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ABSTRACT

This article examines the effect of cyclophosphamide (CPA) on hematological parameters in C57BL/6 mice and the possibility of correcting
these changes with bursa of Fabricius extract. Administration of CPA leads to the development of an immunodeficiency state characterized by
severe lymphopenia, anaemia, and changes in the leukocyte population. A decrease in the number of red blood cells, haemoglobin, and
haematocrit is observed, as well as changes in the parameters of red blood cells that indicate a disorder of haemoglobin synthesis. At the same
time, there is an increase in the proportion of monocytes, eosinophils, and basophils. The administration of bursa of Fabricius extract has an
effect on the parameters of white blood cell and increases the total number of white blood cells, as well as the proportion of middle blood cells,
and granulocytes. The red blood also shows positive dynamic, but the parameters do not reach the control values. The MPV and PDV indices of
platelets do not change. The results obtained show that the extract from the bursa of Fabricius promotes the restoration of haematological
parameters affected by the administration of CFA and indicate the prospects for further investigation of its inmunomodulatory properties.
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hemoglobin and hematocrit levels, which suggests that the
extract has a favorable effect on the erythropoiesis process
(Kolberg et al., 2023).

The ability to develop drugs that can enhance or modulate the
INTRODUCTION body's immune response is well-established (Sepiashvili, 2015;

The bursa of Fabricius extract, known for its Semochkin, 2023; Lan et al, 2024). This is particularly

immunostimulatory properties, has captured the interest of
researchers as a potential therapeutic agent for correcting
hematological parameters in mice with experimental
immunodeficiency (Kolberg et al, 2023). Throughout the
experiments, changes in the quantity and activity of various
blood cells, such as lymphocytes, monocytes, and neutrophils,
were observed (Fiodorova et al., 2022; Osipchuk et al., 2022).

Several studies have shown that administering the extract
results in a statistically significant increase in T-lymphocyte
numbers, indicating an improved cellular immunological
response (Kolbergetal.,, 2023). Additionally, an increase in total
white blood cell count was seen, indicating immune system
activation.  Another notable discovery is the change in

important in veterinary medicine for the prevention and
treatment of infectious diseases (Kolberg, 2017; Pogodaev &
Botasheva, 2023; Shcherbakov et al, 2023). Research in this
field often focuses on various immunomodulatory agents,
including those derived from natural sources (Al-Subaihawi &
Abbas, 2021; Guryanova & Khaitov, 2021; Wieczorek et al.,
2022; Bernitsa et al,, 2023), synthetic peptides (Lee et al., 2016;
Boldyreva etal, 2021; Grigorean et al., 2024; Balakrishnan et al.,
2025; Tan et al,, 2025), and other biological macromolecules
(Khobrakova et al., 2022; Guo et al., 2025; Liu et al., 2025). The
challenges of immunodeficiency are a broad area of study
(Tuano et al.,, 2021; Koval, 2024), and understanding immune
and metabolic processes is crucial (Kolberg, 2015).
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MATERIALS AND METHODS

C57BL/6 mice were utilized for the experimental study due to
their small size, ease of care, and ability to adapt well to
vivarium conditions. The specific parameters involved in the
study were limiting, which complicates the interpretation of
results and their relevance to humans. The experimental
portion of the study involved three-month-old male C57BL/6
mice that were raised and maintained in a vivarium under strict
sanitary, hygienic, and veterinary standards for laboratory
animals.

All manipulations and interventions within the experimental
protocol adhered to the provisions of Directive 2010/63/EU of
the European Parliament and the Council on the protection of
animals used for scientific purposes. The study was formally
approved by the Ethics Committee of the Institute of
Immunology and Physiology, Ural Branch of the Russian
Academy of Sciences, after receiving preliminary approval
through the established procedure.

Peripheral blood parameters were assessed using the Celly 70
automated hematology analyzer (Biocode Hycel), a bioassay
designed for studying biomaterials obtained from laboratory
animals. Samples were collected in plastic tubes containing
tripotassium salt of ethylenediaminetetraacetic acid (tricalium-
EDTA), which was used as an anticoagulant.

