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ABSTRACT

Different aniirheumatic and cytostatic drugs had been tested
by measurement of the thymidine incorporation into DNA of
spleen cells under conditions, under which either UNA-
synthesis or repair after Gamma- or UV-irradiation takes
place. There are substances, which inhibit either only the
semiconservative DNA-synthesis (Vinblastine, Isonicotinic
acid hydracide) or only DNA-repair after Gamma-irradiation
{mixture of Penicillin-~G and Procaine-Penicillin-G} or both
{Cyelophosphamide, Phenylbutazone, Procarbazine, Nalidixie
acid).

Vineristine shows no effect on the thymidine incorporation
in DNA, hut by density gradient centrifugation it has becen
found that it influences the ligase reaction.

Two DNA polymerases had been isolated from spleen ceils, one
of the low molecular and one of the high molecular weisht
type.The influences of the described drugs on these enzymes
and on a leoxyribonuclense I from heef panereas have heen
tested in "in vitro" systems, 1ln all cases, it has been found
that there is no effect or only a very small one, comparcd
with the aection of well known inhibitors as e.,g, Ethidium
bromide and p~Chloremercuribenzoate, and this cannot be
responsible for the suppressions found in DNA-repair and

semiconservative UDNA-synthesis.

Key Words: DNA-SYNTHESIS/DNA-REPAIR/SPLEEN CELLS/DNA~
POLYMERASE/DNASE/LRUGS/ A

UDER DIE WIRKUNG EINIGENR PHARMAKA AUF ENZYME DER DNA-
REPARATURL_UND DER_SEMIKONSERVATIVEN DNA-SYNTHESE

RUHZFASSUNG

Verschiedene Antirbheumatilka und Zytostatika wurden durch
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Mecssung des Thymidineinbaues in die DNA von Milzzellen

sowohl guf ihren Einflufl auf die semikonservative DNA-
Synthese als auch auf die DNA-HReparatur nach Gamma- bzw,.
UV-lestrahlung untersucht, Von den untersuchten Suhstanzen
hemmten Vinhlastinsulfat und Isonikolinsdurehydrazid die
semikonservative DNA-Synthese, eine Mischung von Penicillin-G
und Procain-Penicillin-G die DNA-HReparatur und Cyclophosphamid,
I’henylbutazon, Procarbazin und Nalidixinsdure beide Synthese-
arten., Vincristinsulfat zeigt keinen Effekt auf den Thymidin-
einbau in die DNA, Allerdings wird durch diese Substanz die
mit lilfe der Gradientenzentrifugation in alkalischer Saccha-
rose untersuclite Strangheilung von Einzelstranghriichen der
INA verzogert.

Zwel DNA-Polymerasen -~ eine niedermolekulare und eine hoch
molekulare Polymerase - wurden aus Milzzellen isoliert. Der
Einflup der erwdhnten Pharmaka auf diese lheiden Enzyme sowie
auf eine pus Rinderpankreas isclierte Desoxyribonuklease 1
wurde in "in vitro" Systemen untersucht. Dabei zeigten sich
in allen Untersuchungen im Vergleich zu bekannten Inhibitoren,
wie BElhidiumbromid und p-~Chloromercuribenzoat, keine bzw.

nur geringe Effekte. Die deutliche Unterdriickung, wie sie bel
der Messung der DNA-Reparatur und der semikonservativen UNA-
Synthese teilweise gefunden wurde, kann daher nicht in einer

spezifischen Wirkung auf eines der drei Enzyme begriindet sein.

Deskriptoren: DNA-SYNTHESE/DNA-REPARATUR/MILZZELLEN/DNA-
1’0 LYMERA SE/DNASE/ PHARMAKA/




ACTION OF SOME DRUGS ON ENZYMES INVOLVED IN DNA-REPATR
AND SEMICONSERVATIVE DNA-SYNTHESIS

In order to make investigations of DNA-repair systems on an
enzymatic level, we took some drugs, which were by previous
experiments (1,2) proved to be inhibitors of the DNA-
metabolism., We tested these drugs for possible inhibitory
effects on purified enzymes in cell-free systems.

