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MURINE SPLEEN LYMPHOCYTES APOPTOSIS

IN THE EXPERIMENTAL MODEL OF STAPHYLOCOCCAL
INTRAVAGINAL INFECTION

The results of research on changes in the level of apoptosis among the spleen cells during the development
of intravaginal staphylococcal infection in experimental models of different genetic mice lines are given in
the paper. Intravaginal injection of Staphylococcus aureus resulted in an increased number of cells with
morphological characteristics of apoptosis in underbred and line BALB/c mice, while it decreased in the ICR
line mice. The level of the apoptotic cells in the underbred and line BALB/c mice was accompanied by some level
of microorganisms that were seeded out of kidneys — the higher was the number of microorganisms, the more
apoptotic cells were indicated.
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Infectious-inflammatory diseases caused by pathogenic and opportunistic strains of staphylo-
coccl, are growing over the past two decades. It becomes increasingly important to study the role of
staphylococcal infections in the general pathology of the reproductive system and pregnancy [17],
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which are characterized by numerous violations of the factors of congenital and acquired immunity
[9]. It is known that an important role in the development of immunodeficiency states which accom-
pany various pathological processes, including the bacterial infections, is given to the violation of
apoptosis regulation in the immune system cells [5].

It was determined that apoptotic program in the lymphocytes can be triggered by high doses
of specific antigen as well as by the microbial superantigen, accompanied in the first case by the
development of immune tolerance, and in the second one — by formation of immunosuppressive
condition [13].

Viral and bacterial antigens, toxins, cytokines, including tumor necrosis factor, neurotransmit-
ters, hormones, free radicals, oxidative stress, loss of contact between the cells, temperature, and
various types of radiation, antibiotics, ethanol, monoclonal antibodies and other specific ligands can
be the external inducers of apoptosis [12].

It is logicaly to consider the apoptosis as a part of immunogenetic control of the body homeosta-
sis provided by the reparatory enzymes system, immune system and in extreme situations — enabling
genes programmed death if the reparation by other means is impossible [14, 18]. However, reducing
of the apoptosis intensity also leads to negative consequences, such as autoimmune diseases and
malignant tumors [7]. It is known that Staphylococcus antigens may also induce apoptosis, but the
exact mechanism has not yet been clarified [6].

In connection with the foregoing, the research aim was to determine the impact of intravaginal
staphylococcus infection on the immune system cells apoptosis in experimental models of mice of
different genetic lines by studying the number of cells in state of apoptosis among splenocytes.

Materials and Methods. The objects of the study were white laboratory female mice of ICR,
BALBY/c lines and underbred aged ones from three to seven months and 15-21 g weight, kept on
standard vivarium diet. The mice were handled in accordance with generally accepted international
rules of the work on experimental animals. The BALB/c line mice came from the white commercial
mice Beggz (1906) and are used in the oncology and neuroscience research. The ICR line came from
a large colony of Swiss white mice and is used mainly in pharmacological studies of drugs [20].

Staphylococcal urogenital tract infection was depicted by intravaginal injection of exclusive
mice extracted cell suspension of S. aureus in a dose of 1x10'° cells/ml. The strain of S. aureus was
isolated from urogenital tract of intact underbred white mice at the Department of Microbiology and
Virology of O. Gonchar Dnipropetrovsk National University [2].

Splenocytes were obtained by the mechanical destruction of spleen in the growth media 199 or
RPMI-1640 with following centrifugation for 10 minutes at 1500 rpm. Supernatant was completely
removed and the cells were resuspended in 1 ml of growth media [19].

Lymphocytes were isolated from spleen cell suspensions by fractionation in density gradient of
fikoll-verografin (p = 1.12 and p = 1.077 g/cm?). The cell suspension was laminated carefully on the
top of two-step gradient of fikoll-verografin. The cells were centrifuged for 45 minutes at 1500 rpm.
Lymphocytes were washed by double centrifugation for 10 minutes at 1500 rpm. The concentration
of the cells was adjusted to 1x108 cells/ml [19].

The Romanovsky-Giemsa staining was used to count the number of spleen lymphocytes in
the state of apoptosis among 100 cells in microscope field of view [1]. Apoptotic cells appeared as
rounded or oval clusters of intensely eosinophilic cytoplasm with dense nuclear chromatin frag-
ments. The nucleus may disintegrate into two or more fragments. These features allow distinguish-
ing apoptotic cells from necrotic, which are characterized by the loss of plasma and nuclear mem-
brane integrity and disintegration of cell organelles. The apoptotic vesicles are limited by plasma
membrane and contain organelles. These preparations were studied with immersion system [18].

Kidneys were removed by autopsy, homogenized in a sterile mortar with a sand and 2 ml of
sterile physiological solution with the subsequent seeding the 100 microliters of the samples to the
solid growth media.

