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The structural basis of ulcer perforation and bleeding was determined, based on morphological evaluation of
gastroduodenal ulcers. The effects of low-intensive laser irradiation LILI and LED irradiation on pathomorphosis
of ulcers were studied. It was found that the local phototherapy with LILI and LED increases the relative fraction
volume — RFV of fibroblasts and connective tissue fibers, reduces RFV of cell-free zones, which contributes to
“strengthening” of the ulcer walls and prevents their perforation. These same photo-influences lead to an increase
of RFV of blood vessels, indicating inappropriateness of their use for local phototherapy in bleeding ulcers.
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Background and objectives

Marked trend in decrease of the number of pa-
tients with peptic ulcer disease requiring surgical treat-
ment, due to the development of the “gold standard” of
drug therapy of this disease, based on the discovering
etiological and pathogenetic role of Helicobacter py-
lori. [1-4]

Despite this, peptic ulcer disease — PUD contin-
ues to be one of the most urgent problems of surgery.
Prevalence of PUD among adult population comprises
6—10%. A significant proportion of patients with PUD
need emergent treatment. This is especially true of its
complicated forms. [2,3,5-12]

Various types of photo-influencing such as local
irradiation of ulcers, using low-intensive lasers — LIL,
and more recently, LED (Light Emitting Diode) light
and intravascular laser irradiation of blood — ILIB
widely used in gastroenterology, including com-
plex treatments of urgent complications of ulcers.
[1,7,13-18]

However, morphological grounds of expediency
of using particular types of photo-influencing and
methods for their use in the treatment of urgent com-
plications of ulcers are not clear enough.

This has determined the objectives of study: to
provide morphological justification for reasonability of
using LIL and LED in complex treatment of bleeding
and perforations of gastroduodenal ulcers.

Material and Methods

The followings were studied with aid of light,
electron microscopy and stereomorphometry: un-
complicated gastric ulcers — 20, perforated gastric
ulcers — 20, bleeding gastric ulcers before and after
phototherapy — 18; 10 uncomplicated and 14 bleeding
duodenal ulcers. Along with this, we also considered
the presence of so-called microcollectors in ulcer walls
and peri-ulcerous areas, which are the structural basis
of persistent ulcers. (Scient. discovery: “The phenom-
enon of infiltration of gastric juice through defect in
gastric and duodenal wall in patients with PUD” pri-
ority date 6.02.1991 N2 OT-12119).

The tissue samples used for morphological study
were excised from the edges of ulcers during surgery.
After the course of phototherapy biopsy samples were
obtained during fibrogastroduodenoscopy.

Archival microscopic specimens of pathology
laboratory of RSCS after acad. V.Vakhidov were used
for studying uncomplicated ulcers.

For light microscopy, tissue was fixed in 10-12%
formalin solution on phosphate buffer by Lilly. Paraffin
sections were stained with hematoxylin-eosin.

For transmission electron microscopy (TEM),
tissue samples were fixed with 2.5% glutaraldehyde
solution on phosphate or cacodylate buffer, after de-
hydration in alcohol and acetone embedded in epon—
araldite mixture. Ultrathin sections were obtained on

ultratome “Ultracut”, contrasted in “Ultrostainer” and
examined with Hitachi H-600 electron microscope.

For scanning electron microscopy (SEM), the
specimens, after the above-described fixation and
dehydration were then dried by critical point drying
in HCP-2, after which gold sputtered with IB-2 and
examined in microscope JEOL JSM-6010LV and Hi-
tachi- S405.

Stereomorphometric studies were carried out
according to G. Avtandilov. [19] This method was
modified and adapted for morphometry of objects on
the computer screen with a transparent film, contain-
ing marks potted on it. For purposes of studying the
discrete structures each cell was lined out 100 marks.
Linear structures were studied by using micrometer bar
“OMO” with the scale range of 1000 mm and a scale
division of 0.01 mm, projected on film.

Statistical analysis was performed on a PC with
“BS — Statistica” software, as well as MS Excel appli-
cation.

Epigastric areas in the projection of ulcers were
irradiated with laser percutaneously, (“Mustang
017-MCS-PC”, magnetic nozzle with magnetic field
strength of 50 MLT), for 5 minutes at 1000 Hz on daily
basis, 5 sessions in total.

Percutaneous LED irradiation was performed with
LED set “Barva-Flex/BIR”, (12 blue (470 nm) and
12 infrared (940 nm) emitters, the radiation power
of each LED equaling to 5 mW) in projection of un-
complicated ulcers, daily for 7-10 min over the time
of 5—7 days under conditions of maximum proximity
to the skin surface.

Results

Comparative stereomorphometric studies of un-
complicated gastric ulcers, duodenal ulcers and gastric
ulcers complicated by perforation, showed a signifi-
cant increase in the relative volume fraction — RVF
of cell-free zones, thin-walled capillaries and lymph
microcollectors (Table 1, Fig. 1.3). Light microscopy
as well as SEM and TEM demonstrate presence of
RBC - predominantly pathologic deformed forms, and
other blood cells in the lumen of latter (Fig. 1, 3, 4).