The substances we used were partly antineoplastic and anti-
tumor agents, someé others produce side effects (3,4,5),
which would indicate & possible influence on the genetic
material {(all lisled in table 1).

TABLE 1: List of tested drupgs and their properties

Drug Medical use side effecis
VINBLASTINE antineoplastic chromosome
aberrations
VINCIRISTINE antincoplastic chromosome
aberrations
CYCLOPIHOSPUAMIDE alkylating chiromosome
antineoplastic aherrations
PHOCANIBAZINE antineoplastic
PENICILLIN-G/ antimicrobial
PROCAINE-PENICILLIN-G
PHENYLBUTAZONE analgesic, anti- chroosone
pyretic, anti- aberrations

rheumatic

1S50NIAZID tuberculostatic carcinogen,
photosensiti-
zation of skiu

NALIDIXIC ACID antibacterial photosensiti-
zation of skin



METI{ODS

DNA~repair and semieonservative DNA-synthesis:

Immediately after killing the mice, the spleen had been taken
and homogenized, the washed eclls were preincubated in HANKS

with the drug and irradiated with 6O

Co-Gamma-rays (30krad)

or 254 nm UV-1light (7300 erg/mmu) at zero degree centigrades,
Tritiated thymidine had becn added fS/uCi/ml) and the incorpo-
ration of the activity into the DNA after dilferent incubation
tines was stopped by addition of perchloric acid, the sediment
was hydrolysed at 9000 and aliqguots ol the supernatant were
meagured for activity and DNA-content {6), The tested drugs
were nsed in concentralions close to the level that will
appear in bhlood after medical ireatment (Vincristine 2,5/ug,
Vinbhlastine E,O/HQ, Cynluphnsphumideﬁﬂ/ug, Penicillin—ﬂ/
Procaince~-lenicillin=G 75H/ug and nall others 100/ug/m1).
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In order to distinguish between semiconservative-~ and repair-
synthesis, hydroxyurea (HU, iO"QM) had been used., By
combination of irradiated and unirradiated samples with or
without NIU and with and without the substance to be tested it
is possible to get informations about influences on semi-
conservative synthesis and repair, so far as endonuclease,
exonuclease and DNA-polymerase are concerned, but not for the
ligase reaction.

DNA-polymerase:

The activity of the DNA-polymerase was measured according te
Wintersberger et al.(7) by mixing the enzymes with so called
"activated DNA" - DNA nicked by short treatment with DNase I -
for template and primer, and with the four necessary deoxy-
nucleotidetriphosphates, buffer, Mg++~ions and the inhibitor
to be testcd. One of the four triplosphates 1is 3H-labelcd and
the incorporated activity was measured after 15 minutes
incubation at 3700.

DNase:

jﬂ—labeled DNA was mixed with enzyme and inhibitors and
incubated at 37°C., The activity of the acid soluble fragments
produced was measured (8),

In both assays for enzyme-activity all concentrations of the
drugs wcere 100/ug/m1.

Metabolization of drugs:

Microsomes from rat liver were isolated and 1 mg ol the drug
was incubated with the amount of supernatant including
mierosomes that equals 0,25g cof original liver at 3?00 for

one hour and then centrifuged at 100 000 x g (9).
RESULTS

The influetice of the drugs on DNA-metabolism is indicated in
TABLE 2., As there was no effecl on DNA-repair after gamma-
irradiation with most of the drugs, we metabolizcd some
substances by mixing and incunbating them with liver microsomes
and found some inhibition as indicated by "m" in TABLE 2.

There is no inhibition of the semiconservative DNA-syntliesis

by Cyclophosphamide, but sure there weould be some effect by

the metabolized drug. Bthidiumbromide we used for an inhibitior-



standard, because 1t 1s known to be a very strong inhibitor
by complexing to the DNA, Those estimations of repalr only
include DNA-repalr-synthesis, i.e. the nuclease and the
polymerase systems and as we wanited to see the lignse too, we
had to investigate the rejoining by sedimentation analysis in
alkaline sucrose according to (2) as we did in some cases,
TABLE 2: Inhibition of semiconservative DNA-synthesis and DNA-

repair-~synthesis (Control=100, m= Drug metabolized, n.t.= non
tested, significant deviation is indicated by fat numbers),

Somlconurv.ltlu RAepair Repair

BNA synthesls Y-lrradiation  U¥-irradistion
VINBLASTINE a8 98/102 m 97
VINCRISTINE 106 102/106m 95
CYCLOPHOSPHAMIDE 101 98/TOm ag
PROCARBAZINE a3 101/81m 97
P'EN'C"JJN"G l ] L 43 .

