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LACTOBACILLUS AND BIFIDOBACTERIUM
INFLUENCE ON THE INDICES OF IMMUNE
RESPONSE OF THE ORGANISM SHOWED ON THE
EXPERIMENTAL MODEL

It was studied the influence of Lactobacillus and Bifidobacterium on interferonogenesis
and functional activity of murine phagocytosis system cells in vivo. It was established
that Bifidobacterium Bifidobacterium, Bifidobacterium longum, Lactobacillus
acidophilus, Lactobacillus casei and Lactobacillus bulgaricus in vivo had activated
the endogenous interferon production proved to be true by essential increase of
interferon concentration in murine blood plasma. Lactobacillus acidofillus and
Bifidobacterium longum have appeared the most effective inducing agent of both
“early” and “late” interferon. These preparation also extended spontaneous and
ridostin-induced production of interferon by spleen cells. The probiotic strains of
Lactobacillus and Bifidobacterium introduction was accompanied by stimulation of
oxygen-depending bactericide and absorbing activity of peritoneal macrophages.
Received data testify the obtained composition on the basis of Bifidobacterium longum
and Lactobacillus acidophilus is the most perspective for immune correction.
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During the last years humane infectious inflammatory and oncology diseases
accompanied by formation of secondary immunodeficiency conditions tend to grow.
A perspective direction of purposeful immune correction is used of probiotics and/or
prebiotics created on the basis of indigenious normal flora of a gastroenteric path, in
particular Lactobacillus and Bifidobacterium [9, 1, 4, 10, 5]. It is known that probiotic
influence on development of cellular and humoral immune response changing variety
of production of immune regulating cytokines, first of all Thl-type — interferon-y and
interleukin-2 [1, 8, 3, 2, 5]. Therefore search of Lactobacillus and Bifidobacterium with
immune modulating properties for creation new highly effective probiotics preparations
is an actual problem. In connection with the aforesaid it has been laid down for the
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aim to define immune modulating properties of Laktobacillus and Bifidobacterium
by investigation of their influence on endogenous interferon production as well as a
functional activity of phagocytosis system cells on the murine experimental model.

Materials and methods

There were used freeze-dried Laktobacillus and Bifidobacterium of different
strains: Bifidobacterium Bifidobacterium and Bifidobacterium longum as well as
Lactobacillus acidofillus, Lactobacillus casei and Lactobacillus bulgaricus (Collection
of Zabolotny Institute of Microbiology and Virology of NAS, Ukraine). Preparations
were separately injected per os to mice of line BaLb/c with body mass of about 18-20
g for 4 days once a day. As comparison it was used the official probiotic Lacidofil
(Institute Rosell, Canada) per os for 4 days once a day and standard interferon
inducer ridostin (Vector-Pharm, Russia) was introduced intraperitonealy. The dose of
preparations for one mouse was made of: Bifidobacterium Bifidobacterium — 100 pg,
Bifidobacterium longum — 50 ng, Lactobacillus acidofillus — 50 wg, Lactobacillus
casei — 50 ng, Lactobacillus bulgaricus — 100 pg, ridostin — 25 pg, lacidofil — 50 ng.
Dynamic of interferon production was investigated in blood serum in 6 hours, 1,
3, 6 and 12 days. On the I, 3 6" and 12" days the following spontaneous and
induced production of interferon by spleen cells was studied. Activity of interferon is
defined by microtitration in culture of sensitive cells. Reference preparations of both
interferon-a (the international standard B 69/19) and interferon-y (branch standard)
were used. The sample dilution protected 50 % cells from cytopathic action of 100
CTA50/0,1 ml of a test virus (vesicular stomatitis virus, vaccinal strain H) [7] was
accepted as interferon titer.

For the 1%, 3 6% and 12" days oxygen-depending bactericide and absorbing
activity of peritoneal macrophages was studied using routine methods [7]. While
studying the absorbing activity of phagocytes it was calculated the phagocytosis
index (PI) — percent of cells in sight of the microscope contained latex particles and
phagocytic number (PN) — mean quantity of latex particles which were absorbed
by each phagocyte (conventional units (CN)). Oxygen-depending bactericide activity
of macrophages was studied in spontaneous reduction test as well as in reduction
test with pyrogenal stimulation using nitroblue tetrazolium (NBT-test) cytochemical
assay. The percent of cells (among 100) containing dark blue granules of diformazan
was calculated in sight of the microscope. The functional reserve (FR, %) defined as
a difference between data for spontaneous and stimulated NBT test.

