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ABSTRACTS
The aim of this study was to in ves ti gate the in ter ac tion be tween the drugs Ukrain and Sim vas ta tin in vi tro stud ies. The re search was con -
ducted on green mon key kid ney cells (GMK). The ex peri ment used the drug Ukrain (at con cen tra tions of 50 μmol/l and 150 μmol/l), the
drug Sim vas ta tin (at con cen tra tions of 100 μmol/l and 300 μmol/l), and the com bi na tion of these two drugs in the ra tio of 1:1, 1:3 and 3:1.
The cy to tox ic ity of both drugs were evalu ated us ing a Cy to tox ic ity De tec tion Kit (LDH), while cell vi abil ity was de ter mined us ing the
MTT as say (based on the MTT as say pro to col INVITTOX n° 17, ECVAM), af ter 6, 12 and 24 h in cu ba tion with the tested drugs. Cy to tox -
ic ity of drug Ukrain (50 μmol/l) and Sim vas ta tin (100 μmol/l) alone was ob served af ter 6 h in cu ba tion of GMK cells with both drugs.,
while, Ukrain in com bi na tion with Sim vas ta tin (300 μmol/l) showed cy to tox ic ity only af ter 12 h of in cu ba tion. How ever, cy to tox ic ity of
the drug Ukrain (150 μmol/l), to gether with Sim vas ta tin (100 μmol/l) was ob served af ter 6 and 12 h in cu ba tion with GMK cells. The
great est in hi bi tion growth of green mon key kid ney cells was noted af ter 24 h in cu ba tion with all con cen tra tions of these drugs.
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INTRODUCTION
The semi syn thetic drug Ukrain (NSC-631570), a

thiophosphoric- acid de riva tive of al ka loids from Che -
lidonium ma jus L., ex hib its cy to toxic and/or cy to static
ac tiv ity in can cer cells [5,15,18]. Ukrain also in flu ences the
hu man im mune sys tem: in creas ing the amount of lym pho -
cyte Th, but de creas ing the amount of lym pho cyte Ts, while
in creas ing NK cells and macro phage ac tiv ity [5,7,14]. In ad -
di tion, Ukrain in hib its DNA, RNA and pro tein syn the sis in
can cer cells [5,8,13]. This drug, moreo ver, in duces apop to -
sis [4,5,9,15,18]. Ukrain se lec tively ac cu mu lates in can cer
cells [5,18]  and leads to a re duc tion of tu mor mass and par -
tial/to tal re mis sion [5,7,8]. Be sides the pre vi ous, Ukrain
re duces un de sir able and toxic ef fects while it is used with
che mo ther apy and/or with ra dio ther apy [5,18]. 

Among the can cer pa tients of ma ture age, treat ment of ten
in volves fre quently com bin ing anti can cer drugs with
HMG- CoA in hibi tors (statins). What is more, statins are
widely used for the treat ment of hy per cho les tero lemia
[11,12]. In ad di tion, statins dem on strate multi (pleio tropic)
ac tion. They im prove en do the lial func tion in peo ple with
car dio vas cu lar dis ease. Also, they ex hibit an ti throm botic
and pro fi bri no lytic ac tiv ity [1,11,12]. Moreo ver, statins
have bene fi cial ef fects on the kid ney. These drugs in hibit the 
re lease of pro- inflammatory cy to ki nes and pre vent the ac cu -
mu la tion of mono cytes in kid ney cells [6]. Statins have as
well, a cy to static and cy to toxic ef fect on tu mor cells. They

in hibit cell growth and de creased their vi abil ity [3,16,17]. In
ad di tion, statins in hibit DNA syn the sis in can cer cells [17].
It should be noted too, that statins se lec tively in duce apop to -
sis in can cer cells. This dis cov ery is im por tant be cause the
ma jor ity of cy to static drugs equally de stroy can cer cells and
nor mal di vid ing cells [2,10,17]. The sig nifi cant role of
statins in in hib it ing can cer me tas ta sis is ex plained by re -
search ers as pre vent ing the for ma tion of new blood ves sels
within the tu mor. This is be cause statins de crease the pro -
duc tion of many cy to ki nes, con se quently, they in hibit
cap il lary tube for ma tion [17].

