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Effects of the different modes of administration of dichlorotetra-u-isobutyratodirhenium(Ill) — I — (in
water solution, liposomes, nanoliposomes and together with cisplatin — in the rhenium-platinum system) on
the intensity of lipid peroxidation (LP) in blood plasma and the activity of the erythrocyte antioxidant enzymes
were investigated on the model of tumor growth. A decrease in the concentration of TBA-active substances
caused by dirhenium compounds was shown to be independent of the administration mode and the extent
of the tumor growth inhibition. I was four-times more effective in inhibition of the LP burst than any known
antioxidant. I induced the increasing activity of erythrocyte superoxide dismutase and decreasing activity of
catalase. In vitro experiments with native superoxide dismutase, the interaction of I with following activation
of the active center of the enzyme was confirmed and the superoxide dismutase activity of I was shown, that
may contribute to the enhancement of the enzyme activity in vivo. The cluster rhenium compounds may be
promising nontoxic potent antioxidants capable of deactivating superoxide radicals.

Key words: lipid peroxidation, oxidative stress, Guerin’s carcinoma, catalase, superoxide dismutase,
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ter rhenium(IIl) compounds with organic li-

gands exhibit pronounced anticancer and
antiradical activities, particularly in combination
with platinum compounds (Re-Pt system) [1, 2].
The most studied among them is dichlorotetra-pi-
isobutyratodirhenium(III) Re,(i-C,H,CO0),Cl, - (I),
which both individually and as a part of the Rhe-
nium-Platinum system has anticancer, hepato- and
nephroprotective activity. Compound I has several
structural features (Fig. 1), which might be respon-
sible for the above indicated properties: a) binuclear
clustering of rhenium atoms; as the main component
of the molecule is characterized by low toxicity;
b) quadrupole bond, which is responsible for anti-
radical and antioxidant properties; c) chlorine atoms,
which are able to interact with polar molecules;
g) branched alkyl groups and their symmetrical ar-
rangement that provide hydrophobic interactions.

I n our previous work it was shown that clus-

One of the directions of further studies of the
compound I and other cluster rhenium compounds
is to find the optimal modes of administration of I
alone or in the Re-Pt system, at which both an effec-
tive inhibition of tumor growth and suppression of
the intensity of the free radical burst that accompany
tumor growth can be achieved.
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Fig. 1. Dichlorotetra-u-isobutyratodirhenium(I1l) —
@
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Experiments in vitro showed that the rhenium
compounds with isobutyrate ligands, which are di-
carboxylate structural type, in cis- and trans-config-
urations interact with erythrocyte SOD and change
protein conformation. It was found that cis-dicarbo-
xylate dirhenium(I1I) exhibits superoxide dismutase
activity that is not inherent in trans-dicarboxylat-
dirhenium(III) [3]. Therefore, the study of the in-
fluence of rhenium compound with isobutyrate li-
gands of tetracarboxylate type on SOD molecule in
experiments in vivo and in vitro is a consequential
continuation of previous studies that may highlight
the problem of direct interaction of I with the SOD
molecule.

Thus, the aim of this work was to study the ef-
fect of I at various modes of administration on basic
parameters of oxidative stress in blood of rats with
Guerin’s carcinoma and on the activity of native
SOD in vitro.

Materials and Methods

In our research we studied cluster compound
dichlorotetra-p-isobutyratodirhenium(III) Re,(i-
C,H.CO0),Cl, — (I) (Fig. 1) synthesized in the
Ukrainian State University of Chemical Technology
[1]. Liposome [I]lip, nanoliposome [I]nl forms of I
and solid nanoparticles loaded with I and the Re-Pt
system with various ratios of the components inside
lipid capsule [I+cPt (4:1)] lip, [T+cPt (4:1)] nl, [T+cPt
@: )] np, [I+cPt (4:2)] nl, [I+cPt (4:2)] were prepared
according to [2].

