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Abstract

Background: Determining the condition of abdominal tissues is an important task, because tissues condition often affects
the choice of volume and ways of surgical intervention. Incorrect tissues condition determination causes serious problems.
But there is no sufficiently reliable way of determining the condition.

Aim: To investigate changes in the parameters of coherent radiation in the tissues of the abdominal cavity.

Materials and methods: To achieve the research objectives were used white rats with models of intestinal obstruction (40)
and the acute peritoneum inflammation (40), 30 intact rats. The intestine walls photoluminescence intensity (PLI) and the
laser beams scattering zone width (LBSZW) in small and large intestine and parietal peritoneum were investigated. An LGN-
503 argon laser (wavelength of 458 nm) and laser LEDs (wavelength of 0.63 and 0.4 nm) were used. Tissues of the intestines
and peritoneum were taken for histological examination.

Results: PLI and LBSZW increase with the intestines and peritoneum lesions. But the absolute parameters are variable. PLI
ratio at wavelengths A=474/A=489 nm and LBSZW ratio at wavelengths A=0.63/A=0.4 um in the intact intestines are not
significantly different. The both ratio in the necrotized intestines are not significantly different. The both ratio in the
dystrophically affected intestines are not significantly different. The both ratio in the dystrophically affected intestines are
significantly less than ratio in the intact intestines (p<0.05). The both ratio in the necrotized intestines are significantly less
than ratio in the dystrophically altered intestines (p<0.05) and in the intact intestines (p<0.01). LBSZW ratio in the intact
peritoneum are significantly less than in the inflammatory peritoneum (p<0.01).

Conclusions: 1. PLI ratio parameters at the wavelengths A=474/A=489 nm and LBSZW ratio parameters at wavelengths
2=0.63/A=0.4 ym in the intestines accurately determine the condition of their tissues in the experiment.

2. LBSZW ratio parameters at wavelengths A=0.63/A=0.4 um in the parietal peritoneum accurately determine the condition
of its tissues in the experiment.

Keywords: coherent radiation; luminescence; laser beams scattering; small intestine; large intestine; parietal peritoneum;
necrosis; inflammation

Introduction sonography, magnetic resonance imaging (MRI) is
The tissue condition is determinate during every used for this [4-7]. Injections of dyes or X-ray contrasts
surgical intervention, but the biggest problem arises into the blood vessels are used to determination the
during emergency surgery, when it is almost intestines tissues condition [3,8]. Laboratory markers
impossible to determine the tissue condition before are also used (leukocytes, C-reactive protein,
the operation [1,2]. The condition of the abdominal procalcitonin, etc.) [2]. But these ways have a number
tissues often affects the choice of volume and ways of of shortcomings. Laboratory criteria allow only
surgical intervention. This is most relevant during indirect determination. X-ray examination can reveal
surgery for acute peritonitis, acute intestinal only the consequences of organ and tissue disorders,
obstruction, acute mesenteric ischemia [1-3]. or indirect signs of disorders. CT and MRI are much
Currently, various ways of determination the more informative. But these ways can, for the most
abdominal tissues condition are used. Most often, part, determinate the main lesions of organs and
radiography, computed tomography (CT), ultrasound tissues. Determination of small local lesions is
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problematic. Sonography determines the swelling,
some anatomical disorders, but is not able to clearly
determine the tissues condition, especially the
intestines and peritoneum. Dye or contrast injection
determines only blood circulation, not the summary
tissues condition.

Some authors suggest ways of comprehensive tissues
condition determination. This, for example,
measurement of tissue saturation [9,10] or electrical
impedance [11]. A disadvantage of these ways is
comparison with an intact tissue, but the intact tissues
are determinate subjectively. Therefore, these ways are
not reliable enough. So, the main way of the
condition tissues determination is still visual. But this
way is very subjective [3]. In the same time, incorrect
tissues condition determination causes serious
problems. The damaged tissues may be left in the
abdominal cavity. This causes complications such as
peritonitis, abscess, etc. Severe digestive disorders,
pathological syndromes, etc. occur due to excessive
resection. To determine the state of abdominal
tissues, it is also suggested to use lasers [12-14].
However, such ways, for various reasons, have no
practical application. It is known that lasers have long
been used for diagnosis in various fields of medicine
[15-18]. The measurements using lasers is high
accuracy [15,17]. The measurements parameters are
able to assess the tissues condition at the molecular
level [16]. Therefore, the study of the coherent
radiation  possibilities for determination the
condition of abdominal tissues is relevant and
promising.

