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Aim. Determination of the Cckbr, Gast, Reg1α and Tgfb1 genes expression in rat pancreas upon long-term hypo-
acidity and with administration of multiprobiotic «Symbiter® acidophilic» concentrated. Methods. Experiments
were carried out on white non-strain mail rats. Hypoacidic state was modeled through intraperitoneal injection
of omeprazole during 28 days. Level of genes expression was determined by semi-quantitative RT-PCR. Results.
The elevation of levels of Cckbr, Reg1α and Tgfb1 mRNAs, as well as the appearance of Gast gene expression in
rat pancreas upon hypoacidic conditions were shown. The levels of Cckbr and Tgfb1 mRNAs with administration 
of multiprobiotic «Symbiter® acidophilic» concentrated under the same conditions were similar to the control,
while the expression of Gast gene was not detected; at the same time, the level of Reg1α mRNA was higher than that
in animals with hypoacidity. Conclusions. Long-term hypoacidity is accompanied by changes in the expression
of Cckbr, Gast, Reg1α and Tgfb1 genes in rat pancreas, while upon administration of multiprobiotic «Symbi-
ter® acidophilic» concentrated the pattern of expression for most of the studied genes is similar to the control.
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Introduction. Acid-related disorders are the most pre-
valent among gastroenterological diseases at present.
In recent decades, proton-pump inhibitors (PPI) of the
gastric parietal cells, such as omeprazole, remain the
most effective therapeutic agents for this group of dis-
orders [1]. 

It is proved for now that upon long-term use of PPIs 
the state of hypoacidity develops, which is accompanied
by hypergastrinemia [2, 3]. It was shown in clinical trials 
that hypergastrinemia of any etiology may lead to the
development of gastric atrophy and metaplasia, as well
as sporadic tumors in other regions of gastrointestinal
tract (GIT) and associated organs [2, 4, 5].  Furthermore, 
there is an evidence of an increased risk of acute pancre-
atitis development upon long-term use of PPIs [6].

According to scientific literature, the increased ex-
pression of Reg1α gene encoding eponymous protein is 
associated with regeneration of pancreatic islet cells and
diabetogenesis upon the damage of gland [7, 8]. More-
over, it is shown that co-expression of Cckbr gene (co-
des gastrin/cholecystokinin receptor type B) and Gast
gene (codes hormone gastrin) is common in human pan-
creatic adenocarcinoma [9, 10]. Tgfb1 gene encoding
isoform 1 of the transforming growth factor β (TGF-β1) 
is expressed in pancreatic cells upon normal condi-
tions, but it is proved that its increased expression is as-
sociated with carcinogenesis and acute pancreatitis [11].

The development of dysbiosis is one of the key con-
sequences of long-term hypoacidity. Colonization of GIT
by opportunistic microbiota appears to be the stable
sources of endogenous infection and additionally pro-
motes gastric carcinogenesis [3, 5]. It is proved in clini- 
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cal trials that probiotics are able not only to cure dysbio-
tic states, but also to reduce the damage ratio of GIT im-
mediately [12, 13].

Multiprobiotics of «Symbiter®»» group (hereinafter 
referred to as Symbiter) are characterized by complexi- 
ty, a wide array of bioactivity and composition maxi-
mally close to the natural microbial populations of hu-
man and animals [13].

Analysis of scientific literature showed a lack of data
on the pattern of above mentioned genes expression in
pancreas upon experimental or natural hypoacidity. Da-
ta on the effect of probiotics on gene expression in pan-
creas upon these conditions are also absent.

The aim of current investigation was to determine
the expression of Cckbr, Gast, Reg1α and Tgfb1 genes
in rat pancreas upon long-term injection of omeprazole
and with administration of Symbiter.

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 carried out on
white non-strain male rats with initial weight around
180–200 g.

All animals were divided into four groups. Rats in-
jected with 0.2 ml of physiological solution abdomi-
nally and 0.5 ml of water for injections orally were used 
as a control (first group). Hypoacidity (second group)
was modeled by everyday intraperitoneal injection of
omeprazole (14 mg/kg) during 28 days [14]. The third ex- 
perimental group simultaneously with omeprazole obtai-
ned Symbiter (manufactured by LLC «O. D. Prolisok»,
Ukraine) orally (0.14 ml/kg). Animals of the fourth
group were treated with the same dose of Symbiter du-
ring 28 days. The number of animals in each experimen-
tal group was 8.

