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195mPt has been obtained in reaction *’Au(y,np)'**™Pt on the electron linear accelerator with energy 40 MeV and
current 10 HA. To produce '**"Pt from a target of gold the extractor such as Kuchera-Shtoly was needed. The fol-
lowing stage of technology consisted in obtaining synthetic cisplatin on a basis '*"™Pt. The admixture of activity
%Au in synthesized cisplatin was 1.4% relatively of the '"*"Pt activity. The effective dozes have been measured in
various organs of animals after administration of cisplatin containing '**"Pt with activity 13 kBq. It has been shown
that effective dozes from '**™Pt cisplatin for various organs were from 0.72 to 0.20 mGy/MBgq.
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1. INTRODUCTION

In recent years a large series of new antineoplastic
preparations have been developed. The combination of
these drugs with radiotherapy enabled to develop and
update the schemes and regimens of their optimal use,
as well as, to increase the efficiency of cancer-carrier
treatment. In Ukraine the oncologists have in their arse-
nal more than 70 antineoplastic preparations [1-2].
However, despite the achievements in this field some of
these drugs are imperfect and most of them have a low
selective action. Therefore, there is an urgent need to
develop new pharmaceuticals, update the available ones
and to combine the treatment regimens. The main rea-
son for this is a necessity of decreasing the toxic influ-
ence of drugs, reducing the painful symptoms and in-
creasing the patient life.

Among the chemical preparations exerting an antitu-
moral action are the complex compounds of transition
metals, in particular, platinum compounds. For the most
part, antitumor drags are organic matters by the chemi-
cal structure. In this context cisplatin is a premier inor-
ganic and effective antitumor drug. Just the geometrical
configuration of platinum complexes plays an important
role not only in a sense of changing their physical-me-
chanical properties, but, also, their biological activity.

Labeling of cisplatin by the '"™Pt isotope makes it
possible to use a high value of Auger electron
bremsstrahlung losses in the cell nucleus. A synergism
influence due to the bystander effect should be noted
too. Production of radioactive cisplatin is possible by ir-
radiating prepared pharmaceuticals. In this case the radi-
ation doses not leading to the cisplatin molecule de-
struction are permissible. In the case of platinum irradi-
ation with high radiation beams a further synthesis of
radioactive cisplatin is necessary.

The advantages of '**™Pt use for labeling radiotracers
provoked many attempts of '*"Pt synthesis [3]. Howev-
er, the obtained specific activities (30-50 Bq/mg) of ra-
diotracers have not permitted to reach significant results
in the tumor treatment. Successful efforts for production
of '"Pt with a high specific activity were undertaken in
the USA, Oak Ridge. By the double neutron capture in
the reactor, being the most intense in the world, a spe-
cific activity of '**"Pt near 80 mCi/mg was reached [4].

2. PROCEDURE OF ""Pt EXTRACTION

The article presents and discusses the conditions of
cisplatin (Mili Healthcare LC, GB) at 26- and — 34 MeV
electron accelerators using the bremsstrahlung. In this
case the radioactive cisplatin makes 1000 Bq/mg of cis-
platin. At a dose of 5 Gr the destruction of cisplatin
molecule occurs that appears in the form of a fine sus-
pension in the preparation. At a dose more than 10 Gr a
brown precipitate settles out from cisplatin preparation.

The use of crystalline cisplatin allows one to in-
crease the irradiation dose. At an irradiation dose of
more than 10 Gr there occurs significant destruction of
the crystalline cisplatin molecule. However, the most
part of crystalline cisplatin conserve their structure. Af-
ter separation of the destroyed cisplatin, the specific ac-
tivity of radioactive crystalline cisplatin was determined
at a level of 2 kBq/mg.

We performed the synthesis of radioactive cisplatin
from irradiated samples of crystalline and dissolved cis-
platin. By the crystal optic properties the synthesized ra-
dioactive cisplatin get some qualities approaching a new
formed phase with crystal-hydrate modifications to the
initial compound composition.

