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Abstract: Lysozyme dimer is the active ingredient of Lydium-KLP (Nika Health Products), an immuno-
modulating drug used in veterinary practice. It is a highly purified semi-synthetic substance, obtained by
the chemical polymerization of natural N-acethylmuramylohydrolase found in the albumen of chicken
eggs. Preclinical trials in vitro have revealed that lysozyme dimer, depending on its concentration, is able
to enhance the production of IFN-a and modulate the synthesis and release of IL-2, interleukin-6 (IL-6)
and TNF-a by cultured human lymphocytes stimulated by concanavalin A (Con-A). The in vitro trials show
that lysozyme dimer stimulates the phagocytic activity of leukocytes isolated from cow’s milk and blood.
Our preclinical in vivo studies investigated the dose-dependent immunotropic effects of lysozyme dimer
using various experimental models. Immunomodulating or immunocorrecting effects of lysozyme dimer
were defined on inbred strain of mice stimulated with thymus-dependent antigen, i.e. sheep erythrocytes
(SRBC), or pharmacologically suppressed by the administration of high dose of cyclophosphamide (200
mg/kg) or hydrocortisone (125 mg/kg), or subjected to acute stress (immobilization stress). The article
presents the current state of knowledge on the immunomodulatory properties of lysozyme dimer under
conditions of stimulation or suppression of the immune system. We review what is known specifically
from preclinical trials about the adjuvant action of lysozyme dimer on the primary and secondary humoral
response of SRBC-immunized mice as well as about its immunocorrective effect.
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1. Introduction

Understanding the real functions of the immune sys-
tem which go far beyond purely defensive tasks, el-
evated it to the rank of one of the three most impor-
tant body integration systems. The immune system
together with the endocrine and nervous systems
form a neuro-hormonal-immune network. This triad
constitutes an overarching and functional relationship
that is responsible for and determines the health bal-
ance of the organism, i.e. its homeostasis.
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In addition to the defensive function based on the abil-
ity to recognize, destroy and eliminate foreign struc-
tures or abnormal endogenic elements, the immune
system is responsible for ensuring the protection and
tolerance to the body’s own normal tissues and is also
obliged to exert protrophic influences that aim at sup-
porting the regeneration processes of its own recog-
nized tissues. The ability of performing these three
basic functions of the immune system (defense, toler-
ance and regeneration) is conditioned by the success-
ful cooperation of immunocompetent cells and their
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products including monokines, cytokines, neuropep-
tides, growth factors and biogenic amines. Therefore,
the challenge of pharmacological control over these
endogenous immune mechanisms has become a very
important issue in both experimental and clinical vet-
erinary and medical research in recent years.

Introduction of pharmacological immune response
modulators, of both natural origin (Propionibacteria,
thymus hormones, biostimine, evening primrose ex-
tract and chitosan) and those artificially synthetized
(levamisole, isoprinozin, azimexon), has contributed
to a significant progress in the treatment of many dis-
eases of various etiologies. This is especially true for
acquired secondary immunodeficiencies which may
manifest as increased incidence of infections, occur-
rence of recurrent and/or opportunistic infections as
well as the occurrence of allergic, autoimmune and
neoplastic diseases. The effect of an immunomodula-
tory drug (biological response modifier) includes both

the enhancement and suppression of the immune re-
sponse. The direction and effect of an immunomodu-
lator depends on the immune status of the body as
well as the dose, route and frequency of administra-
tion.

Lysozyme dimer is a highly purified semi-synthetic sub-
stance, obtained by the chemical polymerization of nat-
ural N-acethylmuramylohydrolase found in the albumen
of chicken eggs. It is the active ingredient of Lydium-KLP
(Nika Health Products), a biological response-modifying
drug used in veterinary practice (Fig.1). Preclinical trials
in vitro have revealed that lysozyme dimer, depending
on its concentration, is able to enhance the production
of IFN-a and modulate the synthesis and release of IL-2,
interleukin-6 (IL-6) and TNF-a by cultured human lym-
phocytes stimulated by concanavalin A (Con-A) [Klein
& Kiczka, 1994]. The in vitro trials also show that lyso-
zyme dimer stimulates the phagocytic activity of leuko-
cytes isolated from cow’s milk and blood [Kiczka et al.,

Fig. 1. Immunotrophic properties and activities of lysozyme dimer (preparation of Lydium-KLP, Nika Health Products)
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1994]. Moreover, the results obtained ex vivo show that
lysozyme dimer is also able to modulate the synthesis
and release of IL-1 by murine peritoneal macrophages
stimulated in vitro with lipopolisaccharide from E. coli
(LPS). It was found that the modulating effect of the
drug depends on the dose as well as the number of con-
secutive doses administered [Obminska-Mrukowicz et
al., 2002]. Other authors have reported that lysozyme
dimer administered to pigs enhances the production of
interleukin-1 (IL-1), interleukin-2 (IL-2) and interferon y
(IFN-y) [Siwicki et al., 1997].

