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Abstract

Gastroduodenal bleeding is one of the most challenging issues in surgery nowadays. The crude mortality rate
due to severe blood loss in gastrointestinal bleeding is very high. Therefore, the use of medications to prevent
severe blood loss and protect cells from the harmful effects of hypoxia should be the focus of attention in these
conditions. This experimental study was carried out to establish changes in blood parameters and humoral
immunity in rats after intestinal anastomoses combined with acute blood loss after the application of catholyte
and anolyte. The study included 45 male Wistar rats weighing 290-320 g that were divided equally (15 animals
per group) into three groups of intact animals (group 1), animals exposed to the small bowel resection (1.5 cm)
with the end-to-end anastomosis and simulated acute blood loss (group 2), and animals exposed to the small
bowel resection with end-to-end anastomosis and simulated acute blood loss that were daily given catholyte in
the postoperative period group (group 3). After the surgery, the rats were given a catholyte solution per os, and
the operative wound was treated with an anolyte. The blood samples and the wall of the small intestine in the
anastomotic zone were used as a biological substrate to study the effect of catholyte on changes in the body
during the healing process. The experiment was conducted for 15 days, and the data were recorded in two
intervals on the 5" and 15" days after starting the experiment. The analyzed materials evidenced that the use of
catholyte and liquid with negative oxidoreduction potential (ORP) (minus 500-520 mV) resulted in positive
changes in the blood cell count, humoral immunity, and phagocytic activity impaired after the small bowel
resection and blood loss. The use of an anolyte disinfectant (liquid with positive ORP+710-770 mV) prevented
bacterial contamination of the surgical wound. The obtained findings proved that the catholyte had a positive
effect on humoral immunity and healing processes in the anastomotic zone. Furthermore, the anolyte prevented
the development of purulent complications and inflammation in the area of the surgical wound, and therefore,
promoted the healing processes.
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1. Introduction

Gastroduodenal bleeding is one of the most
challenging issues in surgery nowadays. Upper
gastrointestinal (GI) bleeding occurs annually in 50-
170 people per 100,000 population (1, 2). The crude
mortality rate due to severe blood loss in Gl bleeding is
very high and constitutes 11.3% (3, 4). Therefore, the

use of medications to prevent severe blood loss and
protect the cells from the harmful effects of hypoxia
should be the focus of attention in these conditions (5,
6).

In the early hours after a traumatic injury or
surgery, metabolism is associated with a reduction in
the body's overall energy expenditure and nitrogen
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loss. As soon as the patient is properly resuscitated
and stabilized, the re-use of the substrate will be
necessary to maintain the function of vital organs
and repair damaged tissues. This step is known by
maintaining homeostasis companies, such as the rate
of metabolism of the added oxygen and preferred
enzyme substrates for the oxidation of glucose and
stimulation of the immune system to identify
alternative continuous metabolism of amino acids
(proteins), carbohydrates, and lipids in patients. They
build on the premise that metabolic and nutritional
support is limited (2, 7, 8).

Feeding is usually done through a gastric tube;
however, in some cases, surgical replacement of the
jejunostomy tube is more appropriate, especially when
less aggressive fans are useful (9, 10). A wide range of
diseases affects the colon, such as benign and
malignant neoplasms (11, 12), inflammatory bowel
disease (11, 13), and others that are often treated with
resection and anastomosis of the colon (14). Oral
nutrition is safe after elective colorectal surgery and can
be tolerated by most patients; therefore, it may be a
routine procedure in the postoperative treatment of such
patients (15, 16).

Adequate nutrition is a major goal in
postoperative treatment; however, the presence of
ileus after abdominal surgery is a major obstacle
that gastric catheter is used to deal with and
reduces ileus (17). Recently, many studies have
shown that the routine use of a gastric catheter in
abdominal and colorectal surgeries is not
necessary (18-20).

Electroactive aqueous solutions have a wide range
of biological properties. They have low toxicity for
enteral and parenteral administration. It has been
established that the catholyte has an anabolic effect
and stimulates growth processes, as well as
physiological and reparative regeneration (21, 22).
One of the well-studied effects of anolyte is
antiseptic action. It is absolutely safe for living
organisms (4, 23, 24). Due to these properties,
electroactive aqueous solutions are increasingly

used in medical practice. The use of electroactive
aqueous  solutions in  the  postoperative
period under acute Gl bleeding has not been
previously studied (4, 23-25). The current study
aimed to investigate the effect of electroactive
aqueous solutions on homeostasis and healing
processes under the small bowel resection combined
with simulated blood loss and anemia.

