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A comparative analysis of the effects of several Co(III) and one Fe(III) complexes, as well as that of CoCl, on the
“bioenergetic status” as well as tumor hypoxia in Guerin carcinoma has been carried out using *'P NMR. Existence
of the inverse correlation between the changes in the “bioenergetic status” of tumor tissue after complexes
administration and their antitumor efficacy has been shown in experiments in vivo. The hypoxia levels in tumor that
were registered under these conditions have been corresponded to antitumor activities of the complexes. Comp-
lexes were shown to exhibit a time-dependent influence on tissue energy metabolism. It has been also demonstrat-
ed that *P NMR spectroscopy may be used to characterize the physiological state of tissues and applied on
optimization of drug design and prediction of antitumor efficacy of newly synthesized substances.
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C nomortipio Meroaa *'P-SIMP npoBeieH cpaBHUTEJIbHBIH aHAIN3 BIMSHUS HECKOJBKUX KOMIUIEKCHBIX CO€IVMHEHUit
Co(IIT), xommuaekcubix coenuuenuii Fe(III), a takxke CoCl, Ha “6uosHepreTHyecKuii cTaTyc” M IMIOKCHIO KJIETOK
kapuuHombl I'epena. B sxcnepuMenrax in vivo NIpoaeMOHCTPHPOBAHO HAIMUYME OOPATHON KOPPEISLMU MEKAY U3Me-
HEHHEM “OMOIHEPreTHYECKOro cTaTyca” OMyXoJeBOoil TKaHU MOCE BBEAEHHS] KOMILUIEKCOB U MX MPOTHBOOIYXOJIEBOI
3¢ dextuBHOCTBIO. CTENEHb TMNOKCUH OIYXO0JIM, ONpe/ieJIeHHasl B TAKUX YCJIOBHSX, COOTBETCTBOBAJIA IIPOTUBOOITYXO-
JIeBOIl aKTMBHOCTU KOMILIEKCOB. Y CTAaHOBJIEHO, UYTO YKa3aHHble KOMILUIEKCHbIE COEMHEHHSI BIMSIOT Ha JHepreTHyec-
KUl MeTa00IM3M TKaHel B 3aBUCHMOCTH OT MPOAOJEKUTEIBHOCTH NepHoja Bosaeiicteus. BoisiBieno, uro merox */P-
SIMP MO3XKHO NPUMEHSITh /IS XapaKTePUCTUKN (hU3MOTIOTHYECKOTO COCTOSIHUS TKaHel, ONTHMM3AIU NPOU3BOICTBA
3¢ eKTHBHBIX MPOTHBOOITYX0JIEBBIX NIPENAPATOB U IPOTrHO3UPOBAHUSI IIPOTUBOOIYXO0JIEBOI AaKTUBHOCTH BIIEPBbIE CHH-
Te3HPOBAHHBIX COeIUHEHUIA.

Kmoueevie cnosa: xommiekcubie coenuHenusi Co(IIl), kommaekcubsie coeaunenus Fe(IID), 3'P-IMP-cnekrpocko-
mus, kapuuHoMma lepena.

There is an increasing interest to understanding the
interactions between metal complexes and biological
systems. Initial studies investigating the biological ac-
tivity of metal containing compounds have demonstrat—
ed inhibition of the growth of tumor cells both in vitro
and /n vivo [1, 2]. In this connection cobalt compounds
may be of particular interest because of the coordina—
tive capacity of metal center and their ability to cata—
lyze various processes with involvment of biosubstrates,
in particular generation and consumption of reactive
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oxygen species which can attack cellular biomolecules.
These data suggest that further investigations with co-
balt—containing complexes are warranted [2, 3].
Studies of experimental tumors have suggested that
high-resolution ®'P-nuclear magnetic resonance
(*'P NMR) spectroscopy (MRS) may become a useful
tool in prediction and assessment of tumor treatment
response [4, 5]. 3'P NMR spectroscopy has been used
to study tumor metabolism during unperturbed tumor
growth [6] and to monitor tumor response to radiation
therapy [7], hyperthermia [8], chemotherapy [9] and pho-
todynamic therapy [10]. These studies have shown that
one of the critically important area being researched by
MRS is the “bioenergetic status” of the tissues that give
the possibility to provide information on physiological state
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of the tissue and any changes of which may evidence
the activity of the agents [11]. Moreover, it has been con-
cluded that MRS could be useful to detect changes in
tumor energy status induced by alterations in tumor oxy—
genation [12, 13] and tumor hypoxia considered as im—
portant parameter of tumor metabolic status [14].

