
IN TRO DUC TION
Burn injuries are a type of traumatic pathology that is

characterized by a complex set of polysystemic shifts. The 
body's response to a burn injury corresponds to the mecha- 
nism of the stress response with the development of the
adaptation syndrome, resulting in disruption of the normal 
flow of oxidizing processes [6]. Oxidizing modification
of proteins (OMP) is one of the early and most reliable
indicators of tissue damage in case of a free radical
pathology. These are proteins but not lipids or nucleic
acids that are effective traps of the generated reactive
oxygen species (ROS) and their oxidizing modification is
regarded as one of early and reliable markers of the
oxidizing stress [1, 9]. The oxidates of proteins in oxidi-
zing damages in tissues appear earlier and are more stable
compared to the products of lipid peroxidation, in particular
plasma proteins subjected to oxidizing degradation having
quite long half-life. [1] OMP causes changes in physical
and chemical properties of the protein molecule: the
fragmentation, aggregation and susceptibility to pro- te oly-
sis [2, 8]. As a result, either the formation of products with 

a high functional activity or either inactivation of zymo-
phores, or modification of protein molecules, that can have
a toxic effect and aggravate the pathologic process, occur.

The pres ence of ROS in the wound de fect leads to de -
na tu ra tion of the syn the sized pro tein and in ac ti va tion of
fi bro blasts that im pede wound heal ing [9]. The study of
the bio chemi cal as pects of the de vel op ment of a burn in -
jury is nec es sary to gen er ally un der stand the mecha nisms
of the heal ing pro cess and de velop a strat egy for its treat -
ment and de vel op ment of new wound heal ing medi cines
that af fect the ma jor ity of patho logic links of the wound
pro cess. In most stud ies, de voted to the mecha nisms of
de vel op ment of a burn wound, the con tent of lipid per oxi -
da tion prod ucts is ana lyzed, the con cen tra tion of oxi dized
pro teins is vir tu ally paid no at ten tion [6,7].

The aim of this study is to examine the state of
oxidizing modification of proteins in the treatment with
new wound healing preparations at the model of the third
A-degree burn injury in rats.

MATERIALS AND METHODS
A model of a burn injury was reproduced on 168

mature male albino rats weighing 200–240 g. In animals,
under general anesthesia using thiopental (40 mg/kg) on
the depilated skin area on the back, retreating from the
spine for 1.5 cm, a burn was simulated with an instrument
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with a fixed temperature scale and electric soldering iron,
at the end of which a round metal plate with a diameter of
2.5 cm is mounted. Exposure time of the contact plate
heated to 200C was 10 seconds [8]. The histological
examination of the damaged skin confirmed that under the 
above conditions the third A-degree burn was formed,
according to the clinical classification of burns [4]. The
rats were withdrawn from the experiment using thiopental 
anesthesia at different phases of wound process: on the
2nd, on the 9th and on the 18th days of the experiment.
Simultaneously, the material was taken from the rats of
intact groups.

To evalu ate the in ten sity of per oxi da tion pro cess for
pro teins the method of de ter min ing the oxi diz ing modi fi -
ca tion of pro teins by the level of car bonyl de riva tives
formed af ter re ac tion with ROS with his ti dine, ar ginine,
ly sine, and pro line resi dues was used [2, 3]. The prin ci ple
of E.E. Dubini na’s method is based on the re ac tion of in -
ter ac tion of oxi dized amino acid resi dues of pro teins with
2,4- dinitrophenylhydrazones, which are re corded spec tro -
pho tomet ri cally. The con cen tra tion of the formed oxi dized
re ac tion prod ucts, al de hyde- (APH) and ke to phen yl hy -
dra zones (KPH) is pro por tional to the op ti cal den sity at
270, 363, 370 nm as meas ured by a spec tro pho tome ter
SF-46 (Rus sia). The con tent of car bonyl de riva tives of
oxi dized pro teins was ex pressed in units of op ti cal den -
sity, re ferred to 1 mg of pro tein (U/mg of pro tein) [1].

Ex peri men tal ani mals in se ries I of the ex peri ment
were di vided into 5 groups: I – an in tact con trol (IC), II –
a posi tive con trol (PC), III – an ex peri men tal group, in
which the ani mals were treated with “Bio flo rin” oint ment, 
IV – an ex peri men tal group of ani mals re ceived the prepa -
ra tion “Pro lidoxyd” oint ment, and group of ani mals V
re ceived a com para tor prepa ra tion – “Al gofin” oint ment
(com pany “Krasnaya zvezda”, Ukraine). In se ries II of the 
ex peri ment the ani mals were also di vided into 5 groups:
I – IC, II – PC, III – an ex peri men tal group, which was

treated with “Dex pan the nol with ce ra mides” cream, IV –
an ex peri men tal group of ani mals re ceived the prepa ra -
tion “Ce ra mides” cream and in group V the ani mals were
treated with the com para tor prepa ra tion – “Bepan then”
cream (“Bayer” com pany, Ger many). Com para tor prepa -
ra tion were se lected as ana logues ac cord ing to the dos age
form, in part ac cord ing to the com po si tion of the ac tive in -
gre di ents or their ori gin, phar ma col ogi cal ef fects and
in di ca tions for use. The prepa ra tions were ap plied on the
sur face of burns in rats with a ster ile spat ula once a day in
an ar bi trary thera peu tic dose of 20 mg/cm2. The treat ment
was given un til the com plete heal ing of burns.

