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We studied the effect of intraperitoneal administration ACTH(4-7)-PGP in doses of 5, 50, 
150, and 450 µg/kg to Wistar male rats 12-15 min before modeling restraint stress on the 
morphofunctional state of the colon. In rats exposed to restraint stress, signs of atrophy and 
inflammatory reaction in the colon wall, changes in functional activity and number of mast 
cells, and increased serum level of corticosterone were observed. Administration of the peptide 
led to a decrease in corticosterone concentration, alleviated stress-induced pathomorphologi-
cal changes, and promoted adaptation of the intestinal wall to stress. The positive effects of 
ACTH(4-7)-PGP can be determined by multifunctional nature of the physiological and phar-
macological effects of the neuropeptide.
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Adaptation to stressful exposures involves all levels of 
biological organization in the human body, including 
the cellular and tissue levels [8,14]. The morphofunc-
tional changes in the cardiovascular, nervous, respirato-
ry, and endocrine systems under conditions of acute and 
chronic stress have been studied in detail [9,10,12,13]. 
However, the state of the colon during stress remains 
insufficiently studied. In addition, the search for drugs 
effectively correcting stress-induced changes without 
producing side effects is an urgent question.

Here we studied the effect of ACTH(4-7)-PGP on 
the morphofunctional state of the colon under condi-
tions of chronic restraint stress.

MATERIALS AND METHODS

The experiments were carried out on 60 male Wistar 
rats weighing 200-230 g, obtained from the SPF vi-

varium of the Federal Research Centre Institute of Cy-
tology and Genetics, Siberian Division of the Russian 
Academy of Sciences. The animals were quarantined 
in the vivarium of the Kursk State Medical Univer-
sity. The rats were kept at 22-24°C and 12/12 h light/
dark regime and had free access to water and standard 
granular food. All studies were carried out in compli-
ance with the European Convention for the Protection 
of Vertebrate Animals used for Experimental Purposes, 
the Directive 2010/63/EC of the European Parliament 
and the Council of the European Union (September 
22, 2010) On the protection of animals used for sci-
entific purposes, and in accordance with the decision 
Regional Ethics Committee of the Kursk State Medical 
University.

An analogue of hormone fragment ACTH(4-7)-PGP 
(Met-Glu-His-Phe-Pro-Gly-Pro; active substance of 
Semax) lacking hormonal activity synthesized at the 
Institute for Molecular Genetics, Russian Academy of 
Sciences was used in the experiments. The peptide was 
dissolved in isotonic NaCl and injected intraperitone-
ally to male rats 12-15 min before modeling restrain 
stress in doses of 5, 50, 150, and 450 µg/kg (1 ml per 
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1 kg body weight). Control stressed and intact animals 
were injected with equivalent volumes of saline at the 
same time intervals.

Chronic restraint stress was modeled by placing 
the rats into individual plastic boxes that corresponded 
to rat sizes daily for 2 h for 14 days [11]. Then, the 
animals were sacrificed by bleeding under anesthesia 
and the colon was sampled. The autopsy material was 
fixed in 10% neutral formalin. Paraffin sections were 
stained with hematoxylin and eosin. Microscopy and 
microphotography were carried out using an optical 
system consisting of a Leica CME microscope and a 
DCM-510 eyepiece camera at ×40, ×100, ×200, and 
×400; the images were documented using FUTURE 
WINJOE software.

On histopathological preparations, the architec-
tonics of the layers, the depth of the crypts, and the 
number of goblet cells were determined. The cell 
composition of the inflammatory infiltrate was also 
calculated; the cells were identified by karyological 
signs as neutrophils, lymphocytes, macrophages, and 
plasmacytes. The percentage of the cells and the total 
number of cells were assessed in 10 fields of view on 
an area of 502.08 µ2. Functional activity of mast cells 
(MC) was determined by counting different types of 
MC based on the Linder’s classification.

Corticosterone concentration in blood serum was 
measured by ELISA using Corticosterone ELISA Kit 
ADI-900-097 (Enzo).

