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ANTIMETASTATIC EFFECT OF UKRAIN AND ITS
INFLUENCE ON THE OXYGEN AND ENERGY METABOLISM
OF MICE WITH MELANOMA B-16
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AHTUBINACTUUYECKUI 3DDEKT MPENAPATA YKPAUH
U Er0 BNUSAHUE HA KUCNOPOLAHbIW 1 SHEPITETUYECKWHA
OBMEH MbILLEW C MENAHOMOMH B-16
C.B. 3emckog?, A.M. Cycax’!, W.H. Togop?*, II.T. XacaHora?, B.C. MocueHko?

THauuoHansHeId mMeduyuHckul yHugepcumem uM. A.A. Bozomonsua
MO8 Ykpaunst, Kues, YkpauHa

ZHemumym sKkcrnepuMeHmansHol namonoauy, OHKono2uy u paduobuonoauu
um. P.E. Kaseyrxozo HAH Ykpauust, Kues, Yikpauna

The influence of intravenous injections of Ukrain
{1mg/kg} on the oxygen tension (pQ,} in muscle, the
oxygen saturation rate and oxygen utilization rate
as well as on the respiration and oxidative phos-
phorylaticn indices of the liver mitochondria in
mice with melanoma B-16 was studied by polarog-
raphic method. Ukrain was shown to improve the
oxygen delivery to the muscular tissue and to dec-
rease a destructive effect of the malignant process
on fiver bicenergetics. The respiration rate of mi-
tochondria during phosphorylation of exogenous
ADP and the respiratory control coefficient were
higher in the treated mice as compared to the un-
treated tumor-bearing animals. The drug significan-
tly infiibited the growth of the primary fumor and
its metastasis in lungs.

Key Words: Ukrain, oxygen tension, mitochondria
respiration, metastasis.

Ha mbrwax nuuuy C57BI/6 ¢ meTacTasupyioitied Me-
raHoMo# B-16 nonsporpaiyeckum MeTOHOM
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Sbbrevialions used: pO, ~- oxygen tension; V, — the rate of
xygen uptake by mytochondria in the presence of oxidation
iubstrate (succinate or glutamate); V, — the rate of oxygen up-
ake by mytochondria during phosphorylation of ADP added to a

ell; ¥, — the rate of oxygen uptake by mytochondria after con- |

‘ersion of the whole added ADP into ATP; CRC — the Chance
espiratory control coefficien?; ADP/O - the index indicating the
uaniity of ATP molecules synthesized on uplake of one ox-
gen atom,; Vdnp — the rate of oxygen uplake by mitochondria in
¢ uncoupled state.

M3ydany BnyAHue 5 MHbexUn npenapaTta YkpauH
{1 mrixr) Ha Hanpsixenwe kucnopoga {p0,) 8 MbILte,
CKOPOCTL HACBIEHWS UM TKAHM M CKOPOCThL YTU-
AM3EUMK ero TKaHbLI, a TaKke Ha hokazarend get-
XaHUA U oKUcHMTensHoro dgocdopunuposadus
MUTOXOHAPUI NeveHu. YCTaHOBNEHD, YTO npenapar
YKpauH yny4waer fOcTaBKy KMCROPo[a K Mblluey-
HOWM TKaHW W 3aMeAnseT HecTPYKTHBHOE BO3QeNCT-
BHe 3M0Ka4YeCTREHHOTO NMpouecca Ha GHOoIHepreTHKy
nedexny. MNpenapaTt AOCTOBEPHO yrHeTan pocT nep-
BUYHON GNYXOMW ¥ €€ MEeTACTA3KPOBAHME B Nerkue.
Kmoyvegslie cnoga: YKpawH, HanpsamxeHUe KUcnopo-
Aa, AbixaHne MUTOXOHAPUH, MeTacTasuposanue.