Based on the recorded values, the analyzer automatically
decoded and quantitatively assessed the following
hematological parameters: WBC - absolute number of
leukocytes (103/ul); Lym # - absolute number of lymphocytes
(103/ul); Mid # - absolute number of medium-sized cells (103/
ul); Grn # — absolute number of granulocytes (103/ pl); Lym %
- proportion of lymphocytes as a percentage (%); Mid % -
proportion of medium-sized cells (%); Grn % - percentage of
granulocytes (%); RBC - absolute number of erythrocytes
(106/ul); Hb - hemoglobin concentration (g/dL); Hct -
hematocrit expressed as a percentage (%); MCV - mean
corpuscular volume (femtoliters); MCH - mean corpuscular
hemoglobin content (picograms); MCHC - mean corpuscular
hemoglobin concentration (g/dL); RDW - erythrocyte size
variation (%); Plt # - absolute platelet count (103/pL); Pct -
platelet crit (%); MPV - mean platelet volume (femtoliters);
PDW - platelet size variation (%).

To model secondary immunodeficiency in laboratory animals, a
single injection of the cytotoxic drug cyclophosphamide
(Endoxan ®, Baxter Oncology GmbH, Germany) was
administered into the peritoneal cavity. The dosage was
individually calculated for each mouse based on body weight
and was set at 200 mg/kg. The solution was prepared right
before use by dissolving the drug in sterile 0.9% sodium
chloride solution to achieve a concentration of 20 mg/ml of the
active component. Animals in the control group were given an
equivalent volume of isotonic 0.9% sodium chloride solution
(Rudayni et al., 2022; Wilhelmy et al., 2022; Gbon et al., 2024;
Ismikhanov et al., 2024). The body weight of all animals was
documented before each procedure to ensure precise dosing.
The cytostatic action of cyclophosphamide is carried out
through DNA alkylation, causing cell cycle arrest at the GO/G1
and S stages due to the formation of cross-links and DNA
damage.

Cyclophosphamide exerts a cytotoxic effect, by inducing cell
apoptosis. As an antitumor agent, it suppresses bone marrow
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cell processes and proliferation, leading to a decrease in the
cellular content of hematopoietic tissue and a reduction in its
functional activity.

In order to establish the immunodeficiency model, laboratory
mice were administered a single intraperitoneal injection of the
cytostatic agent cyclophosphamide at a dosage of 200 mg/kg of
body weight. The drug was prepared by dissolving the active
substance in a sterile 0.9% sodium chloride solution, resulting
in a final solution concentration of 20 mg/ml. Animals in the
control group received an injection of an equivalent volume of
isotonic saline without the active substance.

Statistical data analysis was conducted using the STATISTICA
6.0 software package (StatSoft, Inc, 2001). Results are
presented as the arithmetic mean (M) with the standard error
(m). The nonparametric Mann-Whitney U-test was utilized to
compare differences between two independent groups. For
dependent samples, Wilcoxon tests (Wilcoxon signed-rank test)
were employed, considering paired values. A significance level
of p < 0.05 was used during the statistical analysis, indicating a
5% threshold for result reliability.

RESULTS AND DISCUSSION

In recent years, a variety of new biologically active substances,
peptide and polypeptide complexes, and bioorganic compounds
have emerged that demonstrate immunomodulatory,
immunocorrective, or immunosuppressive effects. These
substances, extracts, and decoctions are typically derived from
immobilized proteases, allogeneic tendons, bovine lymph
nodes, earthworm tissue, fish organs, eggs, milt, bird embryonic
tissue, etc.

Unlike mammals and humans, in birds the central organs of the
immune system include bone tissue, the thymus, and the bursa
of Fabricius.

The bursa of Fabricius is a central organ of the avian immune
system, playing a crucial role in immune cell development
alongside the bone marrow and thymus. Its primary function is
to create conditions for the formation, maturation,
development, and differentiation of B lymphocytes, which,
along with T lymphocytes, mediate the adaptive immune
response. The bursa of Fabricius is where B lymphocytes are
trained to recognize foreign antigens from their own, which is
essential for the prevention and control of autoimmune
reactions. Anatomically, the bursa of Fabricius is located on the
dorsal surface of the cloaca, serving as its diverticulum.

The uniqueness of the bursa of Fabricius lies in the fact that it
carries out two processes simultaneously: the antigen-
independent process of B-lymphocyte formation and the
antigen-dependent process associated with the development of
antibody-secreting plasma cells in the bursa.

