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EFFECT OF THEMULTIPROBIOTIC THERAPY
ON THE HYPOTHALAMIC-PITUITARY-ADRENAL SYSTEM
AND CYTOKINE PROFILE UNDER CONDITIONS OF STRESS

It was studied the influence of multistrain probiotic (MP) on the stress hormones content (adrenocorticotropic hormone
(ACTH) and cortisol) and the content of proinflammatory (interleukin (IL) 18 and IL-12Bp40) and antiinflammatory (IL-4 and IL-10)
cytokines in conditions of erosive and ulcerative lesions caused water immersion restraint stress (WIRS). Established that MP
significantly accelerated recovery of functioning of the hypothalamic-pituitary-adrenal system in terms of the stress action, that
was confirmed by a more rapid return of ACTH and cortisol concentrations to values of intact rats. Also MP decrease proinflam-
matory (IL-18 and IL-12B p40) and increase antiinflammatory (IL-4 and IL-10) cytokines content in the rats serum after WIRS.
These data suggest that one of the mechanism of the therapeutic effect of MP on lesions in the gastric mucosa caused by stress

is the impact on the stress system and cytokine profile.
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Physiological response to stress is a compensatory re-
action that eliminates or reduces the degree of homeosta-
sis alteration [1]. A mobilization of all systems is the basis
of this response. Due to the activation of the hypothalamic-
pituitary-adrenal system (stress system) levels of glucocor-
ticoids grows, which enables increased blood glucose as
the main energy source for the adaptation to stress [2].
Under conditions of excessive exposure to stressful factors
processes of immune reactivity trigger to protect against
possible infections [3, 4]. The result is anexcretion of proin-
flammatory cytokines (interleukin-1 (IL-1), IL-6, IL-12, tu-
mor necrosis factor a). Today it is known that inflammatory
mediators engaged in a stimulating impact on the stress
systemthat is detected by the increased synthesis of corti-
cotropin-releasing hormone and glucocorticoids, which in
turn suppress the immune response by negative feedback
[5-8]. When adaptation to excessive or prolonged stress
exposure is insufficient, pathological changes in organism
emerge. And first of all, significant release of stress hor-
mones damages the gastric mucosa (GM).

Under prolonged stress action endocrine glands (pitui-
tary and hypothalamus) are depleted, resulting in fall of
glucocorticoids levelbelow the physiological. To maintain
the integrity of the GM, homeostatic cortisol level is essen-
tial, as both too high and too low content of this hormone
damages the GM [9]. It is observed disbalance in self-
regulation of the "stress system — immune system" loop

under the depletion of the hypothalamic-pituitary-adrenal
system. Significant release of proinflammatory cytokines in
these conditions aggravates the lesions of the GM [10].

Today, more and more data suggest the relationship
between symbiotic microflora of the intestine, nervous sys-
tem and stress system [11]. An immune system plays not
the least role in this interaction. In our previous study, we
found that the therapeutic administration of multistrain pro-
biotic (MP) "Symbiter ® acidophilic concentrated" reduced
erosive and ulcerative lesions under conditions of stress
action [12]. To reveal the mechanisms of such influence
the aim of current work was to determine the effects of MP
on the content of stress hormones (cortisol and adrenocor-
ticotropic hormone(ACTH)) and the content of proinflam-
matory (interleukin (IL) 18 and IL-12Bp40) and antiinflam-
matory (IL-4 and IL-10) cytokines under conditions of ero-
sive and ulcerative lesions in GM induced by water immer-
sion restraint stress (WIRS).

Methods

The study was carried on 70 male rats in accordance with
the standards of the Convention on Bioethics of the Council of
Europe's, 1997, European Convention for the Protection of
Vertebrate Animals used for Experimental and Other Scientific
Purposes and the Law of Ukraine from 21.02.2006 Ne 3447-IV
"On Protection of Animals from Abuse".

Animals were divided into 10 groups of 7 rats each
(Table 1).

