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Effect of dalargin on the content of goblet cells and mucins in the colonic
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ABSTRACT

Aim. To investigate the protective effect of dalargin on the content of goblet cells and mucins in the colonic mucosa
in a mouse model of ulcerative colitis.

Materials and methods. Ulcerative colitis was simulated in Balb/C mice by replacing drinking water with
5% sodium dextran sulfate in boiled water for 5 days. Dalargin was administered subcutaneously in a volume of 0.1
ml at a dose of 100 pg / kg of body weight once a day for 7 days from the beginning of ulcerative colitis simulation.
Sulfasalazine as a reference-listed drug was administered intragastrically at a dose of 200 mg / kg once a day for
7 days. The mice were sacrificed on day 5, 7, and 28. The sections of the distal colon were prepared and stained with
hematoxylin and eosin, alcian blue (pH = 1.0) according to Mowry or by PAS reaction. In the sections, the number
of goblet cells and acid and neutral mucins was determined.

Results. In the mouse model of ulcerative colitis, the number of goblet cells (mainly at the bottom of the crypts),
acid and neutral mucins decreased. Dalargin administration increased the number of goblet cells and the content of
acid and neutral mucins in the colonic mucosa more effectively than sulfasalazine.

Conclusion. Dalargin has a protective effect in ulcerative colitis.
Keywords: ulcerative colitis, dalargin, sulfasalazine, goblet cells, mucins
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PE3IOME

He.l]b — U3YYCHUE TPOTCKTUBHOI'O 3(1)(1)81(1'21 JlajlapTuHa Ha COACPIKaHUE 60KaIIOBI/I,I(HI>IX KJIETOK U MYLIUHOB B CJIH-
3UCTOM 000JI0YKE TOJICTOIO KHIIEYHUKA y MBIIIIEH ¢ OKCIICPUMEHTAJIbHBIM SI3BEHHBIM KOJIHUTOM.

MatepuaJjbl M1 MeTOAbI. SI3BEHHBI KOIUT MOJCTUPOBAIM y Mblmel muaun Balb/C 3ameHoll B Tedenue 5 cyT
MTUTHEBO BOABI 5%-M PacTBOPOM AEKCTPaHa Cylb(aTa HATPHUs B KUTITIEHOH Boje. [lamapruH BBOJHIN MTOJKOKHO
B o6wveme 0,1 mut B 1o3e 100 MKr/Kr Macchl Tena 1 pas/cyT B TedeHue 7 CyT ¢ Hadana MOJCTUPOBAHUS I3BEHHOTO KO-
mura. Ilpemapar cpaBHeHHs CynbdacanasiH BBOJWIN B KeIy 10K B go3e 200 mr/kr 1 pas/cyt B TedeHue 7 cyT. Ha
5, 7 u 28-e cyT MbIIICH BRIBOAMIN U3 SKCIeprMeHTa. Ha nenapaMHUpOBaHHBIX, OKPAIICHHBIX TeMaTOKCHIMHOM
1 503MHOM, anbiuanoBbM ciHUM (pH = 1,0) mo Moypu i peaktuBom Ludda cpesax pucranpsHOro otaena 060-
JIOYHOM KHIIKU OTIPEAETISAIN KOIHIECTBO OOKAIOBUAHBIX KIETOK, COJIEP)KaHNE KUCIBIX M HEHTPaNbHBIX MyIIHHOB.

Pe3yabTarthl. [Ipu Moaenu sI3BEHHOTO KOJUTA B AUCTAIBLHOM OT/IEIC 000I0YHOM KUIIIKH MBIIICH CHUXKACTCS KO-
JINYECTBO OOKAJOBUIHBIX KJICTOK (IIPEUMYIIECCTBEHHO B OCHOBAHUU KPHIIT), KHCIIBIX ¥ HEHTPAIbHBIX MYIIMHOB.
Janaprus s¢dexTuBHEE CyibdacanasiHa yBEIUUNBACT KOJTUMISCTBO OOKATOBUIHBIX KJICTOK, COICPIKAHNE KUCIIBIX
U HEUTPAJIbHBIX MYIIMHOB.

