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Aim. Determination of the Cckbr, Gast and Regla genes expression in rat duodenal epithelial cells upon long-
term hypoacidity and with the administration of the multiprobiotic Symbiter. Methods. The experiments were car-
ried out on white non-strain male rats. The hypoacidic state was induced through intraperitoneal injection of
omeprazole for 28 days. The level of genes expression was determined by semi-quantitative analysis with RT-PCR
Results. The elevation of mRNA levels of the Cckbr and Gast genes in rat duodenal villus and crypt epitheliocytes,
the increased expression of the Regla gene in crypt epithelial cells were shown as well as the appearance of the
Regla gene expression in villus epitheliocytes upon hypoacidic conditions were shown. The content of mRNAs of
the above mentioned genes decreased or remained at the control level upon the treatment of hypoacidic rats with
the multiprobiotic Symbiter. Conclusions. Long-term gastric hypoacidity is accompanied by the changes in ex-
pression of the Cckbr, Gast and Regla genes in rat duodenum, whereas upon administration of the multiprobio-

tic Symbiter the pattern of studied gene expression did not changed in the most cases.

Keywords: gastric hypoacidity, duodenal, expression of Cckbr, Gast, Regla genes, multiprobiotics.

Introduction. In recent decades, proton-pump inhibi-
tors (PPI) of gastric parietal cells, such as omeprazole,
appear to be the most effective and probably safe thera-
peutic agents for the acid-related disorders treatment
[1-3]. The development of dysbiosis is one of the key
consequences of long-term hypoacidity [3—-5].

Colonization of gastrointestinal tract (GIT) by op-
portunistic microbiota forms stable sources of endoge-
nous infection and in addition to the effect of hypergast-
rinemia promotes gastric carcinogenesis and tumorige-
nesis in other parts of GIT as well as in associated or-
gans [3-7].

It is well known, that the Gast gene encodes the GIT
hormone gastrin, which is expressed exclusively in both
enteroendocrine G-cells of gastric antrum mucosa and
proximal part of duodenum, and exerts a trophic impact
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on some GIT cells [4, 8, 9]. According to the literature
data, the overexpression and «adventive» expression of
gastrin may be associated with the development of gas-
trinoma under most pathological conditions [8].

The Cckbr gene (encodes gastrin/cholecystokinin
receptor type Il or B — CCKBR) mediates certain phy-
siological functions of gastrin [10]. To date, there is suf-
ficient evidence for the presence of CCKBR protein in
small intestine, but the majority of reports suggest that
the normal duodenal cells are characterised by low levels
of the Cckbr expression. On the other hand, a high ex-
pression level of the CCKBR protein is mostly found in
clinical disorders as well as in certain GIT tumors [9].

The Regla gene gives rise to a regenerative protein,
specifically — regenerating islet-derived protein la [11—
13]. This protein is localized in the small intestine
Paneth cells, as well as in the non-mature columnar cells
of human intestinal crypts, but has not been yet found
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in functional villous epithelium [12]. Therefore, such
topographical distribution appears to be associated with
the growth and differentiation processes of actively
proliferating intestinal epithelium cells [13]. It has been
also established that the Regla gene expression in high-
ly differentiated villi may be connected to tumorigene-
sis [11-13].

In clinical trials it was proved that probiotics in ge-
neral are able to cure dysbiotic states, as well as to in-
stantly reduce GIT lesions ratio [14, 15]. The multipro-
biotics of the «Symbiter” acidophilic» concentrated
group, also referred to as Symbiter, are characterized
by action complexity, wide bioactivity array, high level
of biological safety and close to that of natural human
and animal microbial population composition [14, 15].

The analysis of recent scientific literature revealed
lack of data on the pattern of above mentioned genes ex-
pression in duodenum under experimental or natural hy-
poacidic conditions. The data concerning possible pro-
biotic effects on the gene expression in duodenal cells
upon hypoacidity are also nearly absent.

Consequently, the aim of current investigation was
to determine the expression of Cckbr, Gast and Regla
genes in rat duodenal epithelial cells upon long-term
injection of omeprazole and with «Symbiter» admini-
stration.