Table 1. The deWIRSion of rats on the research groups

Group The number of therapeutical The substance that Duration (hours) between stress exposure and measuring
number injections was injected of hormones and cytokines in serum
— - intact rats (not subjected to stress)
9 _ _ stress control (hormones and cytokines level was measured im-
mediately after stress)

3 2 water (control) 24

4 2 multistrain probiotic 24

5 4 water (control) 48

6 4 multistrain probiotic 48

7 6 water (control) 72

8 6 multistrain probiotic 72

9 8 water (control) 96

10 8 multistrain probiotic 96

Rats were subjected to 3-hour WIRS by Takagi et al.,
1964 [13]. One day prior to the experiment, the rats were
not fed, but they had free access to water. For immobiliza-
tion rats were placed in a perforated metal camera that was
putdown vertically into the water for 3 hours so that the
water level reaches the jugular fossa of animals. Water
temperature was 22-23° C.

After the stress animals of 3-10 groups were treated
with water or aqueous solution of MP in a volume of
0.5 ml/200 g orally twice a day. MP containing 14 probiotic

strains genera Lactobacillus, Lactococcus, Bifidobacterium,
Propionibacterium, was administered at a dose of
140 mg/kg (1 4x10"° CFU/kg). Treatment was started in an
hour after 3-hour WIRS.

Intact and exposed to stress animals were sacrificed by
cervical dislocation after a specified time after the WIRS.
Rats blood was collected from the heart into centrifuge
tubes without anticoagulant and leaved for 20-30 minutes
at room temperature to complete the formation of a clot.
Then, blood samples were centrifuged at 1000 g for
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15 minutes and the supernatant (serum) were harvested in
separate disposable microtubes, frozen at -20° C and used
for further studies. Serum ACTH and cortisol content were
determined at 15-3" days after WIRS, the antiinflammatory
cytokines —at 154" days. ACTH and cortisol were deter-
mined by ELISA using commercial kits of DRG Interna-
tional Inc. (USA) and SRL LLC "Granum" (Kharkiv,
Ukraine)production. Their contents were expressed in pg/ml
and nmol/l accordingly. The content of IL-1B was measured
by ELISA using commercial kits of GE Healthcare production
(Amersham, IL-1B Rat Biotrak ELISA System) and ex-
pressed as pg/ml. Content of IL-4, 10, 12B p40 was meas-
ured by ELISA using specific polyclonal antibodies (Sigma).
Their expression are expressed in units of optical density. All
samples were analyzed in two repetitions.

Statistical analysis of data was carried out by the "Statis-
tica 8.0" software package. For the analysis of the data dis-
tribution type Shapiro-Wilk’sW criterion was used. Since the
obtained results were normally distributed, t-Student test for
independent samples was used for the comparison of data.
Mean of value (M) and standard error of the mean (m) were
calculated. Significant difference was considered at p < 0,05.

Results. It was found that the concentration of ACTH in
the serum of intact rats was 23 + 9,7 pg/ml, and the con-
centration of cortisol — 27 + 8,3 nmol/l. As a result of stress
cortisol levels increased by 2.2 times (p<0.001), while the
concentration of ACTH decreased by 7.9 times (p<0.001),
that confirmed the negative feedback between the level of
cortisol in the blood and the level of secretion of ACTH by
pituitary gland (Fig. 1a, b) [14]. After 24 hours from the
WIRS concentration of cortisol in the blood serum of rats
decreased by 5.7 times(p<0.001) compared with intact
controls, which may indicate adrenal depletion under the
influence of stress factors and the enter to the third phase
of the general adaptation syndrome — the stage of deple-
tion (fig. 1a, b). ACTH concentration after 24 hours was

reduced by 3.2-fold (p<0.01) compared with intact rats,
which may indicate depletion of the pituitary gland. The
concentration of ACTH was 2.5 times higher (p<0.05) com-
pared with measured immediately after WIRS (Fig. 1a, b). For
the next 2 days after WIRS it was established a gradual
recovery of the level of ACTH and cortisol to the intact con-
trol values. So, after48 hours from the WIRS concentration
of ACTH was 1.9 times lower (p<0.05), and cortisol —
3.4 times lower (p<0.001) compared with intact controls.
Within 72 hours after the WIRS ACTH concentration in
serum of rats treated with water did not differ significantly
from that of intact rats, but cortisol concentration was lower
by 1.6-fold the level of the intact control (p<0.05) (Fig. 1a, b).
So, for 3 days after the stress concentration ACTH and
cortisol plasma levels were reduced compared with intact
rats, indicatingthe depletion of the endocrine glands, and
gradually restored to normal levels.