PROCAINE~PENICILLIN-G )

PHENYLBUTAZONE 39 1 n.t,
ISONILAZID 22 110 nl,
NALIDIXIC ACID 79 :]] 74
ETHIDIUM BROMIDE 6 0 13

In TABLE 5 the inhibition of "repair-synthesis" and rejoining
is compared. With Vincristine, there is some remarkable
differcnce and there is possibly some inhibition of the
ligase step.

TABLE 3: Inhibition of DNA-repair following either the kinetics
of thymidine incorporation into DNA or the rejoining of strand
breaks., All investigationsowere carried out with metabolized
drugs for 30 minutes at 37 C,

30" repair after y-irradiation

% of contral

by by
T-incorporation  danaity-gradient

VINBLASTINE (m) 102 100
VINCRISTINE (m) 106 60
CYCLOPHOSPHAMIDE (m) 79 70

PROCARBAZINE (m) 81 40



For the "in vitro" experiments we used DNA-polymerase
extracted and purified before from pig spleen., As in all
mammalian cells, there are two types of this enzymc, one

with high molecular weight (we call it the lurge polymerase)
and another with low molecular weight (the small polymerase)
(10), There are some evidences, that these enzymes play
difterent roles in the cell, so remains the concentration of
the "small" always constant, but the large one is very much
gslimulated in proliferating cells, regenerating tissue and
tumors. The tested drugs did not inhibit these enzymes {TABLE 4)
except a very small effect with metabolized Nalidixic-acid,
Strong inhibition was observed with Ethidium-bromide {(bLecause
of its reaction with DNA) and p-Chloromercuribenzoate (this
reacls with the -SH-groups of the enzyme),

TABLE 4: Inhibition of small and large DNA-polymerase by un-
metabolized and metabolized {(met.) drugs. Control = 100.

inhibition of DNA polymemase

small large

- mat, - met.
VINBLASTINE 119 116 104 113
VINCRISTINE 101 102 1M1 100
CYCLOPHOSPHAMIDE 108 116 112 111
PROCARBAZINE 112 109 97 100
PPHOCAINEPENICILLIN-G 95 104 98 102
PHENYLBUTAZONE 109 12 100 103
ISONIAZID 112 99 93 101
NALIDIXIC ACID 109 85 92 82
ETHIDIUM BROMIDE 3 18 2 5
p-CHLOROMERCURIBENZOATE 8 n.t. <1 n.t.

Similar experiments we did with DNase. We uscd DNase 1 from
beef pancreas {Sigma chemicals) and this enzyme is not
nccessarily involved in the repair-system. We used it in order
to try only il the {lype of reactiion is sensitive 1o our drugs
and also to discriminate effccts on the polymerase {rom un-
specific effects to the DNA, In future we will do experiments

with more specialized nucleases too,



Only a small inhibition is produced by Nalidixic-acid (TABLE 5),
but there is more distinct effect, if this drug is meta-
bolized. There is alsc some influence with metabolized
Cyclophosphamides and the inhibition by Ethidium-bromide is

always total.

TARLE 5: Inhibition of DNase I (Control = 100).

Inhibitien of DNase

unmatsbolized matabollized

VINBLASTINE " 100 110
VINCRISTINE 100 95
CYCLOPHOSPHAMIDE 92 80
PROCARBAZINE 90 101
P PROCAINE PENICILLIN-G o 33
PHENYLBUTAZONE 90 105
ISONIAZID 98 10¢
NALIDIXIC ACID 78 30
ETHIDIUM BROMIDE <2 <2

