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ABSTRACT

Aim: To investigate the effect of succinic acid on the humoral component of the immune system in rats.

Materials and Methods: The study was conducted on two groups of mature non-linear white rats (males) of similar weight (200-270 g, aged 6-8 months),
with 5 animals in each group. The control group was fed a standard diet with free access to water throughout the experiment. Rats in the experimental group
were subcutaneously injected with a 0,1% solution of succinic acid in a liposomal emulsion at a dose of 20 cm* for five days. The state of the humoral component
of the immune system was assessed by measuring serum immunoglobulins A, M, and G using solid-phase enzyme-linked immunosorbent assay. Circulating
immune complexes were determined in a 40% solution of polyethylene glycol.

Results: Under the influence of succinic acid in liposomal emulsion the content of class Aimmunoglobulins increased by 44,0% (p<0.01) compared to ratsin
the control group. The activation of class A immunoglobulin synthesis points to the provision of local immunity of the mucous membranes in the rat’s body. The
content of class Mimmunoglobulins increased by 61,0% (p<0.001) compared to the control group rats. This high activity of class Mimmunoglobulins indicates
their rapid activation in the body of rats in response to primary contact with succinic acid in liposomal emulsion. The content of class G immunoglobulins
increased by 36,0% (p<0.05) compared to the control group rats. No clinical deviations from physiological norms were observed in the rats after the use of
succinic acid in liposomal emulsion. After the use of succinic acid in liposomal emulsion in the experimental group of rats, the concentration of CICs increased
by 15,0% (p<0.05) compared to the control group rats. In our case, the increase in CIClevels is not correlated with clinical manifestations but is a consequence
of increased levels of class M and G immunoglobulins.

Conclusions: The succinic acid in liposomal emulsion activates the production of class A, M, G immunoglobulins, circulating immune complexes, it prevents

the development of secondary immunodeficiency and has a positive impact on the humoral branch of the immune system in rats.
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INTRODUCTION

The immune system serves to protect the body from
various genetically foreign factors [1]. Humoral factors
(interferons, interleukins, chemokines), as well as com-
ponents of the immune system such as the complement
system, lysozyme, and immunoglobulins, play a signif-
icant role in the immune response [2, 3].

Disruption of the innate or adaptive immunity compo-
nents can lead to the development ofimmunodeficiency
conditions [4, 5]. Primary immunodeficiencies are caused
by congenital dysfunctions of the immune system, typ-
ically of genetic etiology, while secondary immunode-
ficiencies result from other factors, often of exogenous
origin, leading to immune system exhaustion [6, 7].

Currently, there has been limited progress in the use
of immunotropic drugs [8].

Wiad Lek. 2024;77(12):2475-2480. doi: 10.36740/WLek/197084 (DOl

A significant portion of the pharmaceutical market is
occupied by syntheticimmunotropic drugs, which are
often associated with numerous adverse side effects. An
alternative to these is herbal-based medicines [9, 10].

In immunotherapy, herbal drugs and medications
are used to stimulate the synthesis of interferons (e.g.,
Aloe arborescens, Kalanchoe pinnata), influence the
complement system (e.g., basil, mountain arnica) [11],
and increase lysozyme levels in the body (e.g., anise,
eucalyptus) [12].

According to the State Register of Medicines in
Ukraine, as of 2024, approximately 1,020 immuno-
modulatory drugs are registered under the L category
according to the ATC classification, with 10% being
domestic products and the remaining 90% being of
foreign origin.
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Succinic acid and its salts, or succinates, are important
intermediates in metabolism, possessing protective
properties for the body. Succinic acid is present in all
living organisms in certain quantities as it is produced
in the mitochondria [13].

Research data[14] indicates that succinic acid is harm-
less to the body and has several beneficial properties: it
positively influences oxygen absorption by cells, exhib-
its anti-stress and adaptogenic effects, and more. It is
known that succinic acid not only has detoxifying prop-
erties but also stimulates cellular respiration, enhances
the body’s resistance, and improves the absorption of
nutrients due to its chelating properties [15].

