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ABSTRACT

Aim. To study the effect of a course administration of peat humic acids from bogs of the Tomsk Region on the
phagocytic activity of peritoneal macrophages and blood neutrophils in mice, and the thymus-dependent humoral
immune response induced by the administration of sheep erythrocytes.

Materials and methods. The following immunological methods were used: study of the phagocytic activity of
peritoneal macrophages and blood neutrophils of mice, determination of the number of antibody-forming cells
(AFC) in the spleen of mice, measurement of the serum level of antibodies to sheep erythrocytes by the hemag-
glutination assay after the course administration of three samples of peat humic acids. The experiment involved
70 C57BI/6J mice (females), aged 7-8 weeks.

Results. It was found that the course administration of all studied samples of humic acids resulted in an increase in
the number of phagocytes and the intensity of particle engulfment. Two out of three samples enhanced the humoral
immune response induced by the administration of sheep erythrocytes, which was manifested by an increase in the
number of AFCs in the spleen and the hemagglutination assay titer in the blood serum.

Conclusion. The samples of humic acids that influence the phagocytic function of macrophages and neutrophils
and enhance the humoral immune response may serve as a basis for the development of new therapeutic agents for
the treatment of immunodeficiency states.

Keywords: humic acids, phagocytosis, peritoneal macrophages, neutrophils, humoral immune response, antibody-
forming cells, hemagglutinins
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BnnaHmne rymmHoBbIX KUCNOT Topda Ha paroumTapHyo akTUBHOCTb
K/NeTOK BPOXKAEHHOIro MMMYHUTETa N F'yMOpasibHbIl UMMYHHbIN OTBET
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PE3IOME

Hens. V3yueHne BIUSHHS KypCOBOTO BBEACHHS TYMHHOBBEIX KHCIOT Topda 6omotr Tomckoit obractu Ha daro-
IUTapHYI0 aKTHBHOCTh NEPUTOHEAIBHBIX MAaKpo(aro n HEUTPOPUIIOB KPOBHU MBIIIEH U TUMYC3aBUCHMBIH I'yMO-
paNbHBIN HMMYHHBIH OTBET, BBI3BaHHBII BBEICHUEM IPUTPOLUTOB GapaHa.

MaTtepuajbl H MeToIbl. VICIoab30BAMCH CIAEAYIOIINE HIMMYHOJIOTHUECKHE METOABL: H3y4YeHUe (arouTapHoil
AKTUBHOCTH NEPUTOHEATBHBIX MakpodaroB 1 HEHTPO(DHIOB KPOBU MBIIIEH, ONpEIeICHHE KOJINYECTBA AaHTUTEIIO-
obpasytromux kineTok (AOK) B cene3eHKax MbIIIeH, H3MEpeHNEe YPOBHS aHTUTEN K SPUTPOLMTAM OapaHa B ChIBO-
POTKE KPOBH MBIIIEH C MOMOIBIO PEAKIU IeMarrIloTHHALIMY TI0CIIe KypCOBOTO BBEICHHUs 00pa3LioB TOP(SHBIX
TYMHHOBBIX KUCIIOT. B skcniepumMente ucnomnb3oBanu 70 camok mbimei muann C57BL/6J B Bozpacte 7—8 Hen.

Pe3y.]'ll)TaTl>I. KprOBOC BBE€ICHHUEC BCEX HUCCICAYEMBIX o6pa3u013 TYMHUHOBBIX KHUCJIOT IIPUBOJUJIO K YBECIIMUCHUIO
quciia (bal"OL[I/ITOB U MHTCHCHUBHOCTH IIOTJIOICHUA UMH YaCTHII. I[Ba n3 TpEX 06pa3u013 ycuimBain I‘yMOpaJ’ILHLIﬁ
I/IMMyHHLIﬁ OTBCT, PIHZ[yIIPIpOBaHHLIﬁ BBCIICHUEM SPUTPOLUTOB 6apaHa, KOTOpLIﬁ TMPOSABJIAJICA YBEJIUYEHUEM YUC-
sa AOK B cene3eHkax u TUTPa reMarrjiftoOTUHMHOB B CBIBOPOTKE KPOBH.