Wistar rats weighing 100-150 g maintained
in standard vivarium conditions were used in the
experiments. Rats without tumor were control
group. All animal experiments were performed in
accordance with the rules of the European Conven-
tion for the Protection of Vertebrate Animals used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986). Tumor growth was modeled by
transplantation of 20% suspension of Guerin’s car-
cinoma cells (T8) in solution to healthy rats (group
T8) according to [2]. The compounds of rhenium and
platinum were administered by various modes:

mode 1 — administration of the compound I
alone. The compound I in solution (sln), in the form
of normal liposome (lip) 5-10 um, in the form of
nanoliposoms (nl) and solid nanoparticles (np) 10-
100 nm (group T8+[I] sln, T8+[I] lip, T8+[I] nl,
T&+[I] np, respectively) were administered intraperi-
toneally ten times at a dose of 7 umol/kg for 21 days
with an interval of one day starting from the 3" day
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after cancer cells transplantation. Administration of
I was also conducted per os ten times at the same
dose in the form of solid nanoparticles 10-100 nm
starting from the 3" day after cancer cells transplan-
tation (group T8+[I] np (per 0v));

mode 2 — administration of the Re-Pt system
components, wherein cisplatin was administered
once in aqueous solution, and rhenium compound
was administered ten times in liposome form or in
the form of nanoparticles with a final molar ratio of
rhenium compound:platinum 4:1. A single intraperi-
toneal injection of cisplatin solution (cPt) at a dose of
1.75 umol/kg was performed on the 9" day after tu-
mor transplantation, and intraperitoneal administra-
tion of I was conducted at the same doses and modes
(as described above for mode 1), groups: T8+cPt+[I]
lip, T8+cPt+[I] nl, T8+cPt+[I] np, T8+cPt+[I] np
(per o0s);

mode 3 — combined use of the Re-Pt system
in the form of mixed nanoliposomes and nanopar-
ticles, where both cytostatics were inside lipid na-
nocapsules. Intraperitoneal administration of na-
noliposomes and nanoparticles 100-150 nm loaded
with I and cPt in molar ratios of 4:1 and 4:2 was con-
ducted starting from the 3% day after tumor trans-
plantation in the amount of 7 pmol/kg of rhenium
compound and the corresponding amount of cispla-
tin; groups: T8+ I+cPt (4:1)] nl, T&8+[I+cPt(4:1)] np,
T8+[I+cPt(4:2)] nl, T&8+[I+cPt(4:1)] np (per o0s).

Animals were decapitated under chloroform
anesthesia on the 21* day. Tumor was removed and
weighed. Content of the compounds that react with
thiobarbituric acid (TBA-active compounds) in
blood plasma, the activities of superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase
(GP) in erythrocyte hemolysates were examined
using methods [4-7]. The antioxidant effectiveness
(E%) was calculated as a ratio of the concentration of
TBA-active compounds in blood in the experiment
with administration of antioxidant to the concentra-
tion of TBA-active compounds upon the pathology
in the experiments without antioxidant administra-
tion.

In vitro studies were performed using Cu,Zn-
SOD from bovine erythrocytes (Sigma-Aldrich,
USA), 0.056 mg/ml. Fluorescence was measured
in phosphate buffer pH 7.4 using spectrofluorime-
ter Shimadzu RF-5301 PC (Japan), slit width EX:
10.0 nm and EM: 10.0 nm, excitation wavelength
290 nm [8]. The effect of the compound I in a molar
ratio of 1(SOD):10(I) was studied immediately after
mixing. SOD activity in the presence of I and SOD-
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like activity of I in vitro were determined on the
xanthine-xanthine oxidase system expenditure using
19160 SOD Determination Kit (Sigma-Aldrich Che-
mie GmbH). Measurements were carried out every
minute during a period of 5 min after the addition of
xanthine oxidase solution at 25 °C using spectropho-
tometer Shimadzu UV-1601 UV-visible at 440 nm.
We registered the changes in absorbance (A'107?) as
the differences between the absorbance every minute
and the absorbance of the mixture at the beginning
of the experiment, i.e., absorbance values growth.
All measurements were carried out in triplicate and
presented as means with standard errors. The re-
sults were statistically processed using the Student’s
t-test. Differences in values were considered statisti-
cally significant at P < 0.05.

Results and Discussion

The chosen model of tumor growth — Guerins
carcinoma (T8) — is characterized by intense growth

and reaches a weight of 50-65 g (which is 20-40% of
rat body weight) by the 21% day after transplantation
of cancer cells (Table 1).

In this group we observed a significant increase
(more than 6-fold) in the concentration of TBA-
active compounds, which indicates intensification
of the lipid peroxidation (LP) process, inherent in
“radical burst” in this model. Upon the action of cPt
(group cPt) the tumor weight by the 21* day was 3.5-
fold less than that in the group T8. The intensity of
LP in the blood plasma of these animals was also
reduced almost 2-fold due to inhibition of the tumor
growth.