RNA was isolated following Chomczynski and Sac-
chi [15]; cDNA was synthesized in 20 µl of reaction
mix containing 2 µg of RNA, 1 mM dNTP, 200 U of re-
verse transcriptase RevertAid M-MLV, corresponding
buffer, 20 U of ribonuclease inhibitor, 20 pmol of re-
verse primer. Synthesis was carried out in the follow-
ing conditions: 70 °С – 5 min, further 37 °С – 5 min,
42 °С – 1 h. Polymerase chain reaction was performed in 
30 µl of reaction mix containing 10 µl of cDNA, PCR buf- 

fer, 200 µM of each dNTP, 30 pmol (1.0 µM) of each
primer, 2.5 mM of MgCl2 and 1.5 U of Taq DNA polyme- 
rase. PCR amplifications consisted of the initial denatu-
ring step of 94 oС for 4 min, followed by 35 cycles (for β-
actin – 30 cycles) of 94 oС for 45 s, appropriate annealing
temperature for suitable time: Cckbr (184 b. p., 59 oС –
45 s), Gast (274 b. p., 52 oС – 40 s), Reg1α (608 b. p.,
48 oС – 45 s), Tgfb1 (298 b. p., 52 oС – 45 s) and β-actin
(521 b. p., 49 oС – 40 s) (gene used as the internal cont-
rol of reaction due to its constitutive expression); the fi-
nal extension step at 72 oС for 1 min 15 s (for Cckbr, Reg1α
and Tgfb1) or 1 min (for β-actin and Gast). Further fill-in
of PCR products was performed upon 72 oС for 5 min.

The following primers were used in reactions: for
Cckbr – forward – GCAAGCACGAGTATGGCAAA
and reverse – TAGCACGGACCAGGTTTGTT; for
Gast – forward – GCCCAGCCTCTCATCATC and re- 
verse – GGGGACAGGGCTGAAGTG; for Reg1α –
forward – AGCCTGCAGAGATTGTTGAC and rever-
se – CCATAGGGCAGTGAGGCAAG; for Tgfb1 –
forward – CTTCAGCTCCACAGAGAAGAACTGC
and reverse – CACGATCATGTTGGACAACTGCTCC;
for β-actin – forward – TGGGACGATATGGAGAAGAT
and reverse – ATTGCCGATAGTGATGACCT. Sepa-
ration of PCR products was performed electrophoreti-
cally in 1.6 % agarose gel with 0.5 × TВЕ buffer follow- 
ing Sambrook et al. [16]. For semi-quantitative analy-
sis of amplicons expression based on densitometry the
ImageJ 1.45s program was used. The indices of mRNA
expression were calculated for each sample following
Konturek et al. [17].

Statistical processing of experimental data was per- 
formed with analysis of variance [18]. Probability of dif-
ference between the control and test measurements was 
assessed with Student’s t-test. The difference between
compared data was treated as probable if р < 0.05. All cal- 
culations and graph plotting were carried out in «Origin- 
Lab Origin 8.6» and «Microsoft Excel 2003» programs.

Results and discussion. It was established that the
mRNA level of Cckbr gene in the control was 0.578 ±
± 0.054 in relation to β-actin (Figure, A). In animals trea-
ted only with omeprazole for 28 days this parameter
was 1.7 times higher in comparison with the control,
while upon simultaneous administration of multipro-
biotic Symbiter the level of Cckbr mRNA was two ti-
mes lower than in the animals injected with omepra-
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zole. In the animals treated only with Symbiter this pa-
rameter was 0.437 ± 0.041.

On the one hand, the indicated high level of Cckbr
mRNA may be caused by the intensification of this ge-
ne expression only in pancreatic endocrine cells, but on 
the other hand, it may also be explained by the gain of
expression in cells of exocrine pancreas [19]. This idea
is supported by the literature data, according to which
the expression of Cckbr gene in normal pancreas is
shown for endocrine cells of α and δ subtypes (in both
human and rat) [9, 20, 21]. Moreover, there are also the
data on low Cckbr gene expression in pancreatic acinar
cells in normal conditions [20, 21], while no correspon- 
ding mRNA is detected in duct cells. 

