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INTRODUCTION

Extensive deep burns cause a complex of peculiar
pathological functional and morphological changes of
internal organs and systems of the body. According to
numerous literature data, a significant factor in further
development of damage of tissues after burn injury is
excessive activation of lipid peroxidation of cell mem-
branes and the appearance of an excessive quantity of
oxygen free radicals, generated by activated leukocytes,
as well as those formed during tissue proteolysis [1, 2].

Burn injury also causes deep changes in hema-
tological parameters. In case of blood flow through
tissues during the burn period, we can view thermal
damage and destruction of red blood cells with the
release of free hemoglobin into the plasma 3, 4, 5].

Burn disease also causes a expressed leukocyte
reaction, described by many researchers in clinic and
during experiment [6, 7].

For tissue healing in burn cases, drugs that have
anti-inflammatory, analgesic and regenerative proper-
ties are used [8]. In this field, metal-organic complexes
based on copper and possessing high antioxidant activ-
ity are of special interest.

The copper biological role is diverse. Vital
enzymes, performing complex functions in the body,
comprise such a metal. Copper is the key compo-
nent of the enzyme cytochrome oxidase, carrying
out cellular respiration in all organs and tissues and
is a constituent of vitamins, hormones and pigment
substances. Copper has an impact on the synthesis of
sex hormones, normalizes the work of the endocrine

system, activates insulin [9].

The biogenous role of copper is participating
in the processes of hematopoiesis. The trace element
taking part in the synthesis of hemoglobin, carrying
out the transfer of oxygen in the body, increases the
speed of blood circulation. Copper takes part in the
synthesis of collagen and elastin, supports skin turgor;
without it connective tissue loses its resilience, bones
and cartilage lose elasticity. Copper is also important
for nerve tissue, it is a constituent part of the myelin
sheaths of nerve cells isolating nerve fibers. Copper has
an active participation in the metabolism of carbohy-
drates: activates the oxidation of glucose, slows down
the destruction of glycogen in the liver. Copper is of
great importance for the immune system. The metal
neutralizes the toxins of microorganisms, prolongs the
impact of antibacterial drugs [10, 11], reduces inflam-
matory reactions.

Copper derivatives are used for burns healing
[12]. The use of copper sulphate determines a faster
closure of the dermal wounds so the application of
copper sulfate has been proposed in regenerative
medicine [13].

According to literary sources and also our carly
studies [14, 15, 16, 17], several copper-based com-
plexes are of low toxicity and expressed radioprotective
properties.

In order to identify a possible positive effect
on burns, we studied two copper(I) complexes,
namely: [Cu (PTA),] BF, and [Cu (PCN) (HBP )]
PTA=1, 3, 5-triaza- 7-phosphaadamantane. PCN = tris
(cyanoethyl) phosphine and HBP | = trispyrazolylbo-
rate. Such compounds (hereinafter referred to as PTA
and PCN) have been chosen because they have already
demonstrated remarkable cytotoxic toward cancer
cells both in vitro and in vivo tests [18]. Moreover as
compound PTA is an homoleptic, water-soluble com-
pound, whereas compound PCN is a mixed-ligand
neutral complex insoluble in water (Fig. 1), we tried
to correlate their therapeutic effect in case of thermal
burns with their chemico-physical features.

MATERIALS AND METHODS

The synthesis of copper(I) complexes
[[Cu(PTA),[BF,] (PTA=PTA=1,3,5-Triaza-7-
phosphadamantane) and [HB(pz),Cu(PCN)]


http://dx.doi.org/10.35630/2199-885X/2020/10/12

MORPHOLOGY,
PATHOLOGY

PHYSIOLOGY,

(HB(pz),=tris(pyrazolyl)borate, PCN=tris (cyanoe-
thyl)phospine was carried out according to published
procedures [18, 19]

The in vivo experiments were performed on sexu-
ally mature white, outbred rats with an average weight
of 180-200 g. All animal experiments were performed
in according to the compliance with EC Directive
86/609/EEC.

Rats were divided into 4 groups: I — only with
a thermal burn (clean burn); II — thermal burn with
injection of the (I) complex PTA; III — thermal burn
with injection of the Cu (I) complex PCN; IV — ani-
mals without burn (intact group)

On the epilated surface of the skin in the back of
animals was applied thermal burn of III AB degree on
30% of the body surface. 30 minutes after the applied
burn, Cu complexes of PTA and PCN were adminis-
tered intraperitoneally to various groups of animals ata
dose of 50 mg/kg in the form of an aqueous suspension.
The control group consisted of animals with a clean
burn. Injection was performed every 2 days during 14
days before the start of rejection of the wound scab.