When compound I was administered intraperi-
toneally and per os by mode 1, the tumor weight
was reduced to 30-50%, i.e. much less than upon
administration of cPt. However, inhibition of the LP
intensity was more pronounced than in the group
upon administration of cPt (in some experimental
groups was almost twice more).

Table 1. Tumor weight, tumor inhibition index and concentration of TBA-active compounds in the plasma

of the experimental animals, n = 8-10

Experimental group Tumor weight, g

Inhibition, % of T8 TBA content, mol/l

Control - - 7,69 £+ 0,38

T8 63.27 £ 3.16 - 52.88 £ 2.64*

cPt 17.72 £ 0.89%* 71.99 + 3.60 21.16 + 1.06%*
Mode 1

T8 + [1] sln 50.34 + 3.08*¥ 20.44 + 1.02* 19.48 + 0.99**

T8 + [I] lip 46.33 £ 2.31*¥ 2677 + 1.34% 17.54 + 0.88*#

T8 + [I] nl 45.64 £ 2.15% 27.86 + 1.39% 19.50 + 0.90**

T8 + [I] np 34.68 £ 2.46* 4518 + 2.26* 12.44 + 0.60***

T8+ I np (per os) 29.80 + 1.49* 52.90 + 2.65% 11.54 £ 0.58%*"
Mode 2

T8+ cPt +[I] lip 0.28 £ 0.01*** 99.56 + 4.98*** 5.12 £ 0.26 **

T8+cPt+[I] nl 1.98 £ 0.11%** 96.87 £ 4.84%%* 11.90 + 0.62 **#

T8+cPt+[I] np 0.93 + 0.05%** 98.53 £ 4.93*** 8.65 £ 0.43 **

T&+cPt+[I] np (per 0s) 0.21 £ 0.01%** 99.67 + 4.98*** 12.02 £ 0.64 **#
Mode 3

T8+[I+cPt(4:1)] nl 1.38 £ 0.07*** 07.82 + 4.89*** 7.53 £0.38 **

T8+ I+cPt(4:1)] np 2.39 + 0.12%** 96.22 + 4 81*** 12.72 £ 0.64 **#

T8+[I+cPt(4:1)] np (per os)
T8+[I+cPt(4:2)] nl
T8+ +cPt(4:2)] np

27.31 & 1.37%*
18.13 + 0.90**
30.03 £ 1.51*

31.09 £ 1.55 *#
10.90 + 0.55 **#
26.44 £ 122 **

56.84 + 2.84**
71.35 £3.57**
52.54 +£2.63*

# P <0.05 relative to the control group; * P < 0.05; ** P <0.01; *** P <0.001 relative to the group T8; ¥ P < 0.05 relative

to the group T8 + [I] np
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It should be noted that various modes of
administration of equal amounts of I differ in
their effectiveness in tumor growth inhibition: the
administration of liposomal forms or solution re-
sulted in less tumor inhibition compared to adminis-
tration of solid nanoparticles loaded with 1. These
findings point out an importance of further research
using solid nanoparticles loaded with anticancer
agents. It is known that this drug formulation is
suitable for storage and administration of medicines
[9]. It should also be noted that the liposome size
does not affect the parameters of efficiency of tu-
mor growth inhibition and oxidative stress in these
experiments, when compared groups T8+[I]l and
T8+ Inl. Thus, it was shown that the compound I
administered alone to tumor-bearing rats in various
forms exhibited moderate antitumor activity and
ability to inhibit oxidative stress, regardless of the
form of administration. So, the use of solid nano-
particles in therapy is promising in a search for new
classes of antitumor agents.

Administration of the components of Re-Pt
system by mode 2 demonstrates efficient, almost
complete inhibition of the tumor growth. The tumor
growth in the most of experimental animals was sig-
nificantly inhibited regardless of the modes of the
system components administration. In our previous
works, effectiveness of the Re-Pt system as anti-
tumor agent was shown on many cluster rhenium
compounds, and, in our opinion, it might be caused,
by a synergistic or additive mechanism of interac-
tion between the platinum, rhenium compounds and
DNA. It should be noted that administration of the
components of the Re-Pt system by mode 2 led not
only to a significant inhibition of tumor growth but
also to a significant reduction (normalization) in con-
centrations of the LP products.