This study was carried out as comparative analysis
to determine whether the *'P NMR spectral changes
are reflecting the changes in “bioenergetic status” and
hypoxia level of Guerin carcinoma upon administration
of Co(lll) complexes, Fe(lll) complex and CoCl, in vivo
and, next, to estimate and predict the antitumor effica—
cy of the newly synthetized complexes in the aim to
find out the most active one.

MATERIALS AND METHODS

Experimental animals. All studies were conducted
with strain IEPOR bred rats (Institute of Experimental
Pathology, Oncology and Radiobiology, NAS of Ukraine,
Kyiv, Ukraine) weighting 150—200 g and bearing Guerin
carcinoma (GC) transplanted subcutaneously into the
right flank. The principles and methods of transplanta—
tion were conventional. Animals were kept in Makrolon
cages bedded with dust—free wood granulate, and had
free access to a standard diet and tap water.

Animals were taken into experiment 8—10 days after
transplantation (tumor volume < 1.5 cm?®), anaesthetized
with pentobarbital sodium (45 mg/kg, i.p.) and were kept
at normal body core temperature (37-38 °C). It was
shown that it was absolutely necessary to keep the body
core temperature at the normal level to obtain repro-
ducible spectra. When the body core temperature was
controlled the anesthesia itself was found to have insig—
nificant effects, if any at all, on the NMR spectra [15].

All animals were housed as a control group (un-
treated animals) and the groups treated with respec—
tive complexes. Tumor and muscle tissues from each
GC-bearing animal have been investigated.

All experiments had been approved by the regional
animal ethics committee.

Materials. Co(lll)complexes: AC-30, AC—-40, AC—
100 of general formula [Co(acac,en) L,]X differing in
axial ligands (L), the related Fe(lll) complex (AC-80)
lacking extra ligand, and CoCl, (a referent Co-con-
taining substance) were tested in vivo. All compounds
have been dissolved in aqua pro injectionibus imme-—
diately before use.

Co(lll) complexes (AC-30 and AC-40) were ad-
ministered i.v. at the dose 15 mg/kg of body weight;
complex (AC-100) — at the dose 12 mg/kg (i.v.); CoCl, —
at the dose 15 mg/kg (i.p.); Fe (lll) complex — at the
dose 5 mg/kg (i.p.). Doses have been chosen as ther—
apeutic ones in accordance with LD, of the substan—
ces. The ways of administration were chosen accord—
ing to the toxicity of the substances.

Each complex and CoCl, have been tested on a
group of 6-11 animals. Then perchloric acid (PCA)
extractions both of Guerin carcinoma and hip muscle
tissues from individual animal have been analysed for
the levels of all phosphocontaining substances and
compared with respective samples from control group.

Perchloric acid extraction. For PCA tissue ex-
traction, both tumor (1.0-1.5 cm?®) and hip muscle were
surgically resected and immediately frozen in liquid N,.
The frozen samples were pulverized, ground to a fine
powder in liquid N,, and mixed with 1.2 N PCA. The
mixture was slowly thawed and then incubated on ice
with continuous stirring.