f#| odern oncology pays great attention to a
¥ Hquest for new antiblastic drugs. Ukrain
2 ¥ Hpreparation (manufacturer — firm Nowicky-
Pharma) in which thiophasphoric acid is bound
with alkaloids isclated from Chelideniurn majus L.
is one of such promising semisynthetic preparati-
ons. A number of experimental and clinical studies
on Ukrain effect on various tumars in vivo and in
vitro have been carried out. The data obiained are
published in works [1-4]. The given publication
presents the data not availablé in fiterature. The
main goal of this work was to study the influence
of Ukrain on the axygen and energy metabolism in
mice with B-16 metasiasizing melanoma as well
as to reveal its antiblastic properties™in respect to
the mentioned fumor.
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Materials and Methods

The experiment has been carried ocut on 133
C57BY6 male-mice (weight 19-22 g) bred in the
breeding farm of the R.E.Kavetsky Institute of Ex-
perimental Pathology, Oncology and Radiobiology
(Kyiv, Ukraine). Metastasizing melanoma B-16
was transplantated {o the right shin muscle of
each mouse (by 2x10°5 cells per animal in medium
199). On the 10th day after the tumor transplan-
tation, that is when metastatic spreading into
lungs occurs [5], the animals were divided into 2
groups. The first group of mice was given Ukrain
to sinus venosus of the eye in a dose of 1Tmg/kg in
the volume of 0.04 ml: 5 injections once in two
days. The second {conirol) group of mice was
given sterile physiological solution to sinus
venosus of the eye in the same regime. A day
after the first injection (that is on the 11th day aiter
the tumor transplantation) and affer the 5th in-
jection {that is on the 19th day after fransplantati-
on) it was possible to determine in vivo in some
animals from the experimental and control group
the oxygen tension (pQO,) in the muscular tissue
under different functional loadings (that is to say
indices of the oxygen regime in the muscular
tissue) and indices of respiration and oxidative
phosphorylation of the liver mitochondria. On the
22th day after the tumor transplantation all the
survived animals were Killed. Then the antitumou-
ral and antimetastatic effects of the preparation
were determined.

Indices of the oxigen regime in the muscular
tissue were determined by the polarographic me-
thod. Using the uncovered platinum electrade con-
nected with the animal via sait solution. Special
functional loadings: oxygen inhalation and appli-
cation of a tourniquet on the extremety above
electrode were used to study the oxygen satu-
ration rate of the muscular tissue and ufilization of
the oxygen by the muscle [6, 7].

The indices of respiration and oxidative phos-
phorylation of the liver mitochondria were also de-
termined by the polarographic method. To do this
the tiver isoiated from the killed animals was ho-
mogenized at 3°C in the medium coniaining 0.25 M
sucrose, 0.01 M Tris-HCI, 0.007 M EDTA and 0.5%
bovine or human albumin (pH 7.4). Reagents of
firms Serva (Germany), Reanal (Hungary) were
employed in this work. The filtred 12% homogena-
te was subjected to centrifugation at 600 g for 3
min and then without stopping cenfrifuge K-24D
(VEB MLW Medizintechnik, Germany) at 1,000 g
for 7 min in addition. The obtained supernatant
was subjected o cenfrifugation twice at 14,000 g

