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Pesiome. M3nuiiHee noTpebiieHUME alKOIoJisi OKa3blBa€T HEraTMBHOE BIMSIHUME Ha FeMOII033, YTO BbI-
paxaeTcs B 3HAUUTEJbHOW CYyNpecCuM KakK MPOAYKIIUMU KJIETOK KPOBU, TaK U B CTPYKTYPHBIX U3MEHEHUSIX
MpealleCTBEHHUKOB, a UMEHHO B MOAABJIECHUM UX CO3PEBaHUSsI, BILUIOTh 10 MaHLIMTONIeHUU. Pa3znuyaloT npsi-
Mot a(pdekT ankoroist (Tokcudeckuii ap@eKT Ha KOCTHBII MO3I, reMOIIO3THYECKUE TPEAIIECTBEHHUKU U
3peJible KJIeTKU KPOBU) U HeNpsiMoil 2 deKT, 00yCcI0BISHHBIN Ae(UIIUTOM Tpodruiyeckux pakTopos. Y aj-
KOTOJIMKOB 3a4acTylO BbISIBJSETCS aHEMUs, KaK CIEACTBUE pa3pylleHUE SPUTPOUIHBIX KIETOK O MX CO-
3peBaHUsd. TpOMOOLIUTONEHUST — TAKXKEe OAWMH M3 BaXKHEUWIIUX MoKa3aTeaeid reMaToJI0rMUYeCKUX HapyleHUi
MpU ajJKOrojJu3Me — SIBJISIETCS MPUYUHON TMOSIBICHUS METEeXWil U CIIOHTAHHBIX KPOBOTEUEHU. XpOHUYE-
CKO€ YIOTpeOIeHUE aJIKOTOJIs TAKXKE OKa3bIBaeT CYNPECCUBHOE BO3ACUCTBME HA MPOAYKILIMIO U (DYHKIIUU
KJIETOK OeJ10ii KpOBU, CJIE€ICTBUEM YETO SIBJISIETCS HU3Kasl CTOCOOHOCTh MPOTUBOCTOSITh OaKTepUaIbHOMN UH-
dexiuu. Hamu paHee BbISIBJIEHbI UMMYHOMOIYJIMPYIOIIME CBOMCTBA MHHOBALIMOHHOTO aHTUKOHBYJIbCAHTA,
MeTa-XJIOPOEH3TMAPUIMOUYEBUHBI, UYTO OOYCIaBIUBAET €ro MO3UTUBHBIN 3(PGHEKT MpU BHYTPUKETYTOUHOM
BBEICHUU Y JUIMTEJbHO aJKOTOJIM3UPOBAHHBIX Mblliei. [TokazaHO TakXke, YTO MOAYJIUPOBAHHbLIEC in Vitro
YKa3aHHbIM aHTUKOHBYJIbCAHTOM CeJIe3€HOUYHbIE JUMMOLMTHI IMTOCPEACTBOM OTHOCUTEJIHLHO HE3aBUCUMBIX
MEXaHM3MOB OKa3bIBAIOT MO3UTUBHOE MCUXOHEUPOMOAYIUPYIOlee BAMSHUE MPU XPOHUYECKOW MHTOKCU-
KallMM 3TaHoJIoM. B HacTosiIieid paboTe Ha MOJEJIM XPOHUYECKOTIO aJIKOIoJIM3Ma UCCIEeNOBAJIOCh BIMSIHUE
TpaHCIUIaHTALUX JUM@OIIUTOB CEIe3€HKU, MPEeKYJIbTUBUPOBAHHBIX C METa-XJIOPOSH3TMAPUIMOUYEBUHOM,