Materials and methods. The International recom-
mendations on performance of medical and biological
investigations with the use of animals according to Eu-
ropean Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and other Scientific Pur-
poses were followed. Experiments were conducted on
white non-strain male rats with initial weight around
180-200 g.

All experimental animals were divided into four
groups. The first one (control) consisted of rats injected
with 0.2 ml of physiological solution abdominally and
0.5 ml of water orally. The second group was treated
with «Symbiter» (manufactured by LLC «O. D. Proli-
sok») orally (0.14 ml/kg) for 28 days. In the third animal
group hypoacidity was modelled by daily intraperito-
neal injection of omeprazole (14 mg/kg) for 28 days
[15]. Finally, the rats of the fourth experimental group
were given the same dose of «Symbiter» simultaneously
with omeprazole. Every experimental group consisted
of 6 animals. The crypts and the villi of duodenal epithe-
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lial cells were extracted by a rapid low-temperature (4
°C) method, which included intestine washing under the
constant stirring in different buffers with the consequen-
tial gradual collection of villus or crypt fractions [16].

RNA was isolated following Chomczynski and
Sacchi [17]. cDNA was synthesized in 20 ul of reaction
mix, containing 2 ug of RNA, 1 mM dNTP, 50 U of re-
verse transcriptase «MultiScribeTM Reverse Transcrip-
tase», the corresponding buffer, 20 U of ribonuclease in-
hibitor «RNase Inhibitor» («Applied Biosystems», USA),
and 20 pmol (1.0 uM) of reverse primer. The synthesis
was performed upon 37 °C for 2 h. Polymerase chain re-
action was conducted in 30 ul of the reaction mix con-
taining 10 pl of cDNA, the PCR buffer, 200 uM of each
dNTP, 30 pmol (1.0 uM) of each primer, 2.5 mM of
MgCl, and 1.5 U of Taq DNA polymerase («iTaqTM»,
«Bio-Rad», USA).

The PCR amplifications consisted of the initial dena-
turing step of 95 °C for 3 min, followed by 35 (28 for
Actb gene was used as internal control of reaction due to
its constitutive expression) cycles of 95 °C for 45 s, the
annealing step (with the optimal annealing temperature):
Cckbr (184 b. p., 59 °C—45s), Gast (310 b. p., 52 °C —
40s), Regla (608 b. p., 48 °C—45s)and Actb (521 b. p.,
49 °C— 40 s); the extending step at 72 °C for 1 min 15 s
(for Cckbr, Regla) or 1 min (for Gast and Actb). The fi-
nal extension step was performed upon 72 °C for 5 min.

The following primer sequences were used for re-
actions:

for Cckbr —
forward - GCAAGCACGAGTATGGCAAA;
reverse — TAGCACGGACCAGGTTTGTT;

for Gast —
forward — GCCCAGCCTCTCATCATC;
reverse - GGGGACAGGGCTGAAGTG;

for Regla —
forward - AGCCTGCAGAGATTGTTGAC;
reverse — CCATAGGGCAGTGAGGCAAG;

for Actb —
forward - TGGGACGATATGGAGAAGAT;
reverse - ATTGCCGATAGTGATGACCT.

Reproducibility of the amplification results was eva-
luated in the parallel experiments by the PCR reactions
repetition with all animals and each primer at least three
times. The separation of PCR products was performed
electrophoretically in 1.6 % agarose gel with 0.5 x TBE
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ration: a — RT-PCR electro-
phoregram (M — molecular
mass marker — «GeneRu-

Reglaler™ 100 bp DNA Ladder»,
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«Fermentasy, Lithuania; N-
PCR — negative PCR cont-
rol); b — relative expression
histogram (¥ —p <0.05 inre-
lation to control; # — p <0.05
compared to the animals trea-
ted with omeprazole;+—p <
0.05; villi in comparison with
crypts). 4, B, C: villus epi-
thelial cells: / — control; 2 —
Symbiter; 3 — omeprazole;
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crypt epithelial cells: 5 — con-
trol; 6 — Symbiter; 7 — ome-
prazole; 8 — omeprazole +
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367



DRANITSINA A. S. ET AL.