Statistical data processing was performed using 
the algorithms of the Statistica Trial software. After 
checking the normality of data distribution using the 
Kolmogorov—Smirnov test, the parametric Student’s 
t test was applied. The results were considered signifi-
cant at p≤0.05.

RESULTS 

Administration of saline to intact animals was not ac-
companied by morphological and functional changes 
in the colon. The colon had normal 4-layer structure. 

Crypts had a slightly bullous shape; their depth was 
174.9 µ. Goblet cells were strictly oriented and weakly 
oxyphilic; their number was 67.2 per standard area 
(Fig. 1, a). Among MC, type 2 and 3 predominated 
(5.9 and 5.5, respectively; Table 1).

In rats subjected to chronic restraint stress and 
receiving saline, dyscirculatory and degenerative pro-
cesses developed in the colon wall. Zones of surface 
necrosis with epithelium destruction were revealed. 
The depth of the crypts sharply decreased by 18.6% 
(p≤0.01). In the lamina propria, pronounced lympho-
cytic infiltration with admixture of segmented leuko-
cytes and signs of interstitial edema were observed 
(Fig. 1, b). The number of goblet cells per unit area 
was significantly reduced by 12.9% (p≤0.01). The cel-
lular composition was mainly presented by lympho-
cytes (36.9), macrophages (12.5), and neutrophils (7.3). 
During restraint stress, patchy follicular accumulation 
and active proliferation of inflammatory cells were seen 
in the entire thickness of the colon wall. Blood corti-
costerone concentration in stressed rats was 58.9% 
higher than in unstressed control (p≤0.01, Table 1).

Administration of ACTH(4-7)-PGP in a dose of 5 
mg/kg to stressed animals did not restore histoarchi-
tectonics of the colon. Desquamation of the surface 
epithelium and edema of the submucosa and lamina 
propria were still observed. The crypts were smooth-
ened and their depth did not significantly change; 
the glands had signs of degeneration (Fig. 2, a). The 
number of goblet cells was close to that observed in 
stressed animals (61.0; Table 1). Morphometric re-
vealed prevalence of inflammatory cells: lymphocytes 
and neutrophils. The serum level of corticosterone 
decreased by 28.6% (p≤0.01).

Administration of ACTH(4-7)-PGP in a dose of 50 
µg/kg reduced the signs of inflammation in the colon 
tissue and a tendency of recovery of its histoarchitec-
tonics was noted. Focal smoothing of the surface relief 
was revealed. Crypts were deepened compared to the 
stress control, the depth of which increased by 5.2% 
(p≤0.01). Insignificant edema remained in the under-
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Fig. 1. Micrograph of the colon wall in group of intact control (a) and stressed control (b). Hematoxylin and eosin staining, ×40.
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lying departments. There is enhanced proliferation of 
the cervical epithelium cells (Fig. 2, b). The number of 
goblet cells increased significantly by 6.3% (p≤0.05). 
There was sclerosis in the submucosa and slight lym-
phocytic infiltration: the number of lymphocytes was 
24.6 (Table 1).

In animals treated with the peptide at a dose of 
150 µg/kg, signs of restoration of rat colon architec-
tonics were detected. Crypts were deeper by 6.3% 
than in stressed control rats and dilated by the foveolar 
type (p≤0.01). The number of goblet cells increased 
by 8.9% in comparison with stressed control (p≤0.05). 
No signs of edema were detected. Insignificant lym-
phocytic infiltration and sclerosis were observed in 
the lamina propria of the submucosa and mucosa. En-
hanced proliferation of the cervical epithelium per-
sisted (Fig. 2, c). The number of MC of all 4 types 
(according to Linder’s classification) was significantly 
reduced in comparison with stressed control.

Significant morphological changes in the colon 
after administration of ACTH(4-7)-PGP in doses of 50 
and 150 µg/kg corresponded to a significant decrease 
in serum corticosterone concentration in experimental 
animals by 34.2 and 27%, respectively (p≤0.01).

