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RELATIONSHIP BETWEEN
THE CHEMICAL STRUCTURES
AND BIOLOGICAL ACTIVITIES
(TOXICITY, MUTAGENIC AND

ANTITUMOR) IN NEWLY
SYNTHESIZED DERIVATIVES
OF PYRAZOLO PYRIMIDINES

L]

The relationship between chemical stricture, micromucle-
us-inducing and antitumor activities was studied in four newly
svnthesized pyrazofo pyrymidine compounds (IGE-216,
DGR=-227, DGR-225 and INGB-331). In bone marrow ery-
thracytes of mice no one of compounds was active. Only NG B-
216 has slight antitumor activity and increases the mean life
span of mice with Ehrlich ascite carcinoma by 11 %, while
others were practically non-active. Changes in the chemical
structires of the compownds lead to substantial changes in the
acuie foxicity orfy.

The search of antitumor compounds among ihe derivaiives
af -t-eloxycarbonyl-pyrazelof 1, 5aj-pyrymidine and -2-
methyl-pyrazolof 1. 5a -pyrimidine is useless, as it has been
shown in the present investigation. Bur the search of com-
pounds with antitumor properties ameaong derivatives of pyra-
ol pyrymidines is a perspective idea becanse recently some
very active anfitumor compounds based on mentioned
strustire were synifesized in faly and the U84,
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Introduction. The pyrimidine ring appears in the
structure of some antitumor drugs such as antago-
nists of folic acid [1]. Cytarabine (Cytosine
Arabinoside), Fludara (2-Fluoroadenine arabi-
noside), Leustatin and Xeloda (Capecitabine) |2].
The pyrimidine ring is also found in some alkylat-
ing drugs (Dopane [1], used in Russia and NIS
countries) and in the antineoplastic antibiotic
( Bleomycin [2]). It therefore appears quite logical
to develop new drugs based upon the pyrimidine
backbone.

Widely used in clinical oncology Temodar (Te-
mozolomide) for treatment of astrocytomas and
glioblastomas, is an alkylating agent that contains
a bridged nitrogen atom in its structure. The drug
itself is inactive while its metabolism involves rapid
non-enzymatic conversion into an active com-
pound — 3-(3-methyltriazen-1-yl)-imidazole-4-
carboxamide (MTIC). Cytotoxicity of MTIC is
dependent on its alkylation of DNA, where posi-
tions Q" and N of guanidine are methylated |2]. A
compound of similar structure to MTIC is the anti-
neoplastic preparation DTIC-Dome (Dacarbazi-
ne), used in the treatment of metastatic malignant
melanoma and Hodgkin's disease |1—2].

Danagulyan et al |3] for the first time synthe-
sized condensed nitrogen-containing heterocyelic
structures (pyrimidine) which combine five- and
six-membered rings with a bridged nitrogen atom.

The aim of the present study was to evaluate for
the first time the acute toxicily, micronucleus-
{MMN)}-inducing and antitumor activity in mice of
four of these newly synthesized compounds.

Materials and methods. Substances. Four sub-
stances synthesized by G. Danagulyan and co-wor-
kers were used in the study. The chemical structures
of the compounds are presented in Fig. 1.

Animals. All animal experiments were approved
by Ethic Commission of Ministry of Health of
Armenia. The investigations were carried on Swiss
albino mice (22—25 g) of both sexes obtained from
Institute of Zoology, Yerevan, Armenia. Before the
experiment, within two weeks, the animals were
subjected to acclimatization. The temperature in
the rooms made up 22 + 2 °C, humidity 45—50 % +
+ 10 %, the artificial light regime 12:12. The ani-
mals were kept in polypropylene cages (5 animals
of the same sex per cage). Drinking water and
standard rodent chow were al mice disposal ad
libitum.

The study of acute toxicity of the compounds. The
acute toxicity and mean tolerated dose (MTD)
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after single intraperitoineal (i. p.) injection of the
substances was studied using approach of Lorke
|4]. Seventy two mice were used for this experi-
ment. The compounds were dissolved in 1 % sus-
pension of starch and injected into mice (i. p.) at
various doses.