The lack of lit era ture of data about the ef fects of the com -
bined treat ment with statins and Ukrain was the in spi ra tion
to un der take the stud ies that form this pres ent pa per. The aim 
of this study was to in ves ti gate the in ter ac tion be tween
Ukrain and Sim vas ta tin in vi tro stud ies.

MATERIAL AND METHODS
Drugs utilized: Ukrain (aque ous high- purity con cen trate

1:30, Ukrain ian Anti- Cancer In sti tute, Vi enna, Aus tria),
Sim vas ta tin (Sim vacard, Zen tiva, Pra gue, Czech Re pub lic).

Cell cul ture: The re search was con ducted on green mon -
key kid ney cells (GMK) that were ob tained from the “Bio -
med” Se rum and Vac cine Pro duc tion Plant Ltd. in Lublin,
Po land. GMK cells were grown in RPMI-1640 me dium
(with L- glutamine and phe nol red), sup ple mented with 10%
Foe tal Bo vine Se rum (FBS), 100 U/ml peni cil lin, 100 μg/ml
strep to my cin and 2,5 μg/ml am pho tericin B (all from the PAA
– The Cell Cul ture Com pany GmbH, Pasch ing, Aus tria), in
25 cm2 tis sue cul ture flasks (EasY Flasks™, Nun clon™Δ,
Nunc GmbH, Wies baden, Ger many). The GMK cells were
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cul tured as mono layer in a hu midi fied at mos phere of 5%
CO2, at 37 C, in a cell in cu ba tor. 

Cy to toxicity as say: In this study, a Cy to tox ic ity De tec tion 
Kit (LDH) (from Roche Di ag nos tic GmbH, Mann heim, Ger -
many) was used. It is a col or imet ric as say that can quan ti tate
cy to tox ic ity/cy toly sis, based on the meas ure ment of lac tate
de hy dro ge nase (LDH) ac tiv ity re leased from the cy to sol of
dam aged cells into the su per natant. The cul ture su per natant
is col lected cell- free and in cu bated with the re ac tion mix ture 
from the kit. The LDH ac tiv ity is de ter mined in the en zy -
matic test. In the first step: NAD+ is re duced to NADH/H+ by 
the LDH- catalyzed con ver sion of lac tate to py ru vate. In the
sec ond step: the cata lyst (diapho rase) trans fers H/H+ from
NADH/H+ to the te tra zolium salt INT which is then re duced
to for mazan: the amount of for mazan be ing pro por tional to
the number of lysed cells. For mazan, be ing char ac ter ized by
a maxi mum ab sorp tion at 490 nm, can then be meas ured. 

Three con trols were pre pared for each mark ing in or der to 
cal cu late the per cent of cy to tox ic ity of Ukrain, Sim vas ta tin
and their com bi na tion on GMK cells: A back ground con trol
pro vides in for ma tion about the LDH ac tiv ity con tained in
the as say me dium; A low con trol pro vides in for ma tion about 
the LDH ac tiv ity re leased from the un treated nor mal cells;
and a high con trol pro vides in for ma tion about the maxi mum
re leas able LDH ac tiv ity in the cells.

Green mon key kid ney cells (GMK) were sus pended in
growth me dium RPMI-1640 and pre pared in a con cen tra tion 
of 2×106 cells/ml. These cells were then pi pet ted (100
μl/well) into a ster ile 96- well cul ture plate (from Nunc 96
Mi crow ell™ Plater, Nunc GmbH, Wies baden, Ger many).
Fol low ing this, these GMK cells were in cu bated for 24h in
an in cu ba tor (37°C, 5% CO2, 90% hu mid ity) for cell ad he -
sion. Af ter wards, me dium from cells ad her ent was re moved
(as LDH may be re leased from GMK cells dur ing night- time
in cu ba tion) and fresh growth me dium was added at 100
μl/well. 