Anotherimportant property of succinic acid is its abil-
ity to influence immune defense processes in infectious
diseases [16, 17]. The immunostimulating properties
of succinic acid form the basis of some medications. It
should be noted that succinic acid is non-toxic to the
body, does not accumulate, and can therefore be used
over prolonged periods [18].

Medications based on succinic acid activate aerobic
oxidation processes, have antioxidant and antihypoxic
effects, and can reduce free radicals and restore cellular
immunity [19]. Succinic acid-based medications have
also been shown to be effective in the treatment and
prevention of influenza, forming a stable immunity [20].

One of the modern approaches in medicine and
pharmacy is the development of drug delivery systems
that enhance the bioavailability and efficacy of thera-
peutic substances. One such approach is the creation
of liposomal drugs [21].

There are few studies on the effect of succinic acid
on the humoral component of the immune system in
rats, making the development and search for effective
prevention schemes of immunodeficiency conditions
relevant.

AIM

To investigate the effect of succinic acid on the humoral
component of the immune system in rats.

MATERIALS AND METHODS

In the first stage of the study, a liposomal emulsion with
succinic acid was prepared using an ultrasonic disperser
Y3H-A at a working frequency of 22 kHz at the Ternopil
Research Station of the National Academy of Agrarian
Sciences of Ukraine. To enhance the strength of the lipo-
somal emulsion membranes, up to 40% cholesterol was
added to the initial lipid mixture. The internal aqueous
volume of the liposomes contained a 0.1% solution of
succinic acid [22].
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In the second stage, the effect of succinic acid in the
liposomal emulsion on the humoral component of the
immune system in rats was studied.

The study was conducted on two groups of mature
non-linear white rats (males) of similar weight (200-270
g, aged 6-8 months), with 5 animals in each group.
The rats were kept under identical conditions at the
vivarium of |. Horbachevsky Ternopil National Medical
University. The control group (Group I) was fed a stan-
dard diet with free access to water throughout the
experiment. Rats in the experimental group (Group )
were subcutaneously injected with a 0,

1% solution of succinic acid in a liposomal emulsion
at a dose of 20 cm?® for five days.

Clinical research was conducted using a typical par-
allel group model. Rats were randomly selected for the
groups to achieve statistically significant results.

On the fourth day after the last injection of succinic
acid in the liposomal emulsion, the rats were decapi-
tated under thiopental anesthesia. Blood was collected
aseptically into two test tubes: one with heparin for
morphological studies and another without heparin
for biochemical studies.

The state of the humoral component of the immune
system was assessed by measuring serum immuno-
globulins A, M, and G using solid-phase enzyme-linked
immunosorbent assay (ELISA) with an“eBioscience Inc”
reagent kit and a “StatFax” analyzer [23]. Circulating
immune complexes were determined in a 40% solution
of polyethylene glycol [24].

The care of rats and all experiments involving animals
were conducted in accordance with the provisions
of the European Convention for the Protection of
Vertebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 2005) and the Law of
Ukraine “On the Protection of Animals from Cruelty”.

Statistical processing of the study results was per-
formed using Microsoft Excel 2003. The significance
was assessed using Student’s t-test, and the results
were considered statistically significant at p < 0.05, p
<0.01,and p < 0.001.

RESULTS

To determine the effect of succinic acid in liposomal
emulsion on the state of the humoral link of the immune
system of rats, the content of immunoglobulins A, M,
G, and CIC in the blood of rats before and after the use
of the drug was investigated.

The obtained data indicate that under the influence of
succinic acid in liposomal emulsion the content of class A
immunoglobulinsincreased by 44,0% (p<0.01) compared
to rats in the control group (Table 1). The obtained data
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Table 1. The content of immunoglobulins A, M, G and CICs in the blood of rats after the use of succinic acid in a liposomal emulsion (M+m, n=5)

Indicators

Immunoglobulins,

Immunoglobulins,

Immunoglobulins, Circulating immune

Groups A g/l M, g/l G, g/l complexes,
con. un.

