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The cardioprotective and inotropic effects of standardized active natural substance based 
on high-molecular-weight compounds of humic origin were studied on the model of global 
ischemia (40 min) and reperfusion of isolated perfused rat heart. Preventive administration 
of the test substance (0.1 mg/ml) before ischemia/reperfusion modeling reduced reperfusion 
contracture and necrotic death of cardiomyocytes and promoted recovery of myocardial 
contractility. Blockade of NO synthase with L-NAME (100 μM) abolished the above effects 
of the test substance. It was hypothesized that NO synthase plays an important role in the 
development of the cardioprotective and inotropic effects of the test natural substance.
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The search for new drugs improving heart resistance 
to ischemic and reperfusion injuries remains a pressing 
problem of modern medicine. Currently, the cardiopro-
tective properties of drugs of natural origin potentially 
characterized by low toxicity are now intensively stud-
ied. Pharmacological effects of humic compounds: an-
ti-inflammatory, immunostimulating, hepatoprotective, 
antioxidant, antihypoxic are well documented [1,15]. 
It was recently demonstrated that humic acids (HA) 
increase the resistance of brain neurons and nephrons 
to ischemia and reperfusion [6,11] and prevent dam-
age to cardiomyocytes under conditions of oxidative 
stress [9]. These facts suggest that HA can exhibit 

cardioprotective activity. The mechanisms of the phar-
macological effects of HA are usually attributed to 
HA-induced activation of endothelial NO synthase 
[10] and stimulation of NO production [5]. This sug-
gests that myocardial effects of these compounds are 
mediated via a signaling mechanism associated with 
activation of NO synthase.

We studied cardioprotective activity of the stan-
dardized active substance of natural origin (ASNO) 
based on high-molecular-weight humic compounds 
and possible mechanisms of their realization.

MATERIALS AND METHODS

The extraction and standardization of ASNO based on 
HA of lowland woody type peat from Tagan deposit 
of the Tomsk region was carried as described earlier 
[15]. The methods are based on the results of infrared 
spectroscopy (FSM 1201, IK-Fourier spectrometer, In-
fraspek), back titration analysis (content of acid func-
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tional groups), elemental analysis (С,Н,N-analyzer 
Carlo Erba Strumentazione 1106), and adsorption 
spectroscopy (Unico 2800 spectrophotometer).

The myocardial effects of ASNO were studied 
on male Wistar rats weighing 250-300 g. The animals 
were maintained according to European Convention 
for the Protection of Vertebrate Animals used for Ex-
perimental and Other Scientific Purposes (Strasburg, 
1986). All painful procedures were performed under 
ether narcosis. After thoracotomy under ether narco-
sis, the heart was removed and arrested in cold (4oC) 
Krebs—Henseleit solution. Retrograde Langendorff 
perfusion of the heart was performed with Krebs—
Henseleit solution saturated with a mixture of 95% 
О2 and 5% СО2 (37±0.5oС) (pН 7.5). For recording 
heart contractility parameters, a catheter with a latex 
balloon filled with distilled water was introduced into 
the left ventricle; water volume in the balloon was 
sufficient for creating an end-diastolic pressure (EDP) 
of 10-15 mm Hg. Parameters of pumping function of 
the heart were measured in the isovolumic regimen 
using an SS13L pressure transducer (Biopac System 
Inc.) connected to the balloon. Changes in the left-
ventricular pressure was recorded using an MP35 in-
strument (Biopac System Inc.) for electrophysiological 
studies. We analyzed the effects of ASNO standardized 
as described previously and dissolved in Krebs solu-
tion (0.1 mg/ml) on myocardial contraction force, EDP 
(mm Hg). This concentration was chosen as a result 
of preliminary screening in vitro studies [3]. After 
20-min adaptation to normoxic perfusion conditions, 
the hearts were perfused for 10 min with Krebs—
Henseleit solution containing ASNO in the specified 
concentration and then subjected to 45-min global isch-
emia followed by 30-min reperfusion. Contractile force 
was evaluated by left-ventricular developed pressure 
(mm Hg) calculated as the difference between systolic 
and diastolic pressures. Global normothermic ischemia 
was modeled by arresting the perfusion for 45 min; the 
duration of reperfusion was 30 min. Irreversible damage 
to cardiomyocytes was evaluated by measuring creatine 
phosphokinase in perfusion solution during reperfu-
sion. Activity of this enzyme was measured on a Smart 
Spec Plus spectrophotometer (Bio-Rad) at λ=340 using 
standard commercial kits (Biocon). The results were 
expressed in enzyme activity units (U, μmol NADH/
min) per 1 g wet tissue over 30 min reperfusion (U/g). 
Contractility parameters were determined after 20-min 
adaptation to perfusion conditions, on minute 10 of per-
fusion with Krebs solution containing ASNO, and than 
on reperfusion minutes 5, 15, and 30. Isolated rat hearts 
perfused with Krebs solution not containing ASNO by 
the same scheme served as the controls.