The activity of these compounds was evaluated
by survival, average life expectancy that showed the
dynamics of death of experimental rats during a 30-day
monitoring,

Visual monitoring of a burn wound was carried
out. Observations were carried out during 60 days,
when the wounds healed completely and were covered
with coat (pelage).

For hematological analysis blood was taken from
the tail vein at certain terms (on the 3, 7, 14 and 30"
days). The following indicators were determined:
blood coagulation time; the leukocyte number (ac-
cording to the classical method with the help of the
Goryaev camera); the hemoglobin level (hemoglobin
was studied on the device Mindray BA-88A), red
blood cells and platelets (was studied using an oprical
microscope at a magnification of x300).

For cytogenctic analysis (by the method of Ford-
Wollam) the bone marrow was taken from the femur.
Cytogenetic analysis was performed on an optical
microscope. We studied the mitotic index (MI) with
an increase of x300, chromosomal aberrations (CHA)

x900, polyploid cells (PC) x1440.

RESULTS
On the 60* day after complete wound healing,

visual monitoring showed that epithelial regeneration,
fouling were more actively viewed in the group with
intraperitoneal injection of PTA than in the control
groups and PCN injection.

On the fifth day after the burn, when the rats re-

ceived 3 injections of metal complexes, the analysis of
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Fig. 1. Chemical structure of [Cu(PTA) ] BF, (PTA) left
and [Cu(PCN) (HBP )] (PCN) right

the karyotype showed that all cytogenetic indicators
in three groups of experimental animals statistically
significantly differ from the karyotype of intact indi-
viduals. When comparing the cytogenetic indices of
both groups of rats with introduced copper complexes
with control data, a slight variability of the parameters
was observed without statistically significant shifts, as
shown in the table 1.

As can be seen from the table, when compar-
ing the cytogenetic parameters of the last term of the
experiment of three experimental groups with the
intact group, there was a tendency to increase the mi-
totic index (MI). In the control and PCN groups, this
indicator is still significantly lower than normal, but in
the PTA group it is closer to normal (the difference be-
tween the normal group and Burn + PTA is not signifi-
cant). Aberrant chromosomes, mainly in the form of
gaps, in the control and PCN groups are significantly
higher than normal, and in the PTA group this indica-
tor does not exceed a statistically significant level.

Comparison of the karyotypes of this period of
study of the PCN and PTA groups with the control
showed that the cytogenetic parameters of MI and
PC of the PCN groups are significantly different. This
means that, due to the combination of PTA, the indi-
ces MIand PC have a clear tendency to normalize.

Summing up the cytogenetic indices and visual
monitoring criteria as well as the absence of animal death
in the group with injection of the metal-organic complex
PTA (vedi infra) we can conclude that this compound
activates reparative processes, improving the cytogenetic
status of experimental rats. In particular, it increases the
proliferation of bone marrow cells, as a result of which
the hematopoiesis of burnt animals improves.

Hemarological parameters were analyzed in dy-
namics over the entire duration of the experiment and
the resules are shown in table 2.

As can be seen from table 2, the burn causes a
significant change in the number of white blood cells
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Table 1. Change of cytogenetic parameters in 4 groups after burn
terms after the study | 5 day after the burn 30™ day after the burn
indicators 910UPS Tintact group | control Burn+-PCN Burn+-PTA control Burn+-PCN Burn+-PTA
9,8+1,2 10,1x1,5 11,2+1,7 12,8+1,8 13,2+1,9 17,0+£1,2
MI% 20,1+2,8 P,<0.05 P,<0.05 P.<0.05 P,<0.05 P.<0.05 P.>0.05
P,>0.05 P.>0.05 P.>0.05 P,<0.05
44404 4,610,44 4,140,39 4,2+0,48 4,340,42 3,8+0,4
(HA% 3,0+£0,22 PI <0 (’)5 P.<0.05 P.<0.05 P,<0.05 P.<0.05 P.>0.05
U P >0.05 P.>0.05 P.>0.05 P,>0.05
3,9+0,4 3,2+0,36 2,940,31 2,0+0,24
PCk 0 402038 1p"S0.05 P'>0.05 338036 55005 P <0.05
P, — Thessignificance of differences in the performance of groups with PCN and PTA with the norm group
P, — Thesignificance of differences in the performance of groups with PCN and PTA with the control group
Table 2. Rat blood counts for a clean burn, PCN and PTA injection
indicators days Clean burns (control) Burn+PCN Burn+PTA
3 415,0+7,63 413,8+47,75 340,0+35,46*
Blood coagulation |7 32754325 23011,55% 217,5+42,25%
time (seconds) 14 360,0+34,64 150,0+20,31* 207,4+12,53*
30 316.7+52.47 280.7435,51 195,0+36.63*
3 8,3+0,59 9,5+1,6 7,5%1,2
Leukocyte 7 10,2+2,2 14,8+4,3 17,6+1,1*
(x10°71) *
14 8,8+0,7 9,342,2 1,7+0,7
30 5,93+0,6 10,7+1,4% 11,54+2.1%
588333,3+44378,42 568750113933 489000+57649,8
7 6375002500 668333,3£64957,25 606250+48104,7
Platelets (N/pl)
14 495000£66583,28 392500+37052,89 405000£54815,71
30 7050005000 576666,7+71316,98 817000+43433,86%
5,92+0,13 5,52+0,9 5,45+0,4
red blood cells 3,13+0,1 3,2+0,15 3,88+0,35*
(x10™/1) 14 6,56+0,18 4,62+0,17* 5,23+0,19*
30 6,38%1,9 6,00,8 5,62+0,26*
3 134,6+6,06 133,5+10,57 138,2+9,24
) 136,5+5,5 107,3£11,39* 97,3+1,2%
Hemoglobin (g/1)
14 163,3£10,13 136,2+2,52* 141,442,25*
30 161,3+1,76 140,3+4,97* 139,243,39*%