In the Department of Pharmacology and Toxicology,
Wroctaw University of Environmental and Life Scienc-
es, there were carried out preclinical in vivo studies in-
vestigating the dose-dependent immunotropic effects
of lysozyme dimer using various experimental models.
Immunomodulating or immunocorrecting effects of
lysozyme dimer were defined on inbred strain of mice
stimulated with thymus-dependent antigen, i.e. sheep
erythrocytes (SRBC), or pharmacologically suppressed
by the administration of high dose of cyclophospha-
mide (200 mg/kg) or hydrocortisone (125 mg/kg), or
subjected to acute stress (immobilization stress). Im-
munotropic effects of the lysozyme dimer were also
determined on control Balb/c mice with unchanged
immune system.

2. The adjuvant action of lysozyme dimer
on the primary and secondary humoral
response of SRBC-immunized mice.

The in vivo trials performed on SRBC-immunized mice
confirmed the potentiating effect of lysozyme dimer
on primary and secondary immune response. It has
been found that lysozyme dimer potentiates the pri-
mary humoral response to SRBC in mice, resulting in
an increased number of splenocytes producing hae-
molytic antibodies (PFC) and the total and 2-mercap-
toethanol resistant anti-SRBC antibodies in serum
[Debowy et al, 1994; Obminska-Domoradzka et al.,
1994b]. The titre of 2-mercaptoethanol resistant an-
tibodies in serum is roughly equivalent to that of IgG.
The difference between the total and the 2-mercapto-
ethanol-resistant antibodies is due to the presence of
IgM. It was confirmed that serum of non-immunized
mice did not contain spontaneous anti-SRBC anti-
bodies. In these studies, a relationship between the
potentiating action of lysozyme dimer on the primary
humoral response to SRBC and time- and dose-sched-
ules with respect to antigen stimulation was observed.
The adjuvant action of this drug has been found to
also depend on the antigen dose. The effect of lyso-
zyme dimer on the humoral response to SRBC in mice
was determined in relation to doses (0.2, 2, 20 or 200
ug/kg) and to the time of the agent administration
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with respect to the antigen prior to or after SRBC im-
munization. It has been found that four-time exposure
to lysozyme dimer at the doses of 0.2 to 20 pg/kg at
24 h intervals both prior to or after antigen stimula-
tion at the dose of 4 x 108 sheep erythrocytes/mouse,
was more activating the primary humoral response to
SRBC than a single exposure to lysozyme dimer ad-
ministered at the same doses. When the lysozyme di-
mer (0.2-20 pg/kg) was administered four times at 24
h intervals, either before or after SRBC immunization,
the increase in the number of PFC was pronounced as
compared to the single dose. An increased number of
PFC was partially accompanied by an increased syn-
thesis and release of anti-SRBC antibodies as deter-
mined on days 4, 7 and 14 after SRBC immunization.
It has also been found, that the adjuvant action of a
single dose of lysozyme dimer depended on the size of
the dose applied and the time of the drug administra-
tion with respect to antigen stimulation. The strongest
effect resulting in an increased number of PFC and the
production of total and 2-mercaptoethanol resistant
anti-SRBC antibodies in serum was noted after a sin-
gle administration of lysozyme dimer at a dose of 2 or
20 ug/kg 2 h prior to the antigen stimulation. When
the interval between lysozyme dimer (2 or 20 ug/
kg) administration and SRBC immunization was pro-
longed to 24 h, the potentiating effect on primary hu-
moral response was weaker [Obminska-Domoradzka
et al., 1994; Obminska-Domoradzka et al., 1997a)]. On
the other hand, no significant changes in the specific
humoral response in SRBC-immunized mice were ob-
served when the dose was increased to 200 pg/kg
and was administered once or four times every 24 h,
before or after the antigen [Obminska-Domoradzka
et al., 1997a]. Administration of lysozyme dimer at a
dose of 200 pg/kg reduced the potentiating effect of
the drug on humoral response to antigen stimulation
but did not induce immune tolerance in SRBC-immu-
nized mice [Obminska-Domoradzka et al., 1998a]. It
has also been found that repeated administration of
lysozyme dimer at the doses recommended in the
treatment of infectious diseases in animals (2-20 pg/
kg) does not lead to the development of the immune
tolerance to this agent. This is evidenced by the main-
tenance or enhancement of the adjuvant effect of the
immunostimulatory dose of lysozyme dimer (20 pg/
kg) administered prior to antigen stimulation on the
primary humoral response in SRBC-immunized mice
[Obminska-Domoradzka et al., 1998a]. Preclinical in
vivo trials performed on SRBC-immunized mice have
revealed that the adjuvant action of lysozyme dimer
also depends on the antigen dose. A single dose of
lysozyme dimer (20 pg/kg) administered 2 h prior to
immunization of mice with SRBC (2 x 10¢ cells/mouse)
does not affect their primary humoral response to this
antigen. However, administration of the same single
dose of lysozyme dimer (20 pg/kg) 2 h prior to antigen
injection at the higher dose of 4 x 108 cells/mouse en-
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hances primary humoral response to SRBC increasing
the number of PFC and the titers of both total and
2-mercaptoethanol resistant hemagglutinins. On the
other hand, lysozyme dimer administered at a dose of
20 ug/kg four times to mice immunized with SRBC
at a lower dose (2 x 10¢ cells/mouse) potentiates the
humoral response to SRBC, resulting in an increased
number of PFC on day 7 after immunization and in-
creased level of the total and 2-mercaptoethanol re-
sistant anti-SRBC antibodies on days 4, 7 and 10 after
priming [Obminska-Domoradzka i wsp. 1998b]. When
mice were immunized with SRBC at a higher dose of
4 x 108 cells/mouse and lysozyme dimer was admin-
istered four times at a dose of 20 pg/kg, the potenti-
ating effect of the drug on humoral response occurs
faster and is stronger resulting in an increased number
of PFC on days 4 and 7 and an increased level of anti-
SRBC antibodies on days 4, 7, 10 and 14 after priming
[Obminska-Domoradzka et al., 1997b].

