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We studied the effect of dalargin and its analogue [Dala]2-leu-enkephalin on the gastric
mucosa in indomethacin-receiving animals. Indomethacin treatment was followed by
severe injury to the gastric mucosa, decrease in proliferative activity of the epithelium,
and stimulation of free-radical processes in gastric tissues. Dalargin significantly de-
creased the area of erosive and ulcerative lesions, had a normalizing effect on prolifera-
tion of epithelial cells, and reduced the degree of oxidative stress. Administration of
[Dala]2-leu-enkephalin did not improve the state of the gastric mucosa.
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Nonsteroid antiinflammatory drugs (NSAID) are
extensively used in clinical practice. More than 300
million people annually receive NSAID. It should
be emphasized that more than 50% patients have
NSAID-induced gastropathy with a variety of endo-
scopic and clinical signs, including subepithelial
hemorrhages, erosions, and ulcers [7].

Dalargin is a synthetic analogue of leu-enke-
phalin. This pharmaceutical product is extensively
used for the therapy of ulcer disease of the sto-
mach and duodenum [1]. Our previous studies sho-
wed that dalargin improves the course of gastric
erosions and ulcers induced by NSAID [3]. The
mitogenic effect and antioxidant properties of da-
largin are manifested only in the presence of amino
acid arginine [5]. It is interesting to evaluate the
gastroprotective effect of dalargin under conditions

of impaired of tissue homeostasis in the gastric mu-
cosa (GM) caused by indomethacin treatment.

Here we studied the mechanisms for gastro-
protective action of dalargin during NSAID-indu-
ced gastropathy.

MATERIALS AND METHODS

Experiments were performed on 142 male random-
bred albino rats (180-250 g) and male albino mice
(25-30 g). Indomethacin in a dose of 250 mg/kg
was administered intragastrically through a probe to
produce NSAID-induced gastropathy.

The test peptides, dalargin (Tyr-D-Ala-Gly-
Phe-Leu-Arg) and non-arginine-containing analo-
gue [Dala]2-leu-enkephalin (Tyr-D-Ala-Gly-Phe-
Leu, Laboratory of Peptide Synthesis, Russian Car-
diology Center), were injected intraperitoneally in
a single daily dose of 100 μg/kg for 5 days. On day
5, the animals were treated intragastrically with
indomethacin. The animals were killed after 48 h.

A special series was performed with a non-
selective NOS inhibitor NG-nitro-L-arginine methyl
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ester (L-NAME, ICN Biomedicals Inc.). L-NAME
in a dose of 9.3×10—5 mol/kg was injected intra-
peritoneally 30 min before dalargin treatment.

The area of erosive and ulcerative lesions in
GM was measured by means of computerized mor-
phometric analysis on a MEKOS-Ts image ana-
lyzer. The study was performed after video capture
under a binocular magnifier (×6).

Proliferative activity of GM epithelium was stu-
died by 3H-thymidine autoradiography. 3H-thymi-
dine in a dose of 0.6 μCi/g (specific activity 1570
TBq/mol) was administered to animals 1 h before
euthanasia. Autoradiographs were prepared by the
standard method with Kodak Autoradiography pho-
toemulsions (Emulsion NTB Product code 8895666).

The index of labeled nuclei was estimated by
counting of 2500-3000 GM epitheliocytes in longi-
tudinal full-thickness sections of the gastric glands.
The intensity of labeling was calculated as the mean
number of tracks per 50 epitheliocyte nuclei.

Chemiluminescence assay was used to study
free radical oxidation (FRO). Chemiluminescence
was recorded on a LS-50B luminescence spectro-
meter (Perkin Elmer). The signal was standardized
with Finlab software. Spontaneous and Fe2+-indu-
ced chemiluminescence was determined as descri-
bed elsewhere [4]. Total spontaneous chemilumin-
escence is measured over 1 min and correlates with
the intensity of FRO. The first flash maximum of
induced chemiluminescence reflects the content of
lipid hydroperoxides. Total chemiluminescence is
recorded over 2 min of the post-flash period and
reflects the rate of peroxide radical formation.

Kinetic parameters of H2O2-induced luminol-
dependent chemiluminescence were estimated as
described elsewhere [2,8,11]. The first flash maxi-
mum reflects the intensity of radical generation in
a Fenton-like reaction. Total chemiluminescence is
recorded over 2 min and depends on activity of the
antioxidant and antiradical defense system.

The results were analyzed by Student’s t test.
Intergroup differences were significant at p<0.05.

RESULTS

Intragastric administration of indomethacin induced
severe erosive and ulcerative lesion of GM. Mor-
phometry showed that the average area of lesions
was 10.92±2.05 mm2 (no abnormalities in the con-
trol). DNA synthesis was suppressed in the GM
epithelium of the gastric fundus. The index of labe-
led nuclei and labeling intensity were reduced by
36 and 22.4%, respectively (Table 1). Indometha-
cin-induced decrease in proliferative activity of
GM was accompanied by significant activation of

FRO in gastric tissues (Table 2). All parameters of
chemiluminescence in stomach homogenates were
increased by 2.84-5.17 times.