Material And Methods

Study area

The study was conducted at Department of Surgery
Ne 1, Bukovinian State Medical University is located
at Chernivtsi, Ukraine. The presented research is part
of the scientific work of the Department of Surgery No
1, and is one of the scientific work series on ways to
determine the abdominal tissues condition.
Bukovinian State Medical University was established
in 1944 as one of modern educational, scientific and
medical center in the country. Nowadays, it runs
graduate, postgraduate, scientific and medical
programs. University is furnished with various
scientific and medical facilities.

Study period

This study was conducted over a period of 6 months
from May to December, 2023 G.C.

Study design
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110 intact white non pedigree female sexually mature
(age 6 months) rats. The rat’s weight was 180-200 g.
Before the start of the experiment, the rats were in a
vivarium. Housing and feeding conditions were the
same for all rats.

3 series of experiments were conducted. The
informativeness of the luminescence intensity
parameters for assessing the intestinal tissue
condition was studied in the 1st series. The
informativeness of the laser beams scattering
parameters for assessing the intestinal tissue
condition was studied in the 2nd series. The
informativeness of the laser beams scattering
parameters for assessing the parietal peritoneum
condition was studied in the 3rd series.

Samples size

10 rats were the control group and 20 rats were the
research group in the Ist series and in the 2nd series
of experiments. 10 intact rats were the control group,
40 rats were the research group in the 3rd series of
experiments.

Inclusion criteria

Rats for each control and research group were
randomly selected from the rats taken for the
experiment. The control groups and the research
groups were homogeneous in terms of age and weight.
After the start of the experiment, the rats were in the
same conditions and had the same drink. Therefore,
the control groups and the research groups were
comparable. This made it possible to obtain
comparable data and make reliable conclusions.
Data collection

Laparotomy was performed in the 1st and 2nd series.
A loop of the small intestine (SI) with the mesentery
in middle part was ligated in 10 rats and f loop of the
large intestine (LI) with the mesentery in middle part
was ligated in 10 rats each research group. The
luminescence spectra in the middle part of SI and LI
walls were measured in the control group in the 1st
series. The luminescence spectra in ligated intestinal
loops (LIL) were measured in 6 h since intestine were
ligated in the research group. The laser beams
scattering zone width (LBSZW) in the middle part of
SI and LI walls were measured in the control group in
the 2nd series. LBSZW in LIL of the intestines were
measured in 6 h since intestine were ligated in the
research group. In 3rd series, acute inflammation of
the peritoneum was simulated by intraabdominal
injection of 20% autofaeces suspension in the dose of
10 ml per 100 g of mass in research group.
Laparotomy was performed in control group and in 6,
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12, 24, 48 h since the peritoneum inflammation was
simulated in research group. LBSZW in parietal
peritoneum were measured. Measurements were
made in 4 quadrants of the abdomen: upper left,
upper right, lower left, lower right.

The examined tissues were taken for histological
examination after the measurements and were fixed
in the 10% formalin solution, dehydrated in an
ascending alcohol battery, and embedded in paraffin
for histological examination. Sections were made on
a microtome with a thickness of 5 um. Deparaffinized
sections were stained with hematoxylin-eosin. Stained
preparations were studied in a Delta Optical
Evolution Pro 100 light microscope.