Ha KOCTHOMO3TOBOI TeMOoI1033 1 nmoKa3aTeau rneprudepudeckoit KpoBu. B KOCTHOM Mo3re IJIUTEbHO alKO-
TOJU3UPOBAHHBIX MbIIIE HAOJII0JAIOCh CHUXKEHUE KOJOHUEOoO0pas3yloleil akTUBHOCTU IeMOIMOATUYECKUX
MpealleCTBEHHUKOB: 3HAYUTEbHO COKPATUIACh TTOMYJISILUS 9PUTPOUTHBIX MPEAIIIECTBEHHUKOB, HA YPOBHE
TEHICHIIMU TAaKXKe 3apErMCTPUPOBAHO CHIXKEHHUE TTOMYJISILMS TpaHyI0LUTapHO-MaKpodaraibHbix. Mckimto-
YeHUEe COCTaBUJIA MOMYJISIIMS paHHUX MPEeAIeCTBEeHHUKOB, KOJIMYECTBO KOJTOHUI B KOTOPOI HE MEHSJIOCh.
B nepudepuueckoii KpoBU HaOIIOAATOCh CHUXKEHUE KOJUYECTBA JUMGMOIIMTOB, TPOMOOIIMTOB, SPUTPOLIU-
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TOB, TeMaTOKpHUTa (Ha YpOBHE TCHACHIIMN) U JICMKOLIMTOB ITPU BO3PACTAHUU TTOMYJISIIIASI CETMEHTOSIIEPHBIX
HeHTpoMJIOB, yKa3biBalollell Ha nepudepuyeckoe BocrajaeHue. JIMM@oLuThl, NpeKyJIbTUBMPOBAaHHbBIE C
MeTa-XJI10pOeH3TMAPUIMOYEBUHOM, IOC/Ie BHYTPMBEHHOIO BBEACHUS CHUHI€HHBIM IMTEIbHO aJKOTOJIM-
3UPOBAHHBIM PEIMITMEHTaM, OKa3bIBAIM KOPPEKTHUPYIOIIEe BO3IEHCTBIE Ha PSII MMOKa3aTesIeil TeMoIT033a,
YTO IPOSIBUJIOCH B BOCCTAHOBJICHUU KOJIOHUEOOpa3ylollleii aKTMUBHOCTH KOCTHOMO3IOBBIX T€MOITO3TUYECKUX
TNpEeAIIeCTBEHHUKOB O MOKa3aTejeil, CPaBHUMBIX C TAKOBBIMU Y MHTAKTHBIX MBIIICH COOTBETCTBYIOIIC-
ro BO3pacTa, B CHIXKCHUHU B IepudepruIecKoii KpOBU KOJIMYECTBA CETMEHTOSIEPHBIX HEUTPO(UIIOB, BOC-
CTAaHOBJICHUHU TIOIYJISIIUI SPUTPOLIUTOB U JTUMQOIIMTOB, a TaKXKe TEHACHIIMU K ITOBBIIICHUIO KOJIMYECTBA
TpoMOonuToB. [TomydyeHHBIE TaHHBIE MOTYT CBUICTEIIBCTBOBATh 00 3(p(heKTUBHOCTU TPAHCIJIAHTALIUA MO-
JIyJIMPOBAHHBIX METa-XJIOPOSH3TUAPUIMOYEBUHOM JTMMMOLIMTOB B KOPPEKIIMH PsIa U3MEHEHMIA TeMOoI1033a,
CHPOBOLIMPOBAHHBIX JIUTEIbHON MHTOKCUKALIMEN STAHOJIOM.