2. Material and Methods

2.1. Animal and Experimental Conditions

All chemicals were purchased from Sigma Aldrich
unless otherwise stated. In total, 45 adult male
Wistar rats weighing 250-300 g were used in this
study as the animal model to conduct the whole
experiment. The animals were housed under
controlled environmental conditions (20£2°C,
12:12h light: dark cycle) and allowed ad libitum
access to food and water. All the animals were
divided into three groups of 15 rats per group,
namely group 1 (intact animals that were not
exposed to any interventions), group 2 (controls that
underwent intestinal anastomosis with simulated
acute blood loss), and group 3 (cases that
underwent intestinal anastomosis with simulated
acute blood loss and received catholyte).

2.2. Experimental Procedure

In this study, the chest of the animals was opened
under deep anesthesia. The animals were
anesthetized by an injection of 0.10 ml of ketamine
(15 mg/kg b.w.): xylazine (10 mg/kg b.w.) mixture
into the peritoneal cavity. Blood was aspirated from
the rat heart with a sterile syringe, and 5 mL of
blood was taken for biochemical, clinical, and
immunological studies. Blood serum analyses were
carried out in the Central Scientific Research
Laboratory of Voronezh N.N. Burdenko State
Medical University using a biochemical semi-
automatic analyzer Stat Fax 1904 (USA) and
DiaSys reagent kits (Germany) (26).

Acute blood loss was simulated a day before surgery.
Rats were injected intraperitoneally with 100 IU heparin,
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and 5-10 min after that procedure, the tip of the tail was
cut off. Blood was collected in a graduate glass to assess
the volume of blood loss. Hemoglobin levels were
monitored using a Sahli's hemoglobinometer.

The anterior abdominal wall was shaved prior to
surgery. Ceftriaxone 2 mg/kg was injected
subcutaneously, and zoletii was administered
intraperitoneally 40 mg/kg for anesthesia. The anterior
abdominal wall was treated twice with anolyte
(Oxidoreduction potential+700-900 mV). A median
laparotomy was performed, and a loop of the small
intestine was pulled out. Subsequently, the small
intestine was resected for 1.5 cm, after which an end-
to-end intestinal anastomosis was formed with a two-
row Albert stitch. The first row of sutures was applied
with 7/0 Vicryl, and the second row of sutures was
applied with 7/0 polypropylene. After applying
anastomosis, the abdominal wall was sutured with
continuous twisting peritoneal-aponeurotic and then
skin sutures. The peritoneum and the surgery area were
treated with anolyte.

The biological material samples (blood and the wall of
the small intestine) were taken on the 5" and 15" days

after starting the experiment. The venous blood was taken
for investigation in tubes "Vacuette" and "Greiner bio-
one" (Austria) to obtain serum and citrated plasma.

This morphological study aimed to investigate
quantitative and qualitative changes in the cellular
composition in animals after the anastomosis
formation on the proposed methods for the prevention
of insolvency and to assess the effect of electroactive
aqueous solutions on the healing processes in
anastomoses (Figure 1). After defatting and making
sections, the specimens were stained with
hematoxylin and eosin and examined under a light
microscope at various magnifications. For this
purpose, the cellular composition of the studied organ
was determined in 10 fields of view using an
eyepiece-manometer MOV-1 according to G.G.
Avtandilov's technique. After that, the presence and
prevalence of inflammatory changes in the
anastomotic area were visually assessed. The
investigation was performed on the day of the
biomaterial sampling. Catholyte was used per o0s, as a
beverage, daily during the entire observation period
instead of drinking water.

Figure 1. Cytological picture of the wound discharge of the intestine on the 5" day in the spontaneous healing process (Staining

according to Romanovsky-Giemsa, Magnification 100x)
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2.3. Statistical Analysis

The recorded data were analyzed in SPSS software
(version 10; SPSS Inc., Chicago, lllinois, USA)
through the Pearson chi-square test and Student's t-
test.

3. Results and Discussion

The therapeutic effect on the inflammatory processes
in the body and anastomotic zones were assessed based
on the results of a complete blood count (CBC),
investigations of the phagocytic activity, and the level
of immunoglobulins as previously described by (1, 3,
26). Table 1 demonstrates the results of a CBC in
animals of all groups.