The walls of intestines were irradiated with a
monochromatic laser beam in 1st series. Its source was
an LGN-503 argon laser with a wavelength A=458 nm.
The laser was powered by an AC 220 W 50 H:
electrical network. The laser radiation scattered by the
intestine wall was focused on the input slit of the
MDR-12 monochromator, behind which the ZhS-16
light filter was mounted. At the out from the
monochromator, the laser beam fell on a
photodetector connected to a universal voltmeter V-
7-21A, which was used to determine the output
radiation parameters. The photodetector was
powered by an AC 220 W 50 Hz electrical network.
The temperature lamp TRSh 2850-3000 was used as
a reference radiation source for decoding the
luminescence spectrum. The walls of intestines and
the parietal peritoneum were irradiated with the laser
beams in the 2nd and 3rd series. Laser LEDs with
radiation wavelengths A=0.63 pm and A=0.4 pum were
used for irradiation. Laser LEDs was powered by a

standard DC source with a voltage of 1.5 V. LBSZW
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(in millimeters) in the intestines walls and peritoneum
was measured during irradiation with a standard
ruler. Measurements were made from distance 20 cm.
Measurements were made with an accuracy of 1 mm.
Ethical clearance

Inhalational sevoflurane anesthesia was used for
analgesia. Animals were removed from the
experiment by an overdose of anesthetic. While
performing the work, the norms of conducting
research in the field of biology and medicine were
observed: the Vancouver Conventions on Biomedical
Research (1979, 1994), the Council of Europe
Convention on the Protection of Vertebrate Animals
Used in Experiments and for Other Scientific
Purposes (1986).

Data analysis

The hypothesis of normal data distribution (Gaussian
distribution) was tested in samples by Shapiro-Wilk
test. Verification of the hypothesis of average data
equality was carried out by Wilcoxon, Mann-Whitney-
Wilcoxon, Student tests, depending on the data
distribution in the samples. The significance level
(alpha) 0.05 was set in the study. The results of the
study were statistically processed by the Microsoft®
Office Excel (build 11.5612.5703) tables.

Results

Histological examinations in Ist and 2nd series in the
control groups found intact intestine structure.
Histological examinations in each intestines LIL
found necrosis. The photoluminescence intensity
(PLI) parameters in the intact intestines are shown in
Figure 1.
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Figure 1: PLI parameters in the intact intestines

PLI parameters in the necrotized intestines parts are shown in Figure 2.
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Figure 2: PLI parameters in the necrotized intestines

PLI parameters ratio at different wavelengths in the
walls of the intact and necrotized intestines parts were
calculated. It was established that the ratio of PLI
parameters at the wavelengths A =474 nm and A = 489

nm informatively showed the condition of the
intestinal tissues. The parameters of this ratio are
shown in Figure 3.
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Figure 3: PLI ratio parameters at wavelengths A = 474 / A = 489 nm

PLI ratio in necrotized SI was significantly (p<0.01)
less than PLI ratio in intact SI. PLI ratio in the
necrotized LI was significantly (p<0.01) less than PLI
ratio in intact LI. PLI ratio in the intact SI and LI did

not differ significantly. PLI ratio in the necrotized SI
and LI did not differ significantly. LBSZW parameters
in the intestines are shown in the Figure 4.
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Figure 4: LBSZW parameters (mm) in the intestines

LBSZW parameters in intact SI at the wavelength
A=0.63 um were significantly less than LBSZW in LIL
(p<0.01). LBSZW parameters in intact SI at the
wavelength A=0.4 pum were significantly less than
LBSZW in LIL (p<0.01). LBSZW parameters in intact
LI at the wavelength A=0.63 were significantly less
than LBSZW in LIL (p<0.01). LBSZW parameters in

© 2024 Fedir Grynchuk, et al.

intact LI at the wavelength A=0.4 um were
significantly less than LBSZW in LIL (p<0.01). But
LBSZW parameters at both wavelengths were
different in SI and LI, both in intact and necrotic
ones. We also calculated the ratio of LBSZW at
wavelength A=0.63 pum to LBSZW at wavelength
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A=0.4 um. This ratio parameters are shown in Figure

5.
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Figure 5: LBSZW ratio parameters at wavelengths A = 0.63 / A = 0.4 um in the intestines