Since the PCA extraction method may induce the
hydrolysis of certain acid-labile cell constituents such
as NADPH, NADH, inositol phosphates, fructose 1,6-
diphosphate, phosphocreatin (PCr), etc. PCA extraction
has being performed in the cold [16]. The chilled dis—
tilled deionized water was added prior to centrifugation
to remove cellular debris. pH of the PCA extracts was
adjusted to 7.6-8.0 with 5 N KOH; then the samples
were centrifuged to remove the KCIO, precipitate. Di—
valent ions were removed by addition of Chelex (10 mg/
5 ml) (Sigma, USA). Samples were clarified by filtration,
lyophilized and kept at —20 °C. Before the NMR recor-
ding the lyophilized samples were dissolved in 1.0 ml of
D,0, centrifuged again and transferred to the NMR tubes.

Measurements by *'P NMR.*'P NMR spectra of
PCA extracts were recorded with a Mercury—300 BB
Spectrometer (Varian, USA) equipped with Sparcs sta—
tion 4, using a probe of 5 mm inner diameter. 'P NMR
spectra were measured at 121.5 MHz. Spectra were
usually obtained up to 1,000 transients with a spectral
window of 12,000 Hz, 20 K data points, 45° pulse an-
gle, repetition rate 12 s and a line broadening of 10 Hz.
Acquisition time was 2 s; relaxation delay was 10 s.

As a standard, methylenediphosphonic acid, triso—
dium salt (Sigma, USA) was used. All 3'P chemical shifts
in the spectra were set relative to PCr by setting the PCr
signal to 0.00 ppm. Areas of the spectral signals were
measured by the integration mode of the spectrometer.

The results are presented as mean + s.d. Statistical
significance was determined using Students t-test.

RESULTS AND DISCUSSION

3P NMR spectra of muscle of untreated animals
represented the “classic» *'P NMR spectra (Fig. 1) and
also served as a control for the procedure of PCA ex—
traction for each tumor tissue sample.

The water soluble phosphate metabolites of PCA
extracts of the Guerin carcinoma were examined by
nuclear magnetic spectrometry (Fig. 2). *'P NMR spec-
tra of the Guerin carcinoma showed a similar profile
with variations in the relative content of metabolites.
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Fig. 1. 3'P NMR spectrum of PCA extract of muscle tissue of
Guerin carcinoma bearing rat
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Fig. 2. 3'P NMR spectrum of PCA extract of Guerin carcinoma of
untreated rat

The spectra of untreated rats revealed the presence of
PME (mainly phosphocholine and phosphoethanola-
mine, and including AMP as well as phosphorylated
sugars such as glucose-6-phosphate, fructose—6-
phosphate, and fructose-1,6—-diphosphate), Pi, PDE
(mainly glycerophosphocholine and glycerophospho-
ethanolamine), PCr, y—-NTP and B-NDP, a—NTP and
o—NDP (together with other compounds such as NAD-
PH/NADP+ and NADH/NAD*), DPDE (possibly includ—
ing UDPG), and B—NTP that were assigned in accor—
dance with literature data [8]. Only the p—phosphate
resonance of NTP was used to monitor NTP levels since
the a— and y—peaks overlap other resonances.

PCr was almost undetectable in the majority of GC—
derived sample spectra because the tumor size is the
main criterion for PCr content. All experiments present—
ed in this paper have been carried out with approximately
the same range of tumor volume (by 1.5 cm?®) to avoid
differences in volume—dependent biochemical proper—
ties such as “bioenergetic status”, pH, blood supply per
viable tumor and level of tumor oxygenation and each
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spectrum has been recorded for each tissue sample of
separate individual rat. As a rule, PCr may be identified
only in tumor which volume is not more than 400 mm?
[13]. That is the reason why PCr was not used in our
study as a representative parameter of the tumor.

The “bioenergetic status” has been derived from MRS
measurements in slightly alternative ways, the most com—
mon and probably most reliable of which (for tumors) is
the ratio BNTP/Pi. The ratio of BNTP to total signal in the
8P spectrum (BNTP/ZP) and Pi/BNTP have been also
used [13, 17]. In this study the Pi/BNTP has been applied
to characterize the “bioenergetic status” as the more con-
venient parameter. Moreover, it has been shown that the
31P spectrum reflects the degree of hypoxia of viable cells
and the metabolic alterations required to sustain ATP syn—
thesis as the oxygen supply diminishes and the changes
in Pi/BNTP ratio correlates with tumor oxygenation [18].

