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The study substantiated the possibility of using peat humic acids for improving endurance 
during extreme physical exertion. The mature outbred Wistar rats weighing 200250 g (n=40) 
were subjected to forced swim test until complete exhaustion. The humic acids (1%) were 
administered intragastrically (0.5 ml/100 g body weight) 30 min prior to the test. Chronic 
administration of peat humic acids for 5 days increased physical capacity and endurance of 
rats in exhaustive forced swim test without the changes in serum lactate and corticosterone.
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Humic acids (HA) are maximally safe for human 
health and are widely used in agriculture and medi-
cine. Moreover, the technological processes involving 
HA comply with the basic principles of Green Chem-
istry [10]. HA are accumulated in numerous natural 
entities such as soil, peat, sapropel, lignite, mummy, 
melanoids, etc.); at this, the most promising raw mate-
rial containing HA with biologically active properties 
is peat [1]. HA are characterized with polyfunctional 
structure; they can be implicated in redox, chelating, 
and the ionexchange reactions. As a result, HA pos-
sess a variety of biological activities including immu-

notropic, antioxidant, detoxicant, antiinflammatory, 
and adaptogenic ones [2,1114].

Our aim was to substantiate the possibility of us-
ing of peat HA [6,14] to increase endurance and per-
formance during extreme physical load.

MATERIALS AND METHODS
HA were isolated from lowland woodgrass peat 
(Tagan deposit in Tomsk Region) according to [8]. 
Standardization was performed according to the meth-
ods and criteria described elsewhere [14].

Experiments were carried out during autumnal pe-
riod in September on mature outbred male Wistar rats 
(n=40) weighing 220250 g. The animals were main-
tained under natural illumination on the standard diet 
with water and food ad libitum. All experiments were 
performed in strict adherence to international human-
istic principles and directives regulating the experi-
ments with animals and in compliance with Principles 
of Good Laboratory Practice (GOST R 534342009).
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The rats were randomized into 4 equal groups 
of 10 rats each. The intact rats were not exposed to 
physical exercise and received no agents. The control 
rats were subjected to physical exercise modeled by 
forced swim test (FST) in original modification [9]. 
The rats swam until exhaustion with a weight equal to 
10% body weight. In NaCl group, the rats were admin-
istered intragastrically with 0.9% NaCl (0.5 ml/100 g 
body weight) 30 min prior to FST. In HA group, the 
rats were similarly injected with 1% solution of stan-
dardized HA [6,14] 30 min prior to FST. The daily 
FST was performed in parallel in control, NaCl, and 
HA groups for 5 days at the same time from 10.00 to 
11.00 a.m. On experimental day n, physical capacity 
was measured in seconds as the swimming time to 
exhaustion (Tn). In addition, endurance on day n was 
assessed as En=Tn/T1×100%, where T1 is the time of 
swimming to exhaustion on day 1 (sec). After termina-
tion of FST series, the rats were examined in the open
field test [4] and sacrificed by decapitation under CO2 
narcosis. The serum lactate and corticosterone were 
determined by routine methods [4].

The data were analyzed statistically using Statis-
tica 8.0 software (StatSoft, Inc.). Multiple compari-
son analysis was performed with nonparametrical 
Kruskal—Wallis and Friedman tests. Significance 
was assessed with nonparametrical Mann—Whitney 
test at p<0.05 for two independent samples, whereas 
Wilcoxon’s test was employed to examine the differ-
ences between the dependent samples at p<0.05. The 
character of intergroup distribution was assessed with 
c2 test. The results are summarized as Me (Q1; Q3).

RESULTS
Previously, it had been shown that in the springtime, 
the daily exposure of rats to exhaustive FST for 5 days 
persistently elevated the physical capacity on days 

13 and stabilized it in the last 2 days [5]. The present 
study conducted in autumn revealed virtually the same 
regularity (Table 1). Viewing FST as a stress factor 
[7], it is logical to expect that every presentation of 
this test increased endurance and physical capacity in 
the following trials. Indeed, endurance increased at the 
end of testing by 2439%. Thus, the training process 
[7] is also typical for dynamics of rat physical capacity 
in autumnal period. This inference was confirmed by 
the stable level of serum corticosterone in comparison 
with that in the intact group (Table 2). It should be 
stressed that, the physical capacity of animals during 
autumn was 1.5fold lower than during springtime [3]. 
This was probably related to low serum corticosterone 
in autumnal rats in comparison with the spring rats [3].

In NaCl group, physical capacity in FST was 1.5
fold higher even on test day 1 than that in the control 
group (p<0.05). Thus, endurance on the first day of 
testing was higher by 68% in comparison with that in 
the control group. During the following 4 days, these 
parameters did not change significantly. As intragastric 
administration of NaCl was a stressful event like FST, 
it can be hypothesized that this procedure optimized 
the working capacity and elevated endurance as early 
as to test day 1, which corroborates the concept of  
F. Z. Meerson on crossadaptation [7]. In the follow-
ing days, each previous presentation of the swimming 
test with the preliminary introduction of saline did not 
increase the resistance to each subsequent combination 
of these stress factors, but stabilized the performance 
and endurance of animals at a certain level. Thus, the 
procedure of intragastric administration of NaCl accel-
erated training and formation of tolerance to physical 
exercise, which was also indicated by serum corticos-
terone, which did not differ from the intact or control 
levels (Table 2). Notably, the increments in physical 
capacity and endurance were also observed in con-
trol rats, although these phenomena developed with 

