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O, - AND NO-ASSOCIATED MECHANISMS OF SELECTIVE ACTION
OF REDOX-ACTIVE COBALT COMPLEXES ON TUMOR TISSUE
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Aim: To study the influence of redox-active cobalt(III) complex with tetradentate Schiff base and nicotinamide as an axial ligand on the
rate of superoxide radical-anions generation and levels of NO in tumor and normal tissues of Lewis lung carcinoma bearing mice as well
as activity of matrix metalloproteinases 2 and 9 (MMPs) in tumor. Methods: The superoxide radical-anions formation and NO level in
tissues were assessed by EPR method with the use of 1-hydroxy-2,2,6,6-tetramethyl-4-oxopiperidin and diethyldithiocarbomate spin
traps, respectively. MMPs activities were determined by zymography in polyacrylamide gel. Results: It was observed that the rate of
superoxide radical-anions generation was selectively increased in tumor tissue (by a factor of 6—7) accompanied with the decrease of
NO level (by a factor of 2) due to tested complex administration. Activities of MMPs in tumor were significantly decreased. Conclu-
sion: It is supposed that the one of mechanisms of detected earlier antimetastatic effect of complex is based on its ability to induce the
formation of high level of superoxide radical-anions selectively in the tumor tissue that results in the damage of its regulatory functions,
in particular alteration in the regulation of NO-synthase, decrease of NO generation as well as activities of MMPs.
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Itis well known the crucial role of oxidative stressin
the development of variety of pathological disorders,
including cancer [1-3]. Reactive oxygen species
(ROS) and nitric oxide (NO) at physiological concent-
rations are the key signaling molecules that media-
tes many processes in the organism. However, the
elevated levels of ROS and NO induce disfunction of
the electron transfer chain and cellular oxidation that
form cellular hypoxia accompanied with modification
of signaling pathways and development of pathological
processes [4-6]. It was shown that ROS and NO can
rearrange of the extracellular matrix by activation of
latent forms of matrix metalloproteinases resulting in
the stimulation of invasion and metastasis [7].

The active search of means for the regulation of
the redox-dependent processes in cell in order to
influence the oxidative stress is actual till now [8].
Two groups of substances may be considered for
this role: substances with antioxidative features that
are able to scavenge the radicals and stop oxidative
damages of biomolecules, and those that can act as
direct or indirect donors of O,-"and/or NO" enhancing
the oxidative disturbances in tissues, at first in tumor
ones. Transition metals are assumed very promising
for the realization of last goal because of their vari-
able valency that allows to induce the chain reaction
through Fenton chemistry.

In recent years the anti-tumor activities of a num-
ber of metal complexes, e. g. of ruthenium, gallium,
vanadium and other metals have been demonstrated
[9-13]. Among compounds of the transition and non-
transition metals which have been investigated (e. g.
platinum, rhodium, ruthenium, iron, copper, cobalt),
cobalt(lll) complexes are worthy of particular atten-
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tion because of high electron affinity of this metal in
the trivalent state, its facile one-electron reducibility
(Co'""), aptitude to bind to DNA and pronounced ra-
diosensitizing activity [14, 15].

Our attention was drawn to cobalt(lll) complexes
with the symbolic formula [Co(acac,en)(NH,),]CI
where acac,en is the chelating tetradentate ligand
with two oxygen and two nitrogen donor-atoms each,
i.e. the aliphatic residue of Schiff bases composed
from acetylacetone and ethylenediamine in a ratio of
1:2[16]. It was shown that this complex (which has
anti-inflammatory -bacterial activities) showed also
anti-tumor effects on the Ehrlich ascites carcinoma.
We prepared complexes with the substitution of am-
monium as an extra axial ligand in complexes with
biogenous or synthetic nitrogenous bases [17].

It was shown earlier that the newly-synthesized
compounds, in particular cobalt complex with nico-
tinamide as axial ligand (AC-30 complex) display the
significant antitumor and especially antimetastatic
effects in experiments in vivo with rodent transplanted
tumors [18]. It was also demonstrated that the selec-
tivity of biological effects of complexes, in particular
activation of lipid peroxidation, reduction of bioener-
getic status, and DNA damage, were notably greater
in tumor compared to normal tissues in tumor-bearing
animals [19].

The present study was aimed to study the influence
of cobalt complex AC-30 that has demonstrated the
most high antitumor activity on the O,-"generation and
NO’ level in tumor and normal tissues to consider the
possible ROS- and NO-dependent mechanisms of the
AC-30 antitumor effect.

MATERIALS AND METHODS

43 female C57BI/6 mice (IEPOR, NAS of Ukraine)
with a body weight of 20-24 g bearing Lewis lung
carcinoma (3LL) were used. The principles and me-
thods of transplantation were conventional. Single-cell
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suspension of 3LL (5 x 10° cells in 200 ul of buffered
saline) was injected intramuscularly into the leg of
mice. Animals were kept in Makrolon cages bedded
with dust-free wood granules, and had free access
to a standard diet and water ad libitum. All animal ex-
periments in this study were approved by the regional
animal ethics committee.

