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Abstract

Have been studied biophysical parameters of blood, liver, spleen and cancer tissue by the method of
Electronic-Paramagnetic-Resonance (EPR), activity of antioxidant enzyme catalase by the method of H. Aebi
and ceruloplasmin concentration in the blood serum by the method of N. Babenko in white rats with Sarcoma
C-45. Investigations revealed, that during Sarcoma C-45 growth antioxidant properties of blood are reduced,
mitochondrial superoxiddismutase of tissues is inactivated, production of Mn2+, NO, xantinoxidase, cytochrom
P-450 and peroxidation of lipids (POL) are activated, membrane structures' destruction, hemolysis and
hypoxia are developed. After treatment with Plaferon LB, mentioned disturbances are vividly improved. It is
stated, that administration of Plaferon LB decreases POL, restores antioxidant ability of organism, protects
membrane structures, reduces hypoxia. Plaferon LB reveals features of antioxidant and NO modulator, due to
which could be explained marked improvement of above-mentioned disturbances.

cases is closely related to cell injury. Indeed, a
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large number of chemical, physical, and
infectious agents cause irreversible injury by damage to
cell membranes.

One important mechanism of membrane damage is
injury induced by free radicals, particularly by activated
oxygen species [1.2]. Although, free radicals are now
thought to be involved in many physiologic processes
and are vitally important [3], accumulation of excess
amount of free radicals reveals destructive affects on
biomembrane, lipid, sulfhydril bonds of proteins, and
nucleotides of DNA [4.5]. They may cause DNA
damage, enzyme inactivation especially sulfhydril,
peroxidation of lipids within cellular and organellar
membranes and cause damage of endoplasmic
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concentration of free radicals. There are several
systems, so-called antioxidants (superoxide dismutase,
catalase, ceruloplasmin, glutathione peroxidase etc.,
that contribute to termination or inactivation of free
radical reactions.

Because the malignant tumor growth is characterized by
exaggerated  proliferative  processes, increased
formation of free radicals and development of various
paraneoplastic alterations leading to lethal outcome,
investigation of protective systems of organism,
biophysical and biochemical parameters of an "intact"
organs and tissues (which are not directly involved or
affected by the cancer) is very important. Besides,
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correction of revealed paraneoplastic disorders would
be of great value as well.

Materials and Methods

Experiments have been carried out on pubertal white
rats (weight 120-150g) before and after treatment with
Plaferon LB on the 21st, 30th and 40th day after
implantation of Sarcoma C-45.

Electronic-Paramagnetic signals were studied by the
Electronic -Paramagnetic-Resonance (EPR) method
(Radiospectrometer PE-1307). Materials from blood,
liver, spleen and cancer tissue were placed in
polyethylene tubes and kept in liquid nitrogen (-180°C).

Catalase activity  was measured by the
spectrophotometric technique [8.9]. The method is
based on the ability of hydrogen peroxide to form a
stable stained complex with molybdenum salts. The
reaction is triggered on by addition of 0,1 ml of the
serum to 2 ml of 0,03% hydrogen peroxide solution , or
0,1 ml of water is introduced into the blank test. The
reaction is stopped in 10 min by addition of 1 ml of 4%
ammonium molybdate. The intensity of staining is
measured spectrophotometrically at a wavelength of
410 nm against the control test, with 2,0 ml of water
instead of hydrogen peroxide.

Ceruloplasmin concentration in the blood serum was
determined by the intensity of oxidation of
paraphennildiamine hydrochloric acid. The reaction is
triggered on by addition of 1ml 0,9% NaCl to 0,2 ml
serum, then 0,8 ml from the mixture is added by the
2ml acetat buffer and is kept in thermostate ander 37° C
during 1 hour. After incubation, solution is added by 1 ml
hydroxilamine and 10 ml 3% NaCl . Coloration of
received solution is detected by the Spectrometer
"Spectromom -202" at a wavelength of 530 nm [10].