In recent years, some data on the association bet-
ween enormous expression of Cckbr gene and a num-
ber of pancreatic pathologies including acute pancrea-
titis were obtained [9, 20]. Furthermore, it was shown
the relation between the Cckbr expression in acinar
cells and carcinoma of this cellular type and pancreatic
ducts adenocarcinoma [22]. Thus, the overexpression
of Cckbr gene in pancreatic acinar cells is considered to 
be associated with carcinogenesis at the moment [20].
Unfortunately, the conditions of our experiment do not
allow us to separate the role of specific cells in the estab-
lished increase of gastrin receptor gene expression.

mRNA of Gast gene was not detected in rat pancreas
of the control group (Figure, B). At the same time, upon 
long-term hypoacidity the expression of this gene was
observed, since its mRNA was revealed in the samples
of rat pancreases. The level of Gast gene mRNA in these
conditions was 0.568 ± 0.067. All the while, expression 
of gastrin was observed neither in the third group (ome-
prazole + Symbiter), nor in the fourth (Symbiter).

Gastrin is expressed exclusively in enteroendocrine 
G-cells of gastric antrum mucosa and in proximal part
of duodenum [21, 23]. According to the literature, «ad-
ventive» expression of gastrin may be associated with
the development of gastrinoma; it is a common peculia- 
rity of Zollinger-Ellison syndrome [23]. Moreover, it
has been recently shown that in human pancreatic ade-
nocarcinoma the co-expression of gastrin and CCKBR
proteins is observed [10, 20].

The gastrin mRNA was found only in pancreatic
samples of animals treated with omeprazole during 28
days (Figure, B). At the same time, an increased level

of the Cckbr mRNA was established upon these condi-
tions (Figure, A), thus suggesting the co-expression of
the corresponding genes. However, an increase of the
Cckbr gene mRNA level may be limited only to endo-
crine cells, without any involvement of exocrine part of 
the pancreas [9, 20], so there is no sufficient basis for a
suggestion about ductal adenocarcinoma existence upon 
long-term gastric hypoacidity. Further investigations are 
needed for the clarification of this aspect.

The investigation of Reg1α gene expression pattern 
showed that in the control the mRNA level was 0.211 ±
± 0.045 (Figure, C). In animals treated only with ome-
prazole for 28 days, the level of Reg1α mRNA was
0.414 ± 0.047, which is 2 times higher than the control
values. Upon simultaneous administration of multipro-
biotic Symbiter this parameter was 1.7 times higher than
in animals of the second group. In animals treated only
with Symbiter, similarly to the control, the level of Reg1α
gene mRNA was 0.154 ± 0,012.

The Reg1α gene encodes a regenerative protein,
which provides the formation of endocrine islands and
regeneration of pancreatic tissue upon pathological con-
ditions, and is also involved in the differentiation of
pancreatic cells upon regeneration [7, 21]. This protein
is constitutively expressed in pancreatic acinar cells,
but not in islet or duct cells [8].

The increased level of Reg1α mRNA upon 28-day
injection of omeprazole (Figure, C) may be connected
with the regeneration of pancreas upon its damage and
formation of new endocrine cells [7, 8, 21]. A higher le- 
vel of mRNA upon simultaneous administration of ome-
prazole and Symbiter (in comparison with animals of the
second group) indicates the intensification of regene-
rative processes in pancreas, which can promote more
rapid regeneration of damaged tissues (primarily – en-
docrine cells).

The level of TGF-β1 mRNA was 0.485 ± 0.054 in
the control (Figure, D). Upon long-term hypoacidity its 
level was 1.4 times higher in comparison with the cont-
rol. At the same time, upon simultaneous administra-
tion of Symbiter the level of TGF-β1 mRNA was 1.7 ti-
mes lower than in animals of the second group. In the
fourth group this parameter was lower than in the cont-
rol and amounted to 0.417 ± 0.051.

On the one hand, TGF-β1 is a potent oncosuppres-
sor in normal cells and, on the other hand, is an oncopro-
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moter in malignant cells [11]. Any disturbances in the
expression of above mentioned protein may increase
the risk of pancreatic carcinogenesis [11, 24]. The in-
crease in TGF-β1 mRNA level in rat pancreas upon
long-term hypoacidity was shown in our experiment.
So, another assumption can be made about the existen-

ce of carcinogenesis in rat pancreas upon long-term ad-
ministration of omeprazole.

Analysis of the recent scientific literature and the
results of our experiments allow us to point out several
possible mechanisms of the long-term hypoacidity ef-
fects on genes expression in the cells of rat pancreas.
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Omeprazole can directly affect pancreatic cells.
However, up to date there are no clear data about the
possibility of such action. In particular, it was shown
that omeprazole inhibits proliferation and modulates
autophagy of several cell lines of pancreatic cancer [25].
However, these data are not appropriate for physiolo-
gical conditions of a whole organism.

