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GENOTOXIC ACTIVITY OF NEWLY
SYNTHESIZED DERIVATIVES
OF CYANO-PYRIDONE IN MURINE
CELLS /N VIVO AND IN VITRO

FPossible genotaxic activity af two mewly synthesized cyvano-
pyridone compounds f4-f N-methyl-phalimidyi-3)- 3-cyano-4-
methyl-pyridone-2 { MPhCMP) and 1-(4-hydroxyphenyl)-3-
cyana-d-methyl-pyridone-2 ( HCM P} with in vitro anvitumor
aotivity was stidied both in in vitro and in vive murine fest 5ys-
tems. fn L3178Y mouse vmphoma cells, HOMP did not induce
micronuclei { MN) at the highest available {because of toxicity)
conceniration T80 ugdmil), while MPRCMP at dose of 50 ugdmil
induced 2.6-fold, and at dase af 100 gg/mi 3. 93-fold increase
of number of the cells with MN. The concentration of 100 gg/mi
ix g threshold of roxicity of MPhCMPE. In experiments on possible
DNA damaging activity {the comer assay) of both substances
using the same doses as in in vitro mutagenesis assay, we did not
reveal any evidence of DNA damage. The acute toxicity of com-
pounds was siudied on male Swiss albing mice. LD, values of
MPRCMP and HCM P were 177.5 and 288 mg/kg, respectively.
MPHCMP was more potent MN inducior than HCMP ¢ 2 5-fald
af doses equivalent fo 2 of LD, ). Both substances possessing in
vitro antifumor activity along with weak genotoxicity have a
gond chance for successful in vivo antitumor studies in rodents.
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Introduction. Newly synthesized two derivatives
of cyano-pyridone showed antitumor activity in
vitro on 3 murine tumor cells lines: MG-22A —
hepatoma, B-16 — melanoma, Neuro2A — neu-
roblastoma |[1]. Especially they were active against
MNeuro2A cells. It would be of interest to study the ge-
notoxic activity of these compounds because there
are no data on the genotoxicity profile of struc-
turally related substances in the available literature.

U.5. Environmental Protection Agency (EPA)
and the United Kingdom Committee on Muta-
genicity of Chemicals in Food, Consumer Pro-
ducts and the Environment (UKCOM) recom-
mend that all compounds tested for mutagenicity
should be studied using mouse L5178Y lymphoma
and bone marrow cells [2]. L3178Y mouse lym-
phoma cells is a suitable cell system for assessing
the clastogenic and aneugenic [by means of the
micronucleus (MN) assay], and also genotoxic
(DNA damaging, by means of the comet assay)
properties of various agents [3]. The MN assay
both in vive and in witre is widely used for the
assessment of clastogenic and aneugenic effects of
compounds, including new drugs [4]. The comet
assay (single-cell gel electrophoresis) is a rapid and
well-established test system for detecting DNA
strand breaks [5].

The aim of the present work was to study the
MN-inducing activity of two newly synthesized
substances in bone marrow polychromatic ery-
throcytes (PCEs) of mice and in L5178Y mouse
lymphoma cells, and to evaluate DNA-damaging
activity of substances in L5178Y mouse lvmpho-
ma cells.

Materials and methods. Compounds studied. 4-
(N-methyl-phalimidyl-3)-3-cyano-4-methyl-
pyridone-2 (MPhCMP) and 1-(4-hydroxyphe-
nyl)-3-cvano-4-methyl-pyridong-2 (HCMP) were
synthesized by Melikyan according to a new me-
thod of synthesis of substituted pyrrolinones [6].
The only difference between the two compounds is
4-(N-methyl-phalimidyl-3)- group in MPhCMP
instead of 1-(4-hydroxyphenyl)- in HCMP. Men-
tioned newly synthesized substances dissolved in
dimethyl sulfoxide (DMSO) were used in the expe-
riments.