After administration of ACTH(4-7)-PGP in a dose 
of 450 µg/kg, no atrophic and degenerative changes in 
the colon mucosa were detected. However, foci with a 
smoothed mucous membrane and zones of adenoma-
tous proliferative activity were detected against the 
background of weak inflammatory reaction, the depth 
of crypts did not reach the values observed in intact 
animals. An increase in the number of both individual 

goblet cells and the total number of glands was ob-
served. The height of the cubic epithelium increased 
(Fig. 2, d). Morphometry revealed significant predomi-
nance of monocytic cells. The number of plasmacytes 
increased by 27.1% in comparison with the stressed 
control group (p≤0.01). Diffuse growth and thicken-
ing of collagen fibers and sclerosis led to an increase 
in the colon wall thickness. The corticosterone level 
decreased by 32.2% (p≤0.01, Table 1).

Our findings suggest that the main manifestations 
of the stress response in the colon were inflamma-
tion, atrophy, and increase in the number and activity 
of MC. Treatment with ACTH(4-7)-PGP increased the 
rate of adaptation and tissue reorganization. These 
effects of the peptide can be associated with broad 
range of its pharmacological and physiological of ef-
fects [3-5]. The effect of ACTH(4-7)-PGP on the mor-
phofunctional state of the colon can be determined by 
its immunomodulating effect, because the drug affects 
both humoral and cellular reactions [6]. It was found 
that preliminary administration of the neuropeptide 
to stressed rats inhibited macrophage-mediated and 
proliferative processes and reduced destructive pro-
cesses in the spleen [1]. Semax has a direct cytotoxic 
effect on atypical cells. The mechanisms of the stress-
limiting effect of the peptide can also be influenced 
by sympathetic innervation and microcirculation [2,7]. 

Thus, administration of ACTH(4-7) -PGP leveled 
stress-induced pathomorphological changes in the co-
lon by increasing the rate of adaptation, reducing the 
number of inflammatory cells, and changes in MC 
activity. The most pronounced effects were observed 

TABLE 1. Morphometric Parameters of the Colon and Corticosterone Levels in Rats under Conditions of Restraint Stress 
and Treatment with ACTH(4-7)-PGP (absolute values; n=10; M±m)

Parameter Intact control

Stressed animals

control
administration of Semax in a dose of

5 µg/kg 50 µg/kg 150 µg/kg 450 µg/kg

Crypt depth 174.9±0.78 142.4±1.93** 143.6±3.2 149.7±1.62++ 151.2±1.41++ 157.1±3.53++

Goblet cells 67.2±1.77 58.5±1.12** 61±2.39 62.2±1.21+ 63.66±1.63+ 75±1.38++

MC type 1 5±0.32 19.6±0.48** 22.7±0.83+ 11.2±0.5++ 7.7±0.37++ 8.8±0.59++

MC type 2 5.9±0.21 14.5±0.51** 13.9±0.64 10.7±0.46++ 7.9±0.42++ 8±0.44++

MC type 3 5.5±0.33 17.1±0.62** 15.6±0.59 14.8±0.61+ 11.6±0.5++ 8.6±0.56++

MC type 4 4.9±0.26 13.4±0.47** 13.4±0.64 15.3±0.43++ 11.2±0.51++ 10.3±0.72++

Neutrophils 1.6±0.14 7.3±0.52** 6.1±0.59 3.6±0.29++ 3.3±0.2++ 3.3±0.27++

Lymphocytes 19.4±0.53 36.9±0.82** 33.1±0.99+ 24.6±0.78++ 24.7±0.91++ 24.1±0.81++

Macrophages 4±0.34 12.5±0.72** 10.7±0.54 14.6±0.49+ 15.5±0.77+ 17.1±0.65++

Plasmacytes 10.2±0.37 14.4±0.81** 12.3±0.56+ 12±0.56+ 12.8±0.93 18.3±1.16++

Corticosterone 1360.9±57.79 2162.5±170.77** 1543.7±90.92++ 1423.3±31.9++ 1580.6±95.57++ 1466.9±21.42++

Note. **p≤0.01 in comparison with intact control, +p≤0.05, ++p≤0.01 in comparison with stressed control
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after injection of ACTH-4-7-PGP in doses of 50 and 
150 µg/kg.
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