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Summary:

The inhibitory effect of Ukrain on malignant cells and on normal cells, in vilro, has been

compared. To oblain a 50% inhibition of cell growth, a tenlold concentration had (o be used with normal
endothelial cells compared 1o a hurnan ostecsarcoma cell line. Hybrids of the two cell types showed nearly
the same sensitivity as normal cells. A laser scanning microscope showed a high uplake of Ukrain in
malignant celfs, while the conlent in normal cells under the same experimenial conditions was subsiantially

lower,

Introduction

Ukrain is a semisynthelic compound derived from
Chelidonium majus L. alkaloids and thiophosphoric
acid triaziride. The following biological actions of
Ukrain on normal and malfignant cells have been
demonstrated. In vitro it increases oxygen con-
sumption in normal and malignant cells: O, con-
sumption normalizes in normat cells within 15 min,
whereas il decreases irreversibly to zero in cancer
cells {1). In addition, Ukrain has been found 1o de-
crease DNA, RNA and prolein synthesis in malignant
cells (2, 3).

. Sixty human cancer celf lines representing nine
najor lypes of cancers were tested by the National
Cancer Institule, Belhesda, MD, USA. In all cell lines
a 100% growlh inhibition was found al 10/-4 puM.
Single organ-specific inhibition was found especially
in colon, stomach. avary. kigney, small cell and non
small cell lung cancers and melanoma. Cells from
human tumour xenografts were tesled by the Euro-
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pean Organization for Research and Treaiment of
Cancer, Free Universily Hospital. Amsterdam, The
Netherlands (EORTYC). Ukrain showed inhibiling
actions for ovary at 10 pg/ml. At 100 pg/mi it in-
hibited all cells tested: coloreclal, gasiric, mammary.
melanoma and adenocarcinomas of the tung.

In hurnan cestrogen dependent MCF-7 mammary
carcinoma Ukrain showed an LD, ol 4 pg/mi.

Ukrain was found 10 inhibit even strains of highly
toxic Cis- Platinum resislant L 1210 celis, The LD..
was between 4.0 and 7.0 pg/ml. inhibition at 20 pg/
mi ranged [rom 88 to 91%.

In contrast lo its highly 1oxic aclion in cancer cells.
Ukrain showed no toxic aclion against normal cells
(human fibroblasts, umbilical venous endolthelial and
endothelial celis) at concentrations which are fethal
to all cancer cells tesled up to date. Therefore this
property of Ukrain may be called “malignotoxic™ {4}

Ukrain quickly accumulales after parenteral ap-
plication 1o the sile of the lumour or metastasis. This
1S easily demonstrated under UV hght because of
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Ukrain's autofiuorescence. Laser scanning micro-
scopy shows that Ukrain concentlrates quickly in the
nuclei of malignant cells, a property which is not seen
10 this extent in normal cells (5, 6).

Materials and methods

Celf culture

Cell culture was performed in Roux bottles at 37°C
in a humidified atmosphere containing 7% CQO,.
Confluent cultures were detached by a solution of
0.01% trypsin and 0.2% EDTA in phosphate buffered
saline (PBS) and split in a ratio ranging from 1:4 to
1:20.

Human endothelial cells were isclated from um-
bilical veins by collagenase treatmen! as described
in detail (7). The culture medium for endotheliat celts
was M198 supplemented with 15% heat inactivated
fetal calf serum (Biochrom, FRG}), 200 pg mi-1
endothelial cell growth {actor and 90 pg ml-1 heparin
{B).

Human osteosarcoma and melanoma cell fines
were received from the American Type Cullure Col-
lection {ATCC) and cultivated in DME medium sup-
plemented with 5% FCS. Hybrid cell lines with human
endotheliaf cells have been described (9).

Determination of the cell number in multiwel!
plates

Growth inhibition was tested in 96-well plates.
5000 celisfwell were seeded. On the next day differ-
ent cancentrations of Ukrain were added and incu-
bated for 48 h. Cell numbers were estimated by
measuring the activity of the acid phosphatase en-
zyme {10). The cullure supernatani was aspirated,
afler washing once with PBS. A solution containing
a phosphatase substrale {1mg/mi p- nilrophenyl-
phosphate). 0.1% Triton x 100, 0.1 M sodium ac-
etate. pH 5.5 was added. Aller 2 hincubation at 37°C

the reaction was stopped with sodium hydroxide and
colour developmen! was delermined using an ELISA
plate reader (405 nmy).

Fluorescence microscopy

Cells were grown in 35 mm dishes and incubated
with 100 pg/ml Ukrain for 30-60 min. The culture
medium was aspirated, the cells were washed twice
with PBS. Coverslips were mounted on the cells and
flucrescence was excited using a confocal laser
scanning microscope equipped with an argon faser
source {MRC 600 from BioRad. 2000 Alfred Nobel
Drive, Hercules, CA, 94547, USA). The emitted light
was detected in a photlomultiplier channel. The sig-
nals were imaged on a video monilor using the MRC
600 image processing software.

Results and discussion
Growth inhibition

The drug Ukrain is known 1o inhibit the growth of
a variety of tumour cell lines. The authors have com-
pared the inhibitory elfect of Ukrain on malignant
celis and normal cells in vitro, Cells were incubated
with different concentrations of the drug for 48 h. In
a range from 20-50 pg/ml Ukrain, about 50% in-
hibition of cell growth with endothelial cells was
measured. This concentration killed the human
osteosarcoma cell line (Fig. 1). Hybrids of the two
cell types showed nearly the same sensilivity as
normal cells.

Fluorescence microscopy

Because of its aulofluorescence Ukrain can be
delected niraceilularly. A laser scanning micro-
scope showed & Mugh upteke of Ukrain in malignant
cells. The cylocizsm was stained weakly and



Ukrain inhibits cell growth in viro
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Fig. T Inhibition of cell growih oy Uksain,

Fig. 3 Delection of Ukrain in melanoma cells. Celis were treated
with 100 pg/mit Ukrain lot 30 min, Autalivorescence al e diug
was exciled by 488 nm laser hght.
a: Fluorescence of celis shown in B.

Ukrain is accumulated m the cell nucleus and nuc.colus
b: Phase conirast phala microgiaph

Fig. 2 Ukrain uplake of melzroma cells compared to normal
engothelial cells.

a: Phase contrasl. endolhelal ¢ §

b: Phase conlrasl, melanoma cé s

¢: Fluorescence. endolhelal c6

d: Fluorescence melznoma ce
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showed granular structures. A large amount of fluo-
rescence was located in the nucleus. Especially
in the nucieoli an accumulation of Ukrain could be
observed (Fig. 2 a, b). The content in normal cells
under the same experimental condilions was sub-
stantially lower. In human endothelial cells fluores-
cence was weak and the difference between
cytopiasm and nucleus was not as pronounced as
in melanoma cells {Fig. 3 a-d).

The molecular mechanism of the cytotoxic action
of Ukrain is not known. Of special interest is the se-
lective inhibition of cell growth. The present resulls
indicale that the diferen! sensitivity of normal and
transformed cells to Ukrain /n vivo is in part due o
differenl uplake rates. Different metabolic process-
ing of the drug would be another possible explana-
tion of lhese results.
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