (10
g / mL), as in III-VI series, at 1-st test (step 2) and 2-nd test (step 8) significantly and
reversibly increase the force of contraction (respectively up 126%* and 128% * of the
previous stages). Nicergoline (10 g / mL, stage 4), regardless of the phase of the cycle,
the force of contraction has not changed - it was 97% of stage 3. Against nicergoline (108
g / mL), i.e. while blockade of alpha -AR and alpha,-AR adrenaline (10 g / mL, stage 5)
does not effect on the force of contractions - in rats with the dominance of estrogen it was
89%, and in rats with the dominance of progesterone - 77%, and a total - 88% of stage 4.
(Changes were not statistically significant). However, in presence of nicergoline (10 g
/ mL) and histidine (10* g /mL), adrenaline increased force of contraction respectively
up to 124%* (estrogens background) and up 113%* (progesterone background) or in
whole, to 114% * from step 4. Thus, nicergoline, like propranolol and atenolol, leads to
a loss ability of adrenaline to provide a positive inotropic effect, but, in contrast to the
experiments with propranolol or atenolol, it did not lead to ability of adrenaline provide
of negative inotropic effect. At the same time on the background of nicergoline histidine
restored the ability of adrenaline provide a positive inotropic effect.

D. Results series VIII (experiments with a mixture of nicergoline and
propranolol): This series was conducted on the same strips of myocardium of
nonpregnant rats, which evaluated the effect of nicergoline (Figure 1, panel D). It
consisted of 5 stages (KS — nicergoline, 10 g / mL; N8) — nicergoline, 10 g / mL; N8.
+ Propranolol (10® g / mL, Pr.8) — Pr8 + H8 + adrenaline (10-5 g /ml; Ad5) - H8+ Pr8
+ Ad5 + histidine (10* g /mL). At the same time as the initial reaction to the adrenaline
took the results of the 2nd test of adrenaline in the series VII. Due to the small number of
observations (n = 8), in this phase of the cycle series disregarded. It was found (Table 2),
that mixture blockers (step 3) does not effect on the force of myocardial contraction - it
was 102% of stage 1. Against the background of these two blockers (step 4), adrenaline
(10°g / mL) did not change of contraction force of (which was 90% of stage 3), including
at adding histidine (which was 103% of the phase 3). Thus, on the background of the
blockade of alpha,-AR, alpha_-AR, beta,-AR and beta,-AR adrenaline lost its ability to
increase the force of contraction, but at the same time adrenaline did not gain the ability
to provide a negative inotropic effect and the histidine is not restored the ability of
adrenaline to show positive inotropic effect.

Discussion

Contractility of myocardium

It is known that in women during pregnancy minute volume of blood flow,
increases and hence increases pumping function of the heart [14,21]. This is due to
the increase in systolic volume [14,21] and the heart rate [14,22]. The question of the
nature of increasing of systolic volume remains open. Indeed, there are few reports
about the decline of contractility of myocardium of left ventricle at pregnant rat [15],
or, conversely, about increase myocardial contractility during pregnancy, which is set
for the left and right ventricles of rats [16]. It is also reported that during pregnancy
occur hypertrophy of left ventricle in rats [16] and women [23]. We have shown that
contractility of myocardium of rat right ventricle is independent of the phase of the
estrous cycle, and systolic volume of heart during pregnancy, which is typical for
women [14,21], is a consequence of myocardial hypertrophy, and not the result of
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increasing its specific contractility. Referring directly to the main purpose of our study,
we note that the information about the immutability of specific myocardial contractility
during pregnancy allow for a correct assessment of the effect of adrenergic drugs and
histidine on contractility of myocardium | extracted for study at different stages of the
reproductive process.

Adrenoreactivity of rat myocardium

It is known [24,25], that the heart rate variability (HRV), which reflects the
adrenoreactivity and cholinoreaktivity of myocardium in women during pregnancy
significantly reduced [8,22,26-28].Itis believed to be due to the increase in sympathetic
effects on the heart [28], or high content in blood of endogenous sensitizer of beta-
adrenoceptors (ESBAR), which increases the effectiveness of the activation of beta-AR
of myocardium, i. e increases of myocardial adrenoreactivity [8,26,27].