The PME/B-NTP ratio that was used additionally is
the most frequently applied *'P MRS parameter for in—
vestigation of the “bioenergetic status” because the in—
formation about phosphorylated intermediates in the gly—
colytic pathway might be available from the phosphomo-
noester region of the 3'P spectrum and analysis of the
PME/BNTP changes may confirm more completely the
changes in “bioenergetic status” obtained with Pi/BNTP.

The Pi/BNTP and the PME/B—NTP ratios were used
for estimation of the changes in the bioenergetics and
level of hypoxia of Guerin carcinoma tissue induced
in vivo by Co(lll) complexes (AC-30, AC-40, AC-100),
Fe (lll) complex, and CoCl, (Fig. 4).

Energy status of Guerin carcinoma upon AC-
40 Co(lll) complex administration. The levels of
B—NTP, Pi and PME in tumor tissue decreased (2.2,
1.5 and 1.8-fold, respectively) in 2 h after injection of
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Fig. 3. 3P NMR spectra of PCA extracts of Guerin carcinoma before (a) and in 2 h (b), 6 h (c) and 24 h (d) after administration of

complex AC-30
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Fig. 4. Time—course of relative changes of metabolite ratios Pi/BNTP
after administration of complexes AC-40, AC-30, AC-100, Fe(lll)
complex and CoCl,

AC-40 complex and increased in 6 h after injection (2.6,
1.4 and 1.45-fold respectively) in comparison with their
pre—treatment levels; 24 h after injection, peak reso—
nances for PME and Pi returned almost to the pre-
treatment levels whilst B—NTP level returned to the level
reached at the 2 h point.

After injection of AC—40 complex, the Pi/BNTP and
PME/BNTP ratios increased, reaching maximum val-
ues in 2 h after injection by a factor of 1.5 and 1.2,
respectively. 6 h after i.v. injection of AC-40 complex,
there was approximately a 1.9—fold decrease with re—
spect to the base line both for the Pi/BNTP and PME/
BNTP ratios and then in 24 h the Pi/BNTP and the PME/
BNTP ratios increased by a factor of 1.7 and 2.3 in com—
parison with pre—treatment levels.

In muscle tissue the P/B—NTP and PME/BNTP ra—
tios remained stable within the observation period with
exception for the P/B—NTP ratio that decreased (-37%
in 6 h), (p < 0.05) and almost normalized to the base-
line value 24 h after injection.

Those data demonstrated two waves of the de-
crease in tumor energy status (in 2 h and 24 h after
AC-40 injection) and insubstantial increase of the tu—
mor hypoxia fraction.

Energy status of Guerin carcinoma upon AC-
30 Co(lll) complex administration. Representative 3'P
MRS spectra of tumor tissues in different intervals after
AC-30 injection are shown on Fig. 3.

Upon AC-30 administration, the levels of high—
energy phosphates in tumor tissues declined signifi—
cantly and peak resonances for B—NTP were absent in
seven from ten spectra. In the rest of spectra, there
was maximal 5.7—fold decrease of the BNTP resonance
in 2 h after injection. Concurrent with the initial drop of
the B—NTP, there was an increase in the Pi and PME
resonances by a factor of 1.6 and 1.3, respectively, in
2 h after injection. 6 h after i.v. injection of AC-30, the
B—NTP level returned to 60% of its pre-treatment level
(in two of ten spectra peak resonances for B—-NTP were
absent) and almost returned to the initial level in 24 h.
In 6 h after injection 2.0-fold decrease of the PME le-
vel was registered; the last one gradually returned to
pretreatment level in 24 h (-30%). Pi resonance ten-
ded to reach its pre—treatment level within 6 to 24 h.