Control 0,36 £0,02 0,90 + 0,06 2,24 +0,07 32,50+1,45

Experiment 0,52 £ 0,06** 1,45 = 0,09%** 3,04 £ 0,05% 37,52 +1,53*%

Note. * — p < 0,05; ** - p < 0,01; *** —p < 0,001 compare with control group.

give grounds for asserting that under the influence of
succinic acid in liposomal emulsion there is activation of
plasma cells located under the mucous membranes, which
facilitated the production of class Aimmunoglobulins. The
activation of class Aimmunoglobulin synthesis under the
influence of succinic acid points to the provision of local
immunity of the mucous membranes in the rat’s body, as
serum immunoglobulin class A protects the respiratory,
urinary tracts, and gastrointestinal tract from various infec-
tions.These antibodies prevent bacteria from attaching to
epithelial cells, thus inhibiting their adhesion and prevent-
ing bacterial damage to cells. Consequently, succinic acid
in liposomal emulsion, along with nonspecific immune
factors, ensures the protection of mucous membranes
from viruses and microorganisms. Thus, succinic acid in
liposomal emulsion has a positive effect on the formation
of immunity in mucosa in rats.

From the data presented inTable 1, it can be seen that
after the application of succinic acid in liposomal emul-
sion in the experimental group of rats, the content of
class Mimmunoglobulins increased by 61,0% (p<0.001)
compared to the control group rats. This high activity of
class M immunoglobulins indicates their rapid activa-
tion in the body of rats in response to primary contact
with succinic acid in liposomal emulsion.

Given that class M immunoglobulin is part of the
antigen-specific receptor of B-lymphocytes, and IgM
is found in monomer form on the cell membrane with
an additional hydrophobic domain, succinic acid in
liposomal emulsion promoted the activation of B-lym-
phocytes that secrete pentameric IgM, later switching
to IgG or otherimmunoglobulin classes. IgM is the first
barrier against infection. Although it has low specificity
(affinity) for antigens, its pentameric structure allows it
to bind five antigen molecules simultaneously, resulting
in high avidity binding. Furthermore, due to its oligo-
meric nature, IgM easily causes the agglutination of mi-
crobial cells, aiding their destruction by macrophages.

Therefore, it can be assumed that succinic acid in
liposomal emulsion activates the production of class
M immunoglobulins, prevents the development of
secondary (acquired) immunodeficiency, and has a
positive impact on the humoral branch of the immune
system in rats.

The data in Table 1 also show that after the appli-
cation of succinic acid in liposomal emulsion in the
experimental group of rats, the content of class G im-
munoglobulins increased by 36,0% (p<0.05) compared
to the control group rats. No clinical deviations from
physiological norms were observed in the rats after the
use of succinic acid in liposomal emulsion. Therefore,
theincrease in the content of class Gimmunoglobulins
in the rats’bodies after using succinic acid in liposomal
emulsion indicates the induction of antibody-depen-
dent cell-mediated cytotoxicity and the formation of
long-term humoral immunity.

Circulating immune complexes (CICs) form as a re-
sult of the immune response to foreign antigens. The
immune system reacts to antigens that enter from out-
side (during viral, bacterial, parasitic infections, etc.), as
well as to autoantigens formed during physiological or
pathological processes in the body. These complexes are
usually quickly removed by the phagocytic system. The
mechanisms of their elimination are linked to a complex
of cellular, biochemical, and enzymatic mechanisms,
including the activation of the complement system.

After the use of succinic acid in liposomal emulsion
in the experimental group of rats, the concentration
of CICs increased by 15,0% (p<0.05) compared to the
control group rats. In our case, the increase in CIC lev-
els is not correlated with clinical manifestations but
is a consequence of increased levels of class M and G
immunoglobulins.

DISCUSSION

Blood tests are an important diagnostic method, a way
to control treatment effectiveness, and a marker of re-
covery. Biochemical blood analysis allows for an assess-
ment of the functioning of internal organs and systems.
Some biochemical blood parameters are markers that
determine the magnitude of the inflammatory process.