Another mechanism is the indirect effect of hypo-
acidity. As a consequence of low acid secretion in sto-
mach, the qualitative and quantitative composition of
GIT microbial population is disturbed, i. e. the patho-
logical state of dysbiosis develops leading to formation
of an endogenous infection source, including close quar-
ters of the pancreas [26, 27]. There are rare assump-
tions in the literature about possible colonization of
pancreatic ducts by dysbiotic microbiota, that during
its livelihoods produce a number of bioactive substan-
ces, and among them N-nitroso compounds, the carci-
nogenicity of which is proved at the moment [28].

The effect of hypergastrinemia is of particular inte-
rest. The increase of serum gastrin is a compensatory
response to the suppression of gastric acid secretion,
since gastrin is a physiological stimulator of this pro-
cess. According to the literature, in normal conditions
the receptor for gastrin (CCKBR) is expressed predomi- 
nantly in endocrine pancreatic cells – in both human
and rat [20]. 

The excess of gastrin in blood upon hypoacidity
may form a substantial burden on pancreatic endo-
crine cells, thus changing the pattern of signal molecu-
les secretion from these cells [29]. Aside from that, in-
creased concentrations of gastrin can affect the peri-
pheral blood lymphocytes, inducing the secretion of
IFN-γ and IL-2, and also changing the activity of some
intracellular enzymes, that may modulate the activity
of these immune cells and their effects on the target
cells [30].

Probably, the constellation of above mentioned fac-
tors exists, thus forming the image obtained in our expe-
riment. It cannot also be excluded that a role of each fac-
tor varies depending on individual peculiarities of the
organism, functional state of immune system, the whole
term of hypoacidic state, etc.

Among probable mechanisms of Symbiter’s action
on gene expression in rat pancreas, firstly, it should be
pointed out its ability to liquidate dysbiosis and bacte-

rial colonization of GIT – it was observed in a number
of investigations [13]. As a consequence, the burden of
pathogenic microbiota is removed from GIT and asso-
ciated organs.

Furthermore, Lutgendorff et al. [31] showed that
multicomponent probiotics are able to increase de novo 
synthesis of the main low-molecular cellular antioxi-
dant – reduced glutathione, and thus to raise its content
in both GIT and pancreas. It is proved for now that an
oxidative stress plays crucial role at the beginning stage 
of acute pancreatitis [32]. On the experimental model
of acute pancreatitis Lutgendorff et al. indicated that the
preliminary treatment with probiotics can ameliorate the 
rate of oxidative stress, inflammatory processes and da- 
mage of the pancreas [31].

The reduction of gastrin level in the blood upon ad-
ministration of Symbiter has recently been observed
[33]. Such effect may be associated with the decrease in 
pro-inflammatory cytokines IL-1β and IFN-γ levels in
blood upon administration of probiotic, since it was
shown that above mentioned cytokines promote the
hypergastrinemia development through stimulation of
gastrin gene expression in G-cells [34]. Based on these
data, it may be suggested that observed effects of Sym-
biter are linked not only with normalization of GIT mic-
robiota, but also with restriction of hypergastrinemia
effects. 

However, the final acceptance or rejection of this
suggestion requires further investigations, which will
allow us to explicitly distinguish the consequences of
hypergastrinemia and bacterial colonization of GIT.

In summary, final elucidation of molecular me-
chaisms underlying the changes in expression of the
Cckbr, Gast, Reg1α and Tgfb1 genes in rat pancreas
upon long-term hypoacidity and with administration of
multiprobiotic Symbiter requires further more speciali- 
zed and selective experiments.

Conclusions. Thus, we have shown that long-term
experimental hypoacidity is accompanied by changes in
the expression of Cckbr, Gast, Reg1α and Tgfb1 genes
in rat pancreas, while upon administration of multipro-
biotic «Symbiter® acidophilic» the expression pattern of
most of these genes is similar to the control. Based on
these data, it can be assumed that there is some poten-
tial risk of pancreatic carcinogenesis upon long-term
use of omeprazole (and probably other PPIs).
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С. Є. Ва кал , К. О. Двор щен ко, А. С. Драни ци на, Т. В. Бо родіна, 
Л. І. Остап чен ко 