Karouesnie cnosa: aumgoyumet, opucuHanbHolii GHMUKOHBYALCAHM, AAKO020AU3M, 2eMON033, KOCMHbBLI M032, KAeMmKU
nepugepuueckoil Kposu

HEMATOPOIETIC EFFECTS OF SPLEEN LYMPHOCYTES
TREATED WITH AN ORIGINAL ANTICONVULSANT DURING
LONG-TERM ALCOHOL CONSUMPTION

Orlovskaya I.A., Markova E.V., Savkin L.V, Toporkova L.B,,
Knyazheva M.A,, Serenko E.V,, Smyk A.V,, Goiman E.V.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. Excessive alcohol consumption has a negative effect on hematopoiesis, which manifests with
significant suppression of both blood cell production, and structural changes in hematopoietic precursors, i.e.,
by suppression of their maturation, up to pancytopenia. One may distinguish between the direct effect of alcohol
(toxicity to bone marrow, hematopoietic precursors and mature blood cells), and the indirect action caused by
deficiency of trophic factors. Alcohol addicts often develop anemia, due to premature destruction of erythroid
cells. Thrombocytopenia, also being an important feature of hematological disorders in alcoholism, results in
spontaneous bleeding and petechiae. Chronic alcohol consumption also has a suppressive effect on production
and functioning of white blood cells, resulting in poor resistance to bacterial infections. We have previously
identified the immunomodulatory properties of an innovative anticonvulsant, meta-chlorobenzhydrylurea
(m-CBHU). Its positive effect was determined upon intragastric administration in long-term alcoholized mice,
In a recent study, splenic lymphocytes, being in vitro exposed to the mentioned anticonvulsant, have shown a
positive psychoneuromodulatory effect during chronic ethanol intoxication. These effects seem to proceed via
relatively independent mechanisms. In this study, the effects of intravenous transfusion of m-CBHU-treated
spleen lymphocytes on bone marrow hematopoiesis and peripheral blood cells were tested in murine model
of chronic alcoholism. In the bone marrow of syngeneic recipients (long-term alcoholized mice), a decreased
colony-forming activity of hematopoietic precursors was observed: the population of erythroid precursors was
significantly reduced. Decreased counts of granulocyte-macrophage precursors were also detected at a trend
level. The only exception was the population of early progenitors, where the number of colonies did not change.
In peripheral blood, a decreased number of lymphocytes, platelets, erythrocytes and leukocytes was observed
associated with increase in the population of segmented neutrophils, suggesting peripheral inflammation.
Lymphocytes pre-cultured with meta-chlorobenzhydryl urea, after intravenous administration to syngeneic
long-term alcoholized recipients, had a corrective effect on a number of hematopoietic parameters, which
manifested with restoration of the colony-forming activity of bone marrow hematopoietic precursors to the
levels comparable to those in intact age-matched mice, along with decrease of segmented neutrophils and
restoration of RBC and lymphocyte counts as wells as a tendency for increase in platelet counts in peripheral
blood. The data obtained may suggest the efficiency of meta-chlorobenzhydrylurea-modulated lymphocytes in
correction of distinct changes in hematopoiesis associated with long-term ethanol intoxication.

Keywords: lymphocytes, anticonvulsant, alcoholism, hematopoiesis, bone marrow, peripheral blood cells
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Introduction

Excessive alcohol consumption leads to a
significant suppression of both the production ofblood
cells and structural changes in precursors including
the suppression of their maturation and subsequent
pancytopenia. Specifically, it has been reported that
alcoholics often develop anemia as a consequence
of the destruction of erythroid cells before they
mature [1]. Alcohol has a suppressive effect on the
production and function of white blood cells, resulting
in frequent bacterial infections [3]. Thrombocytopenia
is also reported as one of the important indicators of
hematological disorders in alcoholics [2, 14] leading
to petechiae and spontaneous bleeding. A distinction
is made between the direct effect of alcohol (toxic
effect on the bone marrow, hematopoietic precursors
and mature blood cells) and the indirect effect via
inducing a deficiency of trophic factors in bone
marrow microenvironment [1, 2, 3, 4].

Expression of GABAA-R subunits in various types
of mammalian immune cells and a role of GABAergic
signaling pathway in non-neural tissues has been
previously reported [5, 8]. We also described earlier the
positive immunomodulatory properties of a synthetic
GABAA-R ligand, meta-chlorobenzhydrylurea
(m-CBU), when it was administered intragastrically
to long-term alcoholized (LTA) mice [5, 6, 7, 8].
We demonstrated that by triggering GABAA-R,
in vitro treatment with m-CBU normalizes functions
of lymphocytes obtained from LTA mice subjected
to chronic ethanol intoxication. Specifically, the
increased lymphocyte proliferation was reduced by
m-CBU and reduced sensitivity to T cell mitogen was
increased to levels observed in intact mice [10]. It has
also been shown that splenic lymphocytes, modulated
invitroby m-CBU and administered to LTA recipients,
have a positive psychoneuroimmunomodulatory
effects as reflected by improved behavioral patterns,
stimulation of neuroplasticity and reduction of
neuroinflammation, stimulation of humoral immune
response, estimated by the relative number of
antibody-forming spleen cells [5, 7, 9].

The purpose of this work was to study bone marrow
hematopoiesis and peripheral blood parameters in
LTA recipients after transplantation of syngeneic
lymphocytes modulated in vitro by m-CBU.