The total microbial number was determined on the beef-extract agar. Staphylococcus and Strep-
tococcus spp. were determined in the selective agar medium for staphylococci and streptococci,
respectively [17].
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Statistical data processing was performed by the Lakin method (1980), using the Student crite-
rion at the 0.05 level of significance [3].

Results and Discussion. In the literary data regarding the number of cells in a state of apoptosis
in underbred mice under the condition of physiological norm are enough contradictory. Thus, for
various organs and tissues the level of apoptotic cells varies from 0.5 to 69.0 % [2, 5]. Underbred
mice were engaged in our research because of their extremely wide use in the experiments with
infectious diseases reproduction [4]. Stably low values of apoptosis in underbred intact mice spleen
cells, which varied in the range from 0 on the 7" day to 1.8 % on the 16" day, were obtained in our
study (Fig. 1). In consideration of this fact the steady level of apoptosis, revealed for spleen lympho-
cytes of underbread intact mice can be noted.
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Fig. 1. Dynamics of changes of apoptotic cells number among spleen lymphocytes of intact
and S. aureus infected underbred mice

Data obtained does not match the results of some of literature sources [8, 13], which showed a
much higher number of cells in a state of apoptosis among the intact underbred mice splenocytes
(5.4-7.9%). However, a direct correlation between the level of apoptotic lymphocytes and infectious
diseases was established in these studies [8, 13]: after complete elimination of the causative agent,
the cells that participated in its destruction are eliminated by the apoptotic processes. So, including
the low level of apoptosis among underbred intact mice splenocytes, we can assume that the
experimental animals had no infectious diseases in the past.

A significant increase in the number of spleen lymphocytes in a state of apoptosis was observed
after intravaginal injection of S. aureus cell suspension to underbred mice (Fig. 1). So, the number of
apoptotic cells increased in 5.7 times — from 1.20 + 0.30 % in the control to 6.66 £ 0.75 % (P <0.05)
on the 4" day. On the 7™ day a quantity of these cells was equal to 4.16 + 0.72 %, which was also
higher than in the control group.

It is known [19] that the immune response development after intravaginal infection is slightly
delayed in time (it was observed on the 7" — 9" days), thus the increasing of the apoptotic cells
level on the 4" day may not be directly related to the injection of antigen (direct activation of Fas-
receptors).

The highest level of apoptosis was revealed on the 13" day — the number of the cells in a state of
apoptosis increased to 14.70 &+ 1.13 % compared to 1.60 + 0.31 % (P < 0.05). A significant reduction
in the cell number in a state of apoptosis to the level of control (3.07 £ 0.44 %, in control group
1.80 £ 0.28 %; P > 0.05) was observed on the 16" day. This is probably due to the weakening of the
S. aureus antigens stimulation in connection with the pathogen eliminating from the body [8].

The results of the lymphocyte’s apoptosis study of the intact and S. aureus infected mice line
BALB/c are shown on Fig. 2.

ISSN 0201-8462. Mixpobioa. acypn., 2010, T. 72, Ne 2 31



25
Control BALB/¢
20 e
& 15
10 == BALB/C nuce
after injection
S, aurens
5
0

4 day Tdlay 13 day 16 day

Fig. 2. Dynamics of changes of apoptotic cells number among spleen lymphocytes of intact

and S. aureus infected BALB/c line mice

A slight fluctuation of the apoptotic cells number was indicated for the control group, the average
was 7.54 + 1.24 %. So, the number of the cells in a state of apoptosis among intact BALB/c line
mice splenocytes is 4.18 times higher than the similar rates for underbred mice, that can indicate a
feature of the immune system of this line mice, as it is well known [4] that the BALB/c line mice
have specific congenital defects of some immunity branches.

The number of the spleen lymphocytes in the apoptotic condition did not change on the 4" day
after BALB/c line mice being infected intravaginally by S. aureus (4.65 + 0.72 %, in control group
7.57 £ 1.29 %; P > 0.05). It is known [14] that a certain period (no less than 5 days) is required
for the direct cell apoptotic receptors stimulation by the antigen. However, a significant increase
of apoptotic cells according to 24.32 + 3.81; 28.12 £+ 3.39 and 27.45 + 4.01 % compared to 6.30 +
0.92; 8.40 + 1.14 and 7.90 £ 1.34 %, respectively, in the control (P < 0.05) was observed on the 7,
13 and 16" days.

The reduction of the immune cells with apoptosis characteristics is typical on the 7% — 9" day
of the normal development of the immune response to the intravaginal injection of the pathogens,
which is associated with an active elimination of the causative agent [2].

From the obtained data we can conclude the delay of the immune response in BALB/c line
mice to S. aureus, since this group observed a consistently high level of spleen cells apoptosis from
the moment of the infectious process development on the 7" day and up to the final 16" day of the
experiment. We can assume that the defective immune response, typical of this line [4], led this case
to the increase of the pathogens circulating period in the body.