Cell culure. L5178Y (k™ mouse lymphoma
cells were routinely cultured in suspension in
RPMI-1640 supplemented with 98 units/ml peni-
cillin, 95 pg/ml streptomycin, 0.25 pg/ml L-gluta-
mine, 107 pg/ml sodium pyruvate, and 10 % heat-in-
activated horse serum (all from «Sigmas», Germany).
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The cell cultures were grown in a humidified aerial
atmosphere containing 5 % CO, at 37 °C.

In vitro micronucleus assay. In the first experi-
ment, exponentially growing L5178Y cells (10° cells
in 5 ml medium) were treated with the substances
at doses of 500 and 1,000 ng/ml overnight and in
the second one at doses of 1 and 10 pg/ml. Since
we recorded neither toxic nor MMN-inducing
effects, another schedule of treatment was applied:
incubation of substances with lymphoma cells for4 h
[3]. After removing the chemicals by centrifugation
and replacement of the medium, the cells were
incubated for 18 h (expression time). Mitomycin C
(MMC, 50 pg/ml) and DMSO were used as posi-
tive and negative (solvent) controls, respectively.
Slide preparation, staining and criterion to distin-
guish the MN were the same as described earlier
[7]. One thousand cells were scored in each slide, 3
slides per each point.

Comet assay. Comet assay was performed as
described earlier with the same negative (DMSQ,
the solvent of the substances) and positive [ethyl
methansulphonate (EMS), 300 pg/ml] controls
[8]. L5178Y cells (10° cells in 5 ml medium) were
treated with the substances or the solvent alone for
4 h. The doses of the substances were chosen accor-
ding to the data obtained in the MN assay (100 pg/ml
of both substances). After removing the chemi-
cals by centrifugation and replacement of the me-
dium, the cells were incubated for 18 h. Then the
cells (3 = 10°/slide) were processed and stained as
described earlier [7]. The cells were analyzed at
1250 magnification using computer-aided image
analysis. Images of 50 cells (25 from each slide)
were evaluated by means of the software program
NIH Image 1.534 (MIH, USA). Tail moment was
evaluated and presented in arbitrary units (a. u.).

In vive micronucleus assay. To investigate in vivo
the MN-inducing activity of the substances, we
first studied their acute toxicity using the approach
of Lorke |8]. In the experimenis on toxicity and
mutagenicity, Swiss albino male mice (22-25 g)
bred in the Institute of Fine Organic Chemistry
(Yerevan, Armenia) were used. Both substances
were dissolved in DMSO (Sigma, USA), and were
injected intraperitoneally. The MN-inducing acti-
vity of the substances was determined according to
Kirkhart's protocol [9]. Each experimental group
consisted of 5 mice. The substances were adminis-
tered to mice twice at 0 and 24 h at doses of '/, and

ISSN 0564-3783. Humonoeua u cenemuxa, 2004, Ne 4

'/, of LD50, and in case of MPhCMP also at 1/10
and 1/20 of LD50. The mice were sacrificed in 48 h.
Cyclophosphamide (Mosmedpreparati, Russia) in
a dose of 25 mg/kg (dissolved in 0.2 ml saline) and
the vehicles (0.2 ml DMSO and 0.2 ml of starch)
served as positive and negative controls, respec-
tively. The slides from bone marrow cells were pre-
pared and analyzed as described earlier [7]. Each
coded slide was assessed for MN in 2,000 PCEs.
The percentage of PCE among the erythrocytes
was also calculated.

Statisties. Analysis was performed by means of
Student's t-test.