All received data were calculated using the computer program Epi Info
(version 6.0) by the variation statistics method supplemented with Student’s criterion.
In order to estimate the individual indices their mean arithmetic value was taken *
mean error (M = m).

Results and their discussion

Our results have shown that introduction of Laktobacillus and Bifidobacterium
to mice led to stimulation of endogenous interferonogenesis (tab. 1). However the
level and dynamics of interferon synthesis essentially differed depending on strain of
Lactobacteria as well as Bifidobacterium. Among Lactobacteria the greatest interferon
genesis activity had Lactobacillus acidophillus, and among Bifidobacterium — Bifi-
dobacterium longum. Essential accumulation of interferon in blood serum under the
influence of these preparations was observed in 6 hours: an interferon titer increased
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Table 1.
Spontaneous production of interferon by spleen cells following the Laktobacillus

and Bifidobacterium introduction

Titer of interferon, log, Unit/ml/ period of observation
1st day 3rd day 6th day 12th day
Intact (Control) 5,00 == 0,01 6,00 == 0,01 5,00 == 0,01 4,00 == 0,01
Obtaining of | 7 69 4 001 | 7,00+ 001 | 600002 | 4,00 00l
B. longum
Obtaining of
B. Bifidobacterium
Obtaining of
L. acidophilus
Obtaining of
L. casei
Obtaining of
L. bulgaricus
Obtaining of
lacidofil
Obtaining of 400 0,09 | 600001 | 400=007 | 4,00=0,11
ridostin

Note: *P < 0,05 compared with control values.

Mice groups

4,00 = 0,01 4,00 = 0,01 3,00 = 0,01 3,00 == 0,02

7,00 = 0,04* 7,00 = 0,01 6,00 = 0,02 4,00 = 0,02

6,00 = 0,01 6,00 = 0,01 4,00 = 0,01 4,00 = 0,01

4,00 = 0,01 5,00 = 0,01 5,00 = 0,01 4,00 = 0,07

5,00 = 0,01 6,00 = 0,01 5,00 == 0,01 3,00 == 0,01

from 5,30 == 0,90 log, U/ml in the control accordingly to 7,00 = 0,01 (P < 0,05) and
7,00 == 0,04 log, (P < 0,05) U/ml. High level of blood serum interferon remained
on 1% (accordingly 8,00 == 0,01 and 7,00 == 0,01 log, U/ml), 3" (accordingly 9,00 ==
0,05 and 9,30 == 0,20 log, U/ml) and 6™ (accordingly 9,00 == 0,01 and 8,00 = 0,02
log, U/ml) day. Concentration of interferon in blood serum of mice which received
Lactobacillus acidophillus has appeared increased for 12 day (7,00 == 0,02 logQU/ ml) too.
On the same time following a Bifidobacterium longum introduction an interferon
titer on the 12 day decreased to control level (4,09 = 0,06 log, U/ml; P > 0,05).
Under the influence of Lactobacillus casei and Lactobacillus bulgaricus concentra-
tion of serum interferon did not change comparing with control in 6 hours (accord-
ingly 5,00 == 0,09 and 5,00 == 0,01 log, U/ml) and on 15 day (accordingly 5,30 =
0,07 and 4,30 == 0,01 log, U/ml), however on 3 day (accordingly 6,30 == 0,01 and
7,30 == 0,05 log, U/ml) and 6™ (accordingly 6,00 == 0,01 and 7,00 = 0,04 log, U/ml)
the interferon level was seen decreased. In 12 days the interferon level in blood
serum of mice received Lactobacillus casei or Lactobacillus bulgaricus, decreased
to control values (accordingly 4,30 == 0,06 and 4,00 == 0,03 log, U/ml). Following
a Bifidobacterium Bifidobacterium introduction blood serum interferon titers did
not change in 6 hours and on 1** day (accordingly 6,00 = 0,01 and 4,30 = 0,10 log,
U/ml), but increased on 3 day to 7,30 == 0,01 log, U/ml (P < 0,05). On 6" and 12t
days the interferon level in blood serum of these mice was seen decreased to control
level (accordingly 4,00 == 0,04 and 4,30 == 0,06 log, U/ml). It is necessary to notice
that under the influence of ridostin — the standard inducer of “late” interferon, in
6 hours and on 1* day concentration of blood serum interferon equaled accordingly
5,00 = 0,01 and 5,60 = 0,01 log, U/ml. Accumulation of its cytokine in blood serum
was seen only on 3" and 6% days: the titers were seen increased to 8,30 == 0,40 and
7,30 == 0,50 log, U/ml accordingly. For 12 days they did not exceed a control value
(4,00 = 1,00 log, U/ml; P > 0,05).
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[t was established that following the introduction of Bifidobacterium longum or
Lactobacillus acidophilus at 1t day ability of splenocytes to produce the interferon
spontaneously intensify in vitro whereas Bifidobacterium Bifidobacterium, Lacto-
bacillus casei, Lactobacillus bulgaricus, Lactobacillus lacidophilus and ridostin did
not influence essentially on spontaneous production of interferon by splenocytes in
vitro (tab. 1).