Studies determining the effect of lysozyme dimer on
the secondary humoral response of SRBC-immunized
mice were performed in two experimental models. In
the first model mice were immunized twice with an
interval of 14 days: the initial dose of antigen inject-
ed intraperitoneally was 2 x 10°¢ sheep erythrocytes/
mouse and the next dose of 4 x 102 sheep erythro-
cytes/mouse was administered 14 days after priming
[Obminska-Domoradzka et al., 1998b]. In the second
model mice were immunized twice with SRBC (4 x
108 cells/mouse i.p.) at a 30-day interval [Obminska-
Domoradzka et al., 1997b]. Lysozyme dimer at a dose
of 20 ug/kg was administered intraperitoneally once,
2 h prior to immunization or four times at 24 h inter-
vals, i.e. 2 h before and then 24, 48 and 72 h after
antigen stimulation, according to the following experi-
mental protocol: (i) after priming, (ii) after challenge,
(iii) after priming and challenge. The results obtained
in these studies show that lysozyme dimer adminis-
tered at a dose of 20 ug/kg is also able to potentiate
the secondary humoral response in SRBC-immunized
mice. The effect depends on the time of exposure to
the drug in relation to the priming and to the challenge
as well as on the number of doses applied [Obminska-
Domoradzka et al., 1997b, Obminska-Domoradzka et
al., 1998b].

It has been also found that, irrespective of the ex-
perimental model taking into account the antigen
dose and the time interval between the priming and
the challenge, the strongest effect in potentiating
the secondary humoral response to SRBC seems to
result from lysozyme dimer administration at a dose
of 20 pg/kg after the challenge. On the other hand, if
the interval between immunizations was 14 days, the
exposure to four doses of lysozyme dimer was more
activating than a single administration of the drug to
SRBC-challenged mice. The potentiating effect of the
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drug, irrespective of the number of doses applied, was
observed until day 7 after challenge. The administra-
tion of lysozyme dimer, both after the priming and the
challenge, has been found to extend the potentiating
effect of the drug on the secondary humoral response
to 14 days which is manifested by increased produc-
tion of anti-SRBC antibodies [Obminska-Domoradzka
et al. 1998b].

It has also been shown that if the time interval between
SRBC immunizations is 30 days, there is no correlation
between the number of consecutive administrations
of lysozyme dimer (20 pg/kg) and the intensity of the
secondary humoral response to SRBC. The adminis-
tration of lysozyme dimer after priming, irrespective
of the number of doses applied, does not affect the
secondary humoral response in SRBC-immunized
mice. Lysozyme dimer administered once or four times
to SRBC-challenged mice potentiates the stimulating
effect of the antigen resulting in the increased number
of PFC and increased level of the total and 2-mercap-
toethanol resistant anti-SRBC antibodies. The poten-
tiating effect of the drug, irrespective of the number
of doses applied, was short-lived. The production of
anti-SRBC antibodies was not found to be increased
on day 14 after the challenge [Obminska-Domoradzka
et al., 1997b].