Brake radiation of the electronic accelerator was
used for obtaining '**"Pt by means of an irradiation of
gold. Extraction of gold was used for obtaining radioac-
tive cisplatin with high specific activity (about
1 Ci/mg). Nuclear reaction '’Au (y,np)'”"Pt was used.
Synthesis of radioactive cisplatin is realized.

Cisplatin of a high specific activity was obtained in
the high-current electron accelerator using the nuclear
reaction '’Au(y,np)'*"Pt with a threshold of 13.7 MeV.
The cross-section of the reaction '’Au(y,np)"**"Pt slow-
ly increases to 100 MeV and according to the estimation
at 30 Mev energy has the value of 2 mbn [5]. The output
of ""Pt isomer is near 30%. Therefore the '"Au(y
,np)'*™Pt reaction cross-section for the 30 MeV gamma-
quanta is about 0.6 mbn. The reaction "’Au(y,2p)'”Ir —
195mpt also leads to the '™Pt production [5]. The '*Au
yield in the nuclear reaction '*’Au(y,n)"**Au - '"Pt ex-
ceeds the '™Pt yield approximately by a factor of 1000.
The half-life of "’Au is 6.18 days. Therefore to decrease
the '*°Pt concentration in the process of radioactive cis-
platin production it is necessary to perform a repeated
gold extraction from the irradiated target. The maximum
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specific activity of '*"Pt can be 100 Ci/mg. So, by irra-
diating the gold with bremsstrahlung during 24 hours
with the subsequent gold extraction we can obtain the
specific activity of '>"Pt at a level of 2 Ci/mg that is
significantly higher than the specific activity of '*"Pt
obtained by the USA researchers [4]. The gold extrac-
tion after four-hour irradiation can give the specific ac-
tivity of '**™Pt at a level of 10 Ci/mg. Potentialities of
the NSC KIPT high-power electron accelerator (34
MeV and 500 HA) make it possible to produce up to 50-
100 mCi/day. To obtain '**Pt of a high specific activity
the sample of 1 g weight was irradiated with brems-
strahlung from the accelerator KUT-20 (electron energy
of 34 MeV and current of 500 pA) during 5 hours.

Platinum was separated by means of gold extraction.
For this purpose the gold sample after irradiation in the
accelerator was dissolved in the aqua regia (1:3 —
HNO;:HCI). For the more rapid dissolving we added
into the solution several drops of hydrogen peroxide. To
remove the nitrogen acid the solution was repeatedly
evaporated. Then the gold solution in the 10% hy-
drochloric acid was prepared. After 20 ml of hydrochlo-
ric acid-gold solution were poured into the extractor
(Fig.1). Into the flask, being heated up, 100 ml of ethyl
acetate were poured. By evaporating ethyl acetate was
condensed in the refrigerator and from there it arrived
via the glass pipe onto the extractor bottom. Ethyl ac-
etate was running up over the hydrochloric acid-gold so-
lution simultaneously extracting gold. Then ethyl ac-
etate got again into the heated flask with ethyl acetate.
Extraction of gold by 100 ml of ethyl acetate has been
carried out during 4 hours.

The measurement of the gamma-activity spectrum in
this stage showed significant decrease of the '**Au activ-
ity (approximately by a factor of 10*). However, the rel-
ative intensity of '>"Pt was insignificant. After this pro-
cedure ethyl acetate was removed and the flask was
again charged with 30 ml of fresh ethyl acetate. In this
case the extraction proceeded during 1 hour. The '"*Au
activity was decreased by a factor of 10.

Subsequently, the gold extraction was repeated three
times under continuous agitation in the magnetic agita-
tor. In this case the activity of '**Au was decreasing at
each cycle by a factor of 5 and that of '**"Pt by a factor
of 1.8-2. The loss of a significant amount of """Pt at
each extraction cycle is caused by its low concentration
in the solution, namely, 7007 mol/l of **™Pt. The total
content of platinum atoms was determined by the yield
from the reaction "’Au(y,n)'”*Au - '°Pt. In our case
the total concentration of platinum atoms in the solution
was 6.4007 mol/l. In total after two extraction cycles
we obtained 13 kBq of '*™Pt that was equal to 10% of
the initial activity after irradiation in the electron accel-
erator. In Fig.2 the spectra of '">"Pt solution after final
cycle of gold extraction are presented. The number of
counts, detected by the Ge(Li)-detector, of the line with
356 keV energy ('°Au) makes 1.6% of the number of
K-line counts of '**™Pt, that corresponds to 1.9% of the
®Au activity from the '™Pt activity.