In reply to the adequate induction the interferon-y production by spleen cells in
vitro did not change after introduction of all preparations and interferon-a produc-
tion was seen increased on 3 day under the influence of Bifidobacterium longum
or Lactobacillus acidophilus (tab. 2). Interferon-a production by spleen cells did not
change following Lactobacillus casei, Lactobacillus bulgaricus, Bifidobacterium Bi-
fidobacterium, lacidofil or ridostin injection.

Our data prove that Lactobacillus acidophillus and Bifidobacterium longum
preparations have appeared effective inducing agent of both “early” and “late” inter-
feron, and also intensify the spontaneous and ridostin-induced interferon production
by spleen cells. Lactobacillus bulgaricus, Lactobacillus casei and Bifidobacterium
Bifidobacterium induced “late” interferon synthesis as well as standard interferon
inducer — ridostin but did not influence on ability of splenocytes to synthesize in-
terferon.

[t is shown that following Laktobacillus and Bifidobacterium introduction func-
tional activity of peritoneal macrophages in particular their oxygen-depending bacteri-
cide activity has increased that is confirmed by essential growth of NBT-positive cells
number in spontaneous NBT-test. Under the influence of Bifidobacterium longum,
Bifidobacterium Bifidobacterium or Lactobacillus acidophilus oxygen-depending
bactericide activity of macrophages increasing was seen on 1%t and 6" days and on
12t day following Bifidobacterium longum introduction (tab. 3). Lactobacillus casei
extend quantity of NBT-positive macrophages on 1% and 6" days and Lactobacillus
bulgaricus — on 15t day. However oxygen-depending bactericide activity of macrophages
did not change essentially after lacidofil or ridostin introduction. Under the influence
of all studied preparations stimulated NBT-test indices became higher but their FR
kept on the control level. Laktobacillus and Bifidobacterium had stimulating influence
on absorbing activity of macrophages. Following Bifidobacterium longum introduc-
tion PI was seen increased on 1%, 6" and 12" days up to 44,4 == 2,2, 62,4 == 1,9 and
60,5 = 2,5 % accordingly in comparison with 31,5 +2,6 % (P < 0,05). It was em-
phasized the tendency of PI to increase on 1 and 6" days (accordingly 4,5 == 0,2 and
4,3 == 0,2 conventional U (CU) comparing with 3,1 == 0,2 CU in control; P > 0,05),
that index was found out to increase essentially on the 12" day — to 5,7 == 0,1 CU
(P < 0,05). Under the influence of Bifidobacterium Bifidobacterium the macrophages
absorbing activity was stimulated too. PI increased on 1%, 6" and 12" days after its
introduction according to 51,9 == 4,9; 56,0 == 4,1 and 50,0 == 3,1 %. However it was
established that the PI of macrophages had only tendency to increase: this index on
Ist, 6" and 12" days became accordingly 4,5 == 0,9; 4,0 == 0,8 and 4,0 == 1,0 CU.
Lactobacillus acidophilus also stimulated the phagocytosis activity of macrophages.
On [¢, 6™ and 12" days following its introduction PI reached accordingly 69,6 == 2,0;
56,3 == 1,8 and 57,9 = 2,7 %. PN on 3 and 12" days remained at control level (4,2
=+ 0,2 and 3,6 == 0,2 CU accordingly), and on 6" days increased up to 6,7 == 0,21 CU
(P <<0,05). Following the Lactobacillus casei introduction PN reached 45,7 == 1,4; 50,1
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=+ 1,3 and 53,2 == 1,8 % on 3, 6 and 12" days respectively. PN on 1%t day kept on
control level (2,6 == 0,17 CU), however on 6" and 12" days this index increased up
to 5,8 == 0,2 and 6,9 == 0,2 CU respectively. Following the Lactobacillus bulgaricus
introduction PI on 1%, 6" and 12" days increased to 44,4 = 1,6; 46,4 == 2,1 and 45,8
=+ 1,8 % accordingly. PN on 3 day (4,4 = 0,2 CU) kept on the control level, and on
6" and 12 days increased to 6,1 == 0,2 and 7,3 == 0,1 CU accordingly. Lacidofil also
stimulated absorbing activity of peritoneal macrophages. It was observed PI increase
of macrophages on 1%, 6" and 12" days to 47,8 = 4,3; 53,0 = 2,9 and 56,0 == 5,1 %
accordingly caused by lacidofil introduction. However PN kept on the control level
(accordingly 3,4 == 0,2; 4,0 == 1,0 and 5,0 == 1,1 CU). It is established that ridostin
injection did not change phagocytosis activity of macrophages. On 1%, 6 and 12®
days PI equaled to 34,6 = 1,3; 36,7 == 2,0 and 38,3 = 1,7 % accordingly and PN was
2,7+0,1; 3,9 = 0,3 and 4,4 == 0,2 CU accordingly. So submitting to the influence of
Bifidobacterium Bifidobacterium, Bifidobacterium longum, Lactobacillus acidophilus,
Lactobacillus casei and Lactobacillus bulgaricus Pl of macrophages increased dur-
ing the whole term observed as well as phagocyte numbers on 6 day following the
Lactobacillus casei or Lactobacillus bulgaricus introduction and on 12" day after the
Bifidobacterium Bifidobacterium, Bifidobacterium longum, Lactobacillus acidophilus,
Lactobacillus casei or Lactobacillus bulgaricus introduction.