Evaluation of adrenoreactivity of isolated myocardium of nonpregnant (including
phases of the estrous cycle) and pregnant rats suggests that the decrease in HRV during
pregnancy in women, in addition to the above two reasons may be due to changes
of expression of adrenoceptors (including alpha,-AR, alpha,-AR and beta,-AR) and
M-cholinergic receptors of the heart, although testing myocardium of nonpregnant
and pregnant rats of adrenaline used in the near-threshold (10° g / mL), and above-
threshold (10-°g /mL) concentrations did not allow us to identify statistically significant
change of adrenoreactivity of isolated myocardium of right ventricle during the estrous
cycle and during pregnancy/ However, when we using adrenaline in a broader set of
concentrations (10, 10 107,10 and 10° g / mL), we were able to show that in the
middle and later stages of pregnancy, the probability of a positive inotropic effect of
adrenaline drops (unpublished data).

Influence blockers of AR on myocardial contractility

We have found that propranolol (10 g / mL) reduced (to 87% from baseline) force
of myocardial contraction of nonpregnant rats with the domination of progesterone,
but it does not effect on myocard of the nonpregnant with the dominance of estrogen
and also of myocardium of pregnant rats. Atenolol (10°g / mL) reduced (to 74%)
force of myocardial contraction of nonpregnant rats with estrogen dominance, but it
does not effect on the myocardium of the nonpregnant arts with the dominance of
progesterone and (at a concentration of 10® g / mL) of pregnant women. Nicergoline
(10 g / mL), including together with propranolol (10 g / mL) did not effect on the
force of contraction of nonpregnant rats, regardless of the cycle phase. Taking into
account the data of the literature, we believe that in the basis of the negative inotropic
effect of propranolol and atenolol may lie at least three mechanisms. The first of these -
the decreasing of excitability of cardiocytes, as it is known that both blockers can exert
effect, which is to stabilize the plasma membrane [30]. The second mechanism - it is
the activation of alpha,-AR, as shown [31], that propranolol may exhibit properties of
alphal-AR- agonist. And according to our observations propranolol shows no negative
inotropic effect when it acts together with nicergoline as a blocker of the alpha -AR.
The third mechanism - this inhibition under influence of blockers ability of beta,-AR to
autoactivation (i.e. activation of the Gs-protein in the absence of agonist), described in
the literature [32]. We believe that future research will answer on the questions which
of these three mechanisms underlies the phenomenon identified.

We found that in pregnant rats, propranolol and atenolol show no negative
inotropic effect. This may be due to the fact that during pregnancy increases myocardial
resistance to the negative inotropic effects of blockers of betaAR, reduced the ability of
beta-AR to autoactivation and decreases the effectiveness of the activation of alpha,-
AR under the influence of blockers of beta-AR.

At the same time, the results of our studies indicate the possibility of using blockers
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of beta-AR (propranolol, atenolol) and blockers of alpha-AR (nicergoline) to study
the mechanism of impact histidine on efficiency of signaling from adrenoceptors into
intracellular effectrors