Materials and methods

Mice

The study was performed on male (CBAXxC57BL/6)
F1 mice 10 months of age, obtained at the age of

3 months from the nursery of the Department of
Experimental Biological Models of the Research
Institute of Pharmacology and Regenerative Medicine.
The animals were kept in the laboratory vivarium
conditions in cages of 10 animals, on a standard
diet, under natural light conditions. Animal studies
were conducted in accordance with the legislation of
the Russian Federation, the provisions of Directive
2010/63/EU of the European Parliament and Council
of the European Union of 22 September 2010 on the
protection of animals used for scientific purposes, the
requirements and recommendations of the Guidelines
for the care and use of laboratory animals and were
approved at a meeting of the local ethical committee
of Federal State Budgetary Scientific Institution
“Research Institute of Fundamental and Clinical
Immunology” (minutes of meeting No. 139 dated
30 May 2022).

Considering the presence in the population of
male (CBA x C57Bl/6)F1 individuals with active
and passive types of behavior that differ in the level
of ethanol consumption [5, 6], in order to form
homogeneous experimental groups, all mice were
preliminarily tested in the “Open field”, and only
individuals with an average level of behavior were
included in the study.

Alcoholization protocol

To model chronic alcohol intoxication, we used
the forced drinking method, in which mice were
forced to consume a 10% ethanol solution as the only
source of liquid for 6 months. Control mice were
drinking water under similar experimental conditions.

Preparation and transplantation of lymphocytes

Isolation and preparation of splenic lymphocytes
for transplantation have been described in detail
previously [9]. Briefly, isolated from LTA mice splenic
lymphocytes were incubated in vifro with m-CBU at
a concentration of 10 ug/mL for 30 minutes. Then,
after three times washing from the substance in saline,
the cells were resuspended in RPMI-1640 medium.
Lymphocytes precultured with m-CBU were injected
intravenously (15 x 10° cells per animal) into syngeneic
LTA recipients (Recipients 2). LTA mice, which were
injected with lymphocytes precultured under similar
experimental conditions without m-CBU were used
as control group (Recipients 1, negative control #1).
LTA mice were used as a negative control #2; intact
mice of the corresponding age were used as a positive
control. Twenty-four hours after the transplantation,
mice from the experimental and control groups were
sacrificed by decapitation. Obtained tissues (bone
marrow and peripheral blood) were used for this study.

Colony-forming assays

To assess the number of bone marrow hema-
topoietic progenitors, the bone marrow of animals
was washed out from the femur using a syringe with
conditioned RPMI-1640 medium containing 10%
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FCS. The number of bone marrow cells (BMC)
in 1 mL was counted using a PCE-90 hematology
analyzer (Erma Inc., Japan). To determine the
number of committed precursors, animal BMC at
a concentration of 2.0 x 10*/mL were incubated in
24-well plates in methylcellulose medium M 3434
(Stem Cell Technology, Canada) containing the
cytokines SCF, EPO, IL-3, and IL-6. Granulocyte-
macrophage (CFU-GM), erythroid (early
BFU-E, Iate CFU-E) and granulocyte-erythroid-
macrophage-megakaryocyte (CFU-GEMM) colo-
nies were counted under an inverted microscope
after a 14-day incubation at a temperature of 37 °C,
in a humid environment, atmosphere containing 5%
CO,, according to the recommendations of Stem
Cell Technologies (Canada). Data are presented as
number of CFU/10° BMC.

Histology

The cellular composition of the blood of mice was
assessed using a PCE-90 hematology analyzer (Erma
Inc., Japan). The relative amount of blood cells was
counted in smears stained according to Romanovsky—
Giemsa.

Statistical analysis

Statistical analysis of the data was performed
using portfolio Statistica 10.0 for Windows (StatSoft,
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Figure 1. Colony-forming activity of bone marrow
hematopoietic precursors of long-term alcoholized males
(CBA x C57BI/6)F1 after transplantation of syngeneic
spleen lymphocytes modulated in vitro with meta-
chlorobenzhydryl urea

Note. 1, intact mice; 2, long-term alcoholized mice; 3, long-term
alcoholized recipients after transplantation of syngeneic splenocytes
precultured without meta-chlorobenzhydryl urea (Recipients 1);

4, long-term alcoholized recipients after transplantation of

syngeneic splenocytes precultured with meta-chlorobenzhydryl urea
(Recipients 2). Data are presented as M+SD; n = 8 in each group; *,
p < 0.05 compared with intact animals; #, p < 0.05 compared with long-
term alcoholized animals and the “Recipient 1” group (Mann-Whitney
test).

