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Ionizing radiation (IR) exposure is triggering inflammation and increased rate of apoptosis
leading to generation of tissue damaging agents and cell death. In the present study we investigated
the effects of potential radioprotector, copper complex of L-tryptophan Schiff base derivative,
Cu(II)(picolinyl-L-tryptophan),, on the blood levels of inflammatory and apoptotic markers, prostag-
landin-E, and B-cell lymphoma 2-associated X protein, circulating immune complexes and key
enzymes of the native antioxidant system superoxide dismutase and catalase in animal model of
ionizing radiation. The results obtained demonstrated that Cu(II)(picolinyl-L-tryptophan), possesses
normalizing effects towards the IR-induced alterations in inflammatory response, antioxidant system
activation and apoptotic cell death when administered to animals 1 hour before their exposure to IR.
On the base of these results we concluded that Cu(Il)(Picolinyl-L-tryptophan), may be considered a
multifunctional radioprotective agent.

Antioxidant system enzymes — B-cell ymphoma 2-associated X protein — circulating immune
complexes — Cu(ll)(picolinyl-L-tryptophan)2 — ionizing radiation — prostaglandin-E,

bPnuhquiginn wnwquypnudp (b)) wnwewgimy b pnppnpuyht wypngbutbp b pupdpugunid
wynuyungh dwlwpnuyp, huyp hwighgimd £ hmudwsdp Juuunn gnpénuubph dwdnpuiwip b peoh
dwhywi: Ugjownwiupnid dkup numdtmuppl) Eup wnnbkighwy nunhnuyuownwwuhy thugmpu® L-
wuphuyunndwith Thddh hhuph wdwuguy  Cu(Il)(whynihuh-L-inphuypunndutiun)-h - wqptgnipiniap
JEunuuh Unpkjubph wpubt dbe pnppnpuyhtt b wynuunwunhl dwpytpibph’ ypnunwquiunht E-h, B
poouhti thudnduyh htin wunghwgdué X unghwnwynigh, oppwiwunnt huniughtt hwdwhputiph b pwljut
huljwopuhnuinnughtt. - hunfwlupgh  wnwbgpughtt  $hpukiuntbph’  umubkpopupnmhulnunugh b
Qunuugh dwlupnuljubph Jpw hnthquging funwquypdui yuypiwbbbpnud: Zinwgnuinmpniiukph
wpyniupbtpp gnyg ko wwhu, np funwquypnudhg 1 ¢ wpwe thnpdwplyny YLungwuhubph opquthqd
ubpupyuws  Cu(II)(whynhup-L-nphuyundwbiun)yp - odnws E P& htnbwipn]  wnwowugus
thnthnpunipiniiibpp upquynpnn, hwljwopuhnuuyhtt hwdwljupgh wljnhqugibtint hwwnlnpeni-
ubpnd b wowy b phpnd wwynuununhl pohouibph dwh: Zhdudbny unwuglws wdjuubph Jpu’
Eqpuljugnty Gup, np Cu(Il)(whynihuhy-L-nphyunndwtwun)e-p jupny b hwinhuwtug npubu paquw-
$nijghntiuy punhnuywownuwiths wgkinn:

hwlwopupnuinnuypl hunfwlupgh pbpdkiunilp — B poouypll jhupniluyp hln wunghugyus X

uwypunwlntg — ppowinunn: punibuyhl hudluyhpbkp — Cu(Il)(wyhinpplfpy-L-nphwyunnpwiunn ) —
nbpqughng swnpwquypnid — ypnunuguimhia-E2