Plaferon injections (10mcg /100g, once a day) were
administered during 10 day before experiment.

Plaferon -LB is a drug of protein-peptide nature, which
includes biological active substances of endogenous
origin [11.12]. Plaferon is received from an amniotic
membrane of human placenta and contains some
physiologically active substances (interferon,
endorphins, enkephalines, cytokines), therefore,
Plaferon has different pharmacological effects: antiviral,
immunomodulating, antihypoxic, antioxidant, antitoxic
[13].

The obtained data was analyzed statistically.

Results

The results of present study revealed decreased
antioxidant properties of blood (Tab.7) on the 21st day
after implantation of Sarcoma C-45 which is manifested
by increased intensity of EPR signals of oxidized
ceruloplasmin (g=2,056) by 50% in comparison with
norm.

At this time EPR signal of Fe* transferrin (g=4,2) is not
changed. On the background of decreased antioxidant
protection, lipid peroxidation is activated contributing to
destruction of membrane structures and erythrocytes in
particular, leading to hemolysis and production of
methemoglobin . This last is confirmed by appearance
of Met-Hb intensive signal (g=6,0) in the EPR spectrum.
Furthermore, presence of signals of Mn?* (9=2,14) and
Mo>* containing complexes in blood is the good
evidence of membrane structures' destruction. Signal of
Mn?* complexes in turn indicates inactivation of
mitochondrial superoxiddismutase (SOD), while signal
of Mo** complexes reflects exaggerated production of
xantinoxidase and developed ischemia.

In the presence of activated POL, as a result of
membrane structures' destruction, inactivation of
adrenoreceptors (g=2,01) is obvious. Besides, high
concentration of Mn®" ions presented in blood of
experimental animals, results in disconnection of
adrenoreceptors from system of adenylatcyclase. At
last, Mn®* ions are promoters of process of peroxidation.
It must be mentioned, that EPR spectrum of blood
reveals intensive signal of FeS-NO complexes
(9=2,03), indicating activation of NO synthesis.

Inactivation of adrenoreceptors and oppression of
protective and compensatory processes of organism
causes subsequent aggravation of pathological process.

Manifestation of ferritin bound Fe?" ions which is not
detected in norm, indicates destruction of tissue cells.

On the 21st day after tumor implantation EPR spectrum
of liver (Tab.2.) demonstrates disorder of hepatocytes'
mitochondrial respiration at NAD.H: ubiquinon
oxidoreductase locus manifested by the increase
intensity of signal of free radicals (g=2,0) and decreased
half width of it (AH).

Sharply increased intensity of signal of Mn?* containing
complexes reveals membrane structures' destruction in
liver and inactivation of mitochondrial
superoxiddismutase. Signal of Mo>* containing
xantinoxidase is increased as well, indicating ischemia
of hepatocytes.
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30™ day
after C-45 2,840,009 24,540,4 28,340,8 27,6407 | 16,0£0,4 | 14,120,6 | 31,4207 | 15,302
implantation

1
30™ day
after C-45
implantation |  2,1%0,08 17.9+0.7 22,21[(()),17 %3{3%? 15’3::)0’13 113’3;014 19.9:0,5 | 16,740,
+P1afer0n 1-2. ) 0-2: s 1-2 s 1-2. )

2
40" day
after C-45 2.540,06 22,040,5 21,4+0,8 37,6508 | 12,8403 | 13,6404 | 29,740,9 | 11,540,
implantation

3
40™ day
after C-45 31.540.7
implantation |  2,0+0,09 10,4+0,5 0] 252404 | 10,70,5 | 10,9+0,3 | 23.2+0,5 | 17,8+0,4
+Plaferon 015
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Tab.1 EPR spectrum of blood in rats during Sarcoma C-45 growth before and after treatment with Plaferon.

Intensified signal of FeS-NO complexes (g=2,03)
reflects activation of NO production. In liver, signal of
Met-Hb is detected as well.