The presented studies allowed to determine the most
optimal dose of lysozyme dimer, i.e. 20 pug/kg, which
exerts the strongest adjuvant effect against the model
thymus-dependent antigen (SRBC). The above dose is
used in veterinary treatment in the target animal spe-
cies. Studies on the adjuvant effect of lysozyme dimer
have provided the basis for the use of this drug in pro-
host therapy or to support the anti-bacterial therapy
of infectious diseases. They may also serve as the
starting point for research on the possibility of using
lysozyme dimer to augment the immune response af-
ter vaccination of target animal species.

Currently, it is assumed that the signal initiating the
activation of B lymphocytes to produce antibodies
in response to thymic-dependent antigen is directly
related to the stimulation by interleukin-1 (IL-1) of
the immunocompetent inducing-helper (CD4*) T cells
which are consequently able to produce lymphokins
IL-4 and IL-5 inducing the growth and differentiation
of B lymphocytes [Santarlasci et al., 2013].

In our study on non-immunized mice it has been
shown that the administration of lysozyme dimer
once and four times at a dose of 20 ug/kg increases
the percentage of single-positive mature CD4* thymo-
cytes which may indicate the accelerating effect of the
drug on the maturation and differentiation process of
T lymphocytes in the thymus [Obminska-Mrukowicz
et al., 2002].
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The administration of lysozyme dimer once or four
times at 24 h intervals at a dose 10 times lower, i.e.
2 ug/kg, did not change the percentage of immature
CD4*CD8* thymic cells (double-positive cells) and
mature CD4* and CD8* thymocytes (single-positive
cells). At the same time, some changes in the percent-
age of splenocytes T and mesenteric lymph node T
cells has been found. Administration of lysozyme di-
mer once and four times at a dose of 20 ug/kg has
been found to the increase the percentage of CD3*
(Pan-T cells) and CD4* (helper/inducer T cells) spleno-
cytes. On the other hand, no significant changes in the
percentage of T splenocyte subpopulations has been
observed when the dose was decreased to 2 pg/kg, ir-
respectively of the number of doses applied. Exposure
to four doses of lysozyme dimer (2 and 20 ug/kg) has
been found to increase the percentage of CD3* mes-
enteric lymph node cells with corresponding increases
in the percentage of CD4* and CD8* cells. Moreover,
a single injection of lysozyme dimer at the doses of
2 and 20 pg/kg has not affected the percentage of
CD3*, CD4* and CD8" mesenteric lymph node cells.

These studies on T cell populations of central and pe-
ripheral lymphoid organs have been carried out by flow
cytometry (FACS Becton-Dickinson) using monoclonal
antibodies (mAb) coupled with fluorescein isothiocya-
nate (FITC) or phycoerythrin (PE) (BioSource) according
to the manufacturer’s instructions. It has been shown
that the effect of lysozyme dimer depended on the size
of the dose and the number of consecutive administra-
tions [Obminska-Mrukowicz et al., 2002].

3. Immunocorrective effect of lysozyme dimer

The demonstration of the stimulating effect of lyso-
zyme dimer on the number of T lymphocytes with a
supporting-inducing function, i.e. the population of
cells showing the highest degree of immunological
competence, may indicate an immunocorrective effect
of this drug which is supported by numerous studies
published by our group. Administration of lysozyme
dimer prior to the induction of pharmacological im-
munosuppression by a single high dose of cyclophos-
phamide (200 mg/kg) has been shown to partially or
completely counteract the suppressive action of cy-
clophosphamide in the model of murine humoral im-
mune response to SRBC [Obminska-Domoradzka et
al., 1997al.

Cyclophosphamide, an alkylating agent used in can-
cer treatment and autoimmune diseases, is also used
in experimental immunopharmacology to induce im-
munosuppression and estimate the immunocorrecting
action of drugs or substances with potential immuno-
modulatory properties [Braun & Hariss, 1981].
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Cyclophosphamide does not possess alkylating ac-
tivity in vitro but is converted into two biologically
active metabolites in the macroorganism. Bryniarski
et al. (2009) displayed that incubation of peritoneal
macrophages of mice with these alkylating metabo-
lites leads to the increase in the synthesis and release
of IL-6 and IL-12 but it also leads to the decrease in
the production of IL-10 and TGF-B by the cells. It is
considered that the final action of cyclophosphamide
metabolites on the cell activity depends on such fac-
tors as the concentration of the metabolites, dura-
tion of exposure, actual cell metabolism, cell genetic
equipment as well as the in vitro or in vivo model used
in the experiment (Bryniarski et al., 2009; Pukhalski
et al., 1991).