Thus our data showed that Bifidobacterium Bifidobacterium, Bifidobacterium
longum, Lactobacillus acidophilus, Lactobacillus casei and Lactobacillus bulgaricus
in vivo had stimulated the interferonogenesis and functional activity of phagocytosis
system cells. However Bifidobacterium longum and Lactobacillus acidophilus have
appeared to be the most effective. Under their influence both “early” and “late”
interferon was produced and also spontaneous and ridostin induced production of
interferon by spleen cells increased. Bifidobacterium longum and Lactobacillus
acidophilus had stimulating influence on functional activity of phagocytosis system
cells. Therefore it is possible to admit that Bifidobacterium longum and Lactobacillus
acidophilus are the most perspective for development of new probiotic preparations
for immune correction.

Conclusions

1. Bifidobacterium Bifidobacterium, Bifidobacterium longum, Lactobacillus
acidophilus, Lactobacillus casei and Lactobacillus bulgaricus have activated
endogenous interferon production in vivo proved by essential increase of interferon
concentration in blood plasma following their introduction to mice. Lactobacillus
acidophillus and Bifidobacterium longum have appeared the most effective both “early”
and “late” interferon inducing agents. These preparations also intensified spontaneous
and ridostin-induced production of interferon by spleen cells. Lactobacillus bulgaricus,
Lactobacillus casei and Bifidobacterium Bifidobacterium induced “late” interferon
production and did not influence on the interferonogenesis activity of splenocytes.

2. Introduction of Bifidobacterium longum, Bifidobacterium Bifidobacterium,
Lactobacillus acidophilus, Lactobacillus casei or Lactobacillus bulgaricus to mice
was accompanied by increasing of functional activity of phagocytosis system cells
proved by stimulation of oxygen-depending bactericide and absorbing activity of
peritoneal macrophages.
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3. Creation of new probiotic preparations for immunity correction on the basis of
the compositions of Laktobacillus and Bifidobacterium was studied as a perspective
direction of the subsequent researches. As our data testify the composition on the
basis of Bifidobacterium longum and Lactobacillus acidophilus is the most perspective
for immune correction.
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BMJIUB JIAKTO- TA BI®1JJOBAKTEPIH HA MOKA3HUKH
IMYHOPEAKTUBHOCTI OPI'AHI3MY HA EKCITEPUMEHTAJIbHIA
MOJEJII