3axaoyenne. OOpa3nbl TYMHHOBBIX KHCIIOT, BIMSIONINE Ha (aronurapHyo (QYHKIHIO Makpodaro u HeHTpo-
(UIOB M YCHIMBAIONINE TyMOPATBHBIH UMMYHHBIH OTBET, MOTYT HOCIYXXHUTh OCHOBOH IS Pa3pabOTKH HOBBIX
TEpaNeBTHIECKUX CPENCTB JUIS JICUCHUSI UMMYHOIE(HIUTHBIX COCTOSHHUI.

KoroueBble ciioBa: r'yMHHOBBIE KHCIIOTHI, (haroUTo3, HEPUTOHEATBHBIE MaKpo(hark, HeUTPO(DHIBI, TYMOPAIBHBIH
UMMYHHBIH OTBET, aHTHTEI000pa3yIONHe KIETKU, TeMarTJIIOTHHHHBI

KonpaukT nuaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

Hcrounuk ¢unancupoBanus. PaboTa BbinoiHeHa npu (QUHAHCOBOH MOIEPKKE TOCYAAPCTBEHHOIO 3aaHMs
Munuctepcersa 31paBooxpanenus PO Ne 056-00071-22-02.

CooTBercTBHEe MpuHOUNAM J3THKH. VccnemoBanue omobpeHo Omostmueckum komuretoM HUWOUPM mwm.
E.[. Tompn6epra Tomckoro HUMII (mpotoxon Ne 227012024 ot 01.02.2024).

Jas uutupoBanus: Tpopumosa E.C., 3sikoBa M.B., Jlurauera A.A., CenuBanosa H.C., lanmnen M.I"., Kapna-
yxosa E.A., llepcro6oes E.1O., benoyco M.B. Bimsinne ryMuHOBBIX KHCIOT Topda Ha (aronuTapHyro aKTHB-
HOCTB KJIETOK BPOXJCHHOTO HMMYHHUTETa ¥ I'YMOPAJIbHBIH IMMYHHBIH OTBET. Bionienmens cubupckou meouyumbl.
2025;24(4):95-103. https://doi.org/10.20538/1682-0363-2025-4-95-103.

INTRODUCTION neutrophilic leukocytes can absorb foreign agents.

Phagocytes ensure the functioning of innate
Phagocytosis is the process by which eukaryotic immunity and represent the body’s first line of

cells, called phagocytes, absorb microorganisms, defense when interacting with infectious agents.
damaged and destroyed host cells, and foreign Neutrophils and macrophages are typical phagocytes
particles. Blood monocytes, tissue macrophages, that can destroy both extracellular and intracellular

microglia cells, osteoclasts, dendritic cells, and microorganisms. These cells produce cytokines and
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growth factors that regulate the development and
resolution of inflammation. They also stimulate the
activation and proliferation of lymphocytes and other
immunocompetent cells, which are necessary for an
effective adaptive immune response [1, 2].

In addition, an essential condition for activating
acquired immunity is presenting the antigen to cells of
adaptive immunity, which is carried out by phagocytes
due to their ability to phagocytose and present foreign
molecular patterns to T lymphocytes [3]. Thus,
phagocytosis is a link between innate and acquired
immune responses. It plays a crucial role when the
innate immune system is ineffective at eliminating
infectious agents.

The humoral immune response is part of the
adaptive immune system. It is based on the induction
of antigen-specific B lymphocytes, which results
in the production and secretion of antigen-specific
antibodies. Humoral immune responses can be divided
into T-cell-dependent (thymus-dependent) and T-cell-
independent (thymus-independent) responses. In
thymus-independent reactions, the production of
antibodies occurs immediately after the activation of
B lymphocytes by antigens. The thymus-dependent
humoral immune response is triggered when B
lymphocytes are activated by T helper cells, which
is preceded by antigen presentation by dendritic cells
and macrophages to T lymphocytes [4]. Sheep red
blood cells (SRBC), a well-known T-cell antigen, are
considered as the gold standard for the formation of a
thymus-dependent humoral immune response [5].