Wonmsnpyromas paguamnus (MP) BeI3pIBaeT BocnangeHHe U HOBBIIAET YPOBSHB allONTO3a, YTO
MIPUBOAUT K 00pa30BaHMIO pa3pyIIAIOIINX TKaHb (akTopoB M rubenn kietku. Hamm mccrenoBaHo
BJIMSTHHAE TOTEHINAIBHOIO PAIHONPOTEKTOpa npomu3BoaHoro Ilnddosoro ocnoBanus L-
tpunrodana, Cu(ll)(mukomuumn-L-tpuntodanara), Ha ypoBHH MapKepoB BOCHAJIECHUS U aloITo3a,
npocrarnagauna-E,, X OGenka accommupyromero ¢ nuM¢poMoil B- KIETOK, IHPKyIHPYIONHX
HMMYHHBIX KOMIUIEKCOB, ¥ KIIOYEBBIX (EPMEHTOB AHTHOKCHIAHTHOW CHUCTEMBI CYIEPOKCHJI-
JIMCMyTa3bl M KaTalasbl B KPOBH Y )KUBOTHBIX, Io/iBeprumxcs BiuusHuio VIP. Pe3ysbraTsl mokasanu,
gyro Cu(Il)(nukonuuui-L-tpuntodanar),, MOIy4eHHBI 3a d9ac g0 OOJydeHHs, HOpMaln3yeT
W3MEHEHUsI, BBI3BAHHbIE BOCHAIUTEIBHBIM OTBETOM, AKTHBHUPYET AHTHOKCHUAAHTHYIO CHCTEMY
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U PeTyJHpYyeT alonTOTHIECKYI0 Tuens KineTku. Ha oCHOBaHMM MONTyYeHHBIX PE3yIbTaTOB MBI 3aK-
mourid, uto Cu(Il)(muxonuunn-L-tpunrodanar), MoKeT OBITh HCIOJIB30BaH KaK MyJIbTH(HYHKINO-
HaJIbHBII paJiO3aIllUTHBIA areHT.

Depmenmol anmuoxcudanmuou cucmemst — X 610K accoyuupyrowuii ¢ aumg@omou B-kremox —
yupkynupyrowue ummyrnvie komniexcol — Cu(ll) (nuxonunun-L-mpunmoganam) ; — uonusupyiowas
paduayus — npocmaznanout-E,

Exposure to ionizing radiation (IR) causes serious injury to human health, damaging
important functional systems of organism and increases the risk of acquiring cancer and
other diseases.

Humans are continually exposed to ionizing radiation from many sources. This is cal-
led natural background radiation. For most people more than half of their natural background
radiation dose comes from radon, a radioactive gas found in natural sources including the
ground, underground water, and the atmosphere. Other natural background radiation sources
include cosmic radiation from space, naturally occurring radioactive minerals in the ground
and in the air, and medical diagnostics and treatments. In general, the health risks associated
with this kind of exposure are minimal. If, however, a catastrophic event or accident occurs
that results in the exposure of all or mostly all of the body to a high dose of penetrating
radiation over a very short period of time, the result is a severe illness known as acute
radiation syndrome (ARS). In these circumstances, the key protective systems of the body,
such as the immune and antioxidant, mobilize all the reserves of the organism, but finally
deplete.

The effects of IR on the immune system depend on the dose received. Massive cell
death, inflammation, and infection are the acute effects of high-dose radiation exposure.

Irradiation was reported to induce oxidative stress with overproduction of reactive
oxygen species (ROS) such as superoxide radicals (O?), hydroxyl radicals (OH’), and
hydrogen peroxides (H,O,) [19], which react rapidly with almost all structural and functional
organic molecules, including proteins, lipids, and nucleic acids causing disturbance of cel-
lular metabolism [14]. One of the protective mechanisms here is the enzymatic system,
which operates through the sequential and simultaneous actions of a number of enzymes
including catalase (CAT) and superoxide dismutase (SOD) [10]. SOD, which is localized in
various cell compartments, dismutes O* to H,O, and oxygen [13]. CAT is synthesized in a
tissue specific and age dependent manner, scavenges H,O, generated during photorespiration
and B-oxidation of fatty acids [11].

Induction of the arachidonic acid cascade with subsequent production of eicosanoids
through the cyclooxigenase and lipooxigenase pathways is one of the indirect effects of (IR).
Eicosanoids affect different systems of the organism regulating cell growth, differentiation,
and apoptosis. Although, prostaglandins, a family of eicosanoids, produced in response to IR,
are known as immune system suppressors and radio-sensitivity-enhancing agents, recently
data indicates that prostaglandins, particularly prostaglandin-E, (PGE,), are radio-protective
for normal cells, but only when administered before irradiation [4, 9, 18]. Endogenous
prostaglandins act as inflammatory mediators [3]. In addition, promising findings suggest
that prostaglandins, especially PGE,, are involved in a new early mechanism of control in the
activation of B-cell lymphoma 2-associated X protein (BAX) during apoptosis [9, 18, 8]. IR
exposure is triggering inflammation and increase rate of apoptosis-leading to generation of
tissue damaging agents and cell death [7]. IR also destroys native antioxidant protective
system [1]. One of the primary goals of radioprotective therapy is to develop efficient radio-
protective agents diminishing the effects of IR at multiple levels. Earlier, it has been shown
that copper complexes with organic compounds exhibit anti-inflammatory and radio-
protective activities and are as efficient as radio-protectors [1, 2, 6]. Cu(Il) (picolinyl-L-
tryptophan),, a newly synthesized L-tryptophan Schiff
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base derivative, was shown to decrease the mortality rate of experimental animals in the
conditions of IR [12].

