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The active ingredient extracted from the peat humic substances was characterized by physi-
cochemical parameters evaluated by UV- and IR-spectroscopy, titration, and elemental (C, 
H, N) analysis. The cardiovascular effects of this ingredient were examined on isolated 
Langendorff-perfused rat heart. It was found that the active substance in a concentration range 
of 0.01-0.1 mg/ml produced a vasodilating effect; in addition, it decreased the end-diastolic 
and left-ventricular developed pressures.
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The humic substances (HS) belong to high-molecular 
native agents with a broad spectrum of biological ac-
tivity [1-3,7,8,11,12], which had been used to design 
the registered drugs for antihypoxic, anti-inflammatory, 
immunomodulating, and antiviral pharmacotherapy of 
humans (Humisol, Humivit, Torfotum, etc.) and animals 
(Hydrohumate, Oxyhumate, Bioeffect DV-1, etc.).

A high biological activity of HS is related to their 
pronounced affinity for biological membranes, impli-
cation in ionic transport, and the modulatory effects 
on enzyme activity [11]. Despite extensive research 
on cytoprotective and adaptogenic properties of HS 
[1,2], there are virtually no data on the effect of these 
substances on the cardiovascular system. The analysis 
of interaction between biological activity of HS and 
their molecular structure suggests that the presence of 
nitrogen atoms in the structure of functional groups 

and the nucleus of HS molecules is one of the basic 
reasons underlying a high activity of these substances. 
In this paradigm, HS can play the role of NO donors 
and produce a direct cardiotropic effects.

HS are etiologically determined polymorphic 
structures, so their potentially active pharmaceutical 
ingredient (API) of natural origin should be standard-
ized by a number of parameters to characterize its 
individual features and obtain the correct results com-
plying with the modern requirements [4].

Our aim was to examine the cardiovascular effects 
of a standardized API extracted from peat HS.

MATERIALS AND METHODS

Three representative HS sources were selected for API 
extraction: highland pine-cotton grass peat, mediate 
wood-sedge peat from Great Vasyugan Swamp, and 
lowland wood-grass peat from Tagan deposit (Tomsk 
Region). API extraction and standardization were con-
ducted according to the routine methods [4] employing 
1) infrared (IR) spectroscopy performed with a Fourier-
transform infrared spectrometer FSM-1201 (Infraspek, 
Russia); 2) UV spectroscopy with an UNICO 2800 
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spectrophotometer; 3) back titration to assay for the 
acid functional groups; 4) elemental analysis based on 
combustion method performed with a CHN Analyzer 
1106 (Carlo Erba Strumentazione) yielding also the 
amount of oxygen as the difference between the total 
mass of sample and summarized mass of C, H, and N.

The biological activity of API was examined in 
the hearts isolated from Wistar rats (body weight 250-
300 g) under ether anesthesia. After thoracotomy, the 
heart was extracted and placed in cold (4oC) Krebs—
Henseleit solution until termination of spontaneous 
contractions. The isolated heart was perfused with 
oxygenated Krebs—Henseleit solution (95% O2/5% 
CO2; pH 7.5, 37.0±0.5oC) under constant pressure of 
52 mm Hg according to open-contour Langendorff 
method. The parameters of cardiac contractile activity 
were determined with an MP35 Data Acquisition Sys-
tem (Biopac System). The study assessed the effects 
of API dissolved in perfusion solution at concentra-
tions of 0.001, 0.01, and 0.1 mg/ml on the contrac-
tile force, end-diastolic pressure (EDP, mm Hg), and 
the coronary flow rate (CFR). The cardiac contractile 
force was assessed from the left-ventricular devel-
oped pressure (LVDP, mm Hg) calculated as the dif-
ference between the systolic and diastolic BP. CFR 
was determined as amount of perfusate, which passed 
through the heart for 1 min (ml/min). All parameters 
were recorded after a 20-min perfusion accommoda-
tion period, on API post-administration minute 10, and 
after a 10-min washing period when the heart was per-
fused with API-free solution. The control hearts were 
perfused with API-free solution by the same regimen.

The data were analyzed statistically using Sta-
tistica 6.0 software. Significance was assessed with 
non-parametrical Mann—Whitney U test at p<0.05 or 
p<0.01. The results are summarized as m±SEM.

RESULTS

The highest content of nitrogen was observed in the 
compounds extracted from lowland wood-grass peat 
indicating the corresponding API as the most promis-

ing element in the search for peat-derived cardiovas-
cular drugs (Table 1).

An advantage of isolated perfused heart model 
employed in this study is based on the fact that myo-
cardium is set free form the modulatory effects of any 
organismal control system. This approach can reveal 
the intrinsic cardiovascular effects of examined agents 
caused exclusively by alterations in myocardium struc-
ture and the changes in cardiac metabolism.