A significant increase in RVF of fibroblast is noted
after courses of percutaneous exposure of uncompli-
cated gastric ulcers to LILI and LED, with significant
decrease of RVF of microcollectors and intercellular
spaces. These changes are accompanied by a pro-
nounced increase in the RVF of blood vessels (Table 1).

Photo-influencing in case of complicated by per-
foration ulcers have also showed a significant increase
of RVF of fibroblasts and blood vessels, reduction of
intercellular spaces, lymph vessels and microcollectors
(Table 1).

Earlier conducted similar studies of perforated
duodenal ulcers showed similar results [15].

Light microscopic and stereomorphometric studies
of bleeding gastric and duodenal ulcers demonstrated
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a significant increase in RVF of blood vessels in this
type of complication (Table 2, 3, Fig. 2, 3).

RVF of blood vessels in bleeding gastric ulcers
increases 5 times, lymphatic vessels 4 times, microcol-
lectors — 1.3 times. In duodenal bleeding ulcers RVF
of blood vessels increases more than 4 times, lymph
capillaries more than 5 times, microcollectors 1.5 times

(Table 1, 2, Fig. 1, 2). It was found that such increase
of RVF of blood vessels after courses of phototherapy
is also characteristic for uncomplicated gastric and
duodenal ulcers (as previously mentioned). This, in
our view, indicates the inexpedience of usage of pho-
to-influences in ulcers that are prone to bleeding, i. e.
have high RVF of blood vessels and microcollectors.

Table 1

Cellular composition of fibrinoid necrosis areas and granulation tissue taken from the edges of
perforated gastric ulcers and peri-ulcerous areas (in relative volume fraction, %)

. Uncomplicated | Uncomplicated | Perforative Perforative
Cellular Uncomplicated | Perforated
composition of ulcers ulcers ulcers after ulcers after ulcers after ulcers after
se[roma (n=20) (n=20) LED-therapy LILI-therapy LED-therapy | LILI-therapy
- - (n=10) (n=10) (n=10) (n=10)
Plasma cells 8.0+0.2 7.4+0.3 6.8 +0.02 6.5+ 0.2* 6.6 + 0.2* 6.4+0.2*
Lymphocytes 8.8+0.3 7.6+0.2 7.5+0.02 7.2+0.2 7.2+0.2 7.0+0.2*
Must cells 2.6+0.1 1.9+0.1 2.2+0.1 2.1+0.1 2.2+0.1 2.0+00.1
Eosinophils 5.0+0.2 4.8+0.2 5.1+0.2 4.9+0.2 5.1+0.2 5.0 £0.2*
Segmented 2.1+0.1 1.8+0.2 1.5+0.1 1.4+0.1 1.4+0.1 1.3+0.1
neutrophils
Macrophages 0.9+0.1 1.0+£0.1 0.8+0.1 0.9+0.1 0.8+0.1 0.8+0.1
Fibroblasts+fibers 6.6+0.2 2.0+0.2* 10.9+0.2** 11.9+2* 11.5+£2* 12.4+2*
blood 1.2+0.02 1.2+0.02 6.2+0.2* 7.0+0.02 6.2+0.02 6.4+0.02
Vessels
lymphatic 0.7+0.03 1.5+0.02* 0.5+0.02 0.5+0.02 0.5+0.02 0.5+0.02
Microcollectors 8.7+0.4 10.6+0.8 7.2+0.4* 7.0+0.4* 7.3+0.4* 7.2+0.4*
Intracellular 525+0.9 | 59.2+1.0° | 49.4+0.8" 49.2+0.8™ | 49.4+0.8" | 49.2:0.8"
substance
Others 2.9+0.1 1.0+£0.2 1.9+0.1 1.4+01 1.8+0.1 1.8+0.1
* reliable in relation to uncomplicated ulcers (p <0,05)
** reliable in relation to perforated ulcers (p<0,05)
Table 2

Cellular composition of fibrinoid necrosis areas and granulation tissue from bleeding gastric ulcers
(in relative volume fraction, %)

Cellular composition of stroma Uncomplicated ulcers (n=20) Bleeding ulcers (n=18)
Plasma cells 8.0+0.2 7.4+0.3
Lymphocytes 8.8+0.3 8.9+0.2

Mast cells 2.6+0.1 42+0.1*
Eosinophils 5.0+£0.2 6.0+£0.2
Segmented neutrophils 2.1+0.1 3.2+0.2
Macrophages 0.9+0.1 2.2+0.1"
Fibroblasts + fibers 6.6+0.2 6.2+0.2
Vessels blood 1.2+0.02 5.9+0.3"
lymphatic 0.5+0.03 2.0+0.1"
Microcollectors 9.9+0.4 12.8+0.8"
Intercellular substance 52.5+0.9 38.4+1.0*
Others 1.9+0.1 2.8+0.2

* reliable in relation to uncomplicated ulcers (p <0.05)
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Table 3

Cellular composition of fibrinoid necrosis and granulation tissue from duodenal ulcers
(in relative volume fraction, %)