MP significantly accelerated recovery of functioning of
the hypothalamic-pituitary-adrenal system under stress
conditions, which was confirmed by a more rapid return of
ACTH and cortisol concentrations to values of intact rats
(Fig. 1a, b). The level of ACTH under the treatment of MP
did not differ from the intact control on the 1% day after the
WIRS and the cortisol concentration was restored to the
level of intact animals in 3 days after stress exposure.
Thus, the effect of MP on the content of stress hormones is
one of the mechanisms of its gastroprotective effect. In-
deed, we have found significant erosive and ulcerative le-
sions of the GM on the 1%-3" days after WIRS despite
ofsmall level of ACTH and cortisol in the blood of rats. And
the ulcer area in 3 days after WIRS sighnificantly exceeded
the registered immediately after stress. Therapy with MP
facilitated the restoration of basal levels of ACTH and corti-
costeroids, which correlated with acceleration ofthe stress-
induced lesions healing in the GM.
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Figure 1. Content of adrenocorticotropic hormone (a) and cortisol (B) in serum of rats after water immersion restraint stress
and under the conditions of therapeutic administration of multistrain probiotic (n = 7 per group) (M; box: SD; whiskers: m)
1 —intact control; 2 — immediately after stress; 3, 5, 7 — 1, 2, 3 days after stress in rats who were treated with water;

4,6, 8,1, 2, 3 days after stress in rats which were treated with probiotic

* kk kkk

, — p <0.05, p <0.01, p <0.001 compared with intact control, #, ## — p <0.05, p <0.01 compared with corresponding groups of rats

treated with water.

Study of immunomodulatory properties of MP under
conditions of stress-induced lesions of the GM showed that
after the application of stress in serum of rats which were

injected with water the concentration of proinflammatory
cytokines IL-1B and IL-12B p40 significantly increased and
remained higher compared to intact animals within 4 days
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after WIRS (Table 2). The concentration of antiinflamma-
tory IL-4 was also higher compared to control at all the

satory function of the immune system in terms of the
stress. At the same time, the content of IL-10 in serum of

days of observation after the WIRS, indicating a compen-

rats after stress did not change.

Table 2. The content of proinflammatory and antiinflammatory cytokines in rats serum under water immersion restraint stress
and therapeutic administration of multistrain probiotic (M = m, n = 7 per group)

Groups of rats index | | terleukin 18 '":Zg‘:)‘i';‘" Interleukin 4 | Interleukin 10
1 (Intact rats) 314£71 0,105:0,015 0,07620,009 | 0,1990,018
2 (immediately after stress) 403£68" 0,26810,025"" 0.076:0.007 | 0.222+0.015
3 (Control, 1 day after WIRS) 449166 0,394£0,056™* | 0,172:0,040° | 0,235:0,008
4 (Multistrain probiotic, 1 day after WIRS) 414257 0.31120,034™ | 0,270+0,054"/# | 0,374%0,063"/#
5 (Control, 2 days after WIRS) 56351 0,2330,035™ 0,141:0,023* | 0,145:0,035
6 (Multistrain probiotic, 2 days after WIRS) 400t61/# | 0,179:0,032° | 0,084£0,020# | 0,171%0,013
7 (Control, 3 days after WIRS) 511266™ 0,293:0.016™" 0,11620,021 0.21120.025
8 (Multistrain probiotic, 3 days after WIRS) 319453 0,25810,030"" 0,087:0,023 | 0.,190£0,016
9 (Control, 4 days after WIRS) 471+54" 0,137£0,023 0,122£0,017° | 0.214£0,020
10 (Multistrain probiotic, 4 days after WIRS) 334£41% 0,082:0,006%# | 0,072+0,007## | 0,17420,012

* kk kkk

, — p <0.05, p <0.01, p <0.001 compared with intact controls, # # # — p <0.05, p <0.01 compared with corresponding groups of

rats treated with water.