Table 1. Dynamics of the complete blood count parameters (M+m, n=45) under acute blood loss in the postoperative period

p t Group 1 Group 2 (n=15) Group 3 (n=15)
arameter (n=15) Onthe5" day  Onthe 15" day Onthe5™ day  Onthe 15" day
Erythrocytes, 10*12/I 5.95+0.41 4.09+0.24* 5.1+0.73 5.35+0.2# 5.59+0.85
Hemoglobin, g/l 124.4+7.05 85.5+3.6* 107.67+3.5* 116.5+4.2# 132.849.8#
Platelets, 10™9/1 542+57.2 350+41.2* 427.3+94.6 436.8+77.7# 561.8+50.5
Leukocytes, 10™/1 10.4+1.94 7.7£0.7 10.8+0.7 9.12+1.08 9.94+0.2
Stabs, % 1.125+0.58 1.6x0.6 3+0.7* 1.2+0.3 1.620.5#
Segmented, % 29.5+4.9 10.3+2.4* 18.3+£3.6* 17.2+3.8*# 21.2+4.03
Monocytes, % 1.5+1.05 7.3£2.4* 5.2+0.6* 10£1.4* 10.8+1.6*#
Lymphocytes, % 67.75%2.86 79.7+4.3* 68.8+2.3 67.7£4.5# 70.245.1
ESR, mm/h 1.25+0.49 4.6£1.65* 1.6x0.7 2.5+0.8# T7.4+2.1%#%

* P<0.05 compared to the animals in group 1

# P<0.05 compared to the animals in group 2

On the 5" day after the surgery, the level of
erythrocytes decreased by 1.5 times without the use of
catholyte in the animals in group 2. On the 15" day
after the surgery, the level of erythrocytes in the
animals in group 3 increased by 1.3, compared to the
animals in group 2. In addition, on the 5" day, the
hemoglobin level decreased by 31.3%, compared to the
animals in group 1, and on the 15" day, the hemoglobin
level decreased by 13.4%, compared to the animals in
group 1. These results were in line with the findings of
the previously published studies (4, 6). With the
catholyte application on the 5" day after the surgery,
the hemoglobin level increased by 36% in the animals
in group 3, compared to the animals in group 2, and on
the 15" day after the surgery, the hemoglobin level also
increased by 23.5% in the animals in group 3,
compared to the animals in group 2.

The observed changes in erythrocytes and
hemoglobin reliably evidence the stimulating effect of
the cationic solution on erythropoiesis in rats in the
presence of anemia and the resulted normalization of

hemoglobin (2, 9, 27). On the 5 day after the surgery,
the platelet level in the animals in group 2 decreased by
1.5 times. With the catholyte application, on the 5 day
following the surgery, the platelet level in the animals
in group 3 increased by 1.2 times, compared to the
animals in group 2. In this study, the dynamics of
platelet changes by groups correlates with the blood
loss amount, which is consistent with the findings of
previously published studies (17) although the
stimulating effect of the cationic solution in animals in
the experimental group is not excluded on the 15" day.
In group 2, the level of stabs increased by 1.9 times,
compared to the animals in group 1. With the catholyte
application, the level of stabs decreased by 1.9 times in
the animals in group 3. In the animals in group 2, the
level of segmented leukocytes decreased by 2.9 times,
compared to the animals in group 1, and on the 5" day
following the surgery, the level of segmented
leukocytes in the animals in group 2 decreased by 1.6
times similar to the findings of the previously published
studies (17, 24, 25). With the catholyte application, on
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the 5™ day after the surgery, the level of segmented
leukocytes in the animals in group 2 decreased by 1.7
times, compared to the animals in group 1. With the
catholyte application, on the 5" day following the
surgery, the level of segmented leukocytes in the
animals in group 3 increased by 1.7 times, compared to
the animals in group 2.

Changes in leukocytes in the control and
experimental groups also correlate with the blood loss
amount and prove the absence of significant
inflammatory changes (24). The increased level of stab
leukocytes by 5 or more in the animals in group 2 on
the 15" day after the surgery also evidences the anti-
inflammatory effect of the catholyte solution in the
animals in the experimental group (24, 25).

The level of monocytes in the animals in group 2
increased by 5 times on the 5" day following the
surgery and 3.5 times on the 15" day after the surgery,
compared to the animals in group 1. With the catholyte
application, the level of monocytes in the animals in
group 3 increased by 6.7 times on the 5" day after the
surgery, as well as 7 and 2 times on the 15" day after
the surgery, compared to the animals in group 2. A
significant increase in monocytes among the animals in
group 2, especially in the animals in group 3,
compared to the controls during the phase of wound
inflammation and the regeneration phase reflects the
need for phagocytosis and bactericidal activity (24, 25).