All in ter ven tions and eutha na sia of ani mals were car -
ried out in com pli ance with the prin ci ples of the
“Euro pean Con ven tion for the Pro tec tion of Ver te brate
Ani mals Used for Ex peri men tal and Sci en tific Pur poses”
(Strasbourg, 1986). The re sults ob tained were treated with 
the pro gram Sta tis tica 6.0 based on one-way ANOVA us -
ing the Kruskal- Wallis and Newman- Keuls cri te ria at
a sig nifi cance level of p<0.05.

RE SULTS AND DIS CUS SION 
Af ter the re pro duc tion of the third- degree burn in jury

in rats a thick crust of a dark- brown col our with a clearly
bounded zone of ne cro sis and ap par ent in flam ma tory
changes in the sur round ing tis sues were formed. On the
2nd day of the ex peri ment (the peak of pa thol ogy), which
cor re sponds to the stage of a shock in burn dis ease, the
con tent of OMP prod ucts has in creased dra mati cally in
ani mals. Defi nitely, in com pari son with the in tact, the lev els
of APH (by 1.8 times) and KPH (by 2.1 times and 2.5 times),
re corded at a wave length of 363 and 370 nm (Ta ble 1 and
2), in creased. The data ob tained show an in crease in the
in ten sity of OMP pro cess in the acute pe riod of ther mal
in jury and con firm the de struc tion of the mem branes of
tis sues, as well as the pre domi nance of cata bolic pro -
cesses over ana bolic ones.
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Ta ble 1. The con tent of prod ucts of oxi diz ing modi fi ca tion of pro teins (U/mg of pro tein) in the blood se rum of rats on a model of the
third- degree burn, x±Sx (the 1st se ries of the ex peri ment)

Experimental groups
Indices of oxidizing modification of proteins

Aldehyde- phenylhydrazones Ketophenylhydrazones
=270 nm =363 nm =370 nm

Intact control (n=6) 0.072±0.003 0.097±0.004 0.126±0.003
2nd day (n=6)

Positive control 0.133±0.003* 0.209±0.11*  0.303±0.013*

9th day (n=6)
Positive control 0.104±0.004* 0.133±0.006*  0.267±0.009*

“Prolidoxyd” ointment 0.086±0.004*     0.113±0.002*/**      0.228±0.007*/**

“Bioflorin” ointment        0.064±0.004**/*** 0.120±0.003*            0.175±0.005*/**/***

“Algofin” ointment  0.078±0.002** 0.121±0.003*       0.208±0.005*/**

18th day (n=6)
Positive control 0.074±0.004 0.083±0.004   0.182±0.004*

“Prolidoxyd” ointment 0.070±0.004 0.099±0.004    0.135±0.004**

“Bioflorin” ointment    0.060±0.003** 0.081±0.007    0.127±0.003**

“Algofin” ointment 0.068±0.004 0.082±0,005    0.137±0.004**

* the dif fer ences are valid rela tive to the in tact con trol group, p<0.05; 
** the dif fer ences are valid rela tive to the posi tive con trol group, p<0.05; 
*** the dif fer ences are valid rela tive to the com para tor prepa ra tion that is “Al gofin” oint ment, p<0.05;
n=6 – the number of ani mals in each ex peri men tal group.



Fur ther ob ser va tion of the dy nam ics of the level of
OMP prod ucts showed that in all groups there was a sig -
nifi cant re duc tion in the con cen tra tion of car bonyl groups
and the ap proxi ma tion of these in di ces to the val ues of in -
tact ani mals.

In the PC group of ani mals on the 9th and 18th days of
the ex peri ment the level of APH was sig nifi cantly re -
duced by 1.3 and 1.8 times, and the level of KPH was
re duced by 1.4 and 2.4 times ( = 363 nm) and by 1.1 and
1.4 times ( = 370 nm) com pared with the peak of pa tho-
logy. It should be noted that the level of KPH on the 18th
day ( = 370 nm) slightly de creased and sig nifi cantly ex -
ceeded the level of IC, in di cat ing the fur ther flow of the
patho logi cal pro cess in this group.