Resulis and discussion. Incubation of lvmphoma
cells with both substances at doses of 500 and 1,000
ng/mil, and also 1.0 and 10.0 pg/ml overnight did
not induce any significant increase of MN fre-
guency. Mo change of the number of cells was ob-
served in comparison with the controls. Hence, in
mentioned doses range both substances proved to
be non-toxic and non-mutagenic for the mouse
lymphoma cells. Since we recorded neither toxic
nor MM-inducing effects, we applied another
schedule of treatment: the lymphoma cells were
incubated with substances for 4 h, washed from the
substances using centrifugation and replacement of
cell medium, and then incubated for 18 h [3]. The
substances were studied for MN-inducing activity
in a concentration range of 10—1000 pg/ml. The
results of the experiments are presented in Tables |
and 2. Since HCMP was substantially toxic for
lymphoma cells at concentration of 100 pg/ml af-
ter 4 h incubation (decreasing the quantity of cells
to 48 %), but not MN inductor, we did not study
other concentration of the substance, In contrast,
MPhCMP was not toxic, but induced significant
increase of MIN compared with negative control,
and we studied additionally 50, 250 and 500 pg/ml
of this substance for MN activity (table 2). In this
experiment MPhCMP showed substantial toxicity
at dose of 100 pg/ml decreasing the number of cells
to 37 % after 4 h incubation. Higher concentra-
tions of the substance were highly toxic for lym-
phoma cells,. MPhCMP at dose of 50 pg/ml
induced 2.6-fold, and at dose of 100 pg/ml 3.95-
fold increase of number of the cells with MN,
although the difference was not statistically signifi-
cant (p > 0.05). MMC used as positive control
induced 14.8-fold elevation of cell with MN at
dose of 30 pg/ml.
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Table 1
Micronucleus-inducing activity of substances in mouse lymphoma cells
- Retative cell growth afier incubation for
Chemical agent Dose, pg/ml Bhribe "'T{h‘ i Range per 1000 cells
mean & SE :
4h overnigh
MPhCMP 10 533123 3=7 BE T8
104 18.7 £ 2.9 16-21 79 57
HELY] Loxie M/A 12 21
HCMP 10 T0+1.1 h-¥ 91 g5
100 97+ 29 213 48 &9
1000 Lol MN/A 11 44
MMC (positive onirol) 30 697 £ 156" 58—R5 28 #2
DMSO {negative control) 1.0 47+ 1.7 3—6 11 B0
* p < 0.001 compared to negative control (Student's t-test).
Table 2
Micronucleus-inducing activity of MPhCMP in mouse lvmphoma cells
Relari 1l with afier incubation fi
Chemical agent Daose, pg/ml MNumiber ufj\i!ﬂ. %e, Range per 1000 cells ative cell growth after incubation for
mean = S5E }
4h overmigh
MPhCMP 50 1.3t 46* 7-15 &9 B2
104 17.0+29= 14-19 1) 7h
250 foxic MN/A I 39
500 toxic N/A 5 bl
MMC (positive ontrol) 50 60.7+76* 5569 74 B9
DMSO0 (negative control) 1.0 43120 -5 100 106

*p < 0.001 compared to negative control {Student's t-test).

Table 3
DMNA-damaging activity of substances in the comet assay
Tail maoment
Lo | {arbitrary umniis)
Experiment |
MPhCMP 100 033014
HCMP 1) 02y +0o12"
EMS 300 11.89 + (.68 ==
DMS0 1 072 £ 0.18
Experiment 2
MPhRCMP 100 082 L 0101"
HCMP 10} 1.30L017*
EMS 300 549 + (.37 **
DMS0 1 2334016

*p < 0.01 and **p < 0.001 compared to negative control
(Student’s t=test)

Repeated experiments to study possible DNA
damaging activity of substances (the comet assay)
have shown lack of such activity of both substances
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(tables 3). Moreover, both substances decreased
substantially the levels of DNA damage. In the first
experiment the decrease induced by MPhCMP
was not statistically significant (table 3), but in all
other cases it was. According to these data, it would
be of interest to study the possible antigenotoxic
action of both substances as well,