The bursa of Fabricius plays a key role in the formation and
differentiation of immune system cells, particularly B
lymphocytes. Plasma cells, which synthesize antibodies, are
derived from lymphocytes in the bursa of Fabricius. Their initial
maturation takes place in the gland’s cortex, where they acquire
the ability to recognize antigens through specific receptors.
Unlike the bone marrow, the bursa of Fabricius specializes in
producing B lymphocytes. These lymphocytes not only give rise
to plasma cells but also play a key role in the maturation,
formation, and training of B cells. The process involves several
stages of selecting cells capable of recognizing their own
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histocompatibility antigens, highlighting the gland’s importance
in developing effective adaptive immunity.

In birds, the bursa of Fabricius functions to generate a variety of
B-lymphocyte clones capable of synthesizing and secreting
immunoglobulins (Fiodorova et al., 2022).

The first class of immunoglobulins discovered in the
lymphocytes of the bursa of Fabricius during ontogenesis, both
in the cytoplasm and on the cell surface, was immunoglobulin M
(IgM).

The bursa of Fabricius itself is capable of synthesizing peptides
that play a key role in the immune response. The bursa is
involved in regulating peripheral immune responses mediated
by the nervous and endocrine systems. This regulation occurs
through peptides from the bursa of Fabricius, as well as through
direct modulation of the functional capacity of lymphoid cells by
hormones from the thymus and pituitary gland.

The functional significance of peptides from the Bursa of
Fabricius extends beyond immunological functions. Peptides
also play a significant role in neuroendocrine interactions with
the immune system. The polypeptide complex of the Bursa of
Fabricius, along with other biologically active compounds of the
Bursa (known as bursamedins), regulates the hypothalamic -
thymus - Fabrician -gonadal axis. They stimulate and regulate
the secretion of hormones from the hypothalamus, pituitary
gland, and thyroid gland, while also influencing and activating
the adrenal cortex and gonads.

Peptide proteins from the bursa of Fabricius play an active role
in the immune defense against reovirus infection (DRV), a
deadly avian virus from the Reoviridae family (Deana et al.,
2022; Ikhile & Enabulele, 2023; Samaranayake et al., 2024).
Four distinct peptide fractions, known as BP-1, BP-II, BP-III, and
BP-1V, were isolated and identified from the bursa of Fabricius.
In further research, the authors investigated the
immunoadjuvant properties of the BP series peptides (Deana et
al, 2022; Spirito et al, 2022; Ikhile & Enabulele, 2023;
Samaranayake et al., 2024).

During the experiments, it was discovered that the BP-I peptide
has a significant stimulating effect on the cellular mechanisms
of the immune response, increased the secretion of Thl
(interferon gamma) and Th2 (interleukin-4) cytokines and also
enhanced cytotoxic T-lymphocyte (CTL) response to the HON2
virus. BP-II primarily boosted the production of specific
antibodies, particularly neutralizing antibodies, and also
increased the secretion of Th1l and Th2 cytokines. In contrast,
BP-III did not show a significant impact on antibody production
or cell-mediated immune responses compared to the control
group. BP-1V, on the other hand, triggered a robust immune
response at both the humoral and cellular levels (Spirito et al,,
2022; Wu et al,, 2022).

Recently, a new peptide, BP-1V, was isolated from the bursa of
Fabricius (Shaheen et al., 2023; Galea-Holhos et al., 2024). This
compound was found to stimulate the formation of colony-
forming units of pre-B cells and to be involved in the regulation
of B-lymphocyte differentiation processes. Furthermore, BP-IV
exhibits pronounced immunomodulatory activity, influencing
antigen-specific responses through both humoral and cellular
immunity. This effect was observed in chickens and laboratory
mice previously immunized with an inactivated form of the
avian influenza virus (AIV), belonging to the HON2 subtype. The
peptide resulted in increased production of specific antibodies
directed against AIV, as well as increased synthesis of key
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cytokines.

The results of the study allowed the authors to reconsider the
use of a potential reagent candidate for B-cell development and
future immunopharmacological applications (Abuzinadah,
2024).