In the EPR spectrum of spleen (Tab.3.), on the 21st day
after tumor implantation, signals of Ribonucleotid
reductase (RR) and Fe** transferrin are not changed,
while in tumor tissue signal of RR is intensified , which is
characteristic for activated proliferative processes.

On the 30th day after tumor implantation, signal of
oxidized ceruloplasmin of blood (g=2,056) is slightly
increased in comparison with data obtained on the 21st
day. Signal of Fe transferrin decreases, which might
be the result of decreased peroxidative activity of
ceruloplasmin  diminishing antioxidant ability of
apotransferrin and leading to malfunction of erythro- and
hemopoiesis.

At the same time, intensity of signal of Mn?* containing
complexes increases much more, indicating tissue
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destruction and disorder of mitochondrial electron
transport. In the presence of activated POL, signals,
characteristic for adrenoreceptors inactivation are
increased as well.

In hepatocytes, on the background of disordered
mitochondrial electron transport at NAD.H: ubiquinon
oxidoreductase locus, deficit of substrate of
mitochondrial respiration takes place, which is revealed
by the presence of decreased signal of free radicals in
comparison with data of 21st day.

Decreased signal of Mn?* ions could be determined by
the efflux of above-mentioned ions in the blood. Signal
of FeS-NO (g=2,03) increases extremely, indicating
exaggerated production of NO.

Decreased intensity of Fe* signal probably is the
compensatory reaction of organism. On the background
of decreased signal of Fe** transferrin in blood, signal of
cytochrom P-450 increases, which is characteristic for
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AFTER AFTER
AFTER AFTER AFTER
NORM A5 a5 C-45 A5 C-45
IMPLANT IMPLANT IMPLANT. IMPLANT IMPLANT.
: : +PLAFERON : +PLAFERON
0 X 1 2 3 4
Tintensity g=2,00 | 25,0£0,9 35,140,8 26,140,7 2020.3 22,840,8 24,6+0,5
1-2. )
. 12,740,
AH half-width 12,040,5 7,240,4 7,6+0,3 10,5+0,2 10,240,1
Py.s>0,01
“g‘fé%b L 28,1+0,5 21,9408 o 15,740,5 2,8+0,5
Fe**transferrin 28,2+0,7
o=42 33,0+£2,3 _ 28,3+0,8 P01 21,440,8 31,5+0,7
Cytochrom P-450 13,6+0,5 14,3£0,8
2,05 12,0+0,8 17,7+0,3 25,1+0,4 Y 15,8+0,3 Pe0,05
FeS 26,940, 27,3+0,6 27,240,5 21,5+0,6
g=1 ,94 ZS’Oil ’2 Po.x>0,1 P0_1>0,1 P0.2>O,1 P0_3>0,05 34’9i0’7
Mn?* 12,8+0,7 9,8+0,5 12,240,
.14 10,0+1,3 18,0+0,3 Ny N 14,1+0,4 .
st 9,10,
Mo 8,1+0,3 14,7+0,4 14,5+0,2 13,240,5 10,5+0,4
P0.2>O,1
1; e:SZNO? 10,0+1,4 14,840,5 22,1406 32,2+1,0 19,3+0,6 24,1+0,8

Tab.2 EPR spectrum of liver in rats during Sarcoma C-45 growth before and after treatment with Plaferon

intoxication and inactivation of

detoxication.

processes of

On the background of hypoxia, activated POL and
inactivated SOD, proliferative processes of organism
decrease, which is revealed by the decreased signal of
RR in spleen.

On the 40th day after tumor implantation, EPR spectrum
of blood reveals further decrease of antioxidant ability of
organism (oxidized ceruloplasmin is increased and Fe**
transferrin is decreased). POL is exaggerated, which is
revealed by the presence of disordered chain of
mitochondrial  respiration at NAD.H: ubiquinon
oxidoreductase locus, developed ischemia and
increased production of generators of oxygen free
radicals - ubisemiquinons and xanthinoxidase in liver.