On the 5" day following the surgery, the level of
lymphocytes in the animals in group 2 increased by
18%, compared to the animals in group 1. Furthermore,
on the 5" day following the surgery, the level of
lymphocytes in the animals in group 3 decreased by
14.5%, compared to the animals in group 2. Moreover,
on the 5" day following the surgery, the erythrocyte
sedimentation rate (ESR) level in the animals in group
3 decreased by 1.8 times, compared to the animals in
group 2. On the 15" day after the surgery, it increased
by 4.6 times, compared to the animals in group 2
similar to the findings of a study conducted by Lau, Yu
(25).

Changes in the lymphocyte level are more evident in
the control group on the 5™ days after the surgery and
are less pronounced on the 15" day following the
surgery, which is likely to reflect the intensity of
lymphocytic activity (their subpopulations). This
lymphocytic tension is not detected in the group where
catholyte solutions were applied. On the 5" day
following the surgery, the ESR level in the animals in
group 2 increased by 3.7 times, compared to the
animals in group 1, and on the 15" day after the
surgery, the ESR level in the animals in group 3
increased by 6 times, compared to the animals in group
1. Blood loss and aseptic inflammation in the area of
the anastomosis and the surgical wound result in an
increased ESR level as discussed by Lau, Yu (25).

The use of cationic solutions provides an increase in
ESR on the 5" day following the surgery, compared to
the animals in the control group and even more on the
15" day after the surgery that can probably be
attributed to an increase in the cationic reaction of
immunoglobulins and the protein composition of the
blood plasma.

The phagocytic activity in the animals in group 2
decreased by 2 times on the 15" day after the surgery,
compared to the animals in group 1 (Table 2). The
phagocytic activity in the animals in group 3 decreased
by 4.3 times on the 15" day after the surgery. On the
15" day after the surgery, the phagocytic activity in the
animals in group 3 was 1.4 times less, compared to the
animals in group 2. Furthermore, on the 15" day after
the surgery, the phagocytic index in the animals in
group 2 decreased 2.1 times, compared to the animals
in group 1, and the phagocytic index in the animals in
group 3 decreased by 281 times, compared to the
animals in group 2.

Accordingly, the study of the phagocytic activity and
the phagocytic index in different experimental groups
showed a decrease in their parameters confirming
secondary immunodeficiency states, which is less
pronounced in the group where catholyte was applied.
Therefore, the study of the phagocytic activity and the
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phagocytic index demonstrated a decrease in the
parameters of the animals of the comparison groups,
which reflected changes in inflammatory conditions
and immunodeficiency states; however, they were less
pronounced in the group where the catholyte was used.

The content of IgG in the blood serum, as a rule,
increased with chronic or recurrent infections that
pronounced inflammatory processes (4). After the
small bowel resection and enteroanastomosis
combined with blood loss, the level of Jg G increased
by 3.4 times on the 5" day after the surgery and by 2.6

times on the 15" day after the surgery, compared to
the animals in group 1. With the use of catholyte, the
level of 1gG in the animals in group 3 decreased by
1.2 times on the 5" day after the surgery and
decreased by 1.4 times on the 15" day after the
surgery, compared to the animals in group 2. Due to
catholyte application, the level of IgG in the animals
in group 3 remains higher than that in the animals in
group 1; however, it was lower in animals in group 2
and showed a fact that proved decreased inflammatory
reactions in the animals (Table 3).

Table 2. Dynamics of the phagocytic activity parameters (M+m, n=45) during drug correction of intestinal anastomosis healing

Group 1 (n=15)

Group 2 (n=15)

Group 3 (n=15)

Onthe5"day  Onthe15"day Onthe5"day  On the 15" day
Phagocytic activity 58.9+10.6
49+3.8 29.3£6.6* 45.3£7.3 13.8+£2.8*#
Phagocytic index 8.1+1.8 7.6%£1.9 3.85+0.49* 5.4+0.9 2.86x0.7*

* P<0.05 compared to the animals in group 1
# P<0.05 compared to the animals in group 2

Table 3. Dynamics of the humoral immunity parameters (M+m, n=45) during drug correction of intestinal anastomosis healing

Parameters, Group 1 (n=15) Group 2 (n=15) Group 3 (n=15)
mg/dL On the 5™ day On the 15™ day Onthe5" day  On the 15" day
1gG 40.18+0.79 98.3+0.73* 143.3+14.3* 84+2.5*# 103.3:5.1*%#
IgA 13.49+0.47 24+0.25* 8.67+2.87* 46.3+5.2*# 23+3.8%#
IgM 3.24+0.12 11+0.76* 9.67+1.43* 16+2.5*# 15.7+1.4%#

* P<0.05 compared to the animals in group 1
# P<0.05 compared to the animals in group 2

IgA is an important factor of local immune protection
at the level of the mucous membrane of the Gl tract (2,
27). Significant variations of this parameter were
observed in the animals in group 2. On the 5" day after
the surgery, there was a significant increase by 1.7
times, compared to the initial findings, which reflected
the stressed state of IgA due to blood loss and surgical
interventions.