Currently, a significant number of means for
correcting immune system disorders are known.
However, most of them are products of chemical
synthesis with a wide range of side effects. Among
the immunomodulatory drugs of natural origin, only
echinacea extract, drugs based on bacterial lysates, and
immunomodulators of endogenous origin are known,
which at the present time are usually represented by
recombinantanalogs [6]. A topical area of experimental
medicine is the study of natural compounds, such
as humic substances extracted from peat and brown
coal, which are formed during the humification of
biological remains of plants and animals [7]. The main
component of humic substances is humic acids (HAS),
which are high-molecular-weight heteropolymers that
exhibit similar chemical and biological properties,
but their exact molecular structure has not been
determined [8]. HAs are widely used in agriculture
and veterinary medicine and demonstrate numerous
biological effects in experiments, namely wound

healing, adaptogenic, hepatoprotective effects, as well
as anti-inflammatory, antibacterial, and antioxidant
activity [9, 10]. Studies have confirmed the effect of
HAs on immune processes, including regulation of
cytokine production with proinflammatory (TNFa,
IFNy, IL-1B, IL-12, IL-6, IL-2) and anti-inflammatory
(IL-10, IL-4) properties, polarization of macrophages,
and intracellular signaling processes [11-14]. Their
involvement in the regulation of both humoral and
cellular immunity has also been shown [15-17].
Considering the above, studying the influence of
peat HAs from bogs located in the Tomsk region on
such aspects of the immune system as phagocytic
reactions of innate immune cells (macrophages and
neutrophils) and indicators of the adaptive humoral
immune response is of particular interest. Thus, the
aim of this study was to investigate the effects of the
course application of peat HAs on the phagocytic
activity of peritoneal macrophages and peripheral
blood neutrophils of laboratory mice, as well as the
thymus-dependent humoral immune response induced
by immunization of animals with sheep erythrocytes.

MATERIALS AND METHODS
Obtaining Humic Acids

The objects of the study were HAs isolated from
peat by mass-exchange extraction. The extraction of
humic substances from peat was carried out at room
temperature for 8 hours using a sodium pyrophosphate
solution (0.1 mol /I, ratio 1:100). HAs were precipitated
from the samples by adding hydrochloric acid to pH
= 1-2, then they were centrifuged, washed with water
to pH = 7.0, and dried. Three types of high-moor peat
obtained from the Vasyuganskoye peat deposit of the
Tomsk region were used as raw materials.

The HAsphagn sample was extracted from the
sphagnum peat (sampled at a depth of 20—70 cm) with
a degree of decomposition of plant residues (R) of
5-10% and an ash content (4) of 2.8%. The HApine-
cott sample was obtained from the pine-cotton peat
(sampled at a depth of 10-50 cm, R = 30-35%, 4 =
7.3%), and the HAmagellan sample was isolated from
the magellanic peat (sampled at a depth of 100-120
cm, R =10-15%, A = 2.7%)).

Chemical Description of Humic Acids

The elemental composition of each HA sample
was studied, and its molecular weight was determined
(Mw —weight average molecular weight, Mn — number
average molecular weight, Mp — peak molecular
weight). The elemental composition (carbon,
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hydrogen, and nitrogen content) was determined using
a C,H,N analyzer (Carlo Erba Strumentazione 1106,
Milan, Italy) and expressed as the atomic fractions of
each element. The oxygen content was determined by
differences. For the HAsphagn sample: C 41.7 = 0.2%,
H40.1+0.2%,N 1.9+ 0.01%, O 16.3 + 0.1%. For the
HApine-cott sample: C 38.6 = 0.5%, H 42.5 + 0.4%,
N 1.40 £ 0.02%, O 17.6 = 0.2%. For the HAmagellan
sample: C 38.4 + 0.5%, H 42.47 + 0.4%, N 2.2 +
0.03%, O 16.9 = 0.2%. For the HAsphagn sample:
Mw = 39.7 kDa, Mn = 7.7 kDa, and Mp = 17.5 kDa.
For the HApine-cott sample: Mw = 22.8 kDa,
Mn=6.1kDa,and Mp=11.8 kDa. For the HAmagellan
sample: Mw = 18.8 kDa, Mn = 4.9 kDa. and Mp =
9.6 kDa.