Reversion of inotropic effect of adrenaline (10-5 g /mL) at blocking of beta-AR
and alpha-AR: We have shown that at blocking of beta -AR by atenolol (10 or 10° g
/ mL) or at blocking of beta,-AR and beta2- AP by propranol (10® g / mL), adrenaline
(10° g / mL) instead of the positive inotropic effect shows negative inotropic effect. In
particular, in nonpregnant rats on background of atenolol adrenaline reduces force of
contraction to 85% of baseline, and on background of propranolol adrenaline reduces
force to 70%, and in pregnant rats respectively adrenaline reduced force to 76%
and 82%. Against on the background of the blocking of alpha -AR and alpha,-AR by
nicergoline (10® g / mL) or on background of the blocking of alpha -AR, alpha,-AR,
beta,-AR and beta,-AR be mixture of nicergoline and propranolol, which assessed only
in experiments with myocardial nonpregnant rats, adrenaline also lost its ability to
exert a positive inotropic effect, but he no showed negative inotropic effect. Note that
G Kissling et al. [33] in the experiments with the papillary muscle of the right ventricle
of male rats have shown that adrenaline in concentration 5x10”7g / mL on background
atenolol (5x10-5 g / mL), as in our experiments, instead of a positive inotropic effect
exhibits negative inotropic effect. The authors explained this phenomen by activation
of alpha,-AP. However according A.S.Chinkin [34], in experiments with rats myocardial
strips of right atrial adrenaline on the background of propranolol (10¢g / mL) continues
to exert a positive inotropic effect. According to this author [34], in the conditions of
blocking of beta, AR and beta,-AR adrenaline activates the alphal-AR, which causes
an increase in contractility. In explaining the identified negative inotropic effect of
adrenaline (10° g/ mL) against the background of blocking of beta-AR by propranolol or
by atenolol, we proceed from the idea myocardiocites of mammals besides beta,-AR and
beta?-AR, which at activation, usually increases of contractility [35,36], contain betag-
AR, alpha,-AR and alpha,-AR (as autoreceptors), activation of which may decrease of
contractility/ Is installed in respect of beta,-AR [37, 38], alpha,-AR [39,40] and alpha,-
AR as an autoreceptor [41,42], although activation of alpha,-AR can be accompanied
by increasing of contractility [43, 44]. In the literature also observed that propranolol
can block the beta,- AR [45], although according to other sources, propranolol does
not block these receptors [46]. It is also known that the contractility of myocardium
can decrease under the influence of NO, which is produced by cardiomyocytes [47,48],
as well as contractility of myocardium can decrease under the activation of serotonin
receptor types 5-HT1A and 5-HT2A/C [49], including, probably under the influence of
nicergoline , which, is known [50], is derived ergot With all these data, we can give the
following interpretation of the phenomena identified in our experiments. 1) Under the
conditions of the blocking of beta -AR by atenolol adrenaline activates the beta,-AR,
beta,-AR,alpha -ARand alpha,-AR, and the positive effect of adrenaline due to activation
of beta,-AR and possibly alpha,-AR is much weaker than the negative effect that
occurs when activating of beta_-AR and alpha,-AR. Therefore, the action of adrenaline
observed negative inotropic effect. This may contribute to increasing of production of
NO under the influence of adrenaline. 2) In the conditions of the blocking of beta, AR
and beta,-AR and possibly beta,-AR by propranolol adrenaline activates the alpha,-
AR and alpha_-AR; wherein the positive effect due to possible activation of alpha,-AP
becomes weaker than the negative inotropic effect caused by activation of alpha,-AR
and possibly by activation of beta,-AR. For this reason, the action of adrenaline on the
background of propranolol observed as a negative inotropic effect. It can also contribute
to increasing of the production of NO u nder the influence of adrenaline. The absence
of the negative effect of adrenaline at blocking receptor with mixture of nicergoline
and propranolol confirms the idea that the manifestation of negative inotropic effect of
adrenaline on the background of propranolol caused primarily by activation of alpha,-
AP. 3). In the conditions of the blocking of alpha,-AR, and (to a lesser extent), alpha,-
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AR by nicergoline adrenaline activates the betal-AR, betaZ-AR and beta3-AR, that must
be accompanied by a positive inotropic effect. However, in reality this effect is not
observed in spite of the presence of "intact" beta -AR and beta,-AR. This phenomenon
can be explained, first of all, on the assumption that nicergoline not only blocks alpha,-
AR and alpha,-AR, but also nonselectively blocks beta - AR, and in the second, taking
into account the concepts about nicergoline as a derivative of ergot [47], we suggests
that in itself nicergoline activates serotonin receptors of the 5-HT1A and 5-HT2A / C,
that reduces myocardial contractility [46].

Thus, in general, the question of the nature of the negative inotropic effect of
adrenaline on the background of the blocking of beta - AR with propranolol and
atenolol, as well as the absence of a positive effect of adrenaline on the background of
nicergoline requires further investigation, as identified phenomenas have, in our view,
the clinical orientation.

Effect of histamine on the force of evoked contractions of myocardium of
nonpregnant and pregnant rats: We have found that histidine (101° - 10* g / mL)
does not effect on force of evoked contractions of myocardium of nonpregnant rats with
the domination of their estrogen, but it tends to increase (up to 110-119% of baseline)
at nonpregnant rats with the dominance of progesterone. At the same time, histidine
significantly increases the force of contraction (up to 110 - 130% of background level)
in pregnant rats, although this effect was independent of concentration of histidine in
the medium. These data indicate that the ability histidine exhibit a positive inotropic
effect on the myocardium of the rat right ventricle increase under the influence
of progesterone. Previously, was found the ability of histidine (10*and 103 g /mL)
increase the force of myocardial contractions of strips of the right ventricle of female
rats (up to 125% of background) [7], as well as the ability of histidine (10°g / mL)
increases of force of contractions (up to 133%) of biopsies myocardium from ear of
hearts of people undergoing aorto-coronary bypass surgery [9,10].