Immunity is one of the elements of homeostasis in
the body. The immune system ensures immune re-
sponses that contribute to the preservation of genetic
homeostasis.

After the application of succinic acid in liposomal
emulsion in the experimental group of rats, the con-
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tent of class A immunoglobulins increased by 44,0%
(p<0.01) compared to the control group rats. The ob-
tained data allow us to state that under the influence
of succinic acid in liposomal emulsion, there was an
activation of plasma cells in the rats’ bodies aimed at
producing class Aimmunoglobulins, which ensure the
local protection of mucous membranes.

Thus, succinic acid in liposomal emulsion positive-
ly affects the formation of immunity in the mucous
membranes of rats. Our data supplement research [6],
which reports that succinic acid prevents the loss of
IgA neutralizing activity during the massive entry of
antigens, including superantigens, through the mu-
cous membranes, and reports [15] regarding increased
resistance of the body due to succinic acid exposure.

Up to 10,0% of the total amount of immunoglobulins
is accounted for by class M immunoglobulins. These
immunoglobulins are effective in agglutination and op-
sonization reactions and bind complement well. After
the application of succinic acid in liposomal emulsion
in the experimental group of rats, the content of class
M immunoglobulins increased by 61,0% (p<0.001)
compared to the control group rats.

This high activity of class M immunoglobulins in-
dicates their rapid activation in the rats’ bodies in
response to the primary contact with succinic acid
in liposomal emulsion. Therefore, it can be assumed
that succinic acid in liposomal emulsion activates the
production of class M immunoglobulins, prevents the
development of secondary (acquired) immunodeficien-
¢y, and has a positive effect on the humoral branch of
the immune system in rats. This expands upon reports
[6] that reduced immune insufficiency underlies immu-
nodeficiency and that the use of succinic acid in lipo-
somal emulsion positively affects the body’s metabolic
processes, complementing reports [16] on its use as a
regulator of metabolic processes.

From 70,0 % to 85,0 % of the total amount of immu-
noglobulins is accounted for by class G immunoglob-
ulins. It should be noted that these immunoglobulins
are found in the body’s tissue fluids, and during the

immune response, they appear in the serum following
class M immunoglobulins.

After the application of succinic acid in liposomal
emulsion in the experimental group of rats, the content
of class Gimmunoglobulins increased by 36,0% (p<0.05)
compared to the control group rats. No clinical deviations
from physiological norms were observed in the rats after
using succinic acid in liposomal emulsion. Therefore,
the increase in the content of class G immunoglobulins
in the rats’ bodies after using succinic acid in liposomal
emulsion indicates the formation of long-term humoral
immunity. Our data expand on reports [8] about the
immunomodulatory properties of succinic acid.

Circulating immune complexes form in response to
foreign antigens. The immune system reacts to antigens
that come from outside (during viral, bacterial, para-
sitic infections, etc.), as well as to autoantigens formed
during physiological or pathological processes.

After the application of succinic acid in liposomal
emulsion in the experimental group of rats, the con-
centration of circulating immune complexes increased
by 15,0% (p<0.05) compared to the control group rats.

The increase in CIC concentration by 15,0% is a result
of decreased tolerance to autoantigens and impaired
elimination processes. Succinic acid in liposomal emul-
sion dissolves and circulates in the rats’ bloodstream,
leading to its slight accumulation on the membranes
of small vessels and tissues, which subsequently causes
anincrease in the concentration of circulating immune
complexes. The elevated CIC level is not specific to
any particular disease and does not indicate immune
complex pathology or tissue damage.

CONCLUSIONS

Succinicacid in liposomal emulsion positively influenc-
es the humoral branch of the immune system in rats, as
evidenced by the increase in immunoglobulin class A
by 44,0% (p<0.01), immunoglobulin class M by 61,0%
(p<0.001), immunoglobulin class G by 36,0% (p<0.05),
and circulating immune complexes by 15,0% (p<0.05).
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