The obtained results for Re-Pt system effi-
ciency became an impetus for development of new
nanoforms, namely nanoliposomes and solid nano-
particles, which would contain both cytostatics - cPt
and I inside lipid nanocapsule. Such mixed and solid
nanoparticles were synthesized and characterized
[2]. Administration of the combined Re-Pt system in
mixed nanoliposomes and nanoparticles to the ex-
perimental animals by the mode 3 was also effective,
in terms of both antitumor and antioxidant activities,
except for experiments, where the amount of cispla-
tin within the nanocapsules was increased and where
the mixed nanoparticles were administered per os.
In our view, the possibility to change the content of
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cytostatics inside nanocapsules is a significant step
toward nanotechnology and combined therapy in the
cancer treatment.

It is known that the concentration of the TBA-
active compounds in the blood plasma is an impor-
tant biochemical marker that reflects the intensity of
the whole body LP - a process that is a consequence
of membrane lipid oxidation by reactive oxygen
species, excessive formation of which occurs under
many pathological conditions [10, 11]. Administra-
tion of the antioxidants significantly reduces the oxi-
dative stress intensity in the organisms [12].

If application of known antioxidants lead to a
maximum 1.5-2-fold reduction in the blood LP in-
tensity at various pathologies, the efficiency of the
compound I in LP inhibition is much higher (4-
fold) than the efficiency of known antioxidants. The
mechanism of action of known antioxidants lies
in direct interaction with radicals via conjugated
n-bonds (e.g., vitamins A, C, E) to form stable par-
ticles, which inhibit radical chain reaction. Quadru-
pole bond of cluster direnium fragment easily binds
the electrons of free radicals on low-energy §-anti-
bonding molecular orbital. Known organometallic
compounds also exhibit antioxidant effects, however,
these effects are realized via m-unsaturated ligands,
of e.g. the polyphenol or flavonoid nature [14]. The
rhenium compounds with quadrupole bond represent
a new class of highly effective d-antioxidants that,
along with their non-toxicity, makes them promising
drugs.

Red blood cells, or erythrocytes, are the most
numerous and specialized cells in the organisms.
The main function of red blood cells is to transport
oxygen and carbon dioxide. During erythropoiesis,
erythrocytes lose nucleus, ribosomes, mitochondria,
and thus the ability to cell division, protein synthe-
sis and oxidative processes inherent in mitochondria
[15]. Due to their physiological role, the red blood
cells are permanently affected by endogenous oxida-
tive stress: the auto-oxidation of oxyhemoglobin to
methemoglobin generates superoxide radical (O,"),
which is the main source of free radicals in erythro-
cyte. Oxidative stress, which occurs at pathologies,
can damage erythrocytes as well as other biological
molecules of the organism [10]. Normal erythrocytes
have a reducing activity, which is 250-fold greater
than their oxidation potential [13]. However, when
the intensity of oxidative stress is increased, eryth-
rocyte antioxidant system lacks defense, and the
cell becomes the storage and carrier of extracellu-
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lar superoxide anion-radical and hydrogen peroxide,
which can be transported through the anion channel,
or freely penetrate the membrane, respectively.

Erythrocyte antioxidant system mainly in-
volves activities of: Cu,Zn-SOD, which maintains
the concentration of superoxide anion at 10-13 mol/I;
CAT, which decomposes hydrogen peroxide to water
and oxygen (activities of these enzymes in erythro-
cyte much higher than in the other body tissues ex-
cept for liver); glutathione peroxidase (GP), which
catalyzes the same reaction as CAT. Changes in the
activity of these enzymes lead to an imbalance of
redox status of cells and consequently of the whole
organism. Thus, a study of enzymes of erythrocyte
antioxidant system upon various pathologies gives
an insight into the redox status of the whole organ-
ism. The role of erythrocyte SOD and CAT as an-
tioxidant enzymes maintaining redox status of the
whole body is confirmed by the fact that administra-
tion of these proteins as drugs leads to antioxidant
protection of the whole body [11]. For example, ad-
ministration of the liposomes loaded with SOD and
CAT to rats with oxygen intoxication (100% oxygen)
significantly increased their life span [16]. Discove-
ry of the antioxidant, anti-inflammatory, anti-car-
cinogenic effect of these proteins has triggered an
intensive search for their low molecular biomimetics
based on organometallic compounds [17]. Namely
these organometallic compounds are the basis for
the creation of such mimetics since SOD and CAT
are metalloproteids.

Numerous studies on the activity of erythro-
cyte antioxidant enzymes upon various pathologies,
summarized in the review [10], have indicated that
the high intensity of oxidative stress in the body
leads to a decrease in the activity of erythrocyte
SOD and CAT, as well as to the imbalance in ac-
tion of antioxidant enzymes. It has been found that
high concentrations of the free radical compounds
inactivate SOD, CAT and GP. For example, in the
SOD molecule under the influence of significant
concentrations of hydroxyl radical, histidine 118 is
oxidized to oxo-2 histidine in the active site that, in
turn, leads to complete enzyme inactivation [18].