These data allow us to conclude that, indeed, histidine, under certain conditions, is
able to exerta positive inotropic effect, which contributes to high levels of progesterone,
as well as reduced (for whatever reason) the functional state of the myocardium. We
assume that the positive inotropic effect of histidine may be due to its ability to activate
specific histidine receptors of myocardiocytes, thereby changing the activity of one or
more of Ca-transporting mechanisms. As is known, these include receptor -operated and
voltage-operated Ca-channels; Ca channels, operated Ca-depo; ryanodine-sensitive and
inositolthriphosphat- sensitive channels of the sarcoplasmic reticulum (SR); Ca-pump
of the plasma membrane; Ca-pump of SR (SERCA) and Na-Ca exchange mechanism. At
the same time we do not exclude that kind of Ca-transporting mechanism that changes
its activity under the influence of histidine depends on the concentration of histidine.
Obviously, in cases where there is some malfunction of the Ca-transporting mechanisms,
histidine (as a kind of "chaperone") causes their repair and thereby restores their
function. All this underlines the importance of and the clinical prospects for further
study of the nature of the positive inotropic effect of histidine.

Influence of histamine on the contractile effects of near-threshold and above the
threshold concentrations of adrenaline, including the presence of adrenoblockers of
in the environment We have shown that in the experiments with intact myocardium
strips of nonpregnant and pregnant rat histidine at concentrations 101°-10* g /
mL did not enhance the ability of adrenaline used in the near- threshold (10° g /
mL) concentrations, exert a positive inotropic effect, i.e. histidine does not exhibit
beta-adrenosensibilizatory activity. Furthermore, the histidine at relatively high
concentrations (10°, 10° and 10* g / ml) in the experiments with pregnant rat
myocardium has even weak beta-adrenoblocking effect. However, under conditions
in which the efficiency of activation of beta-AP artificially reduced, in particular, by
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blocker of beta,-AR atenolol or by blocker of beta, -AR and beta,-AR propranolol or by
blocker of alpha-AR nicergoline, histidine partially restores the effectiveness of beta-
AR activation. This means that histidine can exhibit beta-adrenosensibilizatory activity
against rat myocardium, but with the proviso that initially beta- adrenoreactivity of
myocardium artificially lowered. Earlier, a similar pattern was observed by Yu.A.Penkina
etal.[7] in the experiments with female rats myocardium. In these experiments histidine
at concentrations 10, 10*and 103 g / mL for the intact myocardium strips did not
enhance the positive inotropic effect of adrenaline (108-10° / mL), i.e. histidine showed
no beta- adrenosensibilizatory activity and at a concentration of 10-*g mL exerted weak
beta-adrenoblocking effect with respect to adrenalin in a concentration of 10°g / mL. At
the same time on myocardial strips which efficiency of beta-AR activation was reduced
by lysophosphatidylcholine (LPC, 10 g/ ml), histidine (10°-10° g / mL) restored
efficiency of beta-AR activation even in the presence of LPC [7]. In experiments with
rat myometrium, which is the dominant population of beta,-AR was shown [3,5,6,51],
that histidine increases the efficiency of activation of beta-AP of "intact" myometrium
[3,6,51] and myometrium, y whose effectiveness of beta,-AR activation was reduced by
LPC (10° g / mL) or by propranolol (10°-10°g / mL) [5,6].

In explaining the identified phenomenon we have we proceeded from the position that
the rat cardiomyocytes besides beta -AR and beta -AR contain beta,-AR, the activation
of which is known [37,38], decreased contractility of myocardium. We assume that the
histidine is able to improve the efficiency of activation of all three populations of beta-
AR, including the beta,-AR. Therefore, the lack of ability of histidine enhance positive
inotropic effect of adrenaline in experiments with intact myocardium (as opposed to
the myometrium, which is dominated by the population of beta,-AR), we explain the
fact that histidine, increasing the effectiveness of activation of beta,-AR and beta, AR,
providing positive inotropic effect of adrenaline, simultaneously improves the efficiency
of activation and betag-AR, and thus contributes to the manifestation of the negative
inotropic effect of adrenaline. Therefore eventually histidine at the intact myocardium
does not enhance positive inotropic effect of adrenaline, i.e. does not exhibit beta-
adrenosensibilizatory activity, or (where expression of beta_-AR is increased, probably
typical for pregnant rat myocardium) even reduces force of contraction that exhibits
beta-adrenoblocking activity. In the conditions of the blocking beta,-AR by propranolol
and /or beta -AR (atenolol or propranolol) adrenaline activates alpha,-AR, alpha,-AR
and beta,-AR and thereby causes a negative inotropic effect. In these conditions histidine
also increases the efficiency of activating all three populations of beta-AR but, obviously,
is particularly important in the effectiveness of the activation of beta,-AR and beta,-AR
and thereby ensure the implementation of the positive inotropic effect of adrenaline. The
consequence is the blockage of negative inotropic effect of adrenaline which induced
histidine. Obviously, complete restoration of ability of adrenaline to show positive
inotropic effect prevents activation of beta,-AR, also increases the presence of histidine.