The levels of Gast, Cckbr, Regla genes mRNA in rat duodenal cells upon long-term hypoacidity and with the multiprobiotic administration

(m=*SD, n=06)

Groups of animals Epithelial cell types

Relative expression Gast/Actb

Relative expression Cckbr/Actb Relative expression Regla/Actb

Control Villi
Crypts

Symbiter Villi
Crypts

Omeprazole Villi
Crypts

Omeprazole + Symbiter Villi
Crypts

0.072 £ 0.0086+

0.044 £ 0.0056+

0.091 + 0.0145+

0.061 £ 0.0080-+

0.134 £ 0.0155*+

0.259 £ 0.0150*+

0.092 + 0.0135#=

0.053 + 0.0100#=

0.051 £ 0.0078+ 0
0.036 £ 0.0078+ 0.305+0.0110+
0.047 £ 0.0058 0

0.036 £ 0.0091 0.314 +0.0231+
0.074 £ 0.0107*+ 0.622 +0.0247*=+
0.143 £ 0.0136*+ 0.540 + 0.0403*+
0.053 £ 0.0084#+ 0.289 £ 0.0351#

0.073 £ 0.0091*#+ 0.292 + 0.0135#

Notes.
villi in comparison with crypts.

buffer as described in Sambrook et a/. [18]. Based on
densitometry results, the ImageJ 1.45s program was used
for semi-quantitative analysis of amplicon expression.
The indexes of mRNA expression for each sample were
calculated following Konturek et al. [19].

The statistical processing of the experimental data
was performed using GraphPad Prism 5.04 («Graph
Pad Software Inc.», USA). The normal Gaussian distri-
bution of the data was verified by the Shapiro-Wilk
normality test. Two-way analysis of variance (two-way
ANOVA) and Bonferroni post tests were performed
with the data obtained. The statistical significance was set
at p < 0.05. The reviewed data are expressed as means
and standard deviations.

Results and discussion. nRNA of Gast gene was de-
tected in the rat's duodenal villus and crypt epithelial cells
in the control groups of investigated animals (Figure, 4).

As seen in Table, the level of Gast gene expression
was 1.9 times higher than the control value in villi and
5.9 times higher than in crypts of the animals treated
only with omeprazole for 28 days (p < 0.05). Upon si-
multaneous administration of the multiprobiotic «Sym-
biter» this parameter was 1.5 and 4.9 times lower com-
pared to the third experimental group (p < 0.05). In the
rats treated only with «Symbiter» this value was similar
to the control in both villus and crypt epitheliocytes of
duodenum (Figure, 4, Table).

As we have already mentioned, gastrin exerts a tro-
phic impact on certain GIT cells [4, 8, 9]. In our experi-
ments in hypoacidic conditions we demonstrated the
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SD — standard deviation; * — p <0.05 related to control; # — p <0.05 in comparison with animals treated with omeprazole; +—p <0.05

elevation of the Gast mRNA level in villus epithelial
cells as well as high expression level of this gene in im-
mature crypts. The results obtained may be a sign of pa-
thological hypertrophy in duodenal cells, which could
lead to dystrophic, necrotic and sclerotic irreversible or-
gan changes, accompanied by chronic inflammation [13,
20]. As itis known from the literature data, overexpres-
sion and «adventive» expression of gastrin may be as-
sociated with the development of gastrinoma; it is a com-
mon feature of Zollinger-Ellison syndrome [8].

We demonstrated the Gast mRNA overexpression
in duodenum upon the same hypoacidic conditions con-
firms our previous results concerning the Gast gene ex-
pression in hypoacidic rat pancreas [21]. Considering
this fact, we can also assume a possible existence of neo-
plasia in duodenal epithelial cells at the later stages of
the pathology development upon long-term use of PPI.

The mRNA of Cckbr gene was detected in the rat
duodenal villus and crypt epithelial cells in the control
groups of investigated animals (Figure, B).