All substances were studied for acute toxicity,
For MPhCMP the following results were obtained:
LD, = 177.5 mg/kg (here and for another sub-
stance, the first digit is the number of mice which
died after the administration, and the second one is
the number of mice to which the substance was
administered; 10 mg/kg — 0/3; 100 mg/kg — 0/3;
1000 mg/kg — 3/3; 140 mg/kg — 0/3; 225 mg/kg —
3/3; 370 mg/kg — 3/3; 600 mg/kg — 3/3). The fol-
lowing results were obtained for HCMP: LD, =
= 288 mg/ke (10 mg/kg — 0/3; 100 mg/kg — 0/3;
1000 mg,/kg — 3/3; 140 mg/keg — 0/3; 225 mg/kg —
0/3; 370 mg/kg — 3/3; 600 mg/kg — 3/3). Accor-
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Table 4

Micronucleus-inducing activity of substances in bone marrow polychromatic erythrocytes of Swiss albino mice

i ; ? Dosz in meskg (number Number of MM, %e, ;i i
Chemical agent{LD50, mg/kg) of administration) mean +SE Range per 1000 PCE Percent of PCE
MPRCMEP (177.5) BOx2 6L 1.8 17-26.5 44+ 1.5%
362 11.4 + 0.8 ** £0-13.5 496+ 1.0*
182 7A4T0E™ 35-8 0.2t 1.7
9x2 101206 | —4 20k 1.7
g 145 % 2 .31 = Y e 6.5-11.5 468t 15"
HEME 28 58 x 2 3209 1-5 534 1.1
Cyclophosphamide {pesitive contral) 252 NI+ 1T* 1826 524+14
DMSO (negative control) 0.2ml =2 2006 03 534 1.0

*p <001 and ** p < 0.001 compared to negative control {Student's t-test); every group consisted of 5 mice; 2,000 PCEs

were studied in each mouse.

ding to the data obtained (table 4), MPhCMP is
1.63-fold more toxic than HCMP for mice. At the
same time, HCMP induced significantly increased
level of MN at doses range of %4-1/10 of LD,,. Ma-
ximal increase of MN number ( 10-fiold) was obser-
ved after MPhCMP injection at dose equal to % of
LD,,. It is noteworthy that cyclophosphamide at
dose of 25 mg/kg induced almost the same level of
MMN as MPhCMP. This drug permanently used in
our laboratory as a positive control, induced 22.1 %e
PCEs with MN, very close to our recent data [10].
[t should be noted that the acute toxicity of
MPhCMP for mice is about 1.5-fold less than cye-
lophosphamide one (about 300 mg/kg) [10]. But,
at the same time, cyclophosphamide is much more
active MN inductor and induces the same level of
PCEs with MN after administration at dose equal
to '/, of LD, than MPhCMP at dose equal to '
of LD,,. '

HCMP was active in MMN assay only at dose
equal to '/, of LD,, decreasing significantly the
number of PCEs and thus being toxic for hemo-
poietic cells, MPhCMP was toxic for hemopoietic
cells decreasing significantly the number of PCEs
at doses equal to '/, and '/, of LD,/

Hence, HCMP is not MN inductor at maximum
possible usable dose close to toxic one. MPhCMP
is a weak mutagen compared with cyclophospha-
mide.

It is noteworthy that the only difference in the
chemical structure of two compounds is a 4-(N-
methyl-phalimidyl-3)- group in MPhCMP instead
of a 1-(4-hydroxyphenyl}- in HCMP. The substi-
tution of 1-(4-hydroxyphenyl)- group to 4-(N-
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methyl-phalimidyl-3)- one led to substantial in-
crease in acute toxicity (1.6-fold) and mutagenici-
ty (MN induction; 2.5-fold in vive and 2.0 in vitro)
in mice. The toxicity of both compounds for mouse
lymphoma cells is almost the same.

It is interesting that MPhCMP, mutagenic both
in in vivo and in vitro systems, showed no activity in
the comet assay which detects DNA strand breaks.
The analysis of the literature data has shown that
even some strong mutagens and carcinogens are
not active in the comet assay (for example MMC
used in the present work as positive control in in
vitro MN assay) [12].