On the contrary, it is known that B lymphocytes are
very susceptible to the suppressive action of cyclo-
phosphamide (Willers & Sluis, 1975) which is probably
associated with a longer lifespan of B lymphocytes as
compared with T cells (Mahiou et al., 2001). Although
cyclophosphamide suppresses T cells (Marcinkiewicz
et al., 1994) and macrophages (Miyauchi et al., 1990)
as well, this effect seems to be less pronounced as
compared to B cells. Hemendinger and Bloom (1996)
observed a significant reduction in the number of dif-
ferentiating B lymphocytes and increase in apoptosis
in these cells using the chicken embryo model system.
On the other hand, T lymphocytes were much more
resistant to the suppressive effect of cyclophospha-
mide. Misra and Bloom (1991) reported that cyclo-
phosphamide at the doses of 50-100 mg/kg caused B
cell depletion, whereas for T lymphocytes, this effect
was reported at the dose of 200 mg/kg. B cell mitosis
was inhibited at the 5 mg/kg dose of cyclophospha-
mide while a similar effect in the case of T cells was
observed at a dose of 50 mg/kg of this immunosup-
pressant. Besides, the authors observed approximate-
ly two-fold higher levels of cyclophosphamide and its
metabolites in the bursal tissue in comparison with
the thymus.

It has been found that cyclophosphamide can also
modulate humoral response in SRBC-immunized mice
in a dose-dependent manner (Obminska-Domoradzka
et al., 19%94a).

The results obtained in this study show that a single
dose of cyclophosphamide (200 mg/kg) injected 6
days prior to SRBC (4 x 108 cells/mouse i.p) decreased
the number of PFC and diminished the production of
total and 2-mercaptoethanol resistant anti-SRBC hae-
magglutinins. The suppressive effect of cyclophos-
phamide was observed for 10 days. Lysozyme dimer
at a dose of 20 ug/kg, administered twice, i.e. 2 and
6 days prior to cyclophosphamide, or three times, i.e.
2, 4 and 6 days prior to cyclophosphamide, has been
found to completely counteract the immunosuppres-
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sive effect of this agent on the humoral response after
SRBC stimulation. On the other hand, the administra-
tion of lysozyme dimer at a dose of 20 pg/kg once, i.e.
2 or 4 or 6 days prior to induction of immunosuppres-
sion with cyclophosphamide, only partially restored
the animal’s ability to respond to SRBC. However,
the administration of lysozyme dimer at a dose of 2
or 20 ug/kg after the administration of cyclophos-
phamide has not been found to have any protective
effect on the humoral response to SRBC [Obminska-
Domoradzka et al., 1997a].

Earlier studies by Schwarze (1977) show that the ef-
ficiency of humoral response suppressed by the ad-
ministration of cyclophosphamide can be restored
by the administration of a substance that exerts a
stimulating effect on the helper-inducer T cell sub-
population. The studies conducted by our group have
shown that lysozyme dimer is a factor increasing the
percentage of this population of T cells [Obminska-
Mrukowicz et al., 2002].

The trials conducted in vivo on non-immunized and
SRBC-immunized mice have confirmed the restor-
ative effect of lysozyme dimer administered to mice
prior Lysozyme dimer at a dose of 20 pg/kg was ad-
ministered to non-immunized mice once or four times
at 24 h intervals prior to hydrocortisone injection or
once 2 h prior to SRBC, or four times at 24 h inter-
vals after antigen stimulation in SRBC-immunized
mice. It has been found that hydrocortisone injec-
tion at a dose of 125 mg/kg to non-immunized mice
decreased the percentage of immature CD4*CD8*
thymic cells with corresponding increase in the per-
centage of mature CD4* and CD8* thymic cells. In
addition, the percentage of CD3* and CD4* mesen-
teric lymph node cells was reduced. Administration
of hydrocortisone (125 mg/kg) to SRBC-immunized
mice decreased the number of splenocytes produc-
ing haemolytic antibodies (PFC) and diminished
the production of the total and 2-mercaptoethanol
resistant anti-SRBC haemagglutinins. Lysozyme di-
mer treatment prior to high hydrocortisone dose
administration (125 mg/kg) partially counteracted
the immunosuppressive action of the steroid. The
protective action of the drug was expressed by the
accelerated regeneration of the percentage of imma-
ture CD4*CD8* thymocytes, CD3* and CD8* spleno-
cytes as well as the mesenteric lymph node cells. The
strongest immunocorrective effect has been noted
after four injections of lysozyme dimer at a dose of
20 pg/kg. Lysozyme dimer administered to SRBC-
immunized mice after their exposure to pharmaco-
logical immunosuppression has been found to lead
to partial restoration of PFC and their capability of
producing anti-SRBC haemagglutinins. The restor-
ative action of lysozyme dimer did not depend on
the number of doses applied (Obmirnska-Mrukowicz
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& Szczypka, 2004). Moreover, the immunocorrective
effect of lysozyme dimer was also observed in a study
performed on old mice (12 months old) in which the
humoral response after immunization with SRBC was
significantly reduced compared to the group of young
mice (8-12 weeks old). Exposure to four doses of ly-
sozyme dimer (20 pg/kg) has been found to partially
restore the primary humoral response to SRBC im-
paired by the advanced age (Obminska-Domoradzka
& Szczypka, 2001). The studies of Rymuszka et al.
(2004) have shown that lysozyme dimer is also use-
ful in restoration of mitogenic response of T and B
lymphocytes and the metabolic activity of neutro-
philes in atrazine-immunocompromissed rabbits. At-
razine is a widely used herbicide that can be applied
before and after planting to control broadleaf and
grassy weeds. Some studies have shown that atra-
zine can disrupt the normal immune system function,
enhancing the risk of infectious diseases [Hooghe et
al., 2000; Rooney et al., 2003].