As seen from Table, the level of the Cckbr gene ex-
pression was 1.5 times higher compared to the control
values in villi and 4 times higher than in crypts upon
long-term hypoacidity (p < 0.05). In case of the simulta-
neous administration of the multiprobiotic «Symbiter»
the parameter was respectively 1.4 and about 2 times
lower than in the third group of animals (p < 0.05). In
rats treated only with «Symbiter» there was no change
of this value in both villus and crypt epitheliocytes of
duodenum in comparison to the control one.
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The majority of reports suggest that the normal duo-
denum cells appear to express the Cckbr gene at low le-
vels [8, 22]. To date, the role of cholecystokinin as a small
bowel and colon growth stimulator is not yet establi-
shed [9]. So, we demonstrated the overexpression of
Cckbr gene in villus and particularly in crypt epithelial
cells upon long-term hypoacidic conditions. The appa-
rent high level of Cckbr mRNA may be caused by the in-
tensification of its expression by gastrin, because the
latter, in addition to gastric secretion, is known to regu-
late proliferation of the cells expressing receptors for
this ligand. Such regulation may be performed by sti-
mulating the expression of early response genes as well
as other growth-related genes [9, 22]. The abundant ex-
pression of Cckbr may be also associated with the pa-
thological hypertrophy in duodenal cells and the inten-
sification of duodenum inflammation [13]. On the other
hand, a high expression level of the CCKBR protein is
found in esophageal adenocarcinoma as well as in ileal
carcinoid [9]. The results obtained by us this time ap-
peared to be in agreement with our previous data about
Cckbr expression in rat pancreas upon hypoacidic con-
ditions [21]. Thus, we can also suggest a possible neo-
plasia in duodenal epithelial cells at the later stages of
the pathology development upon long-term omeprazo-
le administration.

mRNA of Regla gene was detected in the rat duo-
denal crypts of the control group, although the mRNA
of this gene was not found in this group villous epithe-
lium (Figure, C).

So, in the functional villous epithelium of duodenum
upon long-term hypoacidity we found the Regla gene
mRNA. At the same time, the level of this gene in the
fourth experimental group of rats was 2.2 times lower
compared to the animals injected with omeprazole (p <
0.05).

In crypt epithelium of the animals treated only with
omeprazole for 28 days the level of Reg/a mRNA was
1.8 times higher than the control values (p < 0,05).
Upon the simultaneous administration of the multipro-
biotic «Symbiter» this parameter was approximately
1.9 times lower in comparison to the third group of ani-
mals (p <0.05). In rats treated only with «Symbiter» this
value was similar to the control (Figure, C, Table).

It is well known, that the main function of crypts is
the cell reproduction control during intestinal epithelial

tissue regeneration. Moreover, it is known, that the crypt
base columnar cells can only proliferate. The mid-crypt
columnar cells have the ability to both proliferation and
differentiation, whereas the crypt top columnar cells ne-
ver divide, but continue to differentiate and then move
along the villi lines [4, 12]. The Regla gene mRNA ex-
pression was observed in Paneth cells, in the glands of
Lieberkuhn (crypts) and nonmature columnar cells of
the human intestinal crypts, but never in the functional
mature villous epithelium [13].

In our experiment we demonstrated the elevation of
the Reg/a mRNA level in crypt epithelial cells upon hy-
poacidic conditions (Figure, C, Table). Based on these
results it can be assumed that the inflammatory process
in duodenum intensifies [13, 20]. The appearance of
Regla gene expression in duodenal villous cells of the
rats treated only with omeprazole (Figure, C, Table)
may be related to a possible neoplasia in epithelial cells
at the later stages of the pathological process develop-
ment [11-13, 20]. Indeed, the Regla gene expression
in response to gastrin has been reported in ECL cells
(enterochromaffin-like cells) and may be involved not
only in the gastric mucosal cell growth, but also in the
tumor development [9].