Pedepar

BuBueHo BrinB J1akTO- Ta Oidinobakrepiil Ha iHTepdepoHOTEHE3 Ta (HYHKIIOHATBHY
AaKTHUBHICTb KJITHH (harouuTapHoi cuctemu in vivo. Beranosaero, o Bifidobacterium
Bifidobacterium, Bifidobacterium longum, Lactobacillus acidophilus, Lactobacillus
casei ta Lactobacillus bulgaricus in vivo Maau akKTUBYIOUHH BIJIMB HA TMPOAYKLIIO €H-
JIOT€HHOTO iHTep(epoHy, 110 MiATBEPIKYBaJOCh CYTTEBUM IiBUILEHHIM KOHLEHTpALil
intepdepony y miasmi kposi mutued. Lactobacillus acidofillus ta Bifidobacterium
longum BUSBUANCH HAHOIMBII e(PEKTHBHHUMM IHAYKTOPAMH $IK «PaHHbOTO», TaK i
«mi3Hboro» iHtepdepony. Lli mpenapaTu TakoX MOCU/IIOBAIU CIIOHTAHHY T4 PUAOCTHH-
iHAyKOBaHy MpOAYKLil0 iHTep(epoHy K/IiTHHAMHU cese3iHKU. BBeleHHS MHILIaM LITaMiB
JakTo- Ta OidinoOakTepili cympoBOmKYyBajach aKTHBAlli€l0 KHUCHe3aseXHOi GaKTepu-
LUIHOCTI Ta TOTJIMHAJIbHOI aKTHBHOCTI MakpodariB yepeBHOI mopoxkHHHU. OTpHUMaHi
JlaHi CBiUaTh, 1110 HAHOIIbII MEPCIEKTUBHOIO /151 KOPEKLii IMyHITETY € KOMIO3HULlisl Ha
ocHoBi Bifidobacterium longum ta Lactobacillus acidophilus.

KnwouoBi cuo B a:aakrobakrepii, 6idinobaxrepii, npodioTuku, inTepdepoH,
iMyHiTeT.

H.{l. Cnusak, B.C. loaropckui, JI.H. Jlazapenko, JI.H. LlLlunkapeHko,
JI.T. PaukoBa, 3.M. OseBuHcKas
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BJUSHUE JIAKTO- U BUGPUOBAKTEPUA HA MOKA3ATEJIU
MMMYHOPEAKTUBHOCTHU OPTAHU3MA HA 3KCNEPUMEHTAJIbHONU
MOJEJIN

Pedepar

M3yueHo BausHHME JaKTO- U OudunobakTepuii Ha WHTep(PepOHOreHe3 U
(hyHKLMOHAJbHYIO aKTUBHOCTb KJETOK (PAaroLUTapHOH CUCTEMBI in vivo. Y CTAHOBJEHO,
uto Bifidobacterium Bifidobacterium, Bifidobacterium longum, Lactobacillus acido-
philus, Lactobacillus casei n Lactobacillus bulgaricus in vivo yCUIUBAIU MPOLYKIHIO
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9HIOTeHHOTO MHTep(pEepoHa, UTO MOATBEPIKAANOCH CYIIECTBEHHBIM IOBBIILIEHHEM
KOHLIEHTpPALMH HHTep(epoHa B Msa3Me KpoBU Mblluel. Lactobacillus acidofillus w
Bifidobacterium longum okasanuch Haubosee 3(PGHEKTHBHBIMH MHAYKTOPAMH Kak
«paHHero», Tak M <«IO3[HEro» HHTepdepoHa. DTH MpenapaTsl TakKe yCHIHBAJH
CMOHTAHHYIO W PHUIOCTHH-WHAYLHPOBAHHYIO MPOAYKLHIO HHTep(pepoHa KJIETKaMH
ceJie3eHKH. BBeleHMe MbllIaM LLITAMMOB JIAKTO- U 6UpHUA0OaKTepUH CONPOBOKAANOCH
aKTHBaLKeHd KHCIOPOA3aBUCHMON OaKTEPULHMIHOCTH W TOTJIOTHTEJIbHOH aKTMBHOCTH
Makpodaros nepuToHeabHOU nosocTU. IlonydeHHble faHHblE CBUAETENbCTBYIOT, 4YTO
HanboJiee MepCreKTUBHON 115 KOPPEKLIMH HMMYHHUTETA SIB/ISETCS KOMIIO3HULIMS HA OCHOBE
Bifidobacterium longum u Lactobacillus acidophilus.

KnwoueBbs e ¢ 0B a jgakrodakrepuu, 6uduiodakrepuy, NPOOUOTHKH,
MHTEP(EPOH, UMMYHHTET.
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