Experimental Animal Groups and Substance
Administration Schemes. Female C57B1/6J mice (n =
70) aged 7-8 weeks purchased from the Department of
Experimental Biological Models of the E. D. Goldberg
Research Institute of Physiology and Pharmacology
were used in this study (approval of the Bioethics
Committee, Minutes No. 227012024 dated February
01, 2024). The HA course lasted 10 days and involved
daily intraperitoneal injections. The HA preparations
were prepared at a dose of 1 mg / kg of animal body
weight (0.9% sodium chloride solution was used as
a solvent) and administered in a volume of 100 pl.
The control group received 100 pl of normal saline
intraperitoneally, the comparison group received
100 pl of glucosaminylmuramyl dipeptide (Lycopid,
Skopinfarm, Russia) at a dose of 2 mg / kg for 10
days. The dosing regimen and the scheme for using
the studied compounds had been previously optimized
in a series of preparatory experiments.

To induce a thymus-dependent humoral immune
response, sheep red blood cells (SRBC) were
administered intraperitoneally to animals at a dose of
5 x 10° cells on day 5 of administration of the test
substances. One day after the end of the course, the
number of antibody-forming cells (AFCs) in the
spleen of the animals was assessed, and blood was
collected to obtain serum and determine the titers of
specific antibodies to SRBC (hemagglutinins) [18].

Study of the Phagocytic Capacity of Peripheral
Blood Neutrophils. Phagocytosis of peripheral blood
neutrophils was stimulated by adding latex particles
to them. For this purpose, heparin (500 U / ml) in
a volume of 3 ul was mixed with 10 ul of a mouse
peripheral blood taken from the tail vein 24 h after the
last HA injection. This mixture was then placed in the
wells of a round-bottom plate along with 10 ul of latex

particles (60—-80 x 10/ ul) and incubated for 30 minutes
at 37 °C on a shaker. Next, the plate was centrifuged
for 5 min (1,000 rpm), 10 pl of the supernatant was
removed, the sediment was resuspended and used
to prepare smears on glass slides. The smears were
fixed with May — Griinwald stain and then stained
with azure l1-eosin. Microscopic analysis of the stained
smears was performed to determine the phagocytic
index (percentage of neutrophils that phagocytized
latex particles) and the phagocytic number
(average number of latex particles absorbed by one
neutrophil) [18].

Study of the Phagocytic Activity
of Peritoneal Macrophages

The phagocytic activity of peritoneal macrophages
was stimulated using a 0.05% ink solution, which was
administered to mice intraperitoneally at a volume of 2
ml one day after the final administration of HAs. Ten
minutes later, the abdominal cavity was washed with
normal saline. The cell suspension was precipitated
twice by centrifugation, then the total number of
peritoneal exudate cells and the number of macrophages
that had absorbed the ink were counted. Then the cell
suspension was precipitated again, the supernatant was
discarded, and the sediment was removed with distilled
water. The optical density of the resulting solution
was measured spectrophotometrically (A = 620 nm).
The optical density values reflected the volume of
ink absorbed by macrophages. Based on the data, the
phagocytic index (percentage of macrophages that
captured ink particles) and the phagocytic number (the
average amount of ink absorbed by one macrophage)
were calculated [18].

Determination of the Number of Antibody-
Producing Cells in Mouse Spleens. The spleens
extracted from mice were homogenized together
with a 0.9% sodium chloride solution, the resulting
homogenate was filtered through a mesh, and the
number of cells in the suspension was determined.
In a water bath (50 °C), 900 ul of agarose solution
containing 0.7% agar (Difco, USA) in medium
199 (Sigma, USA) was mixed with 200 pl of 20%
SRBC suspension, 200 pl splenocytes suspension,
and 100 pl of complement (Microgen, Russia). The
resulting mixture was poured into Goryaev chambers
and incubated in a humid atmosphere at 37 °C for
2 hours. The number of hemolysis zones formed in
the erythrocyte monolayer, which corresponded
to the number of AFCs, was counted using a light
microscope [18].
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Determination of the Level of Antibodies to Sheep
Erythrocytes (Hemagglutinins) in the Blood
Serum of Mice

The serum was inactivated at 56 °C for 30 min.
After that, the samples were sequentially diluted
in an immunological round-bottom plate, using a
volume of 25 pl and a 1:2 dilution step. Then, 25 pl
of a 1% SRBC suspension was added to each dilution,
and the mixture was incubated at 37 °C for 2 hours
The maximum serum dilution at which antigen
agglutination was visually observed was considered as
the hemagglutinin titer and expressed in logarithmic
form of T to the base 2 (log,T) [18].