The HS-extracted API is an odorless dark-brown 
amorphous powder. IR spectrum of examined API 
contained the characteristic absorption bands with the 
wave numbers functionally grouped by ranges 3500-
3300, 3250-3200, 2930-2920, 2860-2840, 1460-1440, 
900-700, 2600-2500, 1725-1700, 1625-1610, 1510-
1500, 1250-1225, 1150-1050 cm—1. The contents of 
carboxyl and phenolic hydroxyl groups were 2.56 and 
3.12 mEq/g, respectively.

The UV absorption spectrum of API was a flat 
curve reporting total absorbance in the wavelength 
range of 220-800 nm, which pronouncedly increased at 
the short-wave side. At the corresponding wavelengths, 
the extinction coefficients were E465=0.126±0.004 and 
E650=0.0397±0.0005, the calculated chromaticity coef-
ficient being E465/E650=3.18±0.07.

At concentration of 0.1 mg/ml, API exhibited a 
marked cardiovascular activity characterized by a sig-
nificant (p<0.01) increase of CFR occurred after a 
10-min perfusion of the heart with API-supplemented 
Krebs—Henseleit solution (Table 2). In control se-
ries, CFR insignificantly decreased during a 30-min 
normoxic perfusion (Table 2). The revealed effect of 
API was a short-term, because as early as 10 min af-
ter washing the heart, CFR returned to the respective 
control values (Table 2). At a 10-fold less concentra-
tion of 0.01 mg/ml, API also produced a significant 
increase in CFR, although in this case the effect was 
not so much pronounced (Table 2). In contrast, the 
least tested API concentration (0.001 mg/ml) exerted 
no effect at all (Table 2).

In addition, the presented data suggest that API 
modulates the contractile activity of the myocardium. 

TABLE 1. Elemental Composition and Atomic Ratios of API Extracted from Various HS in Tomsk Region

Peat type

Atomic mass (in atomic percent) per ash-free sample Atomic ratios*

С Н N О Н/С N/С О/С

Highland pine-cotton 
grass peat 36.95±0.44 46.16±0.40 1.62±0.02 16.27±0.19 1.28 0.04 0.45

Mediate wood-sedge peat 37.16±0.39 44.09±0.50 1.84±0.02 16.91±0.20 1.19 0.05 0.45

Lowland wood-grass peat 36.12±0.40 44.83±0.41 2.26±0.02 16.79±0.20 1.24 0.06 0.46

Note. *Atomic ratios were calculated from the averaged data.
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The examined substances significantly diminished the 
contractile force of the perfused heart, and this ef-
fect retained during washing the heart with API-free 
Krebs—Henseleit solution (Table 3). The decrease of 
contractile force was dose-dependent, which was the 
greatest at 0.1 mg/kg API. In the same experimen-
tal series, API significantly decreased EDP (Table 3). 
However, the effect was less pronounced at 0.01 mg/ml  
and disappeared at 0.001 mg/ml (Table 3).

Thus, in vitro experiments showed that API exerts 
a direct cardiovascular effect and participates in the 
control of the coronary vessel tone under normoxia. 
Therefore, API modulates the coronary circulation 
with maximum vasodilating effect observed at 0.1 
mg/kg.

Comparison of the presented data with published 
reports suggests that the mechanisms of in vitro API-
induced cardiovascular effect (i.e., in the absence of 
central regulatory influences) can be related to a direct 
effect of examined API on NO production. It is a com-
mon knowledge that the decisive role in the control of 
vascular tone belongs to certain endothelial factors, 
NO included [10]. NO released from L-arginine acti-
vates guanylate cyclase in smooth muscle cells result-
ing in cGMP production and active relaxation of these 
cells. The data obtained on cultured venous endothe-
liocytes showed that API stimulates NO generation 
[9]. It is noteworthy that stimulators of NO synthe-
sis include some substances isolated from medicinal 

plants [5], which can be the etiological precursors of 
API. It seems probable that activation of this signal 
pathway plays the key role in implementation of API-
induced vasodilation. It is instructive that NO synthas-
es were detected in all heart subdivisions [10]; hence, 
NO not only affects the tone and responsiveness of 
the blood vessels, but also modulates the cardiac func-
tions. NO can also be generated by cardiomyocytes 
known to express both endothelial and inducible NOS 
[10] resulting in release of NO involved in the control 
of cardiac functions. Based on the assumption that 
API up-regulates NO synthesis in cardiomyocytes, the 
demonstrated negative inotropic effect of this ingredi-
ent can be explained in the following way. According 
to reported data [10], NO moderates the contractile 
force of isolated cardiomyocytes and decreases the 
diastolic pressure. Probably, similar effects of API in 
isolated heart also result from NO synthesis activation.

Thus, the pronounced vasodilating effect of API 
in the described isolated heart model opens vista for 
further studies of the mechanisms responsible for the 
cardiotropic effects of this ingredient aimed to the de-
velopment of novel effective drugs for improvement 
of intracardiac hemodynamics.
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