Експресія генів Cckbr, Gast, Reg1α і Tgfb1 у підшлун ковій 

за лозі щурів за умов три ва лої гіпо а цид ності та при вве денні 

муль тип робіот и ка «Симбітер® аци дофільний» кон цен тро ва ний

Ре зю ме

Мета. Дослідити експресію генів Cckbr, Gast, Reg1α і Tgfb1 у під-
шлун ковій за лозі щурів за умов три ва лої гіпо а цид ності та при вве-
денні муль тип робіот и ка «Симбітер® аци дофільний» кон цен тро -
ва ний. Ме то ди. Досліди про ве де но на білих нелінійних щу рах-сам -
цях. Гіпо а цид ний стан мо де лю ва ли інтра пе ри то не аль ним вве ден-
ням омеп ра зо лу про тя гом 28 діб. Рівень експресії генів виз на ча ли
напівкількісним аналізом за до по мо гою ЗТ-ПЛР. Ре зуль та ти. По-
каза но зрос тан ня рівня мРНК Cckbr, Reg1α і Tgfb1, а та кож по я -
ву експресії гена Gast у підшлун ковій за лозі щурів за гіпо а цид них
умов. При вве денні муль тип робіот и ка «Симбітер® аци дофіль-
ний» кон цен тро ва ний за тих са мих умов вміст мРНК Cckbr та
Tgfb1 ви я вив ся на рівні кон троль них зна чень, експресії гена Gast
не зафіксо ва но, а рівень мРНК Reg1α пе ре ви щу вав цей по каз ник
тварин з гіпо а цид ним ста ном. Вис нов ки. Стан три ва лої гіпо-
ацид ності суп ро вод жується зміною експресії генів Cckbr, Gast,
Reg1α і Tgfb1 у підшлун ковій за лозі щурів, тоді як при вве денні
муль тип робіот и ка «Симбітер® аци дофільний» па терн експресії
більшості з дослідже них генів подібний до кон тро лю.

Клю чові сло ва: гіпо а цидність, підшлун ко ва за ло за, експресія
генів, муль тип робіот и ки.

С. Е. Ва кал, Е. А. Двор щен ко, А. С. Дра ни ци на, Т. В. Бо ро ди на, 
Л. И. Остап чен ко 

Экспрес сия ге нов Cckbr, Gast, Reg1α и Tgfb1 в под же лу доч ной 

же ле зе крыс в усло ви ях дли тель ной ги по а цид нос ти и при 

вве де нии муль тип ро би о ти ка «Сим би тер® аци до филь ный» 

кон цен три ро ван ный

Ре зю ме

Цель. Иссле до вать экс прес сию ге нов Cckbr, Gast, Reg1α и Tgfb1 в
под же лу доч ной же ле зе крыс в усло ви ях дли тель ной ги по а цид нос -
ти, а так же при вве де нии муль тип ро би о ти ка «Сим би тер® аци -
до филь ный» кон цен три ро ван ный. Ме то ды. Иссле до ва ния про ве-
дены на бе лых не ли ней ных кры сах-сам цах. Сос то я ние ги по а цид -
нос ти мо де ли ро ва ли ин тра пе ри то не аль ным вве де ни ем омеп ра-
зола в те че ние 28 дней. Уро вень экс прес сии ге нов опре де ля ли полу-
коли чес твен ным ана ли зом с по мощью ОТ-ПЦР. Ре зуль та ты. По-
казано по вы ше ние уров ня мРНК Cckbr, Reg1α и Tgfb1, а так же по- 
явле ние экс прес сии гена Gast в под же лу доч ной же ле зе  крыс в ги-
по а цид ных усло ви ях. При вве де нии муль тип ро би о ти ка «Сим би -
тер® аци до филь ный» кон цен три ро ван ный в тех же усло ви ях со -
дер жа ние мРНК Cckbr и Tgfb1 ока за лось на уров не кон троль ных
зна че ний, экс прес сия гена Gast не за фик си ро ва на, а уро вень мРНК 
Reg1α пре вы шал этот по ка за тель у жи вот ных с ги по ацид ным со -
сто я ни ем. Вы во ды. Сос то я ние дли тель ной ги по а цид нос ти со -
про вож да ет ся из ме не ни ем экс прес сии ге нов Cckbr, Gast, Reg1α и
Tgfb1 в под же лу доч ной же ле зе, тог да как при вве де нии муль ти-
про би о ти ка «Сим би тер® аци до филь ный» кон цен три ро ван ный
пат терн экс прес сии боль ши нства ис сле до ван ных ге нов бли зок к
кон тро лю.

Клю че вые сло ва: ги по а цид ность, под же лу доч ная же ле за, экс -
прес сия ге нов, муль тип ро би о ти ки.
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