TABLE 1. Effect of HA on Physical Capacity of Rats Subjected to FST (Me (Q1; Q3))

Group
Experimental day

1 2 3 4 5

Control 38 (34;49) 46 (45;57) 53 (44;67) 52 (37;58) 47 (40;68)
+p=0.01 +p=0.007 +p=0.007 +p=0.04

0.9% NaCl+physical 
exercise

64 (55;84) 61 (80;68) 65 (62;76) 69 (57;87) 63 (41;71)

*p=0.038

HA+physical  
exercise

70 (57;95) 76 (57;195) 101 (66;114) 97 (77;133) 97 (61;113)

*p=0.005 *p=0.005 +p=0.02 +p=0.007 +p=0.03
op=0.05 op=0.05 op=0.04

Note. Significant difference from the parameter *in the control on the same day, +in the same group on day 1, oin the group receiving 0.9% 
NaCl and subjected to physical exercise.
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a certain delay and were significant only on the test 
days 35.

Intragastric administration of HA still greater 
elevated endurance and physical capacity, which in-
creased from day 1 to day 3 and stabilized in the fol-
lowing days. In the first two days of FST, endurance 
and physical capacity in HA group did not differ from 
those in NaCl group, but they were significantly higher 
in comparison with the control values. Endurance and 
physical capacity in HA group significantly and mark-
edly increased in comparison with those in NaCl group 
only after windup of pharmacological effect of HA, 
i.e., after the third administration of HA. Thus, HA 
increased endurance and physical capacity of the rats 
during the specified period by 4050% in comparison 
with NaCl group and by 65106% in comparison with 
the control group.

It should be stressed that the changes of physical 
capacity observed in HA group during 5 testing days 
were similar to those in the control group attesting to 
the stressprotective effect of HA, which agrees with 
the level of serum corticosterone in HA group, that did 
not significantly differ from those in intact and control 
groups. The stressprotective potencies of HA were 
also confirmed here by the behavioral openfield tests. 
Actually, HA downregulated the inhibitory processes 
in CNS (reported by grooming), which are usually 
activated in such stressful environment as modeled in 
the openfield test (p<0.05) [3,5].

Analysis of the serum concentrations of lactic acid 
allowed assessing the intensity of anaerobic process-
es in most “working” organs [4]. In sports medicine, 
it is a common knowledge that serum lactate helps 
determine the training level of athletes by reflecting 
glycolytic potential of their skeletal muscles and ef-
fectiveness of previous training. In standard physical 
exercises, the greater training level corresponds to 
lower serum lactate. However, at maximum physical 
load, the more intensive training corresponds to higher 
lactate level.

Here, we showed that physical exercise in FST 
was accompanied with 1.2fold elevation of serum 
lactate (p<0.05), which corroborated assumption that 
the control rats attained an enhanced training level 
and tolerance to physical exercise after a 5day FST. 
Under these conditions, the procedure of intragastric 
administration of NaCl or HA returned the serum 
lactate down to the intact level (Table 2). Thus, after 
preliminary administration of NaCl or HA, the physi-
cal exercise did not change the serum level of lactic 
acid in comparison with intact rats; in other words, 
their physical potency was higher than that in control 
animals.

The present study demonstrated that preventive 
administration of standardized HA (isolated from the 
lowland woodgrass peat) prior to exhaustive FST 
performed daily during a 5daylong session elevated 
endurance, tolerance to physical exercise, and stress 
resistance, while it did not change serum lactate or 
corticosterone. Thus, the peat HA are promising thera-
peutic agents, which can accelerate physical training 
and enhance organismal adaptive potential at the level 
of anaerobic respiration thereby increasing endurance 
and physical capacity.

The established actoprotective, adaptogenic, and 
stressprotective features of peat HA reconfirm the 
previously demonstrated effects of HA derived from 
other raw materials [2] and probably reflect general 
cellular mechanisms of the action of this group of 
natural compounds on living organisms, which were 
described as energysaving, energyoptimizing, anti-
oxidant, and cytoprotective [2,14].

Thus, the examined specimens of peat HA can be 
recommended as promising bioactive substance for 
the development of pharmaceutic products to enhance 
physical capacity and endurance of athletes or persons 
involved in heavy physical activity both under normal 
or extreme conditions.

The study was supported by the Russian Founda-
tion for Basic Research (grant No. 1843700014 р_а).

TABLE 2. Effect of HA on Behavior and Serum Corticosterone and Lactate in Rats Subjected to FST in Autumnal Period 
(Me (Q1; Q3))

Group Lactate, mmol/liter Corticosterone, ng/ml Grooming, number of episodes

Intact 3.7 (2.4;4.1) 225.2 (188; 281.9) 2 (1;3)

Control 4.5 (4.4;5.1) 199.8 (150.6; 218.3) 0.5 (0;1)

*p=0.02

0.9% NaCl+physical exercise 3.1 (2.8;3.7) 266.3 (226.4; 328.4) 0.5 (0;2)
+p=0.007

HA+physical exercise 3.5 (3.3;3.8) 239.5 (347.9; 214.3) 0 (0;0)
+p=0.004 *p=0.04

Note. Significant difference from the parameter *in intact rats, +in the control.
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