Tulsa, OK, USA) analytical software. The group
data samples did not follow the normal distribution
law (according to the Shapiro-Wilk test), so non-
parametric tests were used for statistical analysis.
For multiple intergroup comparisons, the Kruskal-
Wallis test was used for independent variables. If there
were statistically significant differences in this test, a
posteriori pairwise analysis of intergroup differences
in indicators was used using the Mann—Whitney
U test. Results are presented as the mean = SD.
Differences were considered significant at p < 0.05.

Results and discussion

In the bone marrow of LTA mice, a decrease
in the colony-forming activity of hematopoietic
precursors was observed. The number of erythroid
precursors (CFU-E + BFU-E) was decreased from
27.2£5.9 x 10° BMC in control mice to 9.2£3.4 x 10°
BMCin LTAmice (p=0.001, Figure 1). The numberof
granulocyte-macrophage (CFU-GM) precursors was
characterized by a downward trend (22.8+4.7 x 10°
BMC in control mice to 17.0+2.9 x 10° BMC in LTA
mice (p = 0.0584, Figure 1). Interestingly, the number
of early progenitors (CFU-GEMM) did not change
with long-term alcoholization (8.8+2.5 x 10° BMC in
LTA mice and 8.2+2.6 x 10° BMC in control mice,
p = 0.362, Figure 1). Our findings are in line with
previously reported results that early hematopoietic
stem cells (HSC) and multipotent precursors are
more resistant to the negative effects of ethanol and
acetaldehyde compared to committed precursors [15].
However, other studies report an increased apoptosis
of HSC with a reduction in their numbers [1] and a
decrease in their functional activity during acute and
severe alcohol intoxication was reported [13]. Thus,
additional studies are warranted to further clarify the
effects of different protocols of alcoholization on
bone marrow hematopoiesis.

Next, we investigated the effects of ex vivo
m-CBU-modulated lymphocytes on bone marrow
hematopoiesis in syngeneic LTA recipients. The
number of precursors of different lineages in LTA
mice subjected to transplantation of lymphocytes
precultured without m-CBU (Recipients 1) did not
change significantly compared to LTA (Figure 1).
However, in a group of LTA mice that were injected
with  lymphocytes precultured with m-CBU
(Recipients 2), a restoration of the colony-forming
activity of erythroid precursors to levels exceeding the
control levels was observed (30.0+10.1 x 10° BMC
vs 27.2£5.9 x 10° BMC, p = 0.694); the number of
granulocyte-macrophage colonies was also restored
to the level of control animals (33.5+13.4 vs 22.8+4.7,
p = 0.162, Figure 1).

Anemia, leukopenia, lymphocytopenia and throm-
bocytopenia are commonly observed in alcoholics [2,

1388



2025, T. 27, Ne 6
2025, Vol. 27, No 6

Jumgpoyumowt, 2eMOn033 U ANKO20AUIM
Lymphocytes, hemopoiesis and alcoholism

3]. Thus, our next objective was to investigate shifts
in peripheral blood parameters in LTA mice and the
lymphocytes transplantation effect on their dynamics.
We found a 1.5-fold decrease in the number of
erythrocytes and 1.2-fold decrease in hematocrit in
LTA mice compared to control mice (Table 1). This is
in line with previously reported findings that alcoholics
are characterized by structural disorders of erythroid
cells and their destruction, which can lead to the
onset of anemia [1]. In this study, we further observed
that transplantation of lymphocytes precultured
with m-CBU in LTA recipients restored erythrocyte
numbers to the level of intact mice (Table 1).

We did not observe a significant decrease in the
number of leukocytes in the peripheral blood of LTA
mice compared to controls (p=0.194); transplantation
of lymphocytes precultured with m-CBU into LTA
mice also did not lead to any shifts in this parameter
(Table 1).

In line with previously reported observations in
human subjects [14], we found a significant decrease in
the number of platelets in the peripheral blood of LTA
mice comparted to control mice; after transplanta-

tion of lymphocytes precultured with m-CBU, an
increase in this parameter was recorded (Table 1). The
number of blood monocytes in all studied groups did
not change (Table 2).