The LBSZW ratio in the necrotized SI were
significantly less than ratio in intact SI (p<0.01). The
LBSZW ratio in the necrotized LI were significantly
less than ratio in intact SI (p<0.01). The LBSZW ratio
in the intact SI and LI did not differ significantly. The
LBSZW ratio in the necrotized SI and LI did not
differ significantly. Histological examinations in 3rd
series in the control group showed intact peritoneum

structure. Histological examinations in 6 h since the
peritoneum inflammation was simulated showed
serous peritoneum inflammation. Histological
examinations in 6,12,24 end 48 h since the
peritoneum inflimmation was simulated showed
purulent  peritoneum  inflammation. LBSZW
parameters in the parietal peritoneum are shown in
the Figure 6.
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Figure 6: LBSZW parameters (mm) in the parietal peritoneum

LBSZW parameters in the intact peritoneum at the
wavelength A=0.63 were significantly (p<0.01) less
than LBSZW in 6, 12, 24, 48 h since the peritoneum
inflammation was simulated. LBSZW in 6 h were
significantly less than LBSZW in 12 h (p<0.01).
LBSZW in 12 h were significantly less than LBSZW
in 24 h (p<0.01). LBSZW in 24 h and 48 h did not
differ significantly. LBSZW parameters in the intact
peritoneum at the wavelength A=0.4 were significantly

© 2024 Fedir Grynchuk, et al.

(p<0.01) less than LBSZW in 6, 12, 24, 48 h since the
peritoneum inflammation was simulated. LBSZW in
6 h were significantly less than LBSZW in 12 h
(p<0.05). LBSZW in 12 h were significantly less than
LBSZW in 24 h (p<0.01). LBSZW in 24 h and 48 h
did not differ significantly. We also calculated the
ratio of LBSZW at wavelength A=0.63um to LBSZW
at wavelength A=0.4pum. This ratio parameters are
shown in Figure 7.
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Figure 7: LBSZW ratio parameters at wavelengths A = 0.63 / A = 0.4 pm in the parietal peritoneum

Control LBSZW ratio parameters (1.97+0.08 un)
were significantly (p<0.01) less than LBSZW ratio in
6 h (2.41+0.06 un), in 12 h (2.44+0.05 un), in 24 h
(2.39+0.05 un), in 48 h (2.51+0.04 un) since the
peritoneum inflammation was simulated. The
LBSZW ratio in 6 h, in 12 h, in 24 h, in 48 h did not
differ significantly.

Discussion

Comparing PLI parameters with the histological
examinations data in Ist series of experiment shows
that due to the development of the intestinal wall’s
necrosis, parameters of its PLI in the wavelength range
A = 470490 nm decrease. This is a result of different
processes: blood circulation disruption, oedema,
tissue destruction etc. The intact tissues are well filled
with blood and these tissues luminesce more strongly
[12,15]. Due to the intestine wall’s tissues destruction,
their blood supply decreases, blood circulation slows
down in and blood stagnation occurs viable tissues.
The intestinal tissues PLI decreases. So, the PLI
parameters show the total changes in the tissues and
accurately describes the intestinal walls condition. But
absolute PLI parameters are highly variable (Figure 1).
Numerous factors affect the PLI parameters. Among
such factors are individual, local, the degree of
intestine filling, stressful situation, time of day, season
etc. [12]. Of course, there are species differences - the
parameters will differ in animals and people, because
the histological structure of the tissues is some
different [17]. But mentioned factors do not affect the
relative parameters. PLI ratio at wavelengths
A=474/A=489 nm in the intact SI was 19.09+1.89 un
and the ratio in the intact LI was 19.35+1.27 run
(p>0.05). The ratio in the necrotized SI was 7.40+0.66
un and in the necrotized LI was 9.04+1.27 run
(p>0.05). Comparing LBSZW parameters with the
histological examinations data in 2nd series of
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experiment shows that due to the intestinal condition
disruption, LBSZW increases. This is a consequence
of the distancing of the dimensions intestine’s walls
structural elements h from the laser beams’
wavelength A. The intact intestines structures are
closer to the solid condition than necrotizing
intestines, their dimensions are smaller. Therefore,
intact structures scatter laser beams less [18]. As a
result of the intestines structures destruction, the
cellular contents go beyond them, the tissues become
saturated with plasma, swell. The intestinal structures
become more homogeneous. The scattering of beams
is carried out by the volume, so LBSZW increases
[14,18]. So, an increase in LBSZW parameters
indicates the intestine walls condition disruption. But
absolute LBSZW parameters cannot be used to
determine condition. This is due to the fact that the
LBSZW are affected by numerous factors, which we
mentioned above.