Treatment with MP significantly reduced the concentra-
tion of proinflammatory IL-18 and IL-12B p40 after stress.
For example, under the MP administration content of IL-1B
and IL-12B p40 after WIRS did not differ from the level of
intact controls at 3™ and4" day accordingly. It was found a
strong effect of MP on the concentration of antiinflamma-
tory cytokines. MP elevatedthe IL-4 concentration by 57%
(p<0.05) and IL-10 by 59% (p<0.05) compared with the
group of rats treated with water at 1% day after WIRS. In
the following days, the concentration of antiinflammatory
cytokines IL-4 and IL-10 in the group of rats administered
with MP did not differ from that of intact animals. The re-
sults indicate an anti-inflammatory effectof MP under condi-
tions of stress-induced lesions of the GM.

These results are consistent with other studies that
have shown that probiotic strains reduce the concentration
of proinflammatory cytokines under various pathologies of
the digestive system [15-17]. Thus, Lin-Lin Chen et al.
(2009) found that probiotics can reduce the content of
IL-1B levels in experimental colitis [15]. Rodes et al. (2013)
revealed that Bifidobacterium longumsubsp. infantis re-
duces the concentration of tumor necrosis factor-a and
increases the concentration of anti-inflammatory IL-4 in a
model of human intestinal microbiota[16]. Bermudez-Brito
et al. (2013) demonstrated a reduction in proinflammatory
cytokines level produced by human dendritic cells infected
with Salmonella typhi, under the influence of Bifidobacte-
rium breve CNCM 1-4035 [17].

Summing up the results, we can conclude that the pro-
biotic strains reduce the immune response and eliminate
stress hyperactivation under stress creating favorable con-
ditions for stress-induced lesions healing in the GM.

Conclusions.

1. MP restored basal levelof ACTH and corticosteroids
in conditions of WIRS.

2. MP possessed the antiinflammatory effect under
stress action, which was confirmed by a decrease of proin-
flammatory and increase of antiinflammatory cytokines in
the serum of rats.

3. Effect of MP on the system stress and the immune
system is one of the mechanisms of thestress-induced
lesions healing in GM.
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0. BipueHko, acn., T. ®ananeeBa, a-p 6ion. Hayk, T. BeperoBa, a-p 6ion. Hayk
KHY imeHi Tapaca LLleB4yeHka, KuiB

BMNJMB TEPANEBTUYHOI O BBEAEHHA MYNbTUNPOBIOTUKA
HA TIMOTANAMO-TINO®I3BAPHO-HAHUPKOBY CUCTEMY | LUTOKIHOBUU NMPO®IJIb B YMOBAX CTPECY

Bueyanu ennue MmynmuwmamHoz20 npobiomuka (MI1) Ha emicm 2opmoHie cmpecy (adpeHokopmukomponHul 2opmoH (AKTI) ma kopmu3on)
ma emicm npo3ananbHux (iHmepnetkin (I/1) 18 ma 12B p40) ma aHmu3ananbHux (1/1-4 ma I/1-10) yumokiHie 3a ymoe epo3ugHo-8upa3Ko8ux ypa-
JKeHb, 8UK/TUKaHUX 800HO-iMMoOb6ini3ayiliHum cmpecom (BIC). BcmaHoeneHo, ujo MI1 cymmeeo npuckoptoeae eidHoesieHHs1 hyHKYioHy8aHHs 2ino-
manamo-2inogizapHo-HaOHUpPHUKo80i cucmemu 3a ymoe Oii cmpecy, wo eidobpaxanocs y 6inbw weudkoMy nosepHeHHi koHueHmpauii AKTI" ma
Kopmu3osy 8o 3Ha4yeHb iHmakmuux wypie. MI 3meHwyesae emicm npo3anansHux (I/1-18 ma I/1-12B p40) ma nideuuwjyeae emicm aHmu3anaabHuUx
(I/1-4 ma 1/1-10) yumockiHie 8 cupoeamui kpoei wiypie nicns BIC. Ompumani daHi ceidyamb, ujo oOHUM 3 MexaHi3mie nikyeanbHo20 eghekmy MI1 Ha
ypaxkeHHs1 8 c/1u308ili 060/10HYi wWiyHKa, 8UK/IUKaHi cmpecoM, € ensiue Ha cucmeMy cmpecy ma yumokiHoeuli npogins.