Statistical analysis of the data was performed using
the Statistica 10 (StatSoft) for Windows. Due to the
small sample size, the nonparametric Kruskal — Wallis
test was used to assess the statistical significance of

differences in quantitative variables of three or more
groups. The parameters under study were described
using the median (Me) and the interquartile range
(Q;; Q). Differences were considered statistically
significant at p < 0.05.

RESULTS

The following results were obtained after the
course administration of HAs and the comparison drug
Lycopid to mice. All the HA samples and Lycopid
had a stimulating effect on the phagocytic capacity of
neutrophils. The phagocytic index (the percentage of
neutrophils that absorbed latex) increased significantly
in all groups that received HAs and Lycopid, the
effect of Lycopid was the most pronounced (Table 1).
Samples HAsphagn and HAmagellan increased the
phagocytic index to a lesser extent.

Table 1

Indicators of Phagocytic Capacity of Peripheral Blood Neutrophils of CS7Bl/6J Mice after a Course of Treatment
with Peat Humic Acid Preparations, Me (Q,; Q,)

Observation group, dose,
number of animals (n)

Phagocytic index

Phagocytic number

1. Control (n=17)

9.00 (6.00; 10.00)

2.17 (1.50; 2.50)

2. Lycopid, 2mg /kg (n=17)

23.00 (19.00; 28.00); 1-2 p =0.001

2.17 (1.74; 2.80)

3. HAsphagn, 1 mg/ kg (n=7)

14.00 (12.00; 15.00); 1-3 p = 0.02; 2-3 p = 0.001

5.21 (4.14; 7.00); 1-3 p = 0.001; 2-3 p = 0.001

4. HApine-cott, 1 mg / kg (n ="7)

18.00 (18.00; 23.00); 14 p = 0.001

2.00 (1.72; 3.22)

5. HAmagellan, 1 mg / kg (n =17)

In contrast to Lycopid and HApine-cott, HAsphagn
and HAmagellan samples significantly increased the
phagocytic number of neutrophils (the number of latex
particles per cell). The HApine-cott sample did not affect
the phagocytic number, but significantly increased the
phagocytic index, approaching Lycopid in efficiency.

It was also found that the administration of Lycopid
and HA preparations increased cell population in the

16.00 (13.00; 18.00); 1-5 p = 0.009; 2-5 p = 0.002

3.69 (3.41; 4.38); 1-5 p = 0.002; 2-5 p = 0.01

peritoneal fluid of the experimental mice, as well
as the number of phagocytic cells in the peritoneal
exudate (Table 2).

It was also shown that the use of HAS in vivo
resulted in an increase in the relative number of
macrophages that engulfed ink (phagocytic index) in
both the comparison drug and experimental groups
(Table 3).

Table 2

Quantitative Composition of Peritoneal Exudate Cells of C57Bl/6J Mice after a Course of Treatment with Peat Humic Acid
Preparations, Me (Q,; Q,)

Observation group, dose,
number of animals (n)

Number of cells in peritoneal exudate, x10°

Number of phagocytic cells in peritoneal exudate, x10°

1. Control (n=7) 0.78 (0.58; 1.33)

0.20 (0.13; 0.30)

2. Lycopid, 2 mg / kg (n=7)

2.05 (2.03; 2.85); 1-2 p = 0.002

0.68 (0.60; 0.90); 1-2 p = 0.002

3. HAsphagn, 1 mg/ kg (n=7)

3.88(3.63; 4.18); 1-3 p = 0.001; 2-3 p = 0.005

1.03 (0.93; 1.30); 1-3 p = 0.001; 2-3 p = 0.008

4. HApine-cott, L mg / kg (n="7)

3.70 (3.43; 4.38); 14 p=0.001; 2—4 p = 0.009

1.18 (0.98; 1.28); 14 p=0.001; 24 p = 0.01

5. HAmagellan, 1 mg / kg (n=17)

All experimental groups showed an increase in the
amount of ink absorbed by peritoneal exudate cells
compared to control values. However, in all study
groups, a significant decrease in the average amount of

4.93(4.83; 7.00); 1-5 p = 0.001; 2-5 p = 0.001

1.73 (1.48;2.13); 1-5 p = 0.001; 2-5 p = 0.001

ink absorbed by one macrophage (phagocytic number)
was observed compared to the controls. We associate
this decrease with a significant increase in the number
of phagocytic cells in the peritoneal exudate.