But these factors do not affect the relative parameters.
LBSZW ratio at wavelengths A=0.63/A=0.4 pm in the
intact SI (1.58+0.08 un) and LI (1.61+0.07 un) was
not significantly different (p>0.05). The ratio in LIL
of SI (1.20+0.03 un) and LI (1.194£0.02 un) was also
not significantly different (p>0.05), but it was
significantly different from the both intact intestines
(p<0.01). Comparing LBSZW parameters with the
histological examinations data in 3rd series of
experiment shows that due to the peritoneum
inflammation, LBSZW in the peritoneum increases.
This is a consequence of the distancing of the
dimensions peritoneum’s structural elements h from
the laser beams’ wavelength A. The intact
peritoneum’s structures are closer to the solid
condition, their dimensions are smaller. So, intact
structures scatter laser beams less [13,18]. As a result
of the inflammation, the tissues are more filled with
blood, become saturated with plasma, swell. The

6



https://bioresscientia.com/

Journal of BioMed Research and Reports

peritoneum’s structures become more homogeneous.
The scattering of beams is carried out by the volume,
so LBSZW increases. So, an increase in LBSZW
indicates the inflammatory changes of the
peritoneum condition. But absolute LBSZW
parameters cannot be used to determine the
peritoneum condition. This is due to the fact that
LBSZW are affected by numerous factors, which we
mentioned above. But the use of relative parameters
neutralizes these factors effect. As research has shown,
LBSZW ratio at wavelengths A=0.63/A=0.4 um in
intact peritoneum was significantly (p<0.01) less than
ratio in inflammatory peritoneum in 6 h, in 12 h, in
24 h, in 48 h since the peritoneum inflammation was
simulated. The highest LBSZW ratio was in 48 h,
when the most serious purulentinflammatory
disruptions developed in the peritoneum. But
LBSZW ratio in 6-48 h did not differ significantly.
Therefore, PLI ratio at the wavelengths A=474,/A=489
nm and LBSZW ratio at wavelengths A=0.63/A=0.4
um in the intestinal walls allows to evaluate the
intestine’s tissues condition. LBSZW ratio in the
parietal peritoneum allows to evaluate its condition.

Conclusions

1. PLI ratio parameters at the wavelengths
A=474/A=489 nm and LBSZW ratio parameters at
wavelengths A=0.63/A=0.4 pm in the intestines
accurately determine the condition of their tissues in
the experiment.

2. LBSZW ratio parameters at wavelengths
A=0.63/A=0.4 um in the parietal peritoneum
accurately determine the condition of its tissues in the
experiment.

Recommendation

Based on the findings the following recommend-
dations are forwarded. This study shows the principal
possibility of wusing coherent radiation for
determining the condition of the abdominal cavity
tissues. In order to further use and implement the
research results, it is necessary to create unified
industrial devices. Such devices can be created in
cooperation with engineers. The study was conducted
on site therefore there is need of further research that
could be conducted in other to generalize outside the
participating institution.

Strength

This paper has relatively large sample size. This is the
previous study and it can be used as base line for
future studies.

Limitation
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The small sample sizes were used in study. It is
necessary to conduct additional experiments on a
larger number of animals to confirm the data. Female
rats were used in the previous study. Therefore, male
rats should be used to confirm the data in future
studies. The study used rats. To confirm the data, it is
advisable to conduct experiments with other species
of animals. Research data must be tested in humans
to definitively determine the validity of experimental
data after the creation of unified industrial devices.
Taking into account the known physiological and
pathological regularities common to all warm-blooded
mammals, these limitations will not have a significant
affect the generalizability of the findings. It can be
expected that the basic regularities will be confirmed,
but some indicators may change slightly.
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computed tomography - CT; large intestine - LI; laser
beams scattering zone width - LBSZW; ligated
intestinal loops - LIL; magnetic resonance imaging -
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