Fig.1. Extractor of gold
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Fig.2. The fragment of the Vspectrum of the " Pt solu-
tion after the final extraction cycle

In the spectrum of hydrochloric acid "*Ir takes
place which was produced in the reaction "’Au(y,n
0)"Ir. The cross-section of this reaction at a gam-
ma-quantum energy of 30 MeV is less by a factor
of 3-5 than that of the reaction '*’Au(y,np)"**"Pt.
The yield of "Ir after the final extraction cycle is
50% of the yield of isotope *"Pt. Proceeding from
the above-given data we can conclude that in the
hydrochloric acid solution, after finishing all the
extraction cycles, the residue of '“Ir was about
10%. Note, that its initial concentration in the solu-
tion was 4-610""2 mol/l. In addition, in the spectrum
of Fig.2 one can see a considerable amount of iso-
topes '“"Ag and '"Ag from the reactions 'Ag(y
,n)'“"Ag and '"Ag(y,2n)'®Ag, which are realized
in the silver impurities in gold.

In the practice of commercial *"Pt production by
the reaction '’ Au(y,np)"**"Pt the concentration of '**"Pt
in the solution will be higher by a factor of 100-200.
Therefore, the number of cycles of gold extraction from
the solution will be less, respectively, the remaining
fraction of the isotope '*™Pt in the solution will be larg-
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er. The expected value may be 60...80%. It should be
noted that after the final extraction cycle there is 210~
"mol/l in the solution. We suppose that further improve-
ment of the gold extraction technique will allow one to
decrease the gold concentration after the final extraction
cycle down to 107 mol/l.

In addition, note that the recrystallization of the ob-
tained radioactive cisplatin will allow one to decrease
considerably the gold content in the final product.

The peculiarity of the radioactive cisplatin synthesis
in our case is a small quantity of '”™Pt (25 ng). The so-
lution of platinum in the hydrochlorid acid was repeat-
edly (3-4 times) evaporated on the water bath to obtain a
yellow precipitate. The dry precipitate H,[PtCls][6 H.O
was subjected to treatment with boiling water and was
evaporated again on the water bath [6,7]. Then the fresh
25% solution of potassium chloride was added to the
tenfold-water solution of platinum hydrochloric acid up
to the complete precipitation.

H[PtCls] + 2KC1 = Ko[PtCl] = 2HCI . (1)

The yellow crystalline precipitation was obtained.
After cooling the precipitate was washed during 1.5...
2 hours with the diluted potassium chloride solution and
alcohol. The compound is crystallized in the form of
yellow octahedrons. The obtained precipitate in the 6-
7 fold quantity of water was slowly heated to boiling. In
the process, as the quantity was small, water was added
to the required volume. A 5% excess of lemon salt
(0.39 g K,C,04H,0 na 1 g Ky[PtCls]) was added to the
boiling mixture.

Ka[PtCle]+KoC20.=K,[PtCL]+2KCl + 2CO, . (2)

Boiling of the solution during 1 hour does not resulted
in the formation of red-crimson precipitate. Therefore
once more portion of K>C,O4 was added. After boiling
during 1 hour the red-crimson precipitate was formed.
The obtained solution of potassium chloroplatinite
K,[PtCl,y] with addition of a necessary quantity of 20%
solution of ammonium acetate (CH;COONH.,) and
potassium chloride was boiled during 1.5 hours with
water replenishment. After cooling the precipitate of Pe-
jrone salt of canary color was precipitated.

Ko[PtCL] + 2CH;COONH, = (NH;Cl),Pt +
2CH;COOK + 2HCI . 3)

3. BIOLOGICAL TESTS

The response of tumor cells on the action of initial
and radioactive cisplatin can reflect their sensitility to
the chemicals action and to the radiation effect that is
very important in the case of antitumor therapy of pa-
tients.