In our experiments, development of oxidative
stress (group T8) resulted in a decrease in the eryth-
rocytic SOD activity (by 14%) and CAT activity (by
59%) (Table 2) compared with the control.

Administration of cisplatin (group cPt) led to
a significant increase in the SOD activity (about
3-fold) and a decrease in the CAT activity (by a fac-

tor of 1.5) compared to control, and an increase in
the SOD and CAT activities compared to the group
T8. Administration of I led to increasing of the
SOD activity compared to the control group (2-3.1-
fold), compared to the tumor-carrier group (2.1-3.3-
fold), and the cisplatin group (by 15-27% for groups
T8&+[T+cPt(4:1)|nl, T&8+[I+cPt(4:1)]np). Administra-
tion of I increased the CAT activity 1.5-2.3-fold
compared to the group T8 and max. 1.5-fold com-
pared to the cisplatin group, although did not reach
to the control values.

The data on the different effects of Re and Pt
compounds on the SOD and CAT activities can be
explained by their different effects on erythropoiesis.
In particular, during carcinogenesis, inhibition of the
Nrf-2 (eritroid derivative nuclear factor) that regu-
lates the expression of antioxidant enzymes has been
shown [11]; rhenium cluster compounds support the
erythropoiesis process upon the neoplasm develop-
ment [20]; cisplatin suppresses erythropoiesis; the
red blood cells, short-lived but with high amount of
SOD, are formed.

On the other hand, the organometallic com-
pounds may directly interact with erythrocyte anti-
oxidant enzymes. However, it is known that cispla-
tin, at direct interaction, inactivates SOD and CAT
enzymes by binding thiol residues of cysteine [20].
At the same time, direct activation of the rhenium
compounds is possible [3].

Given the calculations based on our data and
carried out according to [21], we can say that parame-
ters of the control group correspond to zone I of oxi-
dative stress intensity [22]. Parameters of the groups,
in which the studied compounds were administered
by mode 2, correspond to zone II. Parameters of the
groups cPt and T8 correspond to zones III and 1V,
respectively (Table 3).

According to this classification, there are four
zones in hormetic (from the Greek hormesis - rapid
motion) oxidative stress curve, which differ in the
stress intensity and response of enzyme systems to
an increase in the concentration of inducers of free
radical burst. The first zone, to which, perhaps, the
control group refers, is characterized by basal oxida-
tive stress.

The second zone is characterized by higher in-
tensity of oxidative stress and activation, or mode-
rate inactivation of the antioxidant enzymes. The
groups, in which the Re-Pt system was adminis-
tered by mode 2, may be associated with this zone.
The fourth zone, which is characterized by a high
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Table 2. The activity of erythrocyte antioxidant enzymes in the experimental animals (% of control)

Experimental group

SOD activity, %

CAT activity, %

Control 100.00

T8 85.92 £ 5.20*

cPt 291.49 + 6.62%*
Mode 1

T8 + [I] sln 264.15 + 7.18%*#

T8 + [I] lip 292.13 £ 9.15%*#

T8 + [I] nl 294.00 =+ 10.24**#

T8 + [I] np 262.15 + 8.15%*#

T&+ I np (per os) 198.32 & 7.14*#
Mode 2

T8+ cPt +[I] lip 290.14 + 8.04***

T8+cPt+[I] nl
T8+cPt+[I] np

T8+cPt+[I] np (per 0s)

T8+ I+cPt(4:1)|nl
T8+ I+cPt(4:1)|np

T8+[I+cPt(4:1)np (per os)

T8+[I+cPt(4:2)]nl
T8+ I+cPt(4:2)|np

280.15 £ 7.56%*#
246.18 £ 6.16%*#
218.14 + 5.84%**
Mode 3

318.46 £ 11.56%*#
306.15 £ 8.14%*#
242.14 + 7.18**#
261.18 + 8.14%*#
274.15 + 8.45%**

100.00
41.08 £ 2.05"
66.70 + 3.34%*

84.16 + 3.96**
91.84 + 4.59%*
90.46 + 5.02*
94.46 + 4.32*
86.18 £ 4.02**

64.16 £+ 3.18%#
68.14 £ 3.26%*
82.14 £ 4.12%#
80.46 + 4.18**

72.18 + 4.12%*
84.18 £ 5.46%#
90.32 + 6.28*
62.16 + 4.14**
60.12 + 3.96"