Here, we studied the effects of Cu(Il)(picolinyl-L-tryptophan), on the blood levels of
the inflammatory, apoptotic, and antioxidant mediators including different sub-populations
of circulating immune complexes (CIC), the specific activities of the key enzymes of an-
tioxidant system CAT and SOD, PGE, and BAX in the conditions of IR.

Materials and methods. Animal model of IR. Experiments were performed using white male
rats with 160-180g of body weight. The animals were divided into the following groups: 1) intact
animals (IA), 2) irradiated animals, 3) irradiated animals treated by the Cu(II)(picolinyl-L-
tryptophan), (per oral administration of 10mg per kg of body weight 1 hour before IR). The animals
were subjected to a single-dose IR using "RUM-17" X-ray unit (conditions: dose 5 Gy, dose rate
1.78 Gy/min, voltage 200 kV, and current strength 20 mA, without filters and with focal distance 50
cm).

Isolation of serum and erythrocyte from the blood samples. To obtain serum, the blood was
collected after decapitation of the animals on the 31 71 14™ and 28" days after irradiation, left until
clotting at room temperature, and then centrifuged at 3000 g for 10 min. The serum was collected
and used in further experiments. To isolate erythrocytes, the blood was collected in the tubes with
anticoagulant, then centrifuged at 3000 g x 4°C, 10 min. Precipitated erythrocytes were washed with
saline and use in further experiments.

Determination of CIC levels. Total concentration of CIC and a level of large-sized CIC in the
serum was determined earlier developed assays [16, 17] and expressed as absorbance units at 280 nm
(Asg). Serum concentration of CIC subpopulations containing Clq products of the complement
system (C1q-CIC) was determined by the the enzyme-linked immunosorbent assay (ELISA), using
commercial kit "IMTEC-C1q-CIC" (Human GmBH, Germany) according to manufacturer's
instruction. The levels were expressed in [Jg per ml of serum (mg/ml).

Determination of SOD and CAT activities. SOD activity in hemolyzed erythrocytes was de-
termined by the earlier developed spectrophotometric assay estimating the extent of inhibition of
autooxidation of adrenaline in the alkaline medium by SOD [15]. Specific activity was expressed in
the International units of SOD activity per ml of hemolyzed erythrocytes (U/ml).

The acticity of CAT in hemolyzed erythrocytes was determined by using earlier described
spectrophotometric assay estimating the decrease in the content of hydrogen peroxide in incubation
medium in the presence of catalase [5]. Specific activity was expressed in the International units of
CAT activity per ml of hemolyzed erythrocytes (U/ml).

Determination of PGE, and Bax levels. PGE, and Bax levels in the blood serum were measu-
red by ELISA using commercially available kits (Cayman Chemical Company, USA and Uscn Life
Science Inc., China, respectively) according to manufacturers’ protocols. The levels were expressed
in pg per ml of serum (pg/ml).

Statistical analysis was performed by Student’s unpaired t-test and by calculation of Spear-
man’s rank correlation coefficient (Rs). P values <0.05 were considered as statistically significant.

Results and Discussion. The influence of Cu(Il)(picolinyl-L-tryptophane), on the
levels of different sub-populations of CIC. Beginning from day 14 after exposure to IR a
significant increase of the total CIC and large-sized CIC serum levels were observed. Pre-
treatment of animals with Cu(Il) (picolinyl-L-tryptophane), before IR decreased the levels of
CICs beginning from day 14 after irradiation, as compared to untreated irradiated animals.
The obtained results are shown on tabl. 1.