The modulating and immunocorrecting properties
of lysozyme dimer (KLP-602) are also evidenced by
numerous studies performed on fish. The preparation
administered before or after experimental intoxica-
tion with chemical agents, e.g. chemotherapeutic
agents or pesticides, corrected the impaired immune
activity by stimulating the non-specific cellular and
humoral defense mechanisms (Terech-Majewska et
al., 2004; Rymuszka et al., 2005; Rymuszka & Siwicki,
2003). It has been shown that the injection of lyso-
zyme dimer at a dose of 10 and 100 ug/kg to trout
experimentally infected with Aeromonas salmonicida
has the ability to stimulate cellular and humoral de-
fense mechanisms, leading to a significant reduction
in fish mortality (Siwicki et al., 1998). The authors of
the study also showed that the mortality of fish with
experimentally induced furunculosis was 85%, while
after a single injection of lysozyme dimer it decreased
to 45%, and after double administration it was only
25%. The obtained results indicate the possibility of
practical use of lysozyme dimer to correct secondary
deficiencies in the immune response caused by sup-
pressive factors.

The mechanisms of the adjuvant and immunorestor-
ative actions of lysozyme dimer are still unknown. It
seems quite likely that the immunomodulatory effect
of the drug is related to the activation of mononuclear
cells to synthesize and release cytokines such as IL-1,
IL-2 and IL-6, which was demonstrated in in vitro stud-
ies on mononuclear cell cultures obtained from human
blood. The in vitro studies carried out on the cultured
human lymphocytes stimulated by concanavalin (Con
A) have shown that lysozyme dimer is able to modu-
late the synthesis and release of both IL-2 and IL-6 in
a concentration-dependent manner [Klein & Kiczka,
1994]. In vivo studies have also found that, depend-
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ing on the dose (2 or 20 ug/kg) and the number of
consecutive administrations (single and four times ad-
ministration), lysozyme dimer has the ability to modu-
late IL-1 release by peritoneal macrophages in mice
stimulated in vitro with lipopolysaccharide (Obminska-
Mrukowicz et al., 2002). It is highly likely that the
protective or adjuvant action of lysozyme dimer can
be attributed to the activation of T lymphocytes and
monocytes through the cytokine cascade (IL-1, IL-2,
IL-6, TNF-a and INF-a) enhanced by this drug [Klein &
Kiczka, 1994; Siwicki et al., 1997].

4. Conclusions

The results of studies on the immunomodulatory prop-
erties of lysozyme dimer obtained in laboratory animals
indicate the possibility of practical use of this drug for
pharmacological protection of immunohomeostasis in
animals in the period of increased incidence of viral and
bacterial infections. Moreover, lysozyme dimer may be
applied to enhance the immune response during vac-
cination and for the restitution of the immune system
function after impairment by immunosuppresive drugs
or due to environmental factors (Fig.2).

Fig. 2. Clinical application of lysozyme dimer (preparation of Lydium - KLP, Nika Health Products)

at a dose 20 pg/kg in domestic animals.