As noted above, on a background of nicergoline as blockers of alpha -AR and
alpha,-AR adrenaline (10®° g / mL) ceased to provide a positive inotropic effect. This
we explain 1) ability of nicergoline to activate serotonin receptors such as 5-HT1A and
5-HT2A / C, and thereby induce a negative inotropic effect, as well as 2) the ability
of nicergoline to partially block beta -AR and beta,-AR. Against the background of
nicergoline histidine restored the ability of adrenaline to show positive inotropic effect.
This can be explained by an increase effectiveness of activation of beta-AR (primarily
beta -AR and beta,-AR) under the influence of histidine/ this on the background of the
continuing blockade of alpha,-AR leads to an increase in force of cjntractions.

As we have noted, against the blockade of alpha,- AR and Ipha,-AR by nicergoline,
and the blockade of beta -AR and beta®-AR by propranolol, adrenaline does not change
the effect of myocardial contraction. In these conditions, histidine does not restore the
positive inotropic effect of adrenaline. Obviously, that the negative inotropic effect,
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which due to the activation of serotonin receptors type 5-HT1A and type 5-HT2A /C
under the influence of nicergoline and also due to the activation of beta,-AR, enhanced
histidine prevented manifest of positive inotropic effect produced upon activation
beta,-AR and beta,-AR enhanced by histidine.

Thus, the results of experiments with nicergoline or with a mixture of "nicergoline+
propranolol” does not contradict the basic concept that histidine is a factor that
increases the efficiency of the activation of all the populations of the beta-AR.

The mechanism of action of histidine as a factor that increases the efficiency of
the activation of beta-AR of cardiomyocytes, including the occupation of beta,-AR or/
and beta,-AR by its blockers. Earlier in the works of our laboratory, it was suggested
three proposals to explain the mechanism of action of endogenous sensitizer of beta-
adrenoceptors (ESBAR) and its analogs, including histidine.

According to the first assumption, beta,-AR and probably beta -AR contain specific
allosteric site. Occupation this site by ESBAR or by its analogs -histidine, tryptophan,
tyrosine or mildronate (trimethylhydrazinium propionate) - increases the affinity of
receptors to adrenaline [51].

According to the second assumption, ESBAR and its analogs, including histidine
improve efficiency of activation of beta,-AR and beta,-AR due to repair disorders that
occur in one or more transmission units from these receptors to intracellular effectors
during prolonged operation of system «agonist-adrenoceptors» or in the presence of
damaging agents in the environment, for example, lysophosphatidylcholine (LPC) [7].
In other words, ESBAR or its analogs, including histidine is regarded as an extracellular
and / or intracellular "chaperone", which reduce efficiency transmission of signal with
"downstream".

According to the third proposal, ESBAR and its analogs, including histidine,
in addition to the functions of allosteric modulator and intracellular "chaperone”
simultaneously activated phosphatase, thus amplified dephosphorylation of beta,-AR
and beta,-AR and restoring the conformation of this AR [6].

We share these three views, but we offer this list to add two more assumptions
(fourth and fifth) of the possible mechanisms by which ESBAR and its analogs increase
the efficiency of the activation of beta-AR, including background blockers of beta-AR,
which allows adrenaline effectively to compete with these blockers for the binding site
of the receptor.

According to fourth proposal ESBAR and its analogs can promote the formation of
oligomers of beta-AP, which improves efficiency of transmission from the receptors to
G-proteins. Actually, in the literature reported [52], that the efficiency of transmission
of signal from receptors associated with G-protein, is increased, if previously activated
receptor agonist forms oligomers, which triggering transduction of signal with
"downstream".