Treat ment of ani mals with the study prepa ra tions (se -
ries I of the ex peri ment) con trib uted sig nifi cantly to the
sig nifi cant de crease in OMP per form ance, in re la tion to
the PC group, al ready on the 9th day of treat ment. Un der
the in flu ence of “Pro lidoxyd” oint ment the level of KPH
sig nifi cantly de creased, and un der the in flu ence of “Bio -
flo rin” and “Al gofin” oint ments the lev els of APH and
KPH de creased (at  = 363 nm). On the 18th day of treat -
ment, all in di ces re cov ered to the level of IC un der the
in flu ence of prepa ra tions. Com pari son of the ef fec tive -
ness of the study prepa ra tions showed that ac cord ing to
the in flu ence on OMP pro cess “Pro lidoxyd” oint ment was 
not worse than the com para tor prepa ra tion – “Al gofin”
oint ment, and on the 9th day “Bio flo rin” oint ment ex -
ceeded the ac tiv ity of the lat ter, as in its ap pli ca tion APH
and KPH in di ces ( = 370 nm) were sig nifi cantly dif fer ent 
from “Al gofin” oint ment. 

In se ries II of the ex peri ment on the 9th and 18th day of
the treat ment of ani mals with “Ce ra mides” cream, the
level of APH was sig nifi cantly lower by 1.2 and 1.3 times, 
and the level of KPH at  = 363 nm was lower by 1.5 and
1.3 times, and at ë = 370 nm it was lower by 1.6 and 1.4
times as com pared with the PC group. When ap ply ing

“Dex pan the nol with ce ra mides” cream the level of APH
was sig nifi cantly lower by 1.5 and 1.1 times, and the level
of KPH was sig nifi cantly lower on the 9th day by 1.3
times ( = 363 nm), and on the 9th and 18th days was
lower by 1.9 and 1.6 times ( = 370 nm) in com pari son
with the PC group. In case of treat ment with “Bepan then”
cream on the study terms the con cen tra tion of APH and
KPH ( = 363 nm) was at the level of PC and only the
KPH in dex ( = 370 nm) for both terms was sig nifi cantly
re duced by 1.3 and 1.4 times com pared with the PC group. 
Con se quently, the ef fec tive ness of treat ment with “Ce ra -
mides” and “Dex pan the nol with ce ra mides” creams
ex ceeded the ef fec tive ness of the com para tor prepa ra tion
that is “Bepan then” cream.

 Thus, the results obtained have showed that in the
development of a burn injury the balance between forma-
tion and neutralization of free radicals is expressly dis rup- 
ted. New wound healing preparations have showed an
inhibitory effect on the OMP process and by the intensity
of the therapeutic action exceeded the effectiveness of the
reference preparations. The probable mechanism of wound 
healing action of preparations is associated with inhi-
bition of processes of OMP formation due to the sta bili-
zation of biological membranes.

CONCLUSIONS
The conducted study of processes of oxidizing

modification of proteins has showed that after modeling
of burns in animals their significant activation is observed
and confirmed by a significant increase in al de hy dep-
henylhydrazones and ketophenylhydrazones indices as
compared with the intact control. The use of new wound
healing preparations in the treatment of burns signi-
ficantly affects the reduction of al de hy dephen ylhy-
drazones and ketophenylhydrazones concentration in the
blood serum of rats on the 9th day and the normalization
of these indices to the level of the intact control on the
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Ta ble 2. The con tent of prod ucts of oxi diz ing modi fi ca tion of pro teins (U/mg of pro tein) in the blood se rum of rats on a model of the
third- degree burn, x±Sx (the IInd se ries of the ex peri ment)

Experimental groups
Indices of oxidizing modification of proteins

Aldehyde- phenylhydrazones Ketophenylhydrazones
 =270 nm =363 nm =370 nm

Intact control (n=6)  0.075±0.003 0.100±0.004 0.128±0.003
2nd day (n=6)

Positive control   0.134±0.003*   0.208±0.012*  0.315±0.014*

9th day (n=6)
Positive control   0.107±0,004*   0.135±0.006*   0.279±0.008*
“Ceramides” cream     0.083±0.005**           0.089±0.003**/ ***               0.174±0.004*/ **/ ***

“Dexpanthenol with ceramides” cream          0.074±0.004**/ ***            0.103±0.005** / ***               0.150±0.006*/ **/ ***

“Bepanthen” cream  0.110±0.004*   0.125±0.004*         0.217±0.007*/ **

18th day (n=6)
Positive control 0.074±0.005  0.088±0.003    0.184±0.004*

“Ceramides” cream            0.057±0.004**/ ***             0.070±0.003 **/ ***      0.128±0.003**

“Dexpanthenol with ceramides” cream      0.066±0.003***       0.093±0.003***             0.122±0.004**/ ***

“Bepanthen” cream 0.082±0.003     0,105±0.004**       0.128±0.006**

* the dif fer ences are valid rela tive to the in tact con trol group, p<0.05;
** the dif fer ences are valid rela tive to the posi tive con trol group, p<0.05;
*** the dif fer ences are valid rela tive to the com para tor prepa ra tion that is “Bepan then” cream, p<0.05



18th day, in contrast to the positive control. By norma-
lization of oxidizing modification of proteins processes
under the influence of study preparations, their ef fecti-
veness is not worse than that of comparator preparations.
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