To de ter mine the cy to toxic ac tiv ity of Ukrain, Sim vas ta -
tin and their com bi na tion, these drugs were ad min is trated to
the GMK cell cul ture and in cu bated for 6, 12 and 24 h.
Ukrain, Sim vas ta tin and their com bi na tion were added in a
con stant vol ume, 100 μl/well, in the fol low ing con cen tra -
tions: Ukrain 50 μmol/l or 150 μmol/l, Sim vas ta tin 100
μmol/l or 300 μmol/l and com bi na tions of both drugs:
Ukrain 50 μmol/l and Sim vas ta tin 100 μmol/l (in ra tio 1:1),
Ukrain 50 μmol/l and Sim vas ta tin 300 μmol/l (in ra tio 1:3),
Ukrain 150 μmol/l and Sim vas ta tin 100 μmol/l (in ra tio 3:1). 
To de ter mine the LDH ac tiv ity, 100 μl cell- free growth me -
dium was taken from each well and trans ferred to the
ap pro pri ate wells of a new clear 96- well mi cro plate, af ter the 
in cu ba tion.

The next step was to add at 100 ěl/well, the re ac tion mix -
ture (diapho rase/NAD+ and io dotetra zolium chlo ride INT
and so dium lac tate) pre pared ex tem pore and in cu bated for
30 min at 15–25°C, with out light. The ab sor bance of each
well was meas ured im me di ately af ter in cu ba tion by us ing an 
auto mated ab sor bance mi cro plate reader ELx808IU (Bio- Tek 

In stru ments Inc.) at a wave length of 490 nm. The cy to tox ic ity
of Ukrain, Sim vas ta tin and their com bi na tion was ex pressed
in %.

MTT viability as say: The study was per formed by us ing
the MTT test based on INVITTOX pro to col n°17, ECVAM
(Euro pean Cen tre for the Vali da tion of Al ter na tive Meth -
ods), in ac cor dance with the Da ta base Serv ice on Al ter na tive 
Meth ods To Ani mal Ex peri men ta tion. This test is a sim ple
col or imet ric method for evalu at ing the vi abil ity/number of
cells in cul ture. The prin ci ple of the test is based on the de ter -
mi na tion of the col oured prod uct for mazan, pro duced only
in liv ing cells in cor po rat ing the te tra zolium salt MTT. The
amount of for mazan is pro por tional to the number of liv ing
cells. The abil ity of cells to re duce MTT pro vides in for ma -
tion on the in teg rity and ac tiv ity of mi to chon dria, hence, this
data can be in ter preted as a meas ure of the vi abil ity and/or
the number of cells. The pur ple for mazan crys tals are then
washed out of the cells by us ing DMSO. For mazan is re -
leased and de ter mined by col or ime try. Two con trols were
then pre pared for each mark ing to de ter mine GMK cell vi -
abil ity af ter ad mini stra tion of the drugs Ukrain, Sim vas ta tin
and their com bi na tion, to cell cul tures. These were a back -
ground con trol (in volv ing only the growth me dium
RPMI-1640) and a low con trol, which pro vided in for ma tion
on the amount of for mazan formed in nor mal (not tested)
cells. Ukrain and Sim vas ta tin were added to the GMK cells
line at simi lar con cen tra tions as in the LDH test, and were in -
cu bated for 6, 12 and 24 h. Af ter the in cu ba tion, 20 μl MTT
(Thia zolyl blue te tra zolium bro mide, Sigma- Aldrich, Ste in -
heim, Ger many) so lu tion (5 mg/ml) was added to each well
mi cro plate and in cu ba tion con tin ued for an ad di tional 3 h at
37°C. Af ter wards, the cul ture me dium was re moved from
each well, and 100 μl DMSO was added to rinse the for -
mazan from the cells. The ab sor bance of each well was then
meas ured at 550 nm, by us ing an ELx808IU (Bio- Tek In stru -
ments Inc.) auto mated ab sor bance mi cro plate reader. GMK
cell vi abil ity af ter in cu ba tion with Ukrain, Sim vas ta tin and
their com bi na tion was ex pressed in %. 

Sta tis ti cal analy sis: The re sults were cal cu lated as mean
(x) ± SEM. The sta tis ti cal analy sis of the re sults was per -
formed us ing Stu dent’s t- test. P-va lues less than 0.05 were
con sid ered sig nifi cant.  