3akirouenue. J{anaprus oka3plBaeT MPOTEKTUBHOE BIUSHUE TP SKCIIEPUMEHTAILHOM SI3BEHHOM KOJIUTE.
KiroueBsble cjioBa: MOJIeITb I3BEHHOTO KOJIMTA, AaapruH, cyibdacanasiuH, OOKaJTOBUIHbIC KICTKH, MYITHHBI

KonpaukT nuHTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEH CTaThH.

HUcTouHuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBHUU (bHHaHCHpOBaHI/IH Ipyu OpOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE MPUHIMNAM ITHKH. VccienoBanne 0100peHO PErMOHABHBIM dTHYeCKUM KomuteToM KIMY
(porokout Ne 1 ot 03.04.2023).

Jas umrupoBanus: Jismes A.JO., Mans I'.C., Conun A.B. Bausinue nanapruia Ha cojepyxaHue O0KaTOBHIHBIX
KJICTOK U MYIIMHOB B CIM3HCTON 00OJOYKE TOJCTOTO KHIICYHHKA MPU IKCICPHUMCHTAIBHOM S3BEHHOM KOJHTE.
Bronnemens cubupcroti meouyunwl. 2024;23(3):59—-65. https://doi.org/10.20538/1682-0363-2024-3-59-65.

INTRODUCTION

Goblet cells (GCs), along with absorptive
colonocytes and enteroendocrine cells, are the
main cell populations in the colonic mucosa [1].
GCs secrete mucus components, primarily mucins,
which form the basis for the protective barrier of the
mucous membrane. Mucins prevent the penetration
of pathogenic and commensal microflora and toxins
from the lumen into the wall of the colon and play an

important role in the regulation of innate immunity
[2]. There are two types of mucins: secretory and
membrane-associated. Secretory mucins form
an inner layer, which is impermeable to bacteria
and high-molecular substances, while membrane-
associated mucins form the glycocalyx [2]. Colonic
barrier dysfunction and, primarily, damage to
the mucin layer lead to a significant increase in
permeability, penetration of bacteria into the mucous
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membrane and submucosal layer, and activation of
neutrophils [3], then macrophages and lymphocytes
with the subsequent development of inflammation,
which underlies the pathogenesis of ulcerative colitis
(UC) [4].

UC is a chronic, relapsing disease of the colon. It
develops in people aged 20—40 years, significantly
worsens the quality of life, and often leads to disability
[5]. Despite a significant number of investigations
devoted to various UC aspects, its etiology and
pathogenesis remain poorly understood, which
results in low effectiveness of existing methods of
its treatment [5]. In this regard, studying the effect of
drugs exerting antioxidant, anti-inflammatory, and
immunomodulatory effects on UC development is
relevant.

Dalargin is one of these drugs, proposed for
the treatment of peptic ulcers. Dalargin is also
included in the pharmacotherapy of acute pancreatitis
[6]. In this regard, it is of interest to study the
effect of dalargin on the content of colonic mucins in
a UC model.

The aim of the study was to investigate the
protective effect of dalargin on the content of GCs
and mucins in the colonic mucosa in a mouse model
of UC.

MATERIALS AND METHODS

The experiments included 102 male Balb/C mice
weighing 21-23 g, purchased from the Stolbovaya
division of the Scientific Center for Biomedical
Technologies of the Federal Medical and Biological
Agency. The study was performed in compliance
with the provisions of the Declaration of Helsinki
proposed by the World Medical Association on
Humane Treatment of Laboratory Animals (2000),
the European Community Directive (86/609EC),
and the Rules of Good Laboratory Practice in the
Russian Federation (Order of the Ministry of Health
of the Russian Federation No. 199n of 01.04.2016).
Conducting experiments on the topic of the thesis
research was approved by the regional Ethics
Committee (Protocol No. 1 of 03.04.2023).

UC was modeled in mice by replacing drinking
water with a 5% solution of dextran sulfate sodium
(DSS) (Mr = 40,000, PanReac-AppliChem,
Germany) in boiled water for 5 days [7]. The animals
were euthanized when acute UC developed on day 5
and 7 and chronic UC developed on day 28.