Thus, the obtained changes in expression of Gast,
Cckbr, Regla gene in rat duodenal villus and crypts epi-
thelial cells should point out a possible development of
teratoid displacements in duodenal tissue upon hypoaci-
dic conditions due to the development of dysbiosis, which
makes promoting influence on the gastrin secretion in
rat's stomach and evaluates the effect of hypergastrine-
mia [4-9, 11-13, 15, 20, 21], according to the results of
different studies of patients treated with omeprazole [2,
6, 7]. Different rates of alterations of the above mentio-
ned gene expression in villus and crypts epithelial cells
appear to be determined by their structural and functio-
nal characteristics [4]. According to the literature data,
a well-established early feature of some inflammatory
diseases, including pathological intestine disorders, is
the formation of crypt abscesses, containing neutro-
phils migrating across the epithelium into the crypt lu-
men [4].

The first among possible mechanisms of the «Sym-
biter» action on gene expression in rat duodenal cells,
may be based on the ability of this multiprobiotic to li-
quidate dysbiosis and GIT bacterial colonization. As a
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result of this action, the burden of pathogenic microbio-
ta is removed from GIT and associated organs [14, 15].
Furthermore, the multicomponent probiotic «Symbi-
ter» is able to increase the reduced glutathione synthe-
sis de novo (the main low-molecular cellular antioxi-
dant), which results in its higher content in both GIT and
duodenum. Moreover, the «Symbiter» bacterial vital
products (vitamins, exopolysaccharides, short chain fat
acids, immune-response modulating agents, etc.) have
certain antioxidant properties, so they can delay the oxi-
dative stress development and decrease the intensity of
inflammation and other pathological processes in duo-
denal cells [14, 15, 23]. From the results of correspon-
ding studies, it may be suggested that the observed «Sym-
biter» effects can be linked not only to normalization of
GIT microbiota, but also to restriction of hypergastrine-
mia effects [5, 15, 21]. However, the final acceptance or
rejection of this hypothesis requires further real-time
PCR analysis and other research techniques along with
ausage of selective antagonists of gastrin receptor. It will
allow us to clarify the consequences of hypergastrine-
mia and GIT bacterial colonization.

Conclusions. In summary, we have shown, that long-
term experimental hypoacidity is accompanied by the
changes of the Gast, Cckbr and Regla genes expression
in the rat duodenal epithelial cells. The level of studied
gene expression upon the simultaneous administration
of the multiprobiotic «Symbiter» in most cases did not
change in comparison to the control values. Based on the
obtained data, it might be assumed, that the analyzed ge-
nes are involved in the development of the pathological
processes in duodenum, so there may be a certain poten-
tial risk of duodenal carcinogenesis upon long-term use
of omeprazole as well as, probably, of other PPI.

Ekcnpecis reunis Gast, Cckbr, Regla B enitenionnrax
JIBAaHA/IISITUIIAIO] KMIIKY LIYPiB 32 YMOB TPHBAJIOi IITYHKOBOT
TIHOAIMIHOCTI Ta 32 BBEJICHHS MYJIbTUIIPOOIOTHKA

A. C. [Ipanununa, Y. B. Casko, K. O. JIopuienko, JI. I. Ocramyenko

Pesrome

Mema. Jlocrioumu excnpecito cenie Cckbr, Gast i Regla y 0sanaoysi-
Munaniv Kuwyi wypie 3a ymoe mpueaioi 2inoayudHoCmi ma 3a 66e0eH-
Ha mynomunpodiomuxa Cumbimep. Memoou. J{ocniou eukonano Ha Oi-
JUX HeMHIUHUX wypax-camysax. Iinoayudnuii cman Mooenosanu iH-
MpanepumoHeanbHuM 66e0eHHAM oMmenpasony npomseom 28 0io. Pi-
B€Hb eKCnpecii 2eHi6 GU3HAYANU HANIGKITLKICHUM AHANI30M pe3yabma-
mie 3T-11JIP. Pesynomamu. Iloxasano spocmanns piens mPHK 2enie
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Cckbr i Gast 6 enimenioyumax 60pcuHoOK i Kpunm 08aHaoysimunaioi
KUK Wypie,; niosuwjenus pigus ekcnpecii eena Regla 6 enimenioyu-
max Kpunm, a maxkodic nos8y eKCnpecii ybo2o 2ena 6 enimenianbHux Kii-
MUHAX B0PCUHOK 3a 2inoayuonozo cmany. Ilpu 6eedenni mynomunpo-
biomuxa Cumbimep 3a mux sce ymos emicm MmPHK docnioxcysanux
2eni6 smenutysascs abo 0y na pieHi KOHMPOILHUX 3HAYeHb. Bucnog-
ku. Cman mpuganoi wiyHKo8oi 2inoayudHocmi cynposoolcycmopcs
3minoio excnpecii cenie Cckbr, Gast i Regla 'y osanaoyamunaniil Kuui-
yi wypie, mooi sk 3a éedenns mynromunpoodiomuxa Cumbimep nameph
excnpecii yux 2enig y 0inouocmi 6unaodKie noOioHULL 00 KOHMPOIIO.
Knouoei  cnosa: wiiynkosa 2inoayuonicms, 08aHAOYAMUNAILA
Kkuwika, excnpecis 2enie Cckbr, Gast, Regla, myremunpobiomuxu.