Experiments were carried out to investigate the in-
fluence of initial and radioactive cisplatin on the Ehrlich
adenocarcinoma cells. The cell concentration was
1.8-10°ells/ml. The cell vitality was 98%. The estima-
tion of the Ehrlich adenocarcinoma cell vitality after
staining with trypan blue was made using the light mi-
croscopy in dynamics in 1, 2, 4, 6, 12, 18, 24 and 48
hours. The cells were counted in the Goryaev chamber
under the microscope MBB-1 (x900).

The introduced dose of initial cisplatin was
7.5ug/ml, of radioactive cisplatin — 0.017 pg/ml and
0.17 pg/ml [7]. We introduced into every sample
0.03 ml penicillin that corresponded to 180 units, and
0.03 ml streptomycin that corresponded to 300 pg. The
samples were stayed in the thermostat at a temperature
of 37° for incubation.

The size of tumor cells was measured on the polar-
ization microscope (x200) before cytostatic intro-
duction. The cell size was 0.015 mm. After incuba-
tion during 12 hours the cell size was 0.010...0.015
mm with initial cisplatin and 0.005...0.007 mm
with radioactive cisplatin.
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Fig. 3. Effect of high-active cisplatin on the Ehrlich
cells, 60 min, 0.017 picograms

Fig.3 demonstrates the vital and dead Ehrlich ade-
nocarcinoma cells treated with radioactive cisplatin
in dose of 0.017 picograms after incubation during
60 minutes. In the field of vision one can see the vi-
tal (unstained) cells and dead (stained with blue)
cells. It should be noted that after the radioactive
cisplatin action in dose of 0.017 picograms during 1
hour the number of vital cells slightly exceeds the
number of dead cells.
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Fig. 4. Effect of high-active cisplatin on the
Ehrlich cells, 120 min, 0.017 picograms

Fig.4 shows the vital and dead Ehrlich adenocarci-
noma cells after introduction of cisplatin in dose of
0.017 picograms and incubation during 2 hours. It
is seen that in the field of vision the number of dead

200

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY. 2008. Ne5.

Series: Nuclear Physics Investigations (50), p.198-202.



cells is significantly larger relatively to the number
of vital cells.

Fig.5 presents the picture of Ehrlich tumor cells af-
ter action of radioactive cisplatin in dose of 0.17
picograms. One can see that already under radioac-
tive cisplatin action during lhour in such dose al-
most all the cells are dead. The rest vital cells coa-
lesce in coarse conglomerates. Most of them are de-
formed. A lysis state of cells is observed. Also, as a
result of the cell membrane damage the cytoplasm
escape into the intercellular space. Thus the rest vi-
tal cells lost their capability to divide.
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Fig.5. Effect of high-active cisplatin on the Ehrlich
cells, 60 min, 0.17 picograms

After action of radioactive cisplatin in dose of 0.017
picograms during 6 and 12 hours in the field of vision
we observed solitary cells in the state of pyknosis, as
well as, deformed cells, sometimes, of a giant size. The
presence of giant cells and normal cells simultaneously
evidences on the probability that in future the cells will
coalesce in conglomerates. The fact that the cell prolif-
eration decreases is confirmed by investigation dynam-
ics where the inverse relationship between the cell vol-
ume increasing and their number in the conglomerate is
observed.

Apoptotic bodies were revealed in 18 and 24 hours.
A feature of cell apoptosis morphology consists in the
appearance of a great number of small-size apoptotic
bodies among many dead and vital cells.

After radioactive cisplatin action during 24 hours it
is seen that the giant cells disappear, likely, they are dy-
ing. One of possible mechanisms of cell death may be
the cell inability to withstand the osmotic pressure or to
stand against the mechanical force, for example, to the
squeeze in the instant of conglomerate formation [8].

Experiments showed that during the first hours of
incubation there was not a total death of cells under
the action of both the initial and radioactive cis-
paltin in dose of 0.017 picograms. It means that the
cells have different resistance and sensitivity to the
action of such factors as radiation and pharmaceu-
tics.