Cellular composition of stroma Uncomplicated ulcers (n=10) Bleeding ulcers (n=14)
Plasma cells 8.1+£0.2 7.2+0.3
Lymphocytes 8.9+0.3 10.9+£0.2

Mast cells 2.4+0.1 4.4+0.1"
Eosinophils 5102 6.6+0.2
Segmented neutrophils 1.8+0.1 3.0+£0.2"
Macrophages 0.8+0.1 1.9+0.1*
Fibroblasts+fibers 6.4+0.2 7.2+0.2
Vessels blood 1.6+0.02 7.0+£0.3*
lymphatic 0.4+0.03 2+0.1"

Microcollectors 8.4+0.4 12.6+0.8*

Intercellular substance 53.4x1.0 34.3+1.0*
Others 2.7+0.1 2.9+0.2

* reliable in relation to uncomplicated ulcers (p <0.05)

A~ N ! S HEIVNE S

Fig. 1. Well discernable microcollectors with cells in their Fig. 2. Predominance of blood vessels. Cell-free zones
lumen and microvessels. Edge of bleeding ulcer. and dilated lymphatic capillaries. Edge of bleeding ulcer.
H&E 10x40 -3 10x10

SElI 16kV. WD13mmSS30 x2,000 10pm

Sample 281 May 30, 2015 N . v
Fig. 3 Opening of microcollectors with RBC in their lumen.  Fig. 4. Deformed RBC in cell-free spaces (microcollectors)
Edge of bleeding gastric ulcer. SEM x2000 from an edge of bleeding duodenal ulcer. TEM x 7500

49



Photobiol Photomed 24 2018

PHOTOBIOLOGY AND EXPERIMENTAL PHOTOMEDICINE

Discussion

Laser, and in recent years LED light are widely
used in practically all branches of medicine. Moreover,
studies show that, as a rule, the efficiency of LILI is
comparable to LED. [1,13-15,18] Gastroenterology,
in this respect, is no exception. In particular, various
kinds of photoexcitation widely used in treatment of
peptic ulcers, and primarily, uncomplicated gastro-
duodenal ulcers. [1,15] Carried out, in the mid 90-ies
of the last century, studies have shown positive effects
of LILI on the healing of uncomplicated ulcers. The
morphological studies have established that the struc-
tural basis of such positive effects lie in reduction of
inflammatory changes, stimulation of cell proliferation
and differentiation, provided by improvement of mi-
crocirculation due to increase of RVF of blood vessels
and fibroblasts. [1]

Less frequently LILI and LED are exploited in the
treatment of complicated ulcers and, above all, the
so-called acute complications. This is partly due to the
lack of clear criteria, and above all the morphological,
to justify the use of phototherapy in the treatment of
such urgent complications of gastroduodenal ulcers as
bleeding and perforation.

The conducted comparative stereomorphometric
study of uncomplicated gastroduodenal ulcers and ul-
cers, complicated by perforation and bleeding, revealed
some structural features that, in our view, should be
considered in using phototherapy for urgent compli-
cations of gastroduodenal ulcers.

In this way, perforation of ulcers is associated
with substantial increases of RVF of structureless areas
and thin-walled lymphatic vessels. It is also accompa-
nied by a marked reduction of fibroblasts and fibrous
components. Bleeding ulcers are, on the other hand,
associated with significant increase of RVF of blood
vessels. Not the least of the factors in the emergence
and persistence of gastroduodenal ulcers is amount of
so-called microcollectors. [20,21]

Phototherapy of uncomplicated ulcers as with LILI
as well as LED, results in a significant reduction of RVF
of cell-free zones, thin-walled capillaries and lymph
microcollectors , with increase of RVF of fibroblasts,
fibrous structures and blood vessels. The same trend
was observed in perforated ulcers.

This suggests that the use of local phototherapy
can be useful in perforated ulcers.

An increase of RVF of blood vessels observed
after local phototherapy may predispose to bleeding.
Therefore, the use of local phototherapy in bleeding
ulcer, which is associated with increased RVF of blood
vessels, does not seem to be rational. Phototherapy
in case of bleeding ulcers can be limited to use of
ILIB — an effective mean in correcting red blood cells,
the majority of which become deformed and acquire
pathologic forms in bleeding. [1,13,14,17]

Conclusions

1. Perforated ulcers are characterized by high RVF
of thin-walled lymph capillaries and cell-free zones; the
RVF fibroblasts and fibers becomes reduced, which is
a structural basis of this complication. Phototherapy
reduces the RVF of acellular zones and increases the
RVF of fibroblasts and fibers, which indicates the de-
sirability of its use in the urgent complications.

2. Bleeding ulcers are characterized by the fact that
they contain increased RVF of blood vessels. Photo-
therapy of uncomplicated ulcers leads to an increases
of RVF of blood vessels. This implies that the use of
photoexcitation in bleeding ulcers is not advisable.

3. The morphological study of biopsies from the
edges of ulcers and peri-ulcerous areas should play
a decisive role in the administering phototherapy in
urgent complications of peptic ulcer disease.
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