Okcnpeccust reHoB Gast, Cckbr, Regla B snutennonurax
JIBCHA/IATUIIEPCTHOM KUIIKH KPbIC B YCIOBUSIX UTUTEIBHOM

JKEITyTOYHOH TUIT0AlMJHOCTH U IIPH BBEACHUHU MYJIbTHIIPOOMOTHKA
A.C. [lpanunuHa, Y. B. CaBko, E. A. JIBopmienko, JI. .Ocramaenko

Pestome

Lens. Hccreoosams sxcnpeccuio eenos Cekbr, Gast u Regla 6 onume-
AUOYUMAX OBEHAOYAMUNEPCTNHOU KUUWIKU KPbLC 8 YCL0BUAX OIUMelb-
HOU 2UNOAYUOHOCIU, 4 MAKJICe NPU 66eOCHUU MYIbMUNPOOUOMUKA
Cumbumep. Memoowt. Hccnedosanusi nposedeHsl Ha OelblX HeluHell-
Huix kpoicax-camyax. Cocmosnue cunoayuOHoCmu Heenyoka Mooeiu-
POBANU UHMPANEPUMOHEATILHBIM 86€0EHUEM OMeNnpa30id 8 medeHue
28 onetl. Yposenv sxcnpeccuu 2enos onpeoensiit NOJIYKOIUYECIEeH-
noim ananusom pesyromamos OT-ITLP. Pesynomamut. [lokazano no-
sviuerue yposui mPHK 2enoe Cckbr u Gast 6 snumenuoyumax eopcu-
HOK U KpUnm 08eHaoyamunepcmuou KUWKY Kpblc, YeeaudeHue ypoeHs
akcnpeccuu cena Regla 6 snumenuoyumax kpunm, a maxaice nosgne-
HUe IKCHpeccuu IMo2o 2eHd 6 SNUMENUATbHBIX KIeMKAX 60PCUHOK Npu
eunoayuorocmu. Ilpu esedenuu mynomunpodouomurxa Cumbumep 6 mex
arce yenosusix cooepoicanue mPHK npoananusuposanmvix eenos ymeHo-
wanocy uiu Ovl0 Ha yposHe KOHMPOIbHbIX 3HaueHul. Boieoowsr. Co-
cmosnue OIUMenbHOU HCenyOOUHOU 2UNOAYUOHOCIU CONPOBONHCOAeN-
cs usmenenuem sxcnpeccuu eenos Cckbr, Gast u Regla 6 0senaoyamu-
nepcmuou Kuwike, mo2oa Kaxk npu ésedenuu myavmunpoouomuxa Cum-
oumep nammepH IKCHPeCccuu UCCIe008AHHbIX 2eHO8 6 DONLUIUHCMEE
cayuaes 6aIU30K K KOHMpPOIo.

Kurouesvle crosa: dcenyoounas 2unoayudHocms, 08eHAOYamu-
nepcmuas kuwika, sxcnpeccus eenog Cckbr, Gast, Regla, mynvmu-
npobuomuxu.
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