Dalargin ~ (Microgen, Russian  Federation)
was dissolved in normal saline and administered
subcutaneously in a volume of 0.1 ml at a dose of 100
ng / kg of body weight once a day for 7 days from the
beginning of UC modeling. Accordingto the literature
data, dalargin exhibits high pharmacological activity
at the indicated dose [6]. Sulfasalazine (KRKA,
Slovenia) was administered as a reference-listed
drug into the stomach in the form of a suspension
dissolved in normal saline in a volume of 0.3 ml at a
dose of 200 ug / kg of body weight for 7 days from
the beginning of UC modeling [8].

All animals were divided into the following
experimental groups: 1) naive mice, n = 6; 2) control
group 1 (UC modeling + subcutaneous injection
of normal saline), n = 24; 3) control group 2 (UC
modeling +intragastric injection of normal saline), n =
24; 4) experimental group 1 (UC modeling + dalargin
administration), n = 24; 5) experimental group 2 (UC
modeling + sulfasalazine administration), n = 24.

The mice were euthanized by cervical dislocation
under chloral hydrate anesthesia on days 5, 7, and
28. The distal colon was placed in neutral buffered
10% formaldehyde solution. Deparaffinized 5-6-pm
slices of the colon were stained with hematoxylin and
eosin, alcian blue (pH = 1.0) according to Mowry
to detect highly sulfated acid mucins (AM) or by
PAS reaction to detect neutral mucins (NM). Light
microscopy was performed on the Nicon Eclipse Ni
microscope using the NIS Elements AR software.
The stained slices were scanned on the Hamamatsu
NanoZoomer-SQ digital slide scanner (Japan).
The resulting digital images were analyzed in the
QuPath program [9] using the color deconvolution
technique [10].

To assess AM and NM content in the colonic
mucosa, histologic preparations after treatment with
iodine acid were digitized. Areas with longitudinally
oriented crypts without ulcers and erosions, but with
pronounced signs of inflammation were identified in
the digital images obtained. The number of GCs per
1 crypt was determined on slices stained with alcian
blue. The content of AM and NM was assessed
by the intensity of GC staining with alcian blue
and PAS reaction after treatment with iodine acid,
respectively. The coloring intensity was calculated
as the average value of the decimal logarithm of
the background brightness / image object point
brightness ratio [11]. The intensity of histochemical
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reactions varied significantly even in the control
groups, which is associated with differences in slice
thickness, fixation time, and staining. The intensity
of GC staining was normalized by the intensity of
staining of adjacent areas of connective tissue to
level out these differences.

All samples were checked for normality of
distribution using the Shapiro — Wilk test and for
homogeneity of variance using the Levene’s test. The
Mann — Whitney U-test was used to determine the
significance of differences. Nonparametric statistics
methods were used due to small sample sizes,
different distribution patterns, and heterogeneity of
variance when comparing the samples. The results
were described as the median and the interquartile
range Me (Q,; Q,). The null hypothesis was rejected
at the level of statistical significance p < 0.05.
Statistical analysis of the results was carried out
using the Statistica 10.0 software package.

RESULTS

The number of GCs decreased by 32.7-33.2%
on day 5, by 47.1-47.6% on day 7, and by 15.4—
15.9% on day 28 of the experiment (p = 0.0024) in
both control groups of mice with experimental UC
(Table). The number of GCs mainly decreased at the
bottom of the crypts (Figure). GCs expanded, and
their area increased. In mice with chronic UC (day
28), the number of GCs was 25.7-61.5% higher than
in the animals with acute UC (day 5-7) (p = 0.0009).
The content of AM in the colonic mucosa decreased
by 3.43-3.75 times and 3.64-3.87 times and the
content of NM declined by 36.3% and 38.2-39.3%
on day 5 and day 7 of the experiment, respectively
(»=0.0024), compared to naive animals. The content
of mucins in mice with chronic UC was higher
than in mice with acute UC, but was lower than in
the naive group (AM — by 42.5-43.3%, NM — by
27.5-29.4%) (p = 0.0024)).