4 N
LYDIUM-KLP
20 pg/kgiv, im, sc
G J
4 N 4 N
.Treatment of |nfechon§ Prophylactic activity against
diseases concurrently with . A
. . . virus and bacterial diseases
antibacterial agents in . .
. - of domestic animals
domestic animals

G J - J

4 N 4 N\

Restitution of the
Enhancement of the immune immune system function
response during vaccination - > after impairment by
in animals immunosuppressive agents
or factors

N\ J N J
References: 3. Debowy, J., Obmiriska-Domoradzka, B., Kiczka,
W., Switata, M., Garbulinski, T. (1994). The influ-
1. Braun, D.P, Harris, J.E. (1981). Modulation of the ence of Lydium-KLP on primary humoral response
immune response by chemotherapy. Pharmac. to sheep erythrocytes in mice. Proc 6 Int Congr
Ther. 14, 89-122. EAVPT, Edinburgh, UK, 7-11 August 1994, p 161.
2. Bryniarski, K., Szczepanik, M., Ptak, M., Zemelka, 4. Hemendinger, R.A., Bloom, S.E. (1996). Selective

M., Ptak, W. (2009). Influence of cyclophospha-
mide and its metabolic products on the activity
of peritoneal macrophages in mice. Pharmacol.
Rep. 61(3), 550-557.

29

mitomycin C and cyclophosphamide induction of
apoptosis in differentiating B lymphocytes com-
pared to T lymphocytes in vivo. Inmunopharma-
cology 35(1), 71-82.



Journal of Biomedical Research and Therapeutics, 2022, 1(1)

10.

11.

12.

13.

14.

15.

16.

Hooghe, R.J., Devos, S., Hooghe-Peters, E.L.
(2000). Effects of selected herbicides on cyto-
kine production in vitro. Life Sci. 66(26), 2519-
2525.

Kiczka, W., Malinowski, E., Biegata, T., Wozniak,
K., Branicki, T., Markiewicz, H. (1994). Influence
of Lydium-KLP on phagocyting activity of blood
and milk leukocytes in vitro. Zycie weterynaryjne
69, 142-145 (in Polish).

Klein, P., Kiczka, W. (1994). Information on the
results of preclinical tests of KLP-602 (dimerized
lysozyme). Zycie Weterynaryjne 69, 142-145 (in
Polish).

Mahiou, J., Walter, U., Lepault, F., Gordeu, F.,
Bach, J.F., Chatenoud, L. (2001). In vivo block-
ade of the Fas-Fas ligand pathway inhibits cyclo-
phosphamide - induced diabetes in NOD mice.
J. Autoimmune.16(4), 431-440.

Marcinkiewicz, J., Bryniarski, K., Ptak, W. (1994).
Cyclophosphamide uncovers two separate mac-
rophage subpopulations with opposite immuno-
genic potential and different patterns of mono-
kine production. Cytokine 6(5), 472-477.

Misra, R.R., Bloom, S.E. (1991). Roles of dosage
pharmacokinetics and cellular sensitivity to dam-
age in the selective toxicity of cyclophosphamide
towards B and T cells in development. Toxicology
66(3), 239-256.

Miyauchi, A., Hiramine, C., Tanaka, S., Hojo, K.
(1990). Differential effects of a single dose of cy-
clophosphamide on T cell subsets of the thymus
and spleen in mice: flow cytofluorometry analy-
sis. Tohoku J. Exp. Med. 162(2), 147-167.
Obminska-Domoradzka, B., Switata, M., Debowy;,
J. (1994a). Dose-dependent effect of cyclophos-
phamide on humoral response to sheep erythro-
cytes in mice. Pol. J. Pharm. 46(4), 356-357.
Obminska-Domoradzka, B., Switata, M., Kiczka,
W., Debowy, J., Garbulinski, T. (1994b). Modu-
lating effect of Lydium-KLP on humoral re-
sponse of SRBC-immunized mice. Pol. J. Pharm.
46(4), 358-359.

Obminska-Domoradzka, B., Switata, M., Debowy;,
J., Kiczka, W., Garbulinski, T. (1997a). Effects of
lysozyme dimer on humoral response to sheep
erythrocytes in non-treated and cyclophospha-
mide-immunosuppressed mice. J. Vet. Med. B 44,
591-598.

Obmirnska-Domoradzka, B., Switata, M., Debowy;,
J. (1997b). Modulation of secondary antibody
response in SRBC-immunized mice by lysozyme
dimer. Immonopharmacol. Immunotoxicol. 19(4),
489-498.

Obminska-Domoradzka, B., Switata, M., Debowy;,
J. (1998a). Wptyw wielokrotnego podawa-
nia dimeru lizozymu na pierwotng odpowiedz
humoralng myszy immunizowanych SRBC. Med.
Wet. 54, 757-760 (in Polish).

30

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Obminska-Domoradzka, B., Switata, M., Kostka,
M., Grabowski, T., Debowy, J. (1998b). Effects of
lysozyme dimer on secondary humoral response
of SRBC-immunized mice. Pol. J. Vet. Sci. 1(2),
23-27.