Investigation of the dose effect (cisplatin concentra-
tion from 0.01 to 0.17 picogram) on the tumor cell
vitality has shown that the increase of radioactive
cisplatin dose leads to the higher content of cells
with changes typical for necrosis. In the case of

necrosis the changes may be in the form of pykno-
sis and lysis. The cell swelling and distinct destruc-
tive changes attract attention. Then the cell mem-
brane is damaged and the cytoplasm contents
spreads into the intercellular space. Examination
shows that at doses of radioactive cisplatin of 0.17
picograms in the field of vision a great number of
cells are in the state of apoptosis. The morphologi-
cal apoptosis leads to the cell volume decreasing,
cell shrinkage and apoptotic corpuscles formation.
Apoptotic corpuscles in the form of spherical for-
mations are easily identified. They can be revealed
in groups. If they are lonely, in this case they are
surrounded light aureole.
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Fig.6. Action of initial and radioactive cisplatin on
the Ehrlich adenocarcinoma cell vitality

Fig.6 shows the Ehrlich adenocarcinoma cell vitali-
ty after introduction of initial and radioactive cis-
platin obtained from the radioactive gold target and
subsequently synthesized. As is seen from the fig-
ure the Ehrlich adenocarcinoma cell vitality under
the initial cisplatin action decreases from 78% after
1 hour to 25% after 6 hours of incubation. Under
action of radioactive cisplatin in dose of
0.017 picograms a similar dependence is observed.
The vitality of tumor cells under action of radioac-
tive cisplatin during lhour is 54% and after 6 hours
it is 3%. It should be noted that during a short peri-
od after introduction of radioactive cisplatin in dose
of 0.17 picograms the certainly irreversible tumor
cell inhibition takes place. In the dynamics of in-
vestigations the cells reveal the loss of potency for
the unlimited reproduction, may be even with a
short-time retaining of the morphological continu-
ity. One can see that in the initial incubation period
(2-6 hours) the number of vital cells with radioac-
tive cisplatin is less than that of those with initial
cisplatin. Later we observed a significant difference
&nbsp;in decreasing the number of vital cells under
action of radioactive cisplatin relatively to the ini-
tial cisplatin.

The doses of radioactive cisplatin absorbed by dif-
ferent organs of animals were measured. The cisplatin
molecule containing '**"Pt may have an important thera-
peutic application. Therefore, it is necessary to have an
information and reliable estimate of absorbed doses for
different organs and tissues in order to perform the fur-
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ther calculation of effective doses for patients, which

will be treated with cisplatin containing '**"Pt.
The experiment was carried out on animals (white
mice, males, weight of 18 g). Radioactive cisplatin
in dose of 13 kBq was intraperitoneally injected
into the animals. After injection of radioactive and
synthesized cisplatin all the animals were living.
The absorption dose (mGy/MBq) from '*Pt was
measured in different organs (kidney, liver, spleen,
bowels, seminal glands, urinary bladder wall, skin).
The controlled organs from 10 animals were
weighted and placed in the aluminum container in-
stalled on the Ge(Li)-detector for the absorbed dose
recording. The data obtained have shown that the
highest absorption dose of **"Pt-cisplatin is record-
ed in the liver (0.72%0.23); kidney (0.40+0.07);
seminal glands (0.55%0.15); spleen (0.35+0.05);
urinary bladder wall (0.25£0.02); skin (0.21£0.04).

CONCLUSIONS

1.Irradiation of cisplatin pharmaceuticals in the elec-
tron accelerator was carried out. Optimum condi-
tions for cisplatin irradiation were determined to
reach a maximum specific activity of '**™'**"Pt, The
specific activity of radioactive cisplatin equal to
250-100 Bg/mg was obtained.

2.0ptimum conditions for gold irradiation in the
electron accelerator for '*™Pt production were deter-
mined.

3.The method of gold extraction for '**"Pt produc-
tion was developed.

4.The effect of initial and radioactive cisplatin with a
high specific activity (~1Ci/mg) on the suspension
of Ehrlich adenocarcinoma cells was investigated.
The change of cell morphology depending on the
dose of initial and radioactive cisplatin was ob-
served.

5.Necrosis and apoptosis processes leading to the
death of cells are revealed under action of radioac-
tive cisplatin in dose of 0.017 picogram/ml, which is
less in 107 times then the introduced dose of initial
cisplatin.