It should be noted that within the observation peri—
od the relative intensity of the peak resonances for PDE
compounds involved in biosynthesis and degradation
of membrane phospholipids changed similarly to PME.

For DPDE (possibly including UDPG) the 2.7-fold
decrease in the relative intensity of the peak resonance
in 2 h after injection and then the return to pretreatment
levels in 6 h after injection were recorded.

After AC-30 injection, the Pi/BNTP and the PME/
BNTP ratios both increased drastically and reached
maximum value (9.0-fold and 7.6-fold, respectively)
in 2 h after injection; then in 6 h after injection the Pi/
BNTP ratio declined close to the pre-treatment levels
(+20% higher), whilst PME/BNTP ratio became 28%
lower than baseline data; up to 24 h the Pi/BNTP and
the PME/BNTP ratios remained stable.

In 2 h after i.v. injection of AC-30 the levels of high—
energy phosphates in muscle tissue of Guerin bearing
rats changed only marginally. In 6 h the relative inten—
sity of the peak resonances for PME and B—NTP re-
mained at the same levels with the exception for P,
showing 1.9-fold increase.

In 24 h after injection of AC-30, the increase in rela—
tive intensity of the peak resonances for PME, P,and
for B—NTP was observed in comparison with pretreat—
ment levels (1.3—, 2.4— and 1.4-fold respectively).

A 40% drop in PCr level in muscle tissue in 6 h after
injection is noteworthy, too. Then it remained on the
same level for 24 h.

In 2 h after AC-30 injection, the Pi/BNTP ratio did
not changed, but it reached maximum value in 6 h (1.8-
fold increase). In 24 h after the complex administration,
there was no return to pre—treatment value. The PME/
BNTP ratio remained stable with marginal changes only.

It is noteworthy that complex AC-30 injection caused
significant reduction of energy status of tumor tissue
and increase of tumor hypoxia fraction in 2 h after ad-
ministration. This effect was prolonged and was ob-
served in 24 h with almost full recovery to the pre—treat-
ment levels. At the same time, this phenomenon was
also observed in muscle tissue, but in a considerably
smaller extent, and was recorded only in 6 h after com-
plex AC-30 injection. Those data allowed to propose
that tumor tissue is more sensitive to AC-30 because
of its higher hypoxia level and the ability of this com-
plex to enhance the inherent tumor hypoxia. Possibly,
the antitumor efficacy of the cobalt complexes results
from the reduction of energy status of tumor tissue as
well as the increase in tumor hypoxia.

Energy status of Guerin carcinoma upon Fe(lll)
complex administration. In 2 h after injection of Fe(lll)
complex the level of B—NTP increased (+62%), the Pi
resonance fall (-72%) and PME resonance was almost
unchanged in tumor tissue in comparison with pre—
treatment level. In 24 h after injection in peak reso—
nances for B—NTP and Pi 2.7- fold decrease and 1.7—
fold increase were recorded, respectively, whilst that
for PME remained unchanged (+16%).

In 2 h after injection of Fe (lll) complex, the Pi/BNTP
ratio decreased by a factor of 2.2 and the PME/BNTP
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ratio by a factor of 1.8, but in the end of observation
period those ratios increased 4.5-fold and 3.0-fold for
the P/B—NTP and for the PME/BNTP, respectively.

After injection of Fe(lll) complex the level of B—~NTP
remained stable in muscle tissue samples during the
observation period; in 24 h the 1.7-fold decrease in Pi
resonance was recorded.

During the observation period the P/B-NTP and
PME/BNTP ratios remained stable changing marginally
around the baseline; only the PME/BNTP ratio de-
creased by a factor of 2.0 in 24 h after injection.

The presented data have shown that the energy
status and hypoxia level both of tumor and muscle tis—
sues didn’t decrease in 24 h after Fe(lll) complex in—-
jection. Therefore, according to the *'P NMR spectros—
copy data, one may conclude that Fe(lll) complex would
have no antitumor effect; that statement has been con—
firmed in experiments in vivo.