Bulletin of Siberian Medicine. 2025; 24 (4): 95-103 99



Trofimova E.S., Zykova M.V., Ligacheva A A. et al. Effects of peat humic acids on phagocytic activity of innate immunity cells

During the study, we also investigated the
parameters of the thymus-dependent humoral immune
response induced by the administration of SRBCs to
mice receiving a course of HAs. The number of AFCs
in the spleens of the mice and the level of antibodies
to SRBC (hemagglutinins) in the blood serum were

assessed. In the experimental group of animals that
received a course of the HAsphagn sample, a decrease
in the number of AFCs was recorded relative to the
control group and the group that received Lycopid. The
level of antibodies produced to SRBC (hemagglutinin
titer) also decreased in this group of mice (Table 4).

Table 3

Indicators of Phagocytic Capacity of Peritoneal Macrophages of C57Bl/6J Mice after a Course
of Treatment with Peat Humic Acid Preparations, Me (Q,; Q)

Observation group, dose, M | prgocytic ines The amount o ink n th cells Phagocytic number, x10°

1. Control (n=17) 22.58 (20.00; 24.53) 0.17 (0.13; 0.21) 0.91 (0.85; 1.08)

2 oo zmong0n | POEEND PO PO

s wastan imalka -1 | TS PR L) o

e imalia =) | P Py e

5 Hamagellan 1mg kg (=) | 00N Y S Y hses | s pe 00012252000
Table 4

Indicators of the Humoral Thymus-Dependent Immune Response of C57B1/6J Mice after a Course
of Treatment with Peat Humic Acid Preparations, Me (Q,; Q)

Observation group, dose,

number of animals () Number of antibody-forming cells, x10%/ spleen Hemagglutinin titer, log,T
. Control (n="7) 24.29 (16.43; 31.43) 4.00 (3.00; 4.50)
. Lycopid, 2 mg / kg (n="7) 70.00 (58.57; 82.86); 1-2 p=0.001 4.00 (3.00; 4.50)
. HAsphagn, 1 mg / kg (n="17) 5.71 (4.29; 8.57); 1-3 p=0.002; 2-3 p = 0.004 2.00 (1.50; 2.50); 1-3 p=0.02; 2-3 p=0.01

. HApine-cott, 1mg / kg (n=7) | 98.57 (82.86; 150.00); 1-4 p = 0.001; 24 p = 0.002 6.00 (4.50; 7.00); 1-4 p = 0.01; 2-4 p = 0.03

O [W|N| -

In the group of mice that were administered the
HApine-cott sample, an increase in the number of
AFCs inthe spleens and the titer of antibodies produced
by them was observed. The same trend was observed
in the animals that received the HAmagellan sample.
Administration of the comparison drug Lycopid to the
mice increased the number of AFCs in the spleens, but
did not affect their production of hemagglutinins.

DISCUSSION

Natural products, such as mumiyo, peat, and
sapropel, rich in humic substances, are widely used in
traditional medicine. In addition to the experimentally
proven adaptogenic, antioxidant, hepatoprotective,
wound-healing, antibacterial, and anti-inflammatory
properties [9, 10], it has been found that HAs can
influence the immune system. D. Mudrotniovaetal. [16]
demonstrated that a food supplement containing HAs

.HAmagellan, 1 mg/kg (1=7) | 91.43 (62.86; 120.71); 1-5 p =0.001; 2-5 p=0.001 | 600 (5.50; 7.00); 1-5 p = 0.001; 2-5 p = 0.005

stimulated the phagocytic activity of peripheral blood
phagocytes of broiler chickens and also increased the
proportion of CD4+ and decreased the proportion of
CD8+ lymphocytes. R. Habibian et al. [19] obtained
results using the Farmagulator Dry preparation
containing HAs and administered to rats ad libitum.
These results showed a dose-dependent enhancement
of the humoral immune response to the B. melitensis
vaccine, as well as an increase in the phagocytosis of
yeast particles by rat blood mononuclear leukocytes.
Another example is the work by A.V. Vucskits et al.
[20], who showed that adding humic and fulvic acids
extracted from brown coal to the diet of rats leads to
an increase in humoral immunity, manifested in an
increase in the titer of antibodies to ovalbumin. Similar
observations were made in a broiler chicken model
[21], where the use of a feed supplement containing
HAs or a mixture of HAs with organic acids increased
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antibody titers against infectious bronchitis and
Newcastle disease viruses, without affecting blood
biochemical parameters.