# P <0.05 relative to control group; * P <0.05; ** P <0.01; *** P <(.001 relative to group T8

Table 3. Oxidative stress parameters of the blood of experimental animals given the oxidative stress inten-

sity

Parameters of redox status

Zone of oxidative stress intensity

I low II low ‘ [T moderate ‘ IV high
Content of TBA-active 7.69 5.12-12.02 21.16 52.82
compounds, mmol/I (%) (100) (66.57-156.31) (275.16) (686.87)
SOD activity, % 100 218.14-290.14 291.49 85.92
CAT activity, % 100 64.16-82.14 66.70 41.08
Group Control Administration  cPt (conditionally) T8
by mode 2

intensity of oxidative stress and inactivation of the
antioxidant enzymes, probably includes T8 group.
The cPt group, according to the indicated above pa-
rameters, can be associated with the zone III only
conditionally since, increased SOD activation was
observed there. Other studied groups can be also as-
sociated with the zone II or III only conditionally.
Thus, the obtained data on the intensity of oxidative
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stress and the activity of the antioxidant enzymes
can be explained only partially by the relationship
between the concentration of stress inducer and the
effect.

Interpretation of the data on the CAT activity
is complicated by the fact that red blood cells have
another enzyme (GP) decomposing hydrogen peroxi-
de. Since the CAT activity decreased in the blood of
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Fig. 2. Erythrocyte glutathione peroxidase activity in some groups of the experimental animals: 1 — control;
2—1T18; 3—cPt; 4— T8+cPt+[I]nl; 5 — T8+[I+cPt4:1)]nl. * P < 0.05 relative to control, * P < 0.05 relative to

group T8

rats of all experimental groups compared with the
control, additional analysis of the GP activity was
carried out in some groups (Fig. 2).

During the growth of transplanted Guerin’s
carcinoma, GP activity reduced by 50% compared to
control (Fig. 2). Causes of a decrease in this enzyme
activity is probably the same as for other antioxidant
enzymes. Administration of cPt did not affect the en-
zyme activity compared to the tumor-bearing rats,
despite a significant antitumor effect of cPt. Since,
GP is glutathione-dependent enzyme, it should be
noted that cPt directly interacts with glutathione [23]
and binds specifically with selen and thiol groups at
the GP active center [13] that results in the enzyme
inactivation. Probably, that is why the level of the
GP activity did not increase, although a significant
inhibition of tumor growth was observed.

Upon administration of the Re-Pt system
(modes 2 and 3) an increase in the enzyme activi-
ty by 22-77% compared with the group T8 was
observed. Thus, normalizing of the redox-status of
erythrocytes under the action of I can be explained
by both SOD activation that led to reduction of the
superoxide anion concentration and GP activation
that led to reduction of the hydrogen peroxide con-
centration. Activation of the erythrocyte antioxidant
enzymes and decrease in the ROS concentration
caused lowering of the LP intensity in the cell and
the whole organism.

Activation of the erythrocyte SOD upon ad-
ministration of certain rhenium compounds, we
explained by their SOD-like activity, or by possible
interaction with the SOD molecule and following

by changes in apoenzyme conformation and a cor-
responding increase in the reaction rate in the active
site of the enzyme [3]. The possibility to apply the
same explanation for the compound I was the next
stage of this study.

The addition of I to the SOD solution resul-
ted in a change in tyrosine fluorescence intensity
(Fig. 3).

We chose fluorescence of tyrosine for estab-
lishing the possible interaction between I and SOD,
since only this amino acid residue is a fluorophore,
and the SOD molecule does not contain tryptophan
[24]. During the reaction of SOD with I in the ratio of
1:10 we observed the main peak with A, = 321 nm

300

A A=326
250
/rﬂA\
200 N
w150

1 e
I A\
100 ;

4

50 -—
! = -
o - . . .
300 350 400 450
A, nm
Fig. 3. Fluorescence spectrum for SOD (——) and

SOD with I (= —) in a molar ratio of 1 : 10
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Table 4. Changes in absorption (A-107?) of the reaction mixture upon the addition of SOD, SOD with I in
ratio of 1 : 10 in xanthine-xanthineoxidase system (M = m; n = 3)