Octahedral cobalt(lll) complex with tetradentate
Schiff bases of general formula [Co(acac,en)L,]Cl,
containing ligand (L = nicotinamide, complex AC-30)
was tested. Compound was dissolved in aqua pro
injectionibus immediately before use. It was given
intraperitoneally (i. p.) at a dose of 12 mg/kg of body
weight. This dose was chosen in accordance with
the earlier experiments that have shown the thera-
peutic efficacy of complex at an above mentioned
dose [18].

AC-30 was injected in a two regimens: 1) In ex-
periments aimed to detect the action of AC-30 on the
formation of superoxide radical-anions formation and
NO generation by tumor as well as normal tissues of
tumor-bearing mice (tumor volume 0,9-1,2 cm®) com-
plex was injected i. p. at a single dose of 12 mg/kg.
The animals were killed after 40 min after complex
administration. 2) In experiments aimed to determine
the influence of AC-30 on matrix metalloproteinase
activity complex was injected at a dose of 12 mg/kg
ten times with a one-day break between each admin-
istration. The animals were killed on the 21t days after
the first injection.

Tumor, liver and kidney were snap frozen in lig-
uid nitrogen immediately after excision (mice were
anesthetized by pentobarbital that did not influence
on indicating parameters) and stored at —70 °C. The
superoxide radical-anions formation was assessed
by the method of EPR with the use of 1-hydroxy-
2,2,6,6-tetramethyl-4-oxopiperidin (Russia) and
Spin Traps technology [20]. The rates of superoxide
radical-anions generation were calculated in nmol/g
fresh tissue per min. The level of NO was determined
using diethyldithiocarbomate spin trap (Sigma, USA)
and EPR technology [20]. The generation of NO was
registered during 5 min followed by cessation of NO
generation by liquid nitrogen (77 °K). The levels of NO
were calculated in nmol/g fresh tissue.

Activities of MMP-2 and MMP-9 were determined
by zymography in 12% polyacrylamide gel with the ad-
dition of 0.1% of gelatin as substrate and using MMP-2
and MMP-9 standards (Sigma, USA) [21]. The level of
activity was calculated in accordance with standard
programme TotalLab 1.01.

The obtained results were statistically evaluated by
computer programs Statistics 6.0 and Exel 2003 using
parametric and correlation analysis.

RESULTS AND DISCUSSION

It was observed that the level of O-, generation in
tumor tissue of untreated tumor-bearing animals is
higher than in normal ones (Table 1). It may indicate the
increase of oxidative stress in malignant tissue which is

accompanied with significant damages of mitochon-
drial respiration and development of cellular hypoxia
[7]. Fig. 1 clearly demonstrates the dramatic increase
of the level of superoxide radical-anions generationin

tumor tissue (by a factor of 6.8)

Table 1. The rate of superoxide radical-anions generation in the tumor
and normal tissues of mice bearing Lewis lung carcinoma treated with
AC-30 complex

The rate of superoxide radical-anions generation

Group (nmol/g of fresh tissue per min)
Tumor Liver Kidney
Control (n = 8) 1.76 £ 0.21 1.45+0.12 1.23+0.16
AC-30 (n=8) 12.04 + 2.05* 1.92 £0.5* 2.37£0.72¢

*p < 0.05 in comparison with control group; n — number of animals.

2.005 g
Fig. 1. EPR spectra characterize the level of superoxide radical-
anions generation in Lewis lung carcinoma: 1) untreated mice,
2) after injection of AC-30 complex (spectrum was decreased
by a factor of 5 to be presented here)

It was shown also that AC-30 complex displays
minimal influence on the level of NO' synthesized
by inducible NO-synthase (iNOS) in normal tissue
(Table 2). At the same time, the level of NO in tumor
was significantly decreased due to administration of
AC-30 (by a factor of 2.3). It may be supposed that
it results from overhigh level of O-, generation. It is
known that superoxide radical-anions at the high con-
centration are capable to modulate the NO-synthase
that results in the start of O-, formation instead of NO'.
Moreover, O, through interaction with NO’ can genera-
te peroxynitrite (ONOQ’), which is known as a strong
oxidant with wide spectrum of deleterious effect on
cellular structures [22-24].
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Table 2. The levels of NO in the tumor and normal tissues in Lewis lung
carcinoma-bearing animals treated with AC-30 complex
The levels of NO in the tumor and normal tissues

Group (nmol/g of fresh tissue)
Tumor Liver Kidney
Control (n = 8) 3.2+0.7 49+1.2 3.9+0.15
AC-30 (n=8) 1.4 £ 0.5* 46+1.8 42+0.2

*p < 0.05 in comparison with control group; n — number of animals.

In our previous experiments the activation of la-
tent forms of matrix metalloproteinases, in particular
MMP-2 and MMP-9 by O-, and NO" was shown [7]. It
was well known the crucial role of MMPs in metastasis
by destruction of extracellular matrix [25, 26].