6.The dose of absorption (mGy/MBq) from '*™Pt
was measured in different organs (kidney, liver,
spleen, bowels, seminal glands, urinary bladder wall,
skin). The data obtained have shown that the highest
absorption dose of '""Pt-cisplatin is recorded in the
liver, kidney, seminal glands, spleen, urinary bladder
wall, skin.

The work is done with the STCU support, grant
Nel768.
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OLIEHKA NOT'JIOIEHHBIX 103 CUHTE3UPOBAHHOI'O IUCIIJIATUHA
HA OCHOBE "*"Pt B PA3JINYHBIX OPTAHAX )KUBOTHBIX

H.IL Juxui, A.H. /loe6ns, I0.B. /lawko, E.Il. Meoseoesa, /].B. Meosedes, B.J1. Yeapos, /1./1. I puyan, H.H. Onuwienxo

TTpoBeaeHbl 3KCIEPMMEHTHI 1O BBIAEIECHHIO H30TOMa miatulbl Pt B peakiuu '“’Au(y,np)'*"Pt Ha TUHEHHOM yCKOpUTENE 3MEKTPOHOB s
snepruu 40 MaB npu Toke 10 MxA. PazpaGoTana TeXHOJIOTHS BbIIENeH s '~ Pt ©3 MUILEHH 30710Ta B 3KcTpakTope Tuna Kyuepa-1lltons. Creny-
JOLIMH HTal TEXHOJIOTHH 3aKII0YANCs B OMy4EeHHH CHHTETHYECKOTO UCTUIaTHHA Ha ocHoBe '*"Pt. IIpumecs '**Au B CHHTE3MPOBAHHOM LUCILIA-
TuHe cocTaBuia 1,4% ot aktuBHOCTH '*™Pt. i3MepeHbl 2p(eKTHBHBIE 0351 TTOTJIOMIEHHS Ha €IUHUILY aKTHBHOCTH OT '**™Pt B paslMYHBIX Opra-
Hax )MBOTHBIX, KOTOPBIM ObLI BBEJIEH PaJMOAKTHBHBIH IMCIIaTHH B 103e 13 KBk. ITokaszaHo, 4To 10361 MOTJIOMEHHS OT '*°"Pt ayIsl pasIMUHbIX
opranoB coctaisu ot 0,72 no 0,20 mI'p/MbBk.

OIIHKA NNOTI'JIMHEHUX 103 CUHTE30OBAHOT'O HUCIIJIATUHY
HA OCHOBI **"Pt Y PI3HUX OPTAHAX TBAPUH

MLIIL. Juxkia, A.-M. /]oeonsa, 10.B. lawko, O.I1. Meodseoesa, /I.B. Medgeoes, B./I. Ysapos, JI./. I puyan, M.1. Onuwienxo

TIpoBeNeHO EKCIIEPUMEHTH TI0 BHAUIEHHIO i30Tomy Iwiatunu '"Pt y peakmuii '*’Au(y,np)'**"Pt Ha niHilHOMY NPHUCKOPIOBaYi ENEKTPOHIB 3
enepriero 40 MeB i ctpymom 10 MKA. PospoGneno Texuomnorito Buminenns '"Pt 3 mimeni 3omota B excrpaktopi Tumy Kywepa-IlIToms.
OpiepkaHo CHHTETHYHHI LMCIUIaTHH Ha ocHOBi '*"Pt. Jlomimka "Au y cuHTe30BaHOMy uucIUiaTHHy ckiana 1,4% Bix aktusHocti '*"Pt.
BuMipsini eeKTHBHI 7103M TIOTJIMHAHHSA HAa OJMHMINIO aKTUBHOCTI Bifl '""Pt y pi3sHMX OpraHax TBapuH, IKUM OyB yBEJEHHMIl paj/lioaKTHBHMI
ucriaThH y 1031 13 kBk. [TokasaHo, 1o 1034 MOorauHaHHs *"Pt IUCIIaTHHA JUIs Pi3HUX opraHiB cTaHoBuH Bin 0,72 no 0,20 mI'p/MBk.
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