Time, min ‘ SOD SOD+1 ‘ I
1 4.34+0.25 1.42+0.23 10.62 £2.22
2 10.42 +0.61 9.17 £0.49 943 + 1.94
3 16.40 £ 0.93 17.83 + 1.45 8.15+2.13
4 22.21 £ 1.86 24.62 +1.83 14.66 + 3.36
5 2777 +£2.48 30.36 +4.14 2692 +5.12

(blue shift compared to the native protein) with the
longwave shoulder A = 360 nm. This indicates that
compound I directly interact with the protein mole-
cule. Similar changes in the SOD fluorescence were
observed when direnium dicarboxylates were added
[3]. It allows us to state that interaction with SOD oc-
curs by means of the structural element which exists
in all of these compounds namely, quadrupole bond
Re-Re, and the shift of the fluorescence peak cor-
responds to a change in polarity around the chromo-
phore molecule (in this case, Tyr-108). Fluorescence
quenching was 11.4%, which is much less than that
for the cis-dicarboxylates.

We also studied the effect of the compound I
on the activity of SOD as well as the SOD-like ac-
tivity of I in the xanthine-xanthineoxidase system
(Table 4).

It is known that in such experiments the inten-
sity of the superoxide dismutase reaction is inversely
proportional to the rate of the absorption change.
The addition of SOD+I mixture into xanthine-
xanthineoxidase system did not lead to significant
changes in the enzyme activity compared to native
SOD, except a decrease (by 67.28%) within 1% min
of the experiment, indicating the short-term SOD
activation in the presence of 1. Previously, it was
shown that rhenium cis-diisobutyrate had a similar
effect [3]. So, we concluded that the binding of I to
the protein occurs a significant distance from the ac-
tive site, and the presence of I in long-last experi-
ment did not significantly affect the SOD activity.
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The study of SOD-like activity of I showed that this
compound exhibited pronounced activity in the re-
action with superoxide ion starting from the 2" min
of the experiment compared to the native enzyme
and dichlorotetra-p-isobutyratodirhenium(III) [3].
Absorption of T on the 3" min of the experiments
was 2-fold lower than that of native enzyme indica-
ting significant SOD-like activity. SOD-like activity
of I at the end of the experiments was close to the
activity of native SOD. Similar SOD-like activity
was shown for copper compounds [25]. Thus, a sig-
nificant increase in the SOD activity in the blood
of tumor-bearing rats upon administration of I can
be partially explained by SOD-like activity of this
compound and activation of the SOD molecule upon
its interaction with L.

Thus, regulation of oxidative stress in blood of
tumor-bearing rats by claster rhenium compounds
occurs mainly owing to a unique quadrupole bond
capable of quenching of the free radical reaction, the
positive effect on erythropoiesis, the direct interac-
tion with antioxidant enzymes and their intrinsic
SOD-like activity. It should be noted that a search for
low-molecular SOD-mimetics among the rhenium
compounds is a promising direction in researches.
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Hocmimxerno BrumB — cnioco0y — BBEIEHHSA
nuxioporeTpa-pu-izooyruparogupeniro(I1ll) — I —
(y BOgZHOMY pO3YMHI, JilTOCOMaxX, HaHOIIIOCOMAX,
TBEPAUX HAHOYACTUHKAX 1 pa30M 3 LUCILIATHHOM —
Yy CHUCTEeMIi peHIi-IJIaTHHA) Ha IHTEHCHBHICTH TPO-
recy mnepokcugHoro oxucieHHs mimigie (IT1OJI)
IIJ1a3MU KPOBi Ta aKTUBHICTb EH3UMIB aHTHOKCH-
JAHTHOTO 3aXUCTY EPUTPOLUTIB HAa MOIENi MyX-
JIUHHOTO POCTy. BcTaHOBNICHO 3MEHILIECHHS BMICTY
TBhK-akTHBHHUX TPOAYKTIB TJa3MH 3a BBeACHHS |
LIypaM-ITyXJIMHOHOCISIM HE3aJeXHO BiJ CHOCO-
Oy Ta IHTEHCUBHOCTI TallbMyBaHHS myXiwHH. [lo-
Ka3aHO e()eKTHBHICTH 3HMKEHHs (y YOTHUPH Pa3u)
raciaus [10JI cnonyxoro I, mo 3Ha4HO mepeBUIIye
e(eKTHBHICTh BIJOMHUX aHTHOKCHIAHTIB. BusBie-
HO 301TBIIIEHHS] aKTUBHOCTI CyNIEPOKCUAANCMYTa31
Ta 3MEHILIECHHS aKTHBHOCTI KaTajla3d €pUTPOLUTIB
3a BBeZieHH | pisHEIME criocobaMu y TOPiBHSHHI 3
KOHTpoJieM. B excriepuMeHTax in vitro 3 HATHBHOIO
CYTIEPOKCHAIMCMYTA30l0 J0BEICHO (PaKT B3aeMOmii
eH3uMy 3 I i3 HacTymHOIO aKTHBALI€I0 aKTUBHO-
ro IEHTPY Ta BHUSBICHO CYNEPOKCHUAAMCMYTA3HY
aKkTuBHICTH I, m0 Moxe OyTH NEBHHM BHECKOM Y
MiJBUIIEHHS aKTHBHOCTI eH3uMYy in vivo. [loka3a-
HO NEpPCHEKTHBHICTb BUKOPHCTAHHS KJIACTEPHUX
CTIOJYK PEHII0 B MEIUIMHI SK HETOKCUYHUX e(ek-
TUBHUX aHTUOKCUAAHTIB, 3JaTHUX J10 J€3aKTUBALi1
CYTIEPOKCHIHOTO pPauKaa.