The data obtained for ICR line mice was non-standard and did not match the materials, which
were obtained for the previous groups (Fig. 3). The intact mice of this group were characterized by
rather high average number of apoptotic cells — 11.68 + 1.47 %.

A sharp decrease in the number of apoptotic lymphocytes was observed on the 4™ and 7" days
after intravaginal injection of S. aureus — according to 3.22 + 0.43 and 7.14 + 1.01 % compared to
11.03 + 1.38 and 11.31 + 1.26 % in the control (P < 0.05). On the 13" and 16™ days their numbers
have increased to 11.1 £ 1.24 and 11.53 £ 1.39 % against 12.50 = 1.51 and 11.89 + 11.32 %,
respectively, in the control (P < 0.05).

A significant increase of aerobic and optionally anaerobic bacteria, indicating the spread of
infection into all organs of the genitourinary system was found from the fourth day of the experiment,
which was determined in the kidney’s microbiological studies of the groups of mice with artificially
reproduced infection (Table 1).
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Fig. 3. Dynamics of apoptotic cells number among spleen lymphocytes of intact
and S. aureus infected ICR line mice

The highest number of staphylococci colonies was observed in the kidneys on the fourth day
of the underbred mice group study that can be completely logically explained by the injection of
the congruous microorganism as an infection agent. However, the almost complete elimination of
staphylococci with rapid development of streptococcal infection in the kidneys was observed fur-
ther. This can be explained by «switching» of the immune system to the elimination of the main
causative agent, accompanied by excessive growth of the attendant microorganisms [9].

Table 1
The kidney’s microbiological research of different genetic lines and underbred mice
CFU"/ml, Lg
. The day . . . .
Mice Selective agar medium | Selective agar medium
of study Beef-extract agar . .
for staphylococci for streptococci
4 3.09+0.11 3.49 £ 1.00 3.47+0.98
7 2.30+0.34 0 0
Underbred
13 3.95+£0.18 0 4.34+1.20
16 4.07£0.16 1.30£0.02 4.64 +0.99
4 3.73+£0.01 0 3.95+ 0.56
7 3.69 +0.39 2.45+0.45 3.06 +0.23
Line BALB/c
13 3.74+£0.41 2.58 £0.98 3.95+0.12
16 3.72+£0.88 3.01+0.56 3.92+0.34
4 3.25+£091 3.59 £ 1.00 3.66 =0.76
7 3.25+0.35 3.19+0.89 3.11+1.20
Line ICR
13 4.76 +0.45 4.65+0.78 4.87+0.98
16 4974034 4.76 £ 0.56 5.03+1.10

“Colony forming unit

The excessive growths of aerobic and optionally anaerobic bacteria, including representatives

of streptococcal group, were also detected for the mice of ICR and BALB/c lines. However,
unlike the data from underbred mice, the rapid increase in the number of staphylococcal group of
microorganisms, identified mostly as S. aureus was detected in the BALB/c and ICR lines. We can
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make the hypothesis that the level of rates, noted in the microbiological study of kidney’s suspension
of infected BALB/c and ICR lines mice during the trial period was not maximum possible, and
probably would still increase over some time.

Therefore, the research allows asserting that the intravaginal infecting of white underbred and
BALBY/c line mice resulted in a considerable increase of the number of spleen lymphocytes in a state
of apoptosis. The highest number of apoptotic cells was on the 13" day after S. aureus injection.

This points to the infection transition to a generalized form with the subsequent development of
completes (underbred mice) and delayed (line BALB/c) immune response. ICR line mice showed
an atypical reactions to the intravaginal staphylococcal infection: the number of cells in a state of
apoptosis decreased 3.4 times over a period from 4 to 7 day of the experiment as compared to the
control. There are certain difficulties in interpretation of the results, as the increase in the number of
apoptotic cells under the influence of staphylococcal antigens is a well-known fact [12].

The works that would give an explanation to the mechanisms of the phenomenon of apoptosis
reduction after injecting the antigen to the mice of this line was not found in the literature. However,
it is known that the feature of ICR line mice is the tendency to spontaneous tumor formation of
different histogenesis. Given the existing data of spontaneous tumor formation mechanism,
partly based on the reduction of the defective function cells apoptosis, there is likelihood that the
development of these processes in ICR line mice is based on the defects of the immune system
that causes the atypical response of immune cells to the pathogens entering [16]. It is possible that
the violation of the apoptosis mechanisms is the cause of their susceptibility to spontanous tumors
formation [7].

Conclusions

1. Intravaginal staphylococcal infection of underbred and BALB/c line mice was accompanied
by apoptosis of lymphocytes and confirmed by an increasing number of splenocytes with
morphological characteristics of apoptosis, which was the highest on the 13" day. However, the
inhibition of apoptosis level was determined for the infected ICR line mice: the number of apoptotic
cells among splenocytes decreased on the 4" — 7™ day of the experiment, which is atypical of the
flow of staphylococcal infection.