Host defense peptides are a diverse group of small cationic
peptides that serve as important first-line defenses against
pathogens in birds, animals, and humans. In a study examining
the expression patterns of all known cathelicidins, 3- defensins,
and NK lysin in several tissue samples from the bursa of
Fabricius, CATHB1 was found to be expressed. The resulting
bursa peptide demonstrated antibacterial activity against E. coli
in animal experiments showing dose-dependent efficacy.
Isolated cells from the Bursa of Fabricius have shown that,
unlike typical mammals, chicken MHC (the BF-BL region of the
B locus) has strong genetic associations with resistance and
susceptibility to infectious pathogens, as well as vaccine
response. The authors demonstrated that chicken MHC encodes
a single, dominantly expressed class I molecule whose peptide-
binding motifs can determine resistance to viral pathogens such
as Rous sarcoma virus and Marek's disease virus .

Synthesized active peptides from the bursa of Fabricius: Tyr -
Glu - Gly, Trp - Thr - Ala - Glu - Glu - Lys - GIn - Leu and Lys - Glu
- Glu - Leu - Asn - Glu, Glu - Arg - Asp - Pro, increase the
phagocytic index and contribute to an increase in phagocytic
numbers. On this background, an observed increase in oxygen-
dependent metabolism in peritoneal macrophages has been
noted.

The bursa of Fabricius plays a crucial role in the development of
adaptive immunity in birds. This gland facilitates the
maturation of B-lymphocytes, which collaborate with T-
lymphocytes to recognize and destroy pathogens. This synergy
between B-lymphocytes and T-lymphocytes promotes the
development of central tolerance, preserving the body and
preventing the development of various autoimmune diseases.
These functions make the bursa of Fabricius a relevant target in
the search for and development of new treatments for immune
disorders. According to research by Goretsky, Doroshenko,
Chirkina, Sheybak (2011), and other scientists, lymphocytes in
the bursa of Fabricius contain significant amounts of free
proteinogenic amino acids. Their concentration is 1.8 times
higher than that in spleen lymphocytes and 20% higher than in
thymus cells. The data obtained highlight the important role of
the Bursa of Fabricius in the functioning of both the central and
peripheral components of the avian immune system,
demonstrating its exceptional ability to maintain the body's
immune homeostasis.

Bioorganic preparations from the bursa of Fabricius and
extracts from this gland contain biologically active substances
that can modulate the immune response (Abuzinadah 2024;
Galea-Holhos et al.,, 2024). However, further research is needed
to study their composition, chemical and biological properties,
mechanisms of action, and potential clinical applications in
more detail (Spirito et al., 2022; Wu et al.,, 2022; Samaranayake
etal, 2024). The use of extracts, biogenic complexes, ointments,
creams, and emulsions based on bursa of Fabricius tissue is
considered a promising approach to restoring the body's
immune system. These medications can be used effectively not
only for general immunocorrection but also in the treatment of
inflammatory processes, both acute and chronic, as well as
illnesses defined by compromised immune response, such as
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immunodeficiency and autoimmune diseases.

It should be noted that further research in this area opens up
broad opportunities for the development of new therapeutic
and preventative approaches. Specifically, this refers to the
potential effectiveness of Bursa Fabricius extracts as part of a
comprehensive treatment for oncological and autoimmune
pathologies and immune disorders of various origins and as a
preventative measure for immune dysregulation that can lead
to the development of chronic and difficult-to-treat
diseases(Deana et al.,, 2022; Ikhile & Enabulele, 2023).

The hematological study results, which are displayed in Table 1
and Figures 1-4, consistently validate that cyclophosphamide
administration causes laboratory animals to develop an
immunodeficiency status. It was discovered that the
administration of CFA to C57BL/6 mice caused severe
lymphopenia, which was a reduction in both absolute and
relative lymphocyte levels by about half as compared to intact
animals, when choosing parameters for the white blood cell
composition. There was no discernible difference between the
peripheral blood's total leukocyte count and the control values.
This phenomena can be explained by the fact that mice receiving
injections of cyclophosphamide had higher levels of the middle
cell fraction, namely monocytes, eosinophils, and basophils.
During the drug's action, nonspecific immune response factors
are probably activated, which results in a rise in the number of
cellular elements. This kind of reaction is common during the
acute or subacute stages of exposure to different xenobiotics,
and other authors' research has verified it.