Energy status of Guerin carcinoma upon Co(lll)
complex AC-100 administration. In 2 h after AC—100
injection, the levels of B—NTP, Pi and PME in tumor tis—
sue increased by a factor of 3.5, 1.5 and 1.3 respective—
ly, in comparison with pretreatment level and in 6 h re—
mained unaltered. Therefore, in 2 h after AC-100 injec—
tion the Pi/BNTP and PME/BNTP ratios decreased by a
factor of 2.3 and 2.7, respectively, in comparison with
pretreatment levels and then remained nearly constant.

In muscle tissue in 2 h after AC-100 injection the
2.7, 2.1 and 1.5-fold increase in the relative intensity
of B—NTP, Pi and PME resonances, respectively, was
recorded; the 1.8 and 1.3—fold decrease in the Pi/BNTP
and the PME/BNTP ratios, respectively, was recorded.

In 24 h after injection, the P/B—NTP and the PME/
BNTP ratios remained almost stable and slightly
changed similarly to the values shown for tumor tissue
without recovery to baseline.

The data obtained indicate that after the AC-100
injection, there was no decrease of the energy status
both in tumor or muscle tissues. Moreover, hypoxia le—
vels also were not affected by complex AC-100 admi—
nistration in those tissues as it was demonstrated by
means of the P/B—NTP ratio increase. As it was shown
by the 3'P NMR spectroscopy measurements, com—
plex AC-100 was found to be uneffective for tumor
treatment, which was demonstrated independently in
experiments in vivo.

Energy status of Guerin carcinoma upon CoCl,
solution. For evaluation of the possible effect of Co(ll)
aquation which may be formed due to metabolism of
Co complexes, the effect of a plain Co(ll) salt on the
energy status both in tumor and muscle tissues was
examined, also.

2 h after of CoCl, injection the level of B—~NTP de-
creased by a factor of 2.0; concurrent with the initial
decrease in B—NTP, there was a 2.2—-fold increase in
both the Pi and PME resonances in tumor tissue in com—
parison with pre—treatment level. 6 h after i.v. injection
of the CoCl, the level of B~NTP exceeded the baseline
by a factor of 2.0 whereas decline in the Pi and PME
resonances was registered; the last ones almost re—

turned to the pretreatment levels and remained un-—
changed to the end of observation. The B—NTP reso—
nance also normalized in 24 h after i.v. injection.

Following injection of the CoCl, solution the Pi/BNTP
and the PME/BNTP ratios increased both by a factor of
4.0, reaching maximum values at 2 h after injection; in
6 h these resonances both declined below the base—
line pronounced (—50 and 42% respectively, p < 0.05)
and at the end of observation they attained steady states
close to the baseline.

In muscle tissue the relative intensity of the peak
resonances for p—NTP, Pi and PME continuously de—
creased after injection of the CoCl, during all observa-
tion period, reaching minimum levels at 6 h after CoCl,
administration (3.4—fold for the p—NTP, and 4.0-fold
both for Pi and PME decrease).

Both the P/BNTP and the PME/BNTP ratios also
changed insignificantly declining transiently since 2 h to
the end of the observation; in 24 h they remained stable
within the reduced values (—20 and 15% respectively),
and there were no return to pretreatment values.

The data obtained has indicated that there was the
definite depression of tumor energy status. NMR data
point also on the increase of tumor hypoxia fraction in
2 h after injection of the CoCl, solution but it was of
very short duration. There results have shown the def-
inite role of Coion in realization of biological effects of
coordination cobalt(lll) compounds such as complexes
AC-30 and AC-40. Taking into account the literature
data, such effect could be anticipated.

The significance of *’P NMR as an indicator of
tumor oxygenation. Among tumor microenvironmen—
tal factors (i.e. metabolic and energetic status and pH
distribution) tumor hypoxia is considered as one of the
multifactorial causes of tumor treatment resistance. Ex-
perimental and clinical evidence suggests that the hy—
poxic fraction in solid tumors may influence their growth,
increase malignant progression, enhance metastatic
potential, and reduce sensitivity to conventional treat—
ment modalities [19].