for 10 min. Then the supernatant liquid was remo-
ved and the milochondrial fraction was resuspen-
ded in 0.35 ml cooled isolation medium. Protein
was defermined by the method of Lowry [8]. To
determine respiration of mitochondria we introdu-
ced 0.02 ml mitochondrial suspension, 266 nmoles
of ADP and 0.005 ml solution of 2,4-dinitrophenal,
the concentration of the latter in a cell being 80
1M, to the thermostated polarographic cell of 1 mi
in volume, which contained the incubation medium
(0.15 M sucrose; 0.05 M KCI; 0.01 M KH,PO,;
0.003 M MgCl,; 0.0065 M Tris-HCI; 0.005 M succi-
nate or glutamate, 0.0002-M EDTA, pH 7.4). The
temperature of the incubation medium was 28°C.
The oxygen uptake by mitochondria was determi-
ned by the covered combined platinum electrode
of the Clark type. The following indices were
studied: V, — the rate of oxygen uptake by mito-
chondria in the presence of the oxidation substrate
{succinate or glutamate); V,; — the rate of O,
uptake by mitochondria in phosphorylation of ADP
added fo a cell; V, — the rate of O, uptake afier
conversion of the whole added ADP into ATP;
CRC - the Chance respiratory control coefficient;
ADP/O — fhe index indicating the quantity of ATP
molecules synthesized on uptake of one oxygen
atom; Vdnp — the rate of O, uptake by mitochond-
ria in the uncoupled state. V,, V4, V, and V.,
were expressed in O, nanoatoms per 1 mg of mi-
tochondrial profein in minute.

Polarograph LP-60 (Laboratorni pristroje, Czec-
hia) was employed in studies of the indices of the
oxygen and energy metabolism. The data obtai-
ned were processed by the methods of variation
statistics using Student's ¢ test [9].

Results and Discussion

The experiments have established that a day after
the first infravenous injection of Ukrain, that is on
the 11th day after B-16 melanoma transplantation
the indices of the oxygen regime in the muscular
fissue noticeably improved. For example, the rate
of the pO, level increased up to the maximum du-
ring the oxygen inhalation and the rate of pO, dec-
rease from the maximal to the initial level after
cessation of inhalation (Table 1). In this case there
was g distinct tendency to an increase in the max-
imal pO, level during inhatation and rates of musc-
le ufilization and saturation by oxygen when using
the tourniguet probe.

In animals of the experimental group certain in-
dices of the oxidative phosphorylation of the liver
milochondria also improved a day after the prepa-
ration adminisiration (Table 2). In this case such
an jmprovement was manifesteted rather notice-
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Table 1. Change in indices of the oxygen regime of the muscular tissue in the C57Bl/6 mice with B-16 melancma # day afier the first
intravenous injection of preparation Ukrain in a dose of 1 mafkg (n = 10).

Maximal fevel The rate of pO, rise The rate of pO, The rate of pO, The rate of pO,

Initial level  50. dut o h 2 decrease fromma-  decrease from toration afte:
Type of the action of pO, ofpipduring - uplto e maximal . o to initial level  initial level to zero | Coorawon @
H oxygen inhala- level during oxygen . . tourniquet remo-
mm he tion, mm H inhalation, mm Hgfs after cessation of - after loumiquet ap- val, mm Hg/s
on. 9 ! g inhalation, mm Hg/s  plication, mm Hg/s ' g
Controt 3464525 1047452 0.48 + 4.03 0.72 £ 0.09 0.51+ Q.07 0.40 £ 0.05
Ukrain 40952 128895 0.64 £ 0.04" 1.02 £ 0.06* 070+ 0.08 0.57 £ 0.06

* P <0.05 as compared to the control.

Table 2. Change in indices of respiration and oxidative phosphorylation of liver mitochondria in C57BI/6 mice with B-16 mefanoma a
day after the first intravencus injection of preparation Ukrain in a dose of 1 mgikg (n = 10).

. Cixydation
v v CR ADP/C oV
Type of the action substrate v, 3 P C / dnp
Control succinate 204 £04 1166175 25207 4.60 £0.18 164 £0.02 153.2+12.8
glutamate 129+ 0.7 865145 17.4£ 06 4954022 233004 108.9+6.8
Ukrain succinate 207+ 0.6 1286 £6.0 26.0%05 4,95 +0.29 1.70 £ 0.04 180.21 6.0
glutamate 147407 922+ 3.4 i7.2+05 537 £ 0.13 2432004 1268 £ 2.0°