Table 1. Hematological parameters of peripheral blood in C 57
BL /6 mice after administration of cyclophosphamide and
extract from bursa of Fabricius

Indicator Intact CFA CFA + Bursa

Leukocytes, 103/ ul  4.07+0.45  4.32+1.63  6.21+0.65*
Lymphocytes, 103/ pl  3.18+0.38  1.38+0.44*  1.470.25*
Average cells, 103/ ul  0.74+0.12 2.73+x1.07*  4.27+0.59*
Granulocytes, 103/ ul  0.13+0.03 0.23+0.12 0.43+0.12*

Lymphocytes, % 78.53+1.13 34.79+2.32* 24.28+2.17*
Average cells, % 18.37£1.09 61.68+1.94* 68.35+1.33* #

Granulocytes, % 3.63+0.21 4.53+0.47* 7.49+1.32%
Erythrocytes, 106/ pl  9.97+0.25  8.32+0.25*  9.32+0.25*
Hemoglobin, g/ dL  14.17+0.47 11.38+0.23* 13.35+0.38*
Hematocrit, % 42.27+#1.33 35.15+1.21* 38.97+1.15*

MCV, fl 42.31+0.37 42.37£0.21  42.22+0.23
MCH, pg 14.12+0.32  13.79+0.17  14.07£0.33
MCHC, g/dl 33.37£0.57 32.57+0.41 32.72+0.38
RDW, % 15.77¢0.19 15.79+0.13  15.75+0.23

Platelets, 103/ ul  692.4+31.8 596.8433.1 623.3£32.2
Thrombocrit, % 0.38+0.03 0.36+0.15 0.38+0.02
MPV, fl 5.37x0.05  5.99£#0.18*  5.93+0.07*

PDW, % 10.39+0.12 12.35+0.17* 11.37+0.05*
* - statistically significant differences compared to the control group
(p <0.05);
# - statistically significant differences compared to the group
exposed to cyclophosphamide (CFA) (p < 0.05).
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Figure 1. Platelets in the peripheral blood of mice C57BL/6

lines after administration of cyclophosphamide and extract
from the Bursa of Fabricius
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Figure 2. Erythrocytes in the peripheral blood of C57BL/6
mice after administration of cyclophosphamide and bursa
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Figure 3. Hemoglobin and mean corpuscular hemoglobin
concentration in the peripheral blood of C57BL/6 mice
following administration of cyclophosphamide and Bursa of
Fabricius extract
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The cytotoxic effect of cyclophosphamide (CFA) is evident in
alterations in red blood cell parameters. Anemia development
in mice with experimental immunodeficiency is characterized
by a decrease in red blood cell count, resulting in lower
hemoglobin levels and hematocrit. Additionally, a decrease in
other red blood cell parameters, such as MCH (mean
hemoglobin content in one red blood cell, reflecting oxygen
carried by each cell), and MCHC (indicator of hemoglobin
saturation in red blood cell) is observed. These changes
indirectly suggest disruption in hemoglobin synthesis in the
bone marrow. Despite a stable platelet count, an increase in
mean platelet volume (MPV) and platelet size variability (PDW)
is noted. These changes typically indicate activation of the
hemostatic system, often occurring with anemia, inflammatory
reactions, and intoxication due to cyclophosphamide (CFA)
administration.

Mice treated with Bursa of Fabricius extract for seven days
(CFA+Bursa group) showed an increase in white blood cell
counts. There was a noticeable rise in the total leukocyte count,
as well as in the absolute and relative counts of mid-sized cells
and granulocytes, when compared to intact animals. It can be
inferred that the increase in leukocyte counts is linked to the
alterations in the counts of mid-sized cells, such as monocytes,
basophils, and eosinophils, which play a crucial role in both
specific and nonspecific immune responses. The dynamics of
lymphocytes remained stable, with no significant changes
detected in their absolute or relative counts.

CONCLUSION

The study revealed a significant increase in red blood cell count,
as well as an increase in hemoglobin and hematocrit
concentrations in animals receiving the extract. However, these
parameters were 1.1-1.2 times lower than the control results.
This may be due to the insufficient duration of therapy, as
animals were only given the drug for seven days. Thus, a
tendency toward restoration of erythropoietic activity is
observed, but a longer course of treatment with the extract is
required for full restoration of red blood cell counts.
Administration of the bursa extract did not affect platelet MPV
and PDV indices, as their values did not change in relation to
animals that did not receive the extract.
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