*— The significance of differences in the performance of groups with PCN and PTA with the control group

in the blood of animals. So, on the 7 day after the
injury in all groups there is an increase in the number
of leukocytes, which indicates the course of reparative
high btained on the 7
processes. The highest rates were obtained on the 7
day of the study, since at this time an infection joins

the leukocyte reaction of the body. And if leukopenia

is observed in rats from the control group at the end of
the study, a tendency toward normalization is observed
in groups with injection of compounds. On the 30
day, there was a significant difference in the level of
leukocytes in the control group from groups with
injection of PTA and PCN complexes.
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By the 30™ day, the level of leukocytes in groups
of animals with burns+PTA and burns+PCN injection
approaches the level of leukocytes in the normal group
(8.6+0.68 - 10°/1).

Burn injury leading to inhibition of hematopoi-
esis is the cause of severe erythropenia and anemia.
These two indicators in the carly stages (7 day) of the
study were significantly lower than the corresponding
norms (erythrocytes: 6.2+0.35 - 10'2/1; hemoglobin;
158.0+14.6 g/1). As can be seen from the table, at
the last observation periods (14™ and 30™ days), an
increase in the number of red blood cells and a hemo-
globin level. There was a significant difference between
these indicators in the control group and the group
with the PTA compound, which indicates a beneficial
effect of this complex.

This conclusion is also confirmed when calculat-
ing the survival and average life expectancy of rats.
Survival experiments were performed on 21 rats, 7
animals per group. Groups: Clean burn; PTA + burn
and PCN + burn. An experiment to determine survival
and average life expectancy showed that in the group
of rats with the PTA complex, the indicators were sig-
nificantly better (100% survival) than in animals with
only burns (control), as shown in Table 3.

Table 3. Survival and average life expectancy of rats

Groups Survivalc(%) | Average life expectancy in days
Control 57 20,57

Burns+PTA | 100 30

Burns+PCN | 57 19,57

According to the equations and logarithmic
regression curves describing the dynamics of survival
and shown in Fig. 2, the survival of the group with the
injection of the PCN complex and the control group
is identical and there will be a further decline in this
percentage in contrast to the group introduced with
the PTA complex.

Based on the resules of survival, life expectancy,
cytogenetics and hematology, we can conclude that the
PTA complex under study exhibits tangible healing prop-
erties. According to all observed criteria, the PTA com-
plex showed beneficial effects on experimental animals.

CONCLUSIONS

Basing on the survival results, average life expect-
ancy, cytogenetic and hematological indicators, it can
be concluded that studied complex PTA demonstrate
noticeable healing properties.
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Fig. 2. Equations and logarithmic regression curves describing the
dynamics of survival

In the carly stages of analyzes (days 3 and 7), both
compounds mitigate the damaging effects of burn
injury, but in the last periods of observation (days 14
and 30), the group with PTA injection has many test
values: (blood counts) approached normal values.

Based on the results obtained, it can be assumed
that the studied Cu-1 complexes effectively promote
reparative processes in bone marrow cells and has a
therapeutic effect on thermal burns (especially PTA).
The results of this yet preliminary research require
continuation and scarch for new effective means for
treating burn surfaces.
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