It should be mentioned, that excess amount of NO,
revealed by the intensive signal of FeS-NO (g=2,03), in
the presence of superoxidradicals and inactivated SOD,

converts into peroxinitrit, which is known as high active
free radical, thereby makes favorable conditions for
further activation of POL. Developed condition in turn
decreases RR signal in spleen, indicating decreased
proliferative processes.

Biochemical investigation of blood, on the 21st, 30th
and 40th day after tumor implantation, in comparison
with norm, revealed sharply reduced activity of
antioxidant enzyme catalase by 40,5%, 56,2% and
60,3% correspondingly.

Common activity of ceruloplasmin is decreased by
49,6%, 37,6% and 55,1% (p< 0,001) correspondingly.

Oxidized ceruloplasmin concentration is increased by
53,0%, 38,0% and 88,1% correspondingly. Ratio of
oxidized ceruloplasmin to entire the ceruloplasmin
concentration is increased, which points on elevation of
quota of inactive ceruloplasmin, reduction of antioxidant
ability of organism and activation of lipid peroxidation.
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RIBONUCLEOTID REDUCTASE -
RR Fe’” TRANSFERRIN
=4,2 IN SPLEEN
SPLEEN CANCER TISSUE &
Norm . 30,0+1,2 o 33,5+1,5
th . .
30" day after C-45 implantation | 21241.0 27.40.4 20,4414
th . X
30" day after C-45 implantation+Plaferon 252407 18,5402 23,5+0,6
2 P]_2>0,05
th : :
40" day after C-45 implantation \ 17,740.6 32,7410 21,2410
th . .
40™ day after C-45 implantation +Plaferon 21.9+1.1 18,740.7 32,1+0,7
4 P().4>0,1
21% day after C-45 implantation 33,1+0,9 31.140.4 32,8+0,8
5 P0.5>0,1 > ’ P0.5>0,1

Tab.3. EPR signals of spleen and cancer tissue (Sarcoma C-45) in rats before and after treatment with

Plaferon.

According to data, obtained by the experiment with
treated animals has been stated, that after treatment
with Plaferon-LB, signal of oxidized ceruloplasmin in
blood decreases, signal of Fe®* transferrin increases,
which corresponds to restored antioxidant ability of
blood and erythropoiesis.

Restored antioxidant ability of blood in turn decreases
POL, which is manifested by decreased amount of Met-
Hb and reduced signal of cytochrom C oxidase.

It is remarkable, that despite treatment, EPR signals
characteristic for inactive forms of adrenoreceptors are
still increased. It is probably the result of exaggerated
production of catecholamines, desensitization of
adrenoreceptors and disconnection of adrenoreceptors
from system of adenylatcyclase after influence of Mn?*
ions presented in blood in excess amount.

On the background of Plaferon-LB, mitochondrial
respiratory chain at NAD.H: ubiquinon oxidoreductase
locus is restored, which is manifested by the
normalization of free radical signals.

Increased signal of NAD.H: dehydrogenase (g=1,94) on
the 40th day after tumor implantation probably is the
result of Plaferon-LB, which is capable somehow
increase mitochondrial membrane permeability.
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Signal of Met-Hb is decreased in both - blood and
hepatocytes' EPR spectrum reflecting decreased
hemolysis.

In case of Plaferon background, signals of Mn?" and
Mo®* in the spectrum of blood and liver are lower than in
case of untreated animals, indicating decreased
production of xanthinoxidase and restored activity of
SOD.

Noteworthy, that after treatment with Plaferon, in the
EPR spectrum of liver and blood, signal of FeS-NO
(9=2,03) is revealed indicating NO modulator ability of
Plaferon.

In the spleen tissue, signal of RR and proliferative
processes are activated, while in cancer cells mentioned
signal and processes are sharply reduced.

In treated animals there is a tendency of catalase
activation, however it is still decreased in comparison
with norm. On the 30th day after tumor implantation
common activity of ceruloplasmin in comparison with
untreated animals (control) is increased by 63,2%.
Moreover, it reaches the normal level .