Previous studies have indicated a relation between
tumor oxygenation and metabolic status. Okunieff et al.
[6] noted that the increase in the hypoxic fraction oc—
curs in parallel to the decrease in high—energy phos—
phates. Rofstad et al. [15] noted a linear correlation
between bioenergetic status and hemoglobin oxygen
saturation in three tumor models, indicating a relation—
ship between high energy phosphates and tumor oxy-
gen supply. For the different tumor models this relation
was not identical, indicating that intrinsic cellular pro-
perties of different tumor models influence tumor hy-
poxia and energetic status. Vaupel et al. [13] noted a
significant correlation between the partial pressure of
oxygen (measured by oxygen electrodes and NMR-
measured metabolite ratios) and concluded that NMR
could be used for detection of the changes in tumor
energetics induced by changes in tumor oxygenation.
In the study of EMT-6 murine tumor, Fu et al. [17] no-
ted significant correlations between hypoxic fraction and
metabolic ratios measured by 2'P NMR spectroscopy.
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It has been found that signal intensity ratios such as
Pi/PCr, Pi/BNTP, Pi/ (PCr + BNTP), or related forms are
sensitive to acute alterations in tumor oxygen tension
produced by regional occlusion [20] and the alterations
in the ratios correlate with tumor oxygenation [12, 12].

Such changes in *'P MRS signal ratios have been
reported in numerous studies suggesting that spectral
examination of tumors may provide a method of mea-
surement of the chronic oxygenation state of tumors
[18—21]. Since the hypoxic fraction of a tumor is also
influenced by oxygenation status one would expect a
correlation between *'P MRS measurements and hy-
poxic fraction of the tumor. Taking to account the tu-
mor volume, in the present study the Pi/BNTP ratio has
been chosen as the most reliable parameter for tumor
bioenergetic status as well as for tumor hypoxia level.

In this study *'P NMR spectroscopy was used to
examine the state of Guerin carcinoma oxygenation
after administration of Co(lll) complexes: AC—-40, AC-
30, AC-100 as well as Fe(lll) complex and CoCl, ap-
plied in vivo (see Fig. 4).

Examination of the *'P NMR spectra of the PCA
extraction of tumor tissue have shown the ability of some
complexes to elevate the tumor hypoxia level.

Administration of some Co(lll) complexes (AC-40,
AC-100) and Fe (lll) complex didn’t cause any sub-
stantial increase in the Pi/BNTP ratio neither in tumor
nor in muscle tissue. The 4.5-fold increase in this ratio
in tumor tissue was registered after CoCl, and Fe(lll)
complex injections (in 2 and in 24 h respectively). The
administration of AC-30 complex induced 9.0—fold in—
crease of the Pi/BNTP ratio in 2 h.

It may serve as the convincing evidence of the ele—
vated hypoxia level in tumor tissue. At the same time in
muscle tissue the maximum increase of the Pi/bNTP
ratio was observed in 6 h and it was much lower than
that in tumor tissue. Those data pointed to the assump-
tion that these complexes possess some selectivity with
respect to tumor tissue and have time—dependent ef-
fect on tumor and muscle tissues. This assumption was
confirmed in experiments in vivo with complex AC-30
which manifested the highest antitumor activities in
experiments in vivo [22, 23].

It is noteworthy that neither complexes AC-40, AC—
100 nor Fe(lll) complex could affect the tumor oxygenation
and they are much less effective as anticancer agents.

In this study the investigation has been carried out on
the tumors with the definite size. It was demonstrated by
means of 3'P NMR spectroscopy that in Guerin carcinoma
of the studied volume the hypoxic fraction is present and is
significantly increased after treatment of experimental an—
imals with complex AC-30. Our data indicated that under
the hypoxic condition complexes have toxic activity and
are able to enhance such condition by themselves.
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