Fig. 2demonstrates the significant decrease of activ-
ity of MMP-2 and MMP-9in tumor tissue after administra-
tion of AC-30 complexin comparison with untreated con-
trol. Ithas to be noted that these results are corresponded
with the data that significant inhibition of metastasis was
observed under influence of AC-30 complex: the num-
ber of lung metastases was decreased by 56%, and the

volume of of metastases — by 90% [18].
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Fig. 2. Activity of matrix metalloproteinase-2 and -9 in Lewis
lung carcinoma: 1 — untreated control (n=10), 2 — treated with
AC-30 complex (n = 17)

In the context of the biological activity of the comp-
lexesitis interesting to note their much more effective
inhibition of metastasis than their effects on the growth
of a primary tumor. In this connection it is notable that
ruthenium complexes also reveal greater inhibition
of metastases then on the growth of primary tumors
[27]. It is very important that ruthenium complex was
reported to act as a scavenger of nitric oxide, which
is known to stimulate angiogenesis crucial to tumor
growth and development of metastases [28].

Thus, the current study has allowed to propose
the following mechanisms of antimetastatic action of
AC-30 complex: 1) generation of the overhigh levels
of O, in tumor tissue that induces oxidative damage
in cancer cells; 2) inhibition of MMP-2 and -9 activities
due to decrease of NO level in tumor tissue that results
in the inhibition of metastases formation; 3) scaveng-
ing of nitric oxide that results in the inhibition of neo-
angiogenesis in forming metastatic foci.
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O-, NNO-ACCOUNNPOBAHHbIE MEXAHU3MbI CEJIEKTUBHOIO
AENCTBUSA PEAOKC-AKTUBHbIX KOMMJIEKCOB KOBAJIbTA
HA OMNMYXOJIEBYIO TKAHb

1]eaw: uccenoBaTh BIMSHUE PEIOKC-aKTHBHOTO Komiuiekca kooaista (I11) ¢ rerpanentaTabivM ocHoBanreM [ udda u HuKoTHHAMIIOM
B KaYeCTBe AKCHAJIBHOTO JIMTAHIA HA YPOBeHb 00PA30BAHMS CYNEPOKCHIHOTO PATMKAJI-AHMOHA M OKCHIA a30TA B OMYXOJIEBO U
HOPMAJIbHBIX TKAHSX MBIIIEi ¢ KAPIMHOMO¥ JIBIONC ¥ YCTAHOBUTH B3aMMOCBSI3b 3THX NMOKa3areeii ¢ akruBHOCToi0 MMII-2 1 -9 B
omnyxoym. Menooobi: SIeKTPOHHBII APAMATHUTHBIIA Pe30HAHC MPY KOMHATHOIi TeMmepaType u TemMnepaType xkuakoro a3ora (77 °K),
Texnosorus Spin Traps, 3umorpadms B MOIMAKPIIAMUHIHOM Tejie. Pe3yavmanot: yCTAHOBJIEHO, YTO MOJ JAeiiCTBHEM KOMILIEKCA B
OMyX0JIEBO¥ TKAHHM MbIIIIeli ¢ KapiuuHOMOii JIbionc celeKTHBHO noBbimaeTcs (B 6—7 pa3) CKOPOCTh 00pPa30BaHMs CYNEePOKCHIHBIX
PaIMKAJI-AHMOHOB M CHIZKAeTCs (B 2 pa3a) ypoBeHb 00pa30BaHNS PAIUKAIBHBIX (hopM OKCHIA a30Ta; MPH 3TOM 3HAYHTE]IHHO
cHizKaeTcss akTuBHOCTh MMII-2 u -9. Bb1600b1: BbICKa3bIBA€TCS MPEINOJI0KEHHE, YTO B OCHOBE MEXaHH3MA YCTAHOBJIEHHOTO PaHee
AHTHMETACTATUYECKOTO JeiCTBUS H3Y4EHHOTO KOMILIEKCA KOOAIBTA JIEXKUT €ro ClIOCOOHOCTD CeJIEKTHBHO CO3ABATH CBEPXBLICOKHE
YPOBHHM CYIEPOKCHIHOTO PAIMKAJI-AHUOHA B OITyX0JI€BOii TKAHU, YTO NPUBOIUT K HAPYLIEHHUIO €r0 PETyIATOPHBIX (DYHKIIMIA, B YACTHOCTH
K n3MeHeHmio peryisiun NO-cunTa3, cHukeHno npoayKimui NO 1 aKTHBHOCTH KeJIaTHHA3.

Karwueevte cro6a: penoKkc-aKTUBHBIN KOMIUIEKC KO0AJIbTa, paguKaibHbie (JOPMBI KHCJIOPOAA, OKCUA a30Ta, MATPUKCHbIE
MeTAIONPOTENHA3bI, AHTUMETACTATUYECKOE JIefiCTBHE.
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