On the 15" day after the surgery, there was a
pronounced deficit of IgA by 0.6 times. With the use of
catholyte, there was an increase in IgA by 3.4 times on
the 5" day after the surgery, and it remained 1.9 higher
in the animals in group 1 on the 15" day after the
surgery. This fact evidences the stimulating effect of
catholyte on the synthesis of IgA. IgM provides
humoral immunity and primary immune response. In
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our studies, its level increased by 3.4 times in the animals
in group 2 on the 5™ day after the surgery, compared to the
initial findings (group 1), and by 3 times on the 15" day
after the surgery that proved the stability of humoral
immunity during these periods despite the blood loss.

The use of catholyte in the animals in group 3
significantly increased the level of IgM by 4.9 times on
the 5" day after the surgery and 4.8 times on the 15" day
after the surgery, compared to the initial level. At the same
time, the level of IgM increased by 1.5 times on the 5"
day after the surgery and 1.6 times on the 15" day after
the surgery, compared to the animals in group 2.
Therefore, the use of catholyte promotes the synthesis of
Ig M by B-lymphocytes and provides a high level of
natural immunity, as well as anti-infectious protection.

A surgical intervention associated with blood loss is
characterized by significant violations of the blood
system and immunity. The use of catholyte, being a
powerful antioxidant and stimulator of regenerative
processes, allowed preventing the deterioration of the
state of homeostasis and eliminating the violations of
some parameters of the immune process.

On the 15" day after the formation of the
anastomosis, necrosis and hemorrhages were observed
in the animals in the control group, and at the same
time, fibrin and epithelial cells were detected in tissue
detritus (Figure 2). Around the anastomosis, the zone of
demarcation inflammation was manifested by the
plethora of blood vessels at the microcirculatory level
in varying degrees of severity by a cellular reaction.

Inflammatory-necrotic changes were observed with
the signs of epithelialization of the defect along the
edge in the intestinal wall in the animals in the control
group on the 15" day after surgery in the anastomotic
area (Staining according to Van Gieson; Figure 3).

On the 15" day after surgery, the inflammatory
response significantly decreased, and the wound
surface was covered with newly formed epithelium.
The vessels of the granulation tissue became vertically
oriented, and there was a horizontal orientation of
fibroblasts and the formation of bundles of mature
collagen fibers. Therefore, there was an inflammatory
process in the muscular and serous membranes with
lymphocytic infiltration. The serous membrane was
lined with a single-layer squamous epithelium, and the
fields of connective tissue were moderately expressed.
Accordingly, the dynamics of the inflammatory process
were evident.

In the group of animals where catholyte was used, on
the 5" day after surgery, there were fibrocytes and
cicatricial changes; moreover, the wound was
epithelized, and there was a growth of the glandular
epithelium from the edges of the wounds and no
granulation tissue.

On the 15" day after surgery, inflammation persisted
in the group of animals where catholyte was used
(Figure 4). The wound was epithelialized, and residual
inflammation was replaced by the connective tissue;
moreover, the sutures were visible in the scar, and the
intestine was epithelialized.

Figure 2. Cytological picture of the intestinal anastomosis on the 15™ day after surgery (Staining according to Romanovsky-Giemsa,

Magnification 100x%)
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Figure 4. Cytological picture of the intestinal wall on the 15™ day after surgery and the use of catholyte (Staining according to Van
Gieson, Magnification 100x)

4. Conclusion

In conclusion, anastomosis combined with simulated
blood loss and anemia was formed and healed much
worse in the presence of pronounced changes in
phagocytic activity, erythropoiesis, and humoral
immunity. Moreover, the use of catholyte in the
experimental group demonstrated an
immunostimulating and immunostabilizing action that
ensured the stability of the humoral immunity.
Furthermore, anolyte, being a powerful antiseptic,
prevented inflammation and suppuration in the area of

the postoperative scar, and therefore, promoted the
healing of the intestinal anastomosis.
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