Figure. Goblet cells in the colon of male Balb/C mice: a—c — staining with hematoxylin and eosin + alcian blue, d—f— staining with
hematoxylin and eosin + PAS reaction. a, d — control group, b, e — model of acute UC ¢, f— model of chronic UC. Bar — 50 um
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Dalargin administration was accompanied by
an increase in the number of GCs in mice with
the experimental UC by 3.6% (p = 0.0011) on day
5 of the experiment and by 9.3% (p = 0.0009) on day
7 compared to the control animals. Dalargin had no
effect on the number of GCs in the colonic crypts

of mice with chronic experimental UC. It increased
the level of AM by 50.0% (p = 0.0239) on day 5 and
by 54.8% (p = 0.0136) on day 7 of the experiment
and increased the NM content by 6.2% (p = 0.0136)
and 7.9% (p = 0.0009) on day 5 and day 7 of the
experiment, respectively.

Table

The effect of dalargin and sulfasalazine on the number of goblet cells in crypts and the content of acid and neutral mucins
in the colon of mice with experimental ulcerative colitis, Me [Q,; O.]

Duration
No Experimental of the Number of goblet cells 1g10 of the content of neutral 1g10 of the content of highly
’ group experiment, & o mucins sulfated acid mucins
day
Intact animals 20.8 [20.7; 20.9] 1.02 [1.00; 1.09] 1.20 [1.12; 1.35]
Control group 1 5 14.0 [13.9; 14.17* p=0.0024 | 0.65 [0.65; 0.66]* p=0.0024 | 0.32[0.27; 0.43]* p = 0.0024
2. (E"Peﬂmema_l Uc+ 7 10.9 [10.7; 11.0] p = 0.0.0024 | 0.63 [0.63; 0.64]* p=0.0024 | 0.31[0.28; 0.44]* p = 0.0024
subcutaneous 1njection
of normal saline) 28 17.6 [17.3;17.9]* p=0.0.0024 | 0.72[0.72; 0.73]*p =0.0024 | 0.68 [0.58; 0.80]* p = 0.0024
Control group 2 5 13.9 [13.7; 1431 p=0.0024 | 0.65 [0.64; 0.66]* p = 0.0024 0.35[0.29; 9’?)338;3: 0.0024;
3 (experimental UC + =Y
" | intragastric injection 7 11.0[10.8; 11.2]*p = 0.0024 | 0.64[0.63; 0.64]* p=0.0024 | 0.33[0.28; 0.37]* p = 0.0024
of normal saline) 28 17.5[17.4;17.7] p=0.0024 | 0.74 [0.74; 0.75]* p=0.0024 | 0.69 [0.54; 0.84]* p = 0.0024
s 14.5 [14.3; 14.6]* p=0.0011; | 0.69 [0.68; 0.70]* p = 0.0136; | 0.48 [0.38; 0.56]* p = 0.0239;
Experimental UC 1p=0.3720 1p=0.2076; p=1.00
4, | T dalargin ata dose of ; 13.0 [12.9; 13.2]*! p = 0.0009; | 0.68 [0.66; 0.71]*' p=0.0019; | 0.48 [0.44; 0.60]* p = 0.0136;
| 100 pg/ kg subcuta- 1p=0.0009 'p=0.0019 'p=0.5635
neously 08 18.0 [17.7; 18.6] p = 0.0587; | 0.78 [0.76; 0.80]' p = 0.0520; |  0.75[0.68; 0.84] p = 0.3184;
1p=0.7527 1p=0.0023; p=0.1722
Experimental UC 5 14.3 [14.1; 14.51* p=10.0011 | 0.67 [0.66; 0.70]* p=0.0101; |  0.45[0.38;0.55] p = 0.0831
5. Z Sﬂfa;;g‘ozme /a;{a 7 12.1[11.9;12.3]* p=0.0009 | 0.63[0.62;0.64] p=0.4623 | 0.45[0.39;0.59]* p =0.0209
0s€ 0 ng/ kg
intragastricall 28 18.0 [17.7; 18.11 p = 0.0587 | 0.75[0.74; 0.76]* p =0.0136 |  0.65[0.63; 0.75] p = 0.8337
g y

p <0.05 compared to the parameters in the: * — intact group; * — control group; ' — animals treated with sulfasalazine.