RESULTS AND DISCUSSION
LDH test re sults: Re sults re veal that the cy to toxic ef fects

was less then 10% af ter 6, 12 and 24 h in cu ba tion of GMK
cells with the drug Ukrain (50 μmol/l) or with Sim vas ta tin
(100 μmol/l). It should be noted that Ukrain (50 μmol/l)
clearly evi denced cy to toxic ac tiv ity against tu mor cells [5].
Af ter only 12 h in cu ba tion of green mon key kid ney cells
with Sim vas ta tin (300 μmol/l), mi nor cy to tox ic ity (14,6%)
was also al ready no ta ble. In the GMK cell group which re -
ceived the drug Ukrain (150 μmol/l), mi nor cy to toxic ef fect
was, as well, evi dent af ter 6, 12 and  24 h in cu ba tion. Simi lar
cy to tox ic ity of Ukrain (50 μmol/l) and Sim vas ta tin (100
μmol/l) was ob served af ter 6 and 12 h in cu ba tion of GMK
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cells with both drugs (Fig. 1, 2), but only 24 h in cu ba tion 
shown a sig nifi cant in crease in their cy to tox ic ity (56,73 %)
(Fig. 3). No ad verse ef fects on cell growth with Ukrain (50
μmol/l) and Sim vas ta tin (300 μmol/l) in com bi na tion was
seen af ter 6 h in cu ba tion (Fig. 1). Increas ing con cen tra tions
of both drugs had, how ever, nega tively effects on the GMK
cells. This was ob served af ter 12 h in cu ba tion with these
drugs (Fig. 2). Fur ther more, in cu ba tion of cells for a pe riod
more than 24 h with a com bi na tion of Ukrain (50 or 150
μmol/l) and Sim vas ta tin (100 or 300 μmol/l) sig nifi cantly
in hib ited cell growth (Fig. 3).

MTT test re sults: Ukrain (50 μmol/l) de creased by about
20 % the GMK cell vi abil ity af ter 6, 12 and 24 h in cu ba tion.
This drug, at a con cen tra tion of 150 μmol/l, caused a grad ual 

de crease in GMK cell vi abil ity in pro por tion to the time of
in cu ba tion (Fig. 4–6), while Sim vas ta tin (100 μmol/l) prac -
ti cally did not af fect GMK cell vi abil ity af ter the same
in cu ba tion time. How ever, Sim vas ta tin (300 μmol/l) even tu -
ally did con sid era bly de crease the GMK cell vi abil ity, but
only af ter 24 h (Fig. 6). When the green mon key kid ney cells 
were in cu bated 6 h to the cu mu la tive ac tion of Ukrain (50 or
150 μmol/l) and Sim vas ta tin (100 or 300 μmol/l), there was
a sig nifi cant de crease in cell vi abil ity com pared to the group
re ceiv ing only Sim vas ta tin or Ukrain alone (only 150 μmol/l)
(Fig. 4). Fur ther more, GMK cell vi abil ity was sig nifi cantly
in hib ited af ter 12 h in cu ba tion with a com bi na tion of these
drugs (Fig. 5). Simi lar re sults (but more cy to tox ic ity ef fect)
were seen af ter 24 h in cu ba tion of the GMK cell line with the 
drugs dis cussed above (Fig. 6).

Fig. 1. Cytotoxicity of Ukrain, Simvastatin and their combination
after 6 hours incubation with GMK cell culture in the LDH test

Fig. 2. Cytotoxicity of Ukrain, Simvastatin and their combination
after 12 hours incubation with GMK cell culture in the LDH test

Fig. 3. Cytotoxicity of Ukrain, Simvastatin and their combination
after 24 hours incubation with GMK cell culture in the LDH test

Fig. 4. Effect of Ukrain, Simvastatin and their combination on the
GMK cells viability after 6 hours incubation in the MTT test

Fig. 5. Effect of Ukrain, Simvastatin and their combination on the
GMK cells viability after 12 hours incubation in the MTT test

Fig. 6. Effect of Ukrain, Simvastatin and their combination on the
GMK cells viability after 24 hours incubation in the MTT test
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A com bi na tion of Ukrain and Sim vas ta tin sig nifi cant de -
creased the GMK cell vi abil ity. How ever, both drugs given
in di vidu ally to the cul tures do not show a very nega tive im -
pact upon the GMK cells. This ef fect is not ex pected in
re gard to stud ies on nor mal cell line like the green mon key
kid ney cells GMK.
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