Knro4oei cnosa: adpeHokopmuKkomponHuili 20pPMOH, KOPMU30J1, YUMOKiHU, CMpec, My/ibmuwmaMHul NPobiomuk.

A. BupueHko, acn, T. PananeeBa, a-p 6uon. Hayk, T. BeperoBas, a-p 6uon. Hayk
KHY nmenn Tapaca LLleB4eHko, KueB

BNUAHME TEPAMNEBTUYECKOIO BBEAEHUA MYNbTUNPOBUOTUKA
HA TMNOTAJNTAMO-TMNO®U3APHO-HAANMOYEYHUKOBYIO CUCTEMY U LUTOKUHOBbIU MPO®UIb
B YCNOBUAX CTPECCA

W3yyanu enussHue mynsmuwmamHoz2o npo6uomuka (MI1) Ha codepxaHue 20pMOHOE cmpecca (adpeHoKopmMuKomponHbil 2o0pmoH (AKTI) u
Kopmu3oJ1) u codep)xaHue nposocnanumesnbHbix (uHmepnelkud (U1) 18 u 12B p40) u aHmueocnanumensHbix (U/1-4 u UJ1-10) yumokuHoe 8 ycro-
8USIX 3PO3UBHO-138EHHbIX NMOPaXKeHUl, ebl38aHHbIX 800HO-UMMOb6UU3ayuoHHOM cmpeccoMm (BUC). YcmaHoeneHo, ymo MIT cywecmeeHHO ycko-
P/ eoccmaHoesieHue hyHKYUOHUPOBaHUsl 2urnomasnamo-2unogusapHo-Hadrno4e4yHUKogol cucmemMel 6 ycriogusix delicmeusi cmpecca, 4mo om-
paxanocb e 6osiee 6bicmpom eo3epame koHueHmpayuu AKTI u kopmu3ona do 3HavyeHuli UHmakmHbIX kpbic. MI1 cHu Xan codepxaHue npoeoc-
nanumensHbix (U1-18 u UI1-12B p40) u noebiwan codepxaHue aHmueocnanumensHbix (U1-4 u UJ1-10) yumokuHoe 8 cbieoOpPOMKe Kpo8U KpPbIC
nocne BUC. MonyyeHHble OaHHbIe ceaudemenibcmayrom, Ymo 0OHUM U3 MexaHu3Moe sie4ebHo20 aghgpekma MI1 Ha nopaxeHusi e cnuszucmoli o60-
J104Ke )KenydKa, ebi38aHHble CMPeccoM, siesisiemcsi eo3delicmeue Ha cucmemy cmpecca u YumoKuHoebIl npogusib.