In conclusion, both newly synthesized com-
pounds are relatively weak MN-inducing agents in
vive and are inactive in the comet assay (they do not
damage DNA of mouse lymphoma cells). MPhCMP
is more potent MN inductor than HCMP, But both
substances are mutagenic at doses close o toxic
ones. In in vitro assay MPhCMP was again a weak
inductor of MN while HCMP was not active, The
L5178Y tk* mouse lymphoma cell model is a
good predictor of mutagenic action of the sub-
stances studied in vivo. Both substances possessing
in vitro antitumor activity along with weak geno-
toxicity have a good chance for successful in vive
antitumor studies in rodents. Further investiga-
tions in the area of biological activity (both geno-
toxic and anti-genotoxic ones) of a new class of
compounds (cyano-pyridone derivatives) are cer-
tainly warranted.
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PEIIOME., Hayuena reHOTOKCHYECKAA AKTHBHOCTB
ABYX HOROCHHTEIMPORAHHEIN COSNHHEHHI, COLepRallnx
UMaHo-mupHacHoBEYID rpynny (MPhCMP u HCMP) u
MOKATARLIH MPOTHROOTYXONERYID AKTHRHOCTE B CHCTE-
se in vitro, B kneTkax aumbosel Memed L3178Y coequn-
Hene HCMP He wunovumposano sukposnep (MH) B
MAKCHMATLHO HETOKCHYHOMH KOHUEHTPAUWH, B OTIHYHE
or coegnsenuss MPhCMP, wnoyunposaswero MHA &
koHUeHTpanuK 50 1 100 mxr/vn. B recte wa JHK -kome-
Thi 00a COCAMHEHHA HE MDKA3ANH AKTHEHOCTH, MTO A0Ka=
IBAST HECMOCOOHOCTL MX Bbi3LIBATH NOBpEXIECHHA
AHK, HCMP sHAyUMpoBano noseLEHHE YPOBHA 3pHT-
pounTos ¢ MA B KOCTHOM MO3ME MBILER TOOBKD B 1032,
sknuraneHTHodl W ot 11, MPhCMP Ghino aktusHee B
ITOM TECTE, BEIZLIBAA BOIPACTAHME YHCIA IPHTDOLMTOR ¢
M HauHHAA C 00361, IKEHBANEHTHOA '/ T,

PEFOME. BupueHO reHOTOKCHYHY AKTHEHICTE OBOX
HOBOCHHTEIOHAHMX CNOAVIEHE, WO MICTATE LiaHO-Mipi-
aoHopy rpyvny (MPhCMP 1 HCMP) a4 nokasanu npoti-
NMYXIHHHY AKTHBHICTE B CHCTEMI i vilro, B KAITHHAX fiM-
dhomu sueit L3178Y cnomyienna HCMP e inaykysano
Mikpoanep {MH) y MaKCHMANBHO HETOKCHYHIR KOHLEHT-
pauil Ha sigMiny Bin cnonydeanns MPRCMP, wo inayky-
pano MH y koHuenTpawit 50 ta 100 mer/mna. ¥ Tecti Ha
JHK-komeT 0bHABA CNIONYYEHHA HE TIOKAJANH AKTHE-
HOCT], WO CRITYHTE MPO 1% HEMIATHICTE BHKIHKATH MO -
komxenua JHK, HCMP inovkysano ningpvineHHA pisHa
epuTpoUNTIE 3 M B KicTKOBOMY MO3KY MHIIER TINLKH ¥
aodi, wo exsipanewtia '/, J1d.,. MPhCMP Gyno ak-
THBHIIUIE B LBOMY TECTi, BHKIHKAIOYH 30INLMEHHA YHCH
epuTpouMTie 3 MA nounHawoay 3 103, N0 eKRiBATEHTHA
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