* P < 0.05 as compared io the control,

Table 3. Change in indices of the exygen regime of the muscular lissue in the C57/BI/6 mice with B-16 mefanoma (the 19th day after
the tumor transplantation} a day afier the fifth intravencus injection of Ukrain in 8 dose of 1 mg/kg (n = 10}.

i Maximal level The rate of pO, rise The rate of pO, The rate of pO, The rate of pO,
Initial level of pO,, during  up to the maximal decrease from ma- decrease from restoration after
Type of the action of p0,, pip cunng - up e ximurmn {o initial level  initial level {o Zero .
oxygen inhala- level during oxygen . . tourniquet remo-
mm Hg tion, mm H inhalation, mm Ha/s after cessation of  afer tourniquet ap- val, mm Hg/s
) ! 9 ! g inhalation, mm Hg/s  plication, mm Hg/s ’ g
Caonlroi 206+ 1.0 74.9+3.1 027 £0.02 0.47 £0.03 0.32+0.03 0.2420.02
Ukrain 295 3.1 896+ 52 0.38 £ 0.03" 063 +0.07 0.411+0.03 0.37 £ 0.03"

* P < 0.05 as compared ta the control.

ably on oxidation of glutamate (NAD-dependent
subslrate}. in the presence of this substraie the
rate of oxygen uptake by mitochondria was reliably
higher in the uncoupled state.

It is known that under progression of the malig-
nant process the oxygen and energy metabolism
is inhibited. This is confirmed by a comparison of
the dafa from Tables 1 and 3, and also of 2 and 4.
However, in mice which were given 5 injections of
Ukrain such inhibition is less pronounced. In ani-
mals of the experimental group the level of oxygen
tension in muscular tissue and the rate of O, deli-
very to it were statistically higher (Table 3).
Besides, more reliable differences were revealed
between mice of two groups in indices of respirati-

on and oxidative phosphorylation of the liver mito-
chondria (Table 4). These defferences are prono-
unced to a greater extent on oxidation of glutama-
te than on oxidation of succinate (FAD-dependent
substrate).

When studying the antiblastic effect of Ukrain it
has been established that 5 injections of the pre-
paration significantly inhibited the growth of the
primary tumor of B-16 melanoma (Table 5). More-
over Ukrain inhibited its metastatic spreading as
well. The mean volume of metastases per ainimal
in mice of the experimential group was by 80% lo-
wer than in the control one. No metastases were
revealed in three animals which were given the
preparafion.
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Table 4. Change in indices of respiration and oxidative phosphorylation of liver mitochondria in the C57BI6 mice with B-16 melanoma
{the 19th day after tumor transpiantation) a day after the fifth intravenous injection of Uksain in a dose of 1 mafka (n = 10).

. “‘Oxydation
T A ') CRC v
ype of the action cubstrate P Vs 4 ADRPIO o
Control succinate - 17.1£0.8 B6.4 £ 6.4 20,2207 3.19+0.17 1.55+£0.02 8i3+70
glutamate 10.2+0.6 52042 18.4 £ 05 283 +£0.20 215+ 0.03 407 £6.0
Ukrain succinate 19.0x0.7 1082+7.0" 2611106 412022 160+£0.03 108.2+7.2
glutamate 12.8 £ 0.6" 70140 18.0+ 04" 3.906+£0.15 230+£0.04° 67.4+65"

* P < (.05 as compared fo the control.

Table 5. The antiblastic effect of 5 injections of Ukrain in the C57BI/6 mice with B-16 melanoma (n =13).

Type of the action Weight of primary fumour, g

Mean volume of metastases
per animal, mm?

Mean number
of metastases per animai

39+£0.2
31103

Control
Ukrain

1.383 £0.378
0.280 £ 0.090"

73212
4.9t 14

* P <0.05 as compared to the control.

Thus, generalizing the data obtained if is pos-
sible to conclude that Ukrain in mice with B-16

metanoma improves the delivery of oxygen to tissu-
es as well as inhibils the destructive effect of the
malignant process on the organism bicenergetics.
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