In this study, the population of segmented
neutrophils was 1.6-fold increased in peripheral blood
of LTA compared to control mice (Table 2). Given a
downward trend in the number of myeloid progenitors
in bone marrow of LTA mice, the increase in mature
cells in peripheral blood is not reflective of increased
hematopoietic activity in bone marrow. However, the
formation of extramedullary sites of hematopoiesis
cannot be excluded at this time. Other published
studies report a transient increase in granulocyte
counts in the circulation in alcohol abuses, which
might be due to the increase in neutrophil release from
the bone marrow, rather than increased progenitor
proliferation or decreased neutrophil apoptosis [11].
However, there is data on inhibition of granulocyte
production in the bone marrow in response to
excessive alcoholism [13]. Thus, further research is
needed to delineate the mechanisms and dynamics
of neutrophil production, migration and functional

TABLE 1. INDICATORS OF ERYTHROCYTES, HEMOGLOBIN, LEUKOCYTES AND PLATELETS IN PERIPHERAL BLOOD
OF LONG-TERM ALCOHOLIZED MALES (CBA x C57BI/6)F1 AFTER TRANSPLANTATION OF SYNGENEIC LYMPHOCYTES
MODULATED IN VITRO WITH META-CHLOROBENZHYDRYLUREA.

Groups of animals Erythrocytes Hemoglobin Leukocytes Platelets
Intact animals 6.7+0.6 11.7+0.6 7.812.5 169.0+9.4
Long-term alcoholized animals 4.4+0.9" 9.7+0.8 5.6+2.3 127.6+12.8*
Recipients 1 4.2+1.1* 9.31+1.5 5.5+4.7 119.6+11.8
Recipients 2 5.9+0.4% 10.3+1.3 5.8£3.4 151.6+10.1

Note. Recipients 1, long-term alcoholized recipients after transplantation of syngeneic splenocytes precultured without meta-
chlorobenzhydryl urea. Recipients 2, long-term alcoholized recipients after transplantation of syngeneic splenocytes precultured
with meta-chlorobenzhydryl urea. The results are presented as M+SD; n = 8 in each group; *, p < 0.05 compared with intact animals;

# p < 0.05 compared with long-term alcoholized animals and the “Recipient 1” group (Mann-Whitney test).

TABLE 2. RELATIVE AMOUNT OF BLOOD CELLS IN LONG-TERM ALCOHOLIZED MALES (CBA x C57BI/6)F1 AFTER
TRANSPLANTATION OF SYNGENEIC LYMPHOCYTES MODULATED IN VITRO WITH META-CHLOROBENZHYDRYLUREA

Animal groups Monocyte Segmented neutrophils Lymphocytes
Intact animals 4.4+21 29.0£9.1 66.2+13.8
Long-term alcoholized animals 4.4+1.3 46.2+13.6* 44.8+14.2*
Recipients 1 3.6x1.4 48.1+11.2* 46.1+10.9*
Recipients 2 3.4+1.7 36.0+£19.2% 56.2+17.5%

Note. As for Table 1.
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activity in response to different doses and protocols of
alcohol exposure.

Interestingly, we found that transplantation of
the ex vivo m-CBU-modulated lymphocytes led
to a significant decrease in segmented neutrophil
numbers in LTA mice compared to control (Table 2).
Multifactorial regulation of the lifespan of neutrophils,
chronicity of the pathological process, including
chronic low-grade inflammation, characteristic
of long-term alcoholism, may be associated with
changes in the basal activity of neutrophils and
accompanied by a violation of the basic algorithm
for the regulation of apoptosis. Many cytokines and
growth factors that play an important role in the
formation of the inflammatory response can change
the lifespan of neutrophils in different directions. It
has been shown that IL-1, 1L-2, IL-3, IL-6, IL-8,
IL-15, 1L-18, IL-32y, TNFa, IFNy, IFNa, IFNf,
GM-CSE and G-CSF are able to slow down the
apoptosis process, exerting a proinflammatory effect
in various pathologies [11]. At the same time, TNFa
and IL-6 have bifunctional properties, i.e., can activate
apoptosis of these cells under certain conditions.
IL-10 also has the property of inducing acceleration of
apoptosis. Considering the change in the production
of a number of cytokines by peripheral immune cells
and brain cells in LTA mice and after transplantation
of m-CBU-modulated lymphocytes, which we have
previously shown [5, 9], cytokine regulation can be
considered in the light of the changes in the number
of neutrophils identified during this study.

In our study, LTA mice were also characterized
by lymphopenia (1.5-fold decrease in peripheral
blood of LTA compared to control mice, Table 2),
which supports other reports that chronic alcohol
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