In our work, we studied the effect of HAs isolated
by sodium pyrophosphate extraction from three
different types of peat from the Tomsk region bogs
(the Vasyuganskoye peat deposit) on the phagocytic
activity of peripheral blood neutrophils and
peritoneal macrophages of laboratory mice, as well as
indicators of the thymus-dependent humoral immune
response. HA preparations were administered to
animals for 10 days. The comparison group received
glucosaminylmuramyl dipeptide (Lycopid), an analog
of bacterial peptidoglycan that stimulates innate and
acquired immunity, including the bactericidal function
of phagocytes and the humoral immune response [22].

Impaired ability of innate immune effector cells —
neutrophils and macrophages—to absorb pathogens can
lead to uncontrolled spread of infection, accumulation
of cellular debris, chronic inflammation, and
disruptions in the formation of the adaptive immune
response [3]. Thus, phagocytosis plays a key role in
suppressing inflammatory processes and restoring
homeostasis in the body. Compounds that can increase
the phagocytic activity of immune cells are therefore
considered to be promising immunomodulatory drugs.

The results of the study demonstrated that the
course application of peat HAs and Lycopid in mice
stimulated the phagocytic activity of peripheral blood
neutrophilic leukocytes — an increase in neutrophils
that had absorbed latex (phagocytic index) was
observed in blood samples of animals that received
a course of all the tested HA preparations. It should
be noted that the effect of the HApine-cott sample
was comparable to that of Lycopid (Table 1), and
the introduction of the HAsphagn and HAmagellan
samples to the animals resulted in a higher average
number of particles absorbed by one cell (phagocytic
number), compared to the group receiving Lycopid.
In addition, the course administration of the samples
caused an increase in the total number of peritoneal
exudate cells, including phagocytic elements (Table
2), which was reflected in an increase in the phagocytic
index of peritoneal macrophages (Table 3).

It should be noted that the total number of peritoneal
exudate cells and the number of phagocytes in the
groups receiving HAs exceeded the corresponding
indicators for the Lycopid group. We also observed an
increase in the amount of ink absorbed by peritoneal
phagocytes in all experimental groups compared to
the control group receiving normal saline.

During phagocytosis of foreign agents, antigen-
presenting cells present foreign molecular structures to
lymphocytes. This process activates the mechanisms
of adaptive immunity. This study investigated the
effect of a course of peat HA application on the
indicators of the humoral immune response formed
in animals following immunization with SRBC. The
study showed that the introduction of the HAsphagn
sample suppressed the activity of AFCs in the spleen
and reduced the level of hemagglutinins in the blood
serum of experimental animals compared to the control
group (Table 4). By contrast, the use of the HApine-
cott and HAmagellan compounds stimulated the
growth of these parameters in mice. Moreover, after
a course of HApine-cott and HAmagellan, the number
of AFCs and the antibody titer (hemagglutinins)
were higher than those recorded for Lycopid. The
HApine-cott and HAmagellan samples demonstrated
immunostimulatory activity, manifested in the
enhancement of the phagocytic function of peripheral
blood neutrophils and peritoneal macrophages in
mice, as well as in the activation of the humoral
immune response to sheep erythrocytes. According
to the results of the studies, their effectiveness was
comparable to that of the reference drug Lycopid and
in some cases even exceeded its performance.

CONCLUSION

Our experiments revealed that course therapy with
all tested peat humic acid preparations stimulated the
proliferation of phagocytic cells and increased the
effectiveness of their interaction with foreign particles.
Moreover, the use of HApine-cott and HAmagellan
preparations enhanced the humoral immune response
caused by the introduction of sheep erythrocytes into
experimental animals. This was manifested in an
increase in the number of antibody-forming cells in
the spleen tissues and an increase in the hemagglutinin
titer in the blood serum. Thus, the HApine-cott and
HAmagellan samples, isolated from the bogs of
the Tomsk region and capable of stimulating the
phagocytic activity of macrophages and neutrophils,
as well as enhancing the effectiveness of the humoral
immune response, represent a promising basis for the
creation of innovative drugs of natural origin that can
be used in treating immunodeficiency-related diseases.
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