2. A high number of cells with morphological characteristics of apoptosis among intact ICR
and BALB/c lines mice splenocytes in comparison with intact underbred mice is associated with a
higher degree of kidney’s microbial dissemination. The higher was the number of nonpathogenic
microorganisms in the kidneys of intact ICR and BALB/c lines mice, the more apoptotic cells was
indicated.

M.A. Cnisax, JI.II. Badenko, B.B. Mokpo3yo, K.M. Kiwko, JI.M. Jlazapenxo

IucturyT Mikpooiosnorii i Bipycosorii im. JI.K. 3a6onornoro HAH Ykpainu,
By1. Akagemika 3abonorHoro, 154, Kuis, MCII, 103680, Ykpaina

ATIONTO3 JIIM®OIMUTIB CEJE3IHKY MUIIEW PI3HAX MO YJIAIINA
IIPY EKCIEPUMEHTAJIbHINA CTA®LIIOKOKOBOI ITHOEKIIIT
YPOT'EHITAJIBHOI'O TPAKTY

Pesome

Y poGoTi HaBeEHO pe3yIbTaTH AOCHTIIKEHHS 3MIHH PIiBHS aIloNTo3y cepel KIITHH CeNe3iHKH B AUHAMIII
PO3BHTKY iHTpaBariHaIbHOI cTadinokokoBoi iH(eKmii Ha eKCIepUMEHTAIbHIM MOJeNi MUIIeH Pi3HUX TeHeTHd-
HUX JiHii. [HTpaBarinansHe iHiKyBaHHS MuLIe Staphylococcus aureus TPU3BOIUIO 10 301TBIIEHHS KUTBKOCTL
KJITHH 13 MOP(}OJIOTiYHUMHU O3HAKaMU aromnTo3y B MuLIel 6e3nopoauux ta inii BALB/c, Toai sk y Murueit ninii
ICR ix kinbKicTh 3MeHIIyBanack. KinpkicTb KINITHH y CTaHi anonTo3y B Mulleil 6e3nopoanux Ta jdiHil BALB/c
CYIPOBOKYBaJIaCh HAsBHICTIO NIEBHOTO PiBHS MIKPOOPTraHi3MiB, SIKi BUCIBAJINCH i3 HUPOK: UMM BHIIOK Oyia
KIJIBKICTh MIKpPOOPTaHi3MiB, THM BHIMM OyB PiBEHB aIlONTO3y CIUICHOLHTIB.

Knrwo4oBi cuo Ba:anonros, cenesinka, Staphylococcus aureus, MHIAHI MU,
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3abonorHoro, 154, Kues, MCII, 103680, Ykpauna

ATIONTO3 JIUM®OIATOB CEJIE3EHKA MBIIIEN PASHBIX IO YJIAIAN
IPU DKCNIEPUMEHTAJIbHOM CTA®NJIOKKOKOBO HH®EKIIUN
YPOI'EHUTAJIBHOI'O TPAKTA

Pesome

B paboTe mpHBeneHbI pe3yNbTaThl HCCICAOBAHUSA H3MCHEHHUs YPOBHS aloNTo3a CPEAH KICTOK CENIC3CHKH
B JMHAMHUKE DPa3BUTHA MHTPABATMHAIBHON CTa()HIOKOKKOBOW MH(EKIHM Ha SKCIEPHMEHTAJIbHON MOAEIH
MBIILIEH Pa3THIHBIX [eHETHYECKUX TuHuit. NHTpaBarnHaapHOe HHPUIUpPOBaHKE MblLieit Staphylococcus aureus
MPUBOJMIIO K YBEIHYCHUIO KOJIMYECTBA KIECTOK ¢ MOP(HOIOrHYCCKUMH MPU3HAKAMH aIloTo3a y 6eCIopOAHbIX
Mblieit u Mplirei muann BALB/c, Torna kak y meimeid munnd ICR ux konmndecTBo ymeHmanzock. KomudgecTso
KJIETOK B COCTOSIHHH aIloNTo3a y OECOpOAHHUX MBIIIeH U MbIiiei muaun BALB/c conpoBokaanoch onpeieneH-
HBIM YPOBHEM MHKPOOPTaHH3MOB, KOTOPBIC BHICEBAINCH U3 TTOYCK: YeM OOJIBIIMM OBUIO KOJTHYECTBO MUKPOOOB,
TEM BBILIC OKa3aJICsl yPOBEHb aIlOITO3a CIUICHOLUTOB.

KrnodaeBble cJ0 Ba:anonros, ceneseHka, Staphylococcus aureus, TMHESHHBIC MBIIIH.
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