Knio4oBi cJ10Ba: IepoKCHIHE OKUCICHHS
TIMiAIB, OKCUIATUBHUN CTpEC, KJIACTepHA CIOTyKa
peHiro, kapruHoMa ['epena, kaTanasa, CynepOKCHI-
JTUCMYTa3a, ITUCTIIaTHH.
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HccnenoBaHo BiusiHHE Crocoba BBEACHUS
nuxioporerpa-p-uzooyruparogupenus(Ill) — I —
(B BOIHOM pacTBOpE, TUMIOCOMAX, HAHOJIUIIOCOMAX,
TBEPIBIX HAHOYACTUIAX U BMECTE C LIUCTIIATHHOM —
B CUCTEME PeHMH-TUIATHHA) HA UHTEHCUBHOCTD IIPO-
recca mepokcuaHoro okucienus numuaos (I10JI)
IIJa3Mbl KPOBH M aKTHBHOCTH SH3UMOB aHTHOKCH-
JAHTHOM 3aIIMTHI S3PUTPOLUTOB HA MOAEIH OIyXO-
neBoro pocra. IlokasaHo cHUXEHHE COOEpPKAHUS
TBK-akTUBHBIX MPONYKTOB B IUIa3Me€ NpPU BBEAE-
Hun I onyxosjeHocuTeNIsIM HE3aBUCUMO OT CIIOco0a
U WMHTEHCHBHOCTH TOPMOXCHHUS POCTA OIMYXOJH.
[IponemoncTprpoBana 3HEKTUBHOCTH (YETHIPEX-
kpatHoe cHmxkenne) ramenns [10JI BemecTBom I,
YTO 3HAYUTENBHO MPEBbIIAET Y3PPEKTUBHOCTD H3-
BECTHBIX aHTHOKCHAAHTOB. BBIsSIBICHO yBennueHue
AKTHBHOCTH 3PUTPOLUTAPHON CYHNEPOKCUIIUCMY-
Ta3bl M CHUXXCHHE AKTUBHOCTH 3PUTPOLUTAPHOM
Karaja3pl IpH BBeaeHUH I paszHeiMM criocobamu
110 CPaBHEHHIO ¢ KOHTpoJeM. B skcniepumeHTax in
Vitro ¢ HATUBHOM CYNEPOKCHIAMCMYTa30i JOKa3a-
HO B3aumozeiicTBue 3H3UMOB ¢ I ¢ mocnenyromeit
aKTHBAaLlMEl aKTMBHOT'O LIEHTPA U OOHapyXeHa Cy-
MEPOKCUIUCMYyTa3Hasl aKTUBHOCTH I, 4TO MOXeT
OBITH OIPEAETICHHBIM BKJIAJOM B IOBBILICHHE aK-
TUBHOCTHU 3H3UMa in vivo. IlokazaHa NepCHEeKTHB-
HOCTb HCIIOJIb30BaHUSI KJIACTEPHBIX COCIMHEHHUH
pEHMSI KaK HETOKCHYHBIX 3((EKTUBHBIX aHTHOK-
CHJIAaHTOB, CIIOCOOHBIX J€3aKTHBUPOBATH CYNEPOK-
CHJIHBII pajiuKal.
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JIEHUE JIMMUJO0B, OKCUJAATUBHBINA CTPECC, KJIacTep-
HOE COEJMHEHME peHus, kapuuHoMa ['epena, kara-
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