Knroyeenie crnioea: aBpeHOKOpMUKOMPOMHbIl 20PMOH, KOPMU30J1, YUMOKUHbI, CMPEecc, My/bMuUuWMaMMHbIU MPO6UOMUK.
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THE EFFECT OF ACETIC ZINC ON SERUM ZINC LEVEL
AND INTERLEUKIN 13 AND 6 LEVEL IN RATS EXPOSED TO ALCOHOL FOR 21 DAYS

The aim of this study was to examine the effect of acetic zinc supplementation on dynamics of zinc level and inflammatory cyto-
kines (IL-1B8 and IL-6) production in serum of rats subjected to ethanol exposure for 21 days.The zinc level in serum was determined
by flame atomic-absorption spectrophotometry. The level of IL-18 and IL-6 in serum was measured by enzyme-linked immunosor-
bent assay (ELISA) kits ("Sigma", CLLIA). A significant gradual decrease of serum zinc level and elevation of the levels of circulating
IL-1B and IL-6 were seen in the ethanol-fed animals been maximal on 16" and 21™. The changes of zinc level and IL-1 8 and IL-6 pro-
duction in ethanol-intoxicated rats were completely corrected after acetic zinc supplementation that was more evident at prolonged
ethanol exposure. Zinc level in such animals has been demonstrated to increase and exceed the control by 4.2 and 4.9 times on 16"
and 21° day of alcoholization. The IL-1B8 and IL-6 level diminished and normalized also at these stages of study. Our results suggest
that acetic zinc supplementation recovers zinc pool in blood and normalizes inflammatory cytokine production that may be due to
reduction of zinc deficiency and attenuating of oxidative stress thus leading to inhibition of inflammation.

Key words. Ethanol, chronic alcohol intoxication, zinc deficiency, inflammatory cytokines, interleukin 1, interleukin 6, acetic zinc.

Introducton

Ethanol has a variety of detrimental effects on immune
system including effects on cell mediated and humoral im-
mune response. It decreases neutrophil infiltration and
phagocytic capability, inhibits lymphocyte activation follow-
ing antigen stimulation, and alteres cytokine production by
T cells and macrophages [1]. Prolonged ethanol exposure
can directly and indirectly lead to the suppression of immu-
nity and increased susceptibility to infections. The alcohol
effects are dose-dependent, long-term ethanol consump-
tion has been associated with inflammation [2]. Alcoholic
liver disease is a result of a pro-inflammatory effect of
chronic ethanol exposure [3].

Ethanol affects the production of cytokines that involved
in inflammatory responses in plasma and a variety of tis-
sues including lung, liver, and very importantly brain [4].
Cytokines are regulatory proteins playing a key role in im-
mune and inflammatory response to infection by pathogens
and oncogenesis. Excessive alcohol abusers have in-
creased circulating levels of the inflammatory cytokines
such as TNF-a (tumor necrosis factor-a), IL-1B (inter-
leukin 1) and IL-6 (interleukin 6) [5]. A significantly in-
creased production of IL-1B, IL-6, IL 12, and TNF-a by un-
stimulated peripheral blood monocytes was demonstrated
in patients with alcoholic liver disease [6].

Severe zinc deficiency has been observed to develop in
patients who chronically abuse alcohol, it's is one of the most
consistent biochemical observation in alcoholic liver disease
(ALD) [7]. Zinc affects the function of immune system, be-
cause it is one of the most highly proliferative organs. Zinc is
crucial for normal growth and function of T and B cells,
macrophages, neutrophils, and NK cells [8]. Zinc directly
influences on blood mononuclear cell, diminishing the pro-
duction of cytokines (IL-1, IL-6, TNF-a and IFN-y) [9]. Vari-
ous immune disorders are associated with zinc deficiency
[10]. Decreased serum zinc level is observed in chronic in-
flammatory or infectious diseases [9, 11].

Zinc has been successfully used to restore impaired
immune functions in diseases accompanied by diminished
plasma zinc levels (rheumatoid arthritis, acrodermatitis
enteropathica, hemodialysis patients, elderly individuals)
[10]. A dietary zinc supplement has been proposed as pos-
sibly being an efficient method to palliate zinc deficiency in
alcoholism [12]. Studies using animal models have demon-
strated that Zn treatment prevents alcohol-induced liver
injury under both acute and chronic alcohol exposure con-
ditions [13, 14]. Zn has a high potential to be used in the
prevention and treatment of ALD [12]. It may be a com-
pletely new therapeutic tool for the selective suppression of
lymphocyte functions [10] and inhibition of inflammation. In
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