NO synthase blocker L-NAME was added to the 
perfusion solution in a final concentration of 100×10–3 

mM for evaluation of the role of this enzyme in the 
realization of myocardial effects of ASNO [7]. 

The data were processed statistically using Statis-
tica 6.0 software. Intergroup differences were analyzed 
using nonparametric Mann—Whitney U test. The re-
sults are presented as M±SEM. The differences were 
significant at p<0.05.

RESULTS

As peat HA are etiologically deterministic polymor-
phic structures, preliminary standardization by a num-
ber of parameters was performed for obtaining reliable 
and reproducible results of analysis of biological activ-
ity of peat HA-derived ASNO [15].

Then, we analyzed the effects of standardized 
ASNO on the parameters of heart contractility and 
their cardioprotective properties on the model of isch-
emia/reperfusion of the isolated heart. Preventive ap-
plication of ASNO promoted more effective recovery 
of the inotropic function of the heart during reper-
fusion in comparison with the control (Table 1). In 
the postischemic period, heart contraction force in 
the experimental series surpassed the corresponding 
control values by ~1.5 times, while postischemic con-
tracture was less pronounced, which was seen from a 
reliable decrease in EDP by 30% (Table 1). Cytopro-
tective effect of ASNO was also revealed during the 
experiments. Cardioprotective effect of the studied 
compounds manifested in a reliable decrease of cre-
atine phosphokinase release during reperfusion: from 
51.1±3.4 U/g in the control to 42.3±3.2 U/g in the 
experimental series (p<0.05).

In light of this, a question arises on the possible 
mechanism of the observed effects of ASNO. Taking 
into account published data on activation of endothe-
lial NO synthase and stimulation of NO production 
under the influence of HA [5,10], we hypothesized that 
this signaling mechanism is involved into implementa-
tion of the myocardial effects of ASNO. Under condi-
tions of NO synthase blockade with L-NAME, no car-
dioprotective effect of ASNO was observed, because 
creatine kinase release in this series did not differ from 
the control (49.7±4.1 U/g; p>0.05). Hence, decreased 
necrotic death of cardiomyocytes could be a result of 
activation of NO synthase signaling by these com-
pounds. The obtained results indirectly prove the data 
on the positive role of NO in heart ischemia [8,12]. 
The cardioprotective effect of NO donor was previ-
ously demonstrated on the model of regional ischemia 
and reperfusion [8,12]; it manifested in a decrease in 
the size of myocardial necrosis [12].

When assessing the role of NO synthase in imple-
mentation of the inotropic effects of ASNO, we found 
that changes in myocardial contractility parameters 
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against the background of L-NAME blockade were 
similar to those in the control throughout the experi-
ment (Table 1). Application of NO synthase blocker 
did not affect contraction force and end-diastolic pres-
sure (Table 1). Thus, the effect of ASNO on myocardial 
contractility is also mediated by this signaling pathway.

On the basis of our experimental data and pub-
lished reports, a hypothesis was put forward that 
explains the mechanism of the identified effects of 
ASNO. It is known that suppression of the pump-
ing function of the heart, increase in EDP during 
reperfusion are largely determined by Ca2+-overload 
of cardiomyocytes [4]. The increase in Ca2+ induces 
membrane damage in cardiomyocytes by activating 
Ca2+-dependent phospholipase [4,13]. We also recor-
ded the above phenomena, and therefore, we assumed 
that Ca2+-overload was also observed in our experi-
ments. Application of ASNO was followed by sig-
nificant weakening of reperfusion contracture, effec-
tive recovery of contractility, and antinecrotic effect, 
which could be due to postishemic decrease in [Ca2+]I 
in the cardiomyocyte myoplasm. Our assumption was 
confirmed by obtained data on the key role of NO 
synthase signaling system in the implementation of the 
ASNO effects. It is known that role of NO as a modu-
lator of contractility consists in the development of a 
negative inotropic effect mediated by a cGMP-bound 
mechanism through a decrease in Ca2+ entry through 
L-type Ca2+ channels [2,14]. Therefore, the decrease 
in contraction force and EDP after application of the 
test substance in the perfusion solution could be de-
termined by suppression of calcium entry into the 

cardiomyocyte myoplasm (Table 1). This, ultimately, 
contributed to a significant decrease in Ca2+-overload 
of cardiomyocytes during ischemia and reperfusion.

Thus, the preventive application of ASNO im-
proved heart resistance to ischemia/reperfusion, which 
was characterized by weakening of reperfusion con-
tracture and a more complete recovery of contractility. 
Preliminary application of ASNO produced a cardio-
protective effect that was expressed lower intensity of 
postischemic destruction of cardiomyocytes. The myo-
cardial effects of ASNO are realized with a signaling 
mechanism associated with activation of NO synthase.

The study was performed within the framework 
of State Task No. АААА-А17-117032210074-6 and 
АААА-А15-115120910024-0.
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