On the 30th and 40th day of Sarcoma C-45 growth,
Plaferon  decreases concentration of oxidized
ceruloplasmin by 15,9% and 33,0% correspondingly in
comparison with control.
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The ratio of oxidized ceruloplasmin to common rate of 4.
ceruloplasmin is decreased as well, that points on

Membrane structures and electron transport of
mitochondrial respiratory chain are disordered;

restored activity of enzyme.

5. Hemolysis and hypoxia are developed,;

Conclusions

1. During Sarcoma C-45 growth in the organism of

6. After ftreatment with Plaferon-LB antioxidant
protection of blood and activity of hepatocytes'

experimental rats antioxidant properties of blood
are decreased and mitochondrial SOD is
inactivated;

Production of oxigen active form generators — Mn2+,
NO, Xanthinoxidase, Cytochrom P-450 and POL
are activated;

Protective and compensatory reactions of organism
are reduced;

mitochondrial SOD are improved;

Intensity of production of oxygen free radical
generators - Ubisemiquinon, Xanthinoxidase,
oxidized cytochrom P-450 and POL are decreased;

Destruction of membrane structures, especially
erythrocytes and mitochondrial membranes are
decreased contributing to reduction of Hypoxia;

9. Intensity of RR signal in cancer tissue is decreased
indicating delayed growth of cancer tissue.
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buodgusuyeckne 1 OMOXUMHYECKHE MAPAMETPbI OPraHU3Ma B
AMHAMHUKE IKCIEPUMEHTAJIBHOIO 3J10KAYeCTBEHHOI0 OILYyX0JIEBOI'0
pocra

Kemesan I'ambawuosze, Huno Kunuanu, Maxa Tonypuodsze

Kadenpa marodpuznonorun TOMIMCCKOTO TOCYIapPCTBEHHOTO MEUITMHCKOTO YHUBEPCUTETA

PE3IOME

B avHamuke pocTa capkoMbl C-45 n3dyyeHbl 6Modmanyeckue napameTpbl KPOBU, NEYEHWU, CENE3EHKU 1 OMYXONEBON
TKaHNW MeTOAOM 3NEKTPOHHO-NapaMarHMTHOro pesoHaHca (OMP), aKkTMBHOCTb aHTMOKCUMAAHTHOro hepmeHTa
katanasbl mMetogom H. Aebi n koHUeHTpauus uepynonnasmuHa B CbIBOPOTKE KpoBM MeTogom H. BabeHko.
YCTaHOBMEHO, YTO MpPW 3r0Ka4YeCTBEHHOM OMYyXONEBOM POCTE CHWXKAKTCS aHTMOKCUAAHTHbIE CBOWCTBA KPOBU, B
TKaHAX MHaKTUBMPYETCA MUTOXOHApUWarnbHas cynepokcugancmyTasa, npoayKuus Mn®*, NO, aKTMBMPYETCS LIUTOXPOM
P-450 n kcaHTWMHOKCMAas3bl, ycunmMBaeTcs nepekucHoe okucnenve nunupgos (MOJT). Mpoucxoant OecTpykums
MemOpaHHbIX CTPYKTYp, pasBuBaeTcs remonua u runokeus. lnadepoH BbisBNsSeT aHTMokcupaHtHoe u NO-
MOAYNSATOPHOE CBOWCTBO. [locrne neyeHus 3HauMTenbHO YIy4yllaeTCd aHTUOKCMOAHTHas 3aliMTa opraHuama,
cHmkaeTcsl MNOJ1, yMeHbLUaloTCs HapyLLEeHUSI MEMOpPaHHbIX CTPYKTYP U YPOBEHb MMMOKCUN.

Knouersle cyoBa: pakx, MNEePEeKUMCHOE OKUCIJIeHME JIUIMIOB, 3SIP I[eHTPE,
KPOBEL, [NeUeHL, CeJIe3€HKa, IepyJlollJlasMuH, KaTajala, iladepoH
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