Obminska-Domoradzka, B., Switata, M.,
Debowy, J. (2000). Effect of lysozyme dimer on
humoral response to shep erythrocytes in hy-
drocortisone-suppressed mice. 8" International
Congress o EAVPT, Jerusalem, Israel, 30.07 -
3.08.2000, p. 96.

Obminska-Domoradzka, B., Szczypka, M.
(2001). Effects of lysozyme dimer on humoral
response to sheep erythrocytes in old aged
mice. Comparison with calf thymus extract. Pol.
J. Vet. Sci. 4(3), 140+.

Obminska-Mrukowicz, B., Szczypka, M., Gaweda,
B. (2002). Modulation of murine macrophages
and T lymphocytes by lysozyme dimer. Pol. J. Vet.
Sci. 5(4), 237-241.

Obminska-Mrukowicz, B., Szczypka, M. (2004).
Effects of lysozyme dimer on the cellular and hu-
moral response in hydrocorticosterone-treated
mice. Pol. J. Food Nutr. Sci. 13/54, S1 2, 45-49.
Pukhalski, A.L., Toptygina, A.P., Victorov, V.V.
(1993). Immunosuppression action of cyclo-
phosphamide in mice: contribution of some fac-
tors to deretmination of strain differences. Int. J.
Immunopharmacol. 15(4), 509-5014.

Rooney, A.A., Matulka, R.A., Luebke, RW. (2003).
Developmental atrazine exposure suppresses
immune function in mal, but not female Spraque-
Dawley rats. Toxicol Sci. 76(2), 366-375.
Rymuszka, A., Siwicki, A.K. (2003). Immuno-
modulatory activity of the dimerized lysozyme
KLP-602 after earlier suppression by atrazine in
carp (Cyprinus carpio L.). Pol. J. Vet. Sci. 6(3 Suppl),
43-46.

Rymuszka, A., Siwicki, A.K., Sierostawska, A,
Bownik, A. (2004). Application of immunostimu-
lants after suppression induced by xenobiotics:
effect of lysozyme dimer (KLP-602) after immu-
nosuppression induced by atrazine in rabits. Pol.
J. Food Nutr. Sci. 13/54, Sl 2, 51-54.

Rymuszka, A., Studnicka, M., Siwicki, A.K.,
Sierostawska, A., Bownik, A. (2005). The immu-
nomodulatory effects of the dimer of lysozyme
(KLP-602) in carp (Cyprinus carpio L.) in vivo
study. Ecotoxicol. Environ. Saf. 61(1), 121-127.
Schwarze, G. (1977). Drug-induced immuno-
logical unresponsiveness: selective inhibition of
T-cell helper function by cyclophosphamide in
mice pretreated with phytohaemagglutinin. Clin.
Exp. Immunol. 27, 178-182.

Santarlasci, V., Cosmi, L, Maggi, L., Liotta, F,,
Annunziato, F. (2013). IL-1 and T helper im-
mune responses. Front. Immunol. https://doi.
org/10.3389/fimmu.2013.00182




Obminska-Mrukowicz B., Immunomodulatory properties of lysozyme dimer...

29.

30.

Siwicki, A.K., Pejsak, Z., Studnicka, M., Klein, P,
Mokrzycka, A., Rymuszka, A., Bownik, A. (1997).
Badania poréwnawcze nad wptywem dimeru lizo-
zymu (KLP-602, Lydium-KLP) na komérkowe i hu-
moralne mechanizmy obronne oraz poziom cytokin
u prosigt. Mat. Il Krajowego Symp. Immunol. Wet.
Swinoujécie, 8-10. 05. 1997 p. 175 (in Polish).
Siwicki, A.K,, Klein, P.,, Morand, M., Kiczka, W.,
Studnicka, M. (1998). Immunostimulatory ef-
fects of dimerized lysozyme (KLP-602) on the
nonspecific defense mechanisms and protection
against furunculosis in salmonids. Vet. Immunol.
Immunopathol. 61(2-4), 369-378.

31

31.

32.

Terech-Majewska, E., Siwicki, A.K., Szweda, W.
(2004). Modulative influence of lysozyme dimer
on defence mechanisms in the carp (Cyprinus
carpio) and European sheatfish (Silurus glanis) af-
ter suppression induced by herbicide Roundup.
Pol. J. Vet. Sci. 7 (2), 123-128.

Willers, J., M., Sluis, E. (1975). The influence of
cyclophosphamide on antibody formation in the
mouse. Ann. Immunol. 126, 267-279.

Note: page number followed by “+” sign indicates the first
page of an unknown range.