According to the fifth assumption, ESBAR and its analogs, including histidine, can
inhibit kinase of beta-AR and/ or inhibit the interaction of beta-arrestin with beta-
AR, whereby the rate of development of desensitization of these receptors is reduced,
which, inturn, increases the efficiency of activation of beta-AR. In this respect, important
data of H Brinks et al. [53] about the existence of an endogenous peptide (beta-ARKct),
dimer binding G beta-gamma, thus preventing the activation of the kinase of beta-AR.
Great interest are also data of Q. Wang et al. [54] about an endogenous antagonist of
GRK2-beta arrestin signaling This is protein spinophilin, blocking the interaction of
beta-arrestin with beta-AR and other receptors associated with G-proteins, and thus
prevents the development of desensitization.
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There is no doubt that further research should be aimed at the study of all of
these (at least five) the possible mechanisms underlying the increase of efficiency of
the activation of beta,-AR and beta,-AR under influenced of ESBAR and its analogs,
including histidine. This suggests that histidine and other exogenous analogs of ESBAR
like peptide beta-ARKct. [53], will be used in clinical cardiology.

The clinical significance of the phenomenon of manifestation of the negative
inotropic effect of adrenaline in a beta -AR blockade. In clinical practice blockers of
beta -AR, asitis known [55], are used to reduce the positive inotropic and chronotropic
effects of catecholamines, including in patients with hypertension, arrhythmias of
various origins, as well as to reduce the death myocardiocytes by apoptosis or necrosis
and for reducing the severity of pathological cardiac hypertrophy. It is obvious that
against the background of normal levels of catecholamines in the blood and the
normal state of the sympathetic nervous system such blockade does not lead to the
development of cardiac weakness. However, we believe that in stressful situations in
which content of catecholamines instantly increases in blood to high values and also
instantly enhanced activity of the sympathetic nervous system, instead of the expected
gains in force of heart contractions in the background of the blockade beta -AR due
to the negative inotropic effect of catecholamines (as is the case in our experiments)
may occur reduction of force of heart contractions. This can lead to the development
of acute heart failure. Therefore, in these conditions it is important prevention of such
a condition. Our findings suggest that as a measure of prevention of negative inotropic
effects of catecholamines on the background blocking of beta,-AR can be used analogs
of ESBAR, i/e, exogenous sensitizers of beta-AP, including mildronate, or one of
the aromatic amino acids - histidine, tryptophan or tyrosine. Many years of clinical
observations using of mildronat together with the blockers of beta,-AR for example at
patient with myocardial infarct, demonstrates clinical benefit [56]. In the cardiology
made to explain the feasibility of mildronat its metabolic effect, improves energy of
myocardium [56]. However, in our view, a positive effect of mildronat may also be due
to the fact that in the conditions of application blocker of beta,-AR is partially restores
the efficiency activation of beta,-AR and beta*-AR and thus prevents the development
of negative inotropic effect of catecholamines as mediators and as hormonal origin.

Thus, our results suggest the feasibility of using of mildronat and other analogs
of ESBAR in cardiology practice at patients with chronic heart failure, in which, as is
well known [57], reduced the effectiveness of the activation of beta-AR, as well as in
obstetrics to improve the effectiveness of beta ~adrenoceptors inhibitory mechanism
in pregnant women [5,6]. The results of our experiments also point to the need to find
selective sensitizers of betal-AR, betaZ-AR and betag-AR.

Conclusions

In experiments with myocardial stripes of the right ventricle of nonpregnant and
pregnant rats it found:

1. Histidine (101°-10*g / ml) does not increase the force of induced contractions of
myocardial ofthe nonpregnantrats, butitincreases (regardless of concentration)
contractions of myocardial of the pregnant rats.

2. Histidine (10'°-10* g /mL) does not increase the contractile response of
intact myocardial strips of nonpregnant and pregnant rats under influence of
adrenaline in near-threshold concentrations (10 g mL), ie histidine does not
exhibit beta-adrenosensibilizatory activity.

3. Adrenaline in high (up-threshold) concentrations (10° g / mL) when subjected
to isolated myocardium of nonpregnant and nonpregnant rats causes a positive
inotropic effect, but this effect was lost at the background of propranolol (10
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g / mL), atenolol (108, 10-6 g/mL ), nicergoline (10 g /mL) and the mixture
of nicergoline (10°¢ g / mL) and propranolol (10® g / mL), while against the
backdrop of propranolol or atenolol positive inotropic effect of adrenaline is
reversed to the negative inotropic effect.

4. Histidine (10*g / mL) prevents the appearance of the negative effect of adrenaline
(10°g /mL) against the backdrop of propranolol or atenolol, and against the
backdrop of nicergoline histidine partially restores ability of adrenaline to exert
a positive inotropic effect.

5. Histidine has beta-adrenosensibilizatory activity against to rat myocardium
and is a useful antagonist of beta-adrenergic blockers. Therefore, the question
about clinical applications of histidine and other exogenous analogs of ESBAR in
clinical practice deserves further study
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