
 

Scientists find that smooth muscles of the
digestive system are sensitive to zero gravity

January 16 2024

  
 

  

Fundus of the gastric wall and jejunum of the Mongolian gerbil Meriones
unguiculatus. Technique: (A–C,F,G) Staining with hematoxylin and eosin; (D,E)
Picro-Mallory staining protocol. (A–E) Morphology of the gastric wall in the
control group (A,B,D) and in the space flight group (C,C’,E). (F,G) Morphology
of the jejunal wall in the control group and in the space flight group (G). After
an orbital flight occurs decreasing thickness of the (inner) circular layer
muscularis externa (arrow), and proliferation of the connective tissue in the
submucosa (double arrow). Scale bar: (A,C,F,G)—50 µm; (D,E)—20 µm;
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(B,C’)—10 µm. Credit: International Journal of Molecular Sciences (2023). DOI:
10.3390/ijms242216539

RUDN University scientists have discovered that in weightlessness, the
contractile activity of smooth muscles in the hollow organs of the
gastrointestinal tract is disrupted. New data must be taken into account
when planning long-term space missions. The results were published in
the International Journal of Molecular Sciences.

Weightlessness affects almost all physiological processes of the body.
Therefore, for the development of new space projects and manned
missions, it is important to understand exactly what kinds of changes
occur in various body systems, primarily those most sensitive to changes
in the usual level of earth gravity.

Some reactions of the gastrointestinal tract to weightlessness are already
known—for example, a decrease in the evacuation function of the
hollow organs of the digestive system, increased secretion of gastric
juice, the development of edema of the mucous membranes, and more.

However, there is little data on how the smooth muscles of the
gastrointestinal tract react to weightlessness. The researchers of this new
work studied the mechanism of gravity sensitivity of the smooth muscles
of the gastrointestinal tract.

"To develop manned flights, we need to take into account factors
affecting the health of astronauts. Microgravity conditions affect most of
the physiological functions of the body and are capable of causing
significant changes in some cases, which is why the attention of most
space biologists, physiologists, and physicians is focused on them," said
Dmitrii Atiakshin, Doctor of Medical Sciences, head of the Research
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and Educational Resource Center for Immunophenotyping, Digital
Spatial Profiling and Ultrastructural Analysis Innovative Technologies at
RUDN University.

"Smooth muscle tissue takes an active part in the development of
adaptation and pathological conditions, including the conditions of
orbital flight. But, despite this, the mechanisms of its sensitivity to
weightlessness conditions remain practically unexplored," continued Dr.
Atiakshin.

The researchers, in collaboration with colleagues from the Research
Institute of Experimental Biology and Medicine of Voronezh State
Medical University, studied the smooth muscles of the fundus of the
stomach and jejunum in rodents that spent several weeks in microgravity
conditions. The study was conducted on mice after a 30-day space flight
on board the BION-M No. 1 and Mongolian gerbils after 12 days in
space on board the Foton-M No. 3. After the laboratory rodents landed
safely, scientists examined the structures of the smooth muscle tissue of
their organs.

The scientists found that after space flight, in rodents of both species,
the production of the protein α-smooth muscle actin (αSMA), which is
involved in smooth muscle contraction, decreased. For example, in the
stomach muscles of Mongolian gerbils returning from space flight, the
proportion of αSMA decreased by almost 15% compared with levels in
comparison groups. To make sure that it was just weightlessness, the
authors conducted additional tests to rule out other causes. The results
suggest that GI smooth muscle is sensitive to weightlessness.

"Decreased intracellular actin production in the muscles of the stomach
and jejunum indicates the high gravitational sensitivity of contraction of
the hollow digestive organs. It poses new challenges for space
gastroenterology and makes it advisable to continue this area of research.
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The results obtained must be taken into account to level out the adverse
effects of the biological effects of factors that accompany astronauts
during long orbital missions on board the ISS," concluded Dr. Atiakshin.

  More information: Tatyana Samoilenko et al, Smooth Muscle Actin
as a Criterion for Gravisensitivity of Stomach and Jejunum in
Laboratory Rodents, International Journal of Molecular Sciences (2023). 
DOI: 10.3390/ijms242216539
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