Influence of Cu(IT)(picolinyl-L-tryptophane)2 on specific activity of SOD and CAT.
According to the data obtained, a statistically significant decrease in SOD activity of hemoly-
zed erythrocytes was detected in irradiated animals non-treated with Cu(Il) (picolinyl-L-tryp-
tophane), prior to irradiation, as compared to intact animals. In case of CAT, a significant
decrease in this enzyme activity was detected in irradiated animals, as compared with non-
irradiated. Pre-treatment with Cu(Il) (picolinyl-L-tryptophane), before
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exposure to IR resulted in increase of SOD activity up to control level. The same effect was
observed in case of CAT, thereby increasing the stability of enzymes to ionizing radiation.
The obtained results are shown on tabl. 3.

Tabl. 1. The levels of total CIC (mean+SD) in the blood serum of the experimental
animals treated and non-treated with Cu(II)(picolinyl-L-tryptophane), before
irradiation and in intact non-irradiated animals

Group [Total CIC], Ay, [lg/ml
Irradiated animals non-treated with Cu(II)(picolinyl-L- -
tryptophane), before exposure to IR 0.29110.05 (a)
Irradiated animals treated with Cu(II)(picolinyl-L-tryptophane), 0.23110.02 (b)
before exposure to IR

Intact animals 0.13770.01 (c)

The results represent data obtained on day 28 after exposure to IR. a vs. b (p < 0.05);
avs. ¢ (p<0.005); b vs. ¢ (p<0.003).

Tabl. 2. The levels of C1q-CIC (mean+SD) in the blood serum of the experimental
animals treated and non-treated with Cu(Il)(picolinyl-L-tryptophane), before irradiation
on different time-points after irradiation and in intact non-irradiated animals

Group [C1q-CIC], Llg/ml
Irradiated animals non-treated with Cu(II)(picolinyl-
L-tryptophane)2 before exposure to IR
Irradiated animals treated with Cu(II)(picolinyl-L-
tryptophane), before exposure to IR
Intact animals 1.07010.76

The results represent data obtained on day 28 after exposure to IR. a vs. b (p < 0.05).

2.14110.16

0.77010.18

Tabl. 3. Comparative analysis of superoxide dismutase (SOD) and catalase activity (mean+SD) in the
lysate of erythrocytes irradiated animals at a dose of 500 R on day 7" on the background of prior
(1 hour before irradiation) subcutaneous injection Cu(II)(picolinyl-L-tryptophane),

Group CAT specific activity,

SOD specific activity, U/ml Ulml

ITrradiated animals non-treated with
Cu(II)(picolinyl-L-tryptophane)2 before 296.761187.76 225721542
exposure to IR

Trradiated animals treated with

Cu(II)(picolinyl-L-tryptophane)2 before 431.241169.3 16884111536.1
exposure to IR
Intact animals 559.360162.2 11232011347.7

Influence of Cu(Il) (picolinyl-L-tryptophane), on PGE,-dependant mechanism of Bax-

activation. The obtained results indicated that IR-exposure significantly decreases the serum
levels of both PGE, and Bax, and that pre-treatment with Cu(II)(picolinyl- L-
tryptophane), diminished these effects (fig.1, 2). In addition, we found a significant positive
correlation (Rg = 0.961; p < 0.05) between the levels of PGE, and Bax in irradiated animals
treated and non-treated with Cu(Il)(picolinyl-L-tryptophane),before exposure to IR.
The results obtained in the present study indicated that Cu(Il) (picolinyl-L-tryptophane), can
normalize the harmful effects of IR on the immune and antioxidant systems as well as on the
apoptotic rate. This particularly applies to the levels of different subpopula tions of CIC,
important mediators of the immune response and inflammation, SOD and CAT, the key
enzymes of the native antioxidant protective system, and PGE,-dependant mechanism of Bax-
activation. Cu(Il) (picolinyl-L-tryptophane), might be considered as a prospective
multifunctional radio-protective agent.
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Fig. 1. Serum PGE, levels (M£SD) in intact animals (1) as well as in irradiated animals
treated (2) and non-treated with Cu(II)(picolinyl-L-tryptophane), (3).
avs. b (p<0.05); a vs. d (p<0.05); a vs. ¢ (p>0.05); a vs. e (p>0.05)
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Fig. 2. Postradiation changes in the serum Bax levels (M£SD) in intact animals (1) as well as
in irradiated animals treated (2) and non-treated with Cu(Il)(picolinyl-L-tryptophane), (3).
avs. b (p<0.05); avs. d(p<0.05); avs.c(p>0.05);avs.e (p>0.05)
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