The number of GCs increased by 2.9%
(»p = 0.0011) on day 5 and by 10.0% (p = 0.0009)
on day 7 of the experiment, when sulfasalazine was
administered at a dose of 200 pg / kg to mice with
experimental UC, compared to the control group
2. The AM content did not change throughout the
experiment, the NM content increased by 3.1%
(p = 0.0101) on day 5 and by 3.1% (p = 0.0136)
on day 28 of the experiment, compared to the control
group 2.

Dalargin increased the number of GCs by 7.4%
(»p = 0.0009) on day 7 compared to the value during
sulfasalazine administration. The NM content
increased by 7.9% (p = 0.0019) on day 7 and by
8.3% (p = 0.0023) on day 28 only in the experiment
with dalargin administration.

DISCUSSION

The results of the study confirm the literature data
on a decrease in the number of GCs and the content
of AM and NM in the colonic crypts both in patients
with UC [12] and in a mouse model of UC [11]. The
work shows a decrease in the number of GCs mainly at
the bottom of the crypts. It is known that GCs located
at the bottom of crypts produce the antimicrobial
peptide WFDC?2 in healthy people, while its secretion
is impaired in patients with UC [12]. This peptide
inhibits serine and cysteine proteases; therefore,
it prevents premature transformation of the inner
layer of the colonic mucosa into the outer layer. The
outer layer is permeable to bacteria coming from
the colonic lumen and serves as a growth medium
for the commensal microflora; the inner layer is
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impermeable to bacteria and ensures the maintenance
of the colonic wall homeostasis [13]. Destruction
of the inner layer under the influence of proteases
promotes penetration of bacteria into the colonic
wall and development of inflammation in UC [4].

Highly sulphated AM and other acid mucins are
more effective than NM in preventing the destruction
of the protective colonic barrier by proteases [13].
The NM content increased in the colonic mucosa of
mice with experimental UC [11]. In our study, the
number of NM decreased throughout the experiment.
Diverse changes in the NM content are due to the
formation of experimental UC of varying severity
in mice of different strains. The mucin content
increases in the colonic mucosa during the transition
from acute to chronic UC.

Dalargin has a protective effect in mice with
experimental UC and is more effective than
sulfasalazine, as it increases the number of GCs and
the content of AM and NM. Dalargin, as an analogue
of leu-enkephalin, activates opioid 8- and p-receptors
[6]. The mechanism of the therapeutic effect of
dalargin in colonic inflammation is apparently
explained by the activation of opioid p-receptors,
since their activation by the selective ligand DAMGO
(H-Tyr-D-Ala-Gly-N-MePhe-Gly-ol) has a protective
effect on DSS-induced UC development in mice [14].
Apparently, like DAMGO, dalargin reduces disease
severity, decreases myeloperoxidase activity and
the concentration of proinflammatory cytokines,
prostaglandins, and nuclear factor kB, and increases
the production of the antiapoptotic factor Bel-xL [10].
The authors associate this effect with the activation of
peripheral p-receptors, since DAMGO is not able to
penetrate the blood — brain barrier, and the peripheral
p-receptor antagonist CTAP (D-Phe-Cys-Tyr-D-Trp-
Arg-Pen-Thr-NH,) eliminates its effect [10].

Dalargin has antioxidant and immunomodulatory
effects [6]. It inhibits the activity of mononuclear
cells in their pathological activation [15] and, thus,
reduces the severity of inflammation. Suppression
of lipid peroxidation not only weakens alterative
changes at the inflammation site, but also prevents
an increase in the colonic barrier permeability and
penetration of pathogenic microbes into the colon.

CONCLUSION

The protective effect of dalargin on the UC
development in Balb/C mice was established: an
increase in the number of GCs and the content of

AM and NM in the colonic mucosa was registered.
The effect of dalargin is more pronounced than that
of sulfasalazine. The data obtained allow to consider
dalargin as a component of an effective combination
drug therapy for UC.
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