Fivefold pretreatment with dalargin before ad-
ministration of indomethacin had a strong effect on
the response of GM to NSAID. The area of erosive
and ulcerative lesions in GM decreased to 1.79±
0.54 mm2. Dalargin completely abolished the ad-
verse effect of indomethacin on proliferative acti-
vity of the gastric epithelium. DNA synthesis in
animals receiving dalargin and indomethacin did
not differ from the control (Table 1). Administra-
tion of NSAID after pretreatment with dalargin had
a less pronounced effect on FRO (Table 2). The
intensity of FRO in stomach homogenates from
treated animals was shown to increase by 1.22-
1.68 times compared to the intact control. There-
fore, dalargin significantly reduces the degree of
oxidative stress in experimental animals.

Other results were obtained after injection of a
non-arginine-containing dalargin analogue [Dala]2-
leu-enkephalin. The area of erosive and ulcerative
lesions in GM of animals receiving NSAID after
pretreatment with [Dala]2-leu-enkephalin (6.92 mm2)
practically did not differ from that in specimens of
the indomethacin group. DNA synthesis in GM was
significantly suppressed in animals of this group
(Table 1). The intensity of FRO in stomach homo-
genates from animals receiving [Dala]2-leu-enke-
phalin and indomethacin was much greater than in
control specimens (by 2.24-2.41 times). The degree
of changes in FRO in these animals was lower than
in indomethacin-receiving specimens, but higher than
in the “dalargin+indomethacin” group (Table 2).

Therefore, the gastroprotective effect of dalar-
gin during NSAID-induced gastropathy is not ob-
served in the absence of arginine. Arginine plays a
key role in the protective effect of dalargin on GM,
which is probably related to the fact that this amino
acid serves as a NO substrate. To test this hypo-
thesis, we evaluated the ability of dalargin to nor-
malize proliferative activity of the gastric epithe-

TABLE 1. DNA Synthesis in GM Epithelium in Animals of
Various Groups (M±m)

Control 9.19±0.97 18.11±0.50

Indomethacin 5.88±1.11* 14.05±0.98*

Dalargin+indomethacin 9.07±1.36 16.21±0.97

[Dala]2�leu�enkephalin+
indomethacin 5.39±0.90* 13.60±0.91*

Note. Here and in Tables 2 and 3: *p<0.05 compared to the control.

Group Labeling
intensity

Index of labe�
led nuclei, %
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lium under the influence of indomethacin after phar-
macological blockade of the NO system (Table 3).

Injection of nonselective NOS inhibitor L-NAME
did not modulate the effect of indomethacin on
DNA synthesis in the GM epithelium. Administra-
tion of indomethacin after 5-fold treatment with
L-NAME induced a significant decrease in the in-
dex of labeled nuclei (by 57.5%) and labeling in-
tensity (by 13.5%) in the epithelium of albino mice.
L-NAME completely abolished the corrective effect
of dalargin on DNA synthesis in GM of animals
with NSAID-induced gastropathy.

NO is one of the major factors regulating blood
flow in GM and, therefore, maintaining the inte-
grity of GM [9]. Previous studies showed that a NO
donor Sydnopharm has antiulcer activity [6]. Com-
bined treatment with L-arginine and ibuprofen sig-
nificantly reduces the adverse effect of NSAID on
GM [10].

TABLE 3. DNA Synthesis in GM Epithelium after Bloc-kade
of the NO System (M±m)

Control 4.80±0.74 18.68±0.73

L�NAME+indomethacin 2.09±0.89* 16.35±0.45*

Dalargin+L�NAME+
indomethacin 2.63±0.60* 17.05±0.58

Group
Labeling
intensity

Index of labe�
led nuclei, %

TABLE 2. Effects of Dalargin and [Dala]2-Leu-Enkephalin on Indomethacin-Induced Changes in Chemiluminescence of
Stomach Homogenates from Albino Mice (M±m)

Total chemiluminescence over 1 min
of spontaneous chemiluminescence, rel. units 1.04±0.06 3.52±0.21* 1.75±0.09* 2.44±0.14*+

(338) (168) (235)

Fe2+�induced chemiluminescence

first flash maximum, rel. units 1.52±0.08 4.31±0.27* 2.44±0.10* 3.40±0.15*+

(284) (161) (224)

total chemiluminescence over 2 min
of the post�flash period 2.43±0.09 9.24±0.51* 3.98±0.19* 5.53±0.34*+

(380) (164) (228)

H
2
O

2
�induced luminol�dependent chemiluminescence

first flash maximum, rel. units 1.58±0.07 6.77±0.32* 2.11±0.13* 3.78±0.22*+

(428) (136) (239)

total chemiluminescence over 2 min
of the post�flash period 0.86±0.05 4.45±0.21* 1.05±0.08* 2.07±0.11*+

(517) (122) (241)

Note. Percent of the control (100%) is shown in brackets. +p<0.05 compared to the “dalargin+indomethacin” group.

Parameter
[Dala]2�leu�
enkephalin+

indomethacin

Dalargin+
indomethacinIndomethacinControl

We conclude that the gastroprotective effect of
dalargin during NSAID-induced gastropathy is ob-
served only in the presence of amino acid arginine
in an opioid peptide molecule. This effect is me-
diated by activation of the NO system.
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