DISCUSSION

Our intention had been to Tind some specific inhibitors for
the different enzymes, In TABLE 6 there arc summarized the
effects of the tested drugs on semiconservative UNA-synthesis,
DNA-yrepair after gamma-irradiation, small and large DNA-
polymerase and DNase. There are no correlations of the
effects in the cellular systems with the free enzymes in

the most cases. Thus we can say that thc observed inhibition
of the DNA-metabolism did not result from DNA-polymerase
inhibition and also not from eflfects on DNases as far as our
BNase I simulate aany repair-invelved endonuclease. Nalidixic
acid shows some correlations, the polymerase inhibitions

{or maybe only the inhibition of the large one) correlates
with the DNA-synthesis and all enzymes together correlate
with the more expressed effeect on DNA-repair,

We needed metaholized Nalidixic-acid in order to influence

the enzymes, but in the rellular systems, the cells were



ahle at least partly to metabolize Nalidixic-~acid.

The effect of Ethidium-bromide is very strong, but not

specialized cnough to give informations on interactions of

the enzyme-systlems. Further experimenis will show the

influence of differcni drugs on more and specialized

enzymes, l.e, different nucleases and ligase,.

TABLE 6: Summary of resultis (* slight inhibition, ** strong
inhibition, *** very sirong inhibition). Investigations on
semiconservative LUNA-synthesis and DNA-repair were done with
spleen cells, the measurements on the isolated enzymes in

cell-free systems,

VINBLASTINE
VINCRISTINE
CYCLOPHOSPHAMIDE

PROCARBAZINE

PENICILLIN-G /
PROCAINE-PENICILLIN-G

PHENYLBUTAZONE
ISONIAZID
NALIDIXIC ACID

Semicanservative DN A polymerase
DNA synthesis T-repale i large DNase
¥* % - - - -
- () - - H*im}
** 3 {m) - - -
- ¥* % - - -
* 4% 9 % ~ - -
*% - - - -
+ 4 #m o wm M
4% % L2 2 B L L €%

ETHIDIUM BROMIDE

AKNOWLEDGEMERT

This work was done under the

scope of Lhe Dbilateral scientific

agreementi helween llungary and Austria,

REFERENCES

1, KLEIN W,, KOCSIS I,, LEBEHL R. and ALTMANN [L,:

Untersuchungen liber die unterschiedliche Wirkung von

Pharmaka aufl die semikonservative DN3S-Synthese bzw,

aufl die DNS~KReparaturvorginge.

(1973), 51

studia biophysica 41,



10.

KLEIN W., KOCSIS F. &nd ALTMANN H,: Die Wirkung einiger
Zytosiatika auf die DNA-Synthesen von normalen und Tumor
Zellen.

Arzneim,-Forseh. (Drug Res.) 1in press

The Merclk Index, Editor P.G. STECHER, Merck and Co.lnec.
(1968) ,

Side LEffecbs of Drugs, EBditors L,MEYLER and A, IIERXHEIMER,
Excerptia Medica Foundation (1968)

GEBHART E,: Mutagenitdisuntersuchungen an menschlichen
Zellkulturen

Umschau 72, (1972), 183

KoCS1S F., KLEIN W, and ALTMANN II.: Ein Sereening System
zur Destimmung ciner liemmung spezifischer Lnzyme der
DNS—-sSynthese und DNS-Reparatur.

Z.Naturforsch. 28e, (1973), 131

WINTERSBERGER U, and WINTERSBERGER IE,: Studies on Deoxy-
ribonucleic Aecid Polymerases from Yeast,

Lur.J,Biochem, 13, (1970), 11

WENIGER P.: Wirkung aer DNase von M,arthritidis aufl DNA,
Diplomarbeit, Universitdt Wien (1975)

CREAVEN P.J,, PARKLE D,V., and WILLIAMS R.T,: A Spectro-
fluorometric Study of the 7-Hydroxylation of Coumarin

by Liver Microsomes,

Biochem.J. 96, (1965), 390

WAWRA E.: to bhe published



SGAE=-Berichte

Ligentiimer, Herausgeber, Verleger und Druck:

Usterreichische Studiengesellschaft fiir Atomenergie Ges.m.b.H.
Mach dem Pressegesetz verantwortlich: Prof. Dr. Hans GRUMM,

alle Leraugasse 10, 1082 Wien, Tel. (D222} 42 75 11, Telex 7-5400.

Fir diesen Bericht behalten wir uns alle Rechte vor.