Micronucleus assay in mouse bone marrow cells.
The protocol described by Kirkhart [5] was used
for evaluation of MN in mice which is routinely
used in our laboratory |6, 7]. Each experimental
group was consisted of 5 mice. All substances were
administered to mice twice at 0 and 24 h at doses
equal to /5, Vs and Y9 of LD50, and mice were
sacrificed at 48 h. Using this protocol, we avoid to
study MN-inducing effect at 24 h, 48 hand 72 h,
because chemical agents can induce the maximum
number of MN at one of mentioned time points.
Application of Kirkhart's protocol can give the
possibility to register MN-inducing effect of even
weak mutagens and save time and animals. As pos-
itive control cyclophosphamide («Mercks, Ger-
many) was used as at a dose of 40 mg/kg (dissolved
in 0.5 ml saline). It was injected i. p. once and mice
were killed 24 h after. As negative control the sol-
vent of the compounds was used — 1 % suspension
of starch, 0.3 ml. Bone marrow was flushed by
means of newborn calf serum (0.2 ml, «Sigmas,
LUSA) onto slides and smears were prepared. The
slides were fixed with cold methanol for 20 min 24
h after the slides preparation. Slides were stained
with Giemsa («Mercke, Germany). After being
stained, the slides were coded so that the reader
was unaware of the identity of slides being scored.
Each slide was assessed for MN in 2,000 polychro-
matic ervthrocytes (PCEs). In addition, the per
cent content of PCEs was calculated among 1,000
eryvthrocytes.

Antitumor activity of the compounds. The primary
estimation of antitumor activity was carried out on
a model of Ehrlich’s ascitic carcinoma widely used
for primary screening of new substances |8, 9].
Mice were injected i.p. with 2+ 106 tumor cells.
The compounds were injected into animals i. p. at
a dose equal to /2 of the MTD 24 h after the inoc-
ulation of tumor cells, for six consecutive days.
The mice of the control group received only saline
6 times. As positive control cisplatin («Sigmas»,
LISA) at the same schedule was used at dose of 1.6
mg/kg [8]. As evaluation criterion of therapeutic
efficiency was an increase of the animals' life span
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Chemical structure of four newly synthesized compounds

in comparison with the control, and the increase
by more than 25 % was considered as effective |1,
8]. The compounds for injections were prepared ex
tempore and were injected to animals i. p. in the
form of suspension in 1 % solution of starch glue.
Al least 6 mice of both sexes was in each group.
The experiment was repeated using the same pro-
tocol.

Statistical analysis was performed by means of
Mann-Whitney U-test (GraphPad Prism, version
3.02).

Results and discussion, The data concerning the
acute toxicity and MTD of four compounds are
presented in Table 1. Among the studied com-
pounds according to LD30 three of them, namely
DGB-216, DGB-227 and DGB-228 are slightly

Table 1

Acute toxicity (LD100 and LD50) and mean
tolerated doses of studied compounds

LD | LDy | MTD
Compounds
i ma/kg
DGR-216 100 510 260
DGB-227 470 329 230
DGB-228 Qb0 650 440
DGR-231 1600 1050 T00
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Table 2
Micronucleus frequencies induced by four newly
synthesized compounds in bone marrow cells of mice
Mumiser
Giroup of i N;';h;;rnf e
i) Dose, me/kg] MN %o o | Among 1000
mice 100 PC Es eryilirocyies
{mean +5.E.)
DGB-216 265.0 22108 22208 522112
106000 16+03 16+£03 528112
53.0 lox04 16204 545109
DGR-227 160.0 26108 26%£08 50.2%16
64.0 2003 2003 544115
330 2004 20104 554%1.2
DGS-228 5.0 22404 22404 552112
130.0 22+04 22104 536%18
65.0 18+06 18206 3554112
DGS-231 5350 18402 18+02 560114
210.0 18102 13202 552+%1.2
105.0 l6+04 16404 336+13
Megative — 1603 1.6£03 3552+1.2
controlstarch
Positive con- 40 WHBO0L4E*WO0L48* 516+ 1.2
trolevelop-
hosphamide

*p < 0.001 Mann Whitney U-test with Gaussian approxi-
mation; each group consisted of 5 mice.

Table 3

Antitumor activity of three newly synthesized
compounds against Ehrlich ascitic carcinoma

Compound Range Mean survival | Increase
(number of mice of survival fime, days in life
under study) time, days | {mean £ 5.D.) | span, %
DGB-216 (n=10) 14—18 60+14 11.3
DGR-227 (n = 10) 13-16 143+10 ]
DGS-228 (n= 10) 12—17 146 +£1.2 ]
DGS-231 (n= 10} 12—16 1424+ 1.0 0
Positive control
{a = 10} 16—28 235+09° 63.2
Megative control
(=10} 13—-16 144+ 1.1 -

P < 0.001 {Mann-Whitney U-test with Gaussian approxima-
fion),

toxic (LD is between 101 and 1000 mg/kg), and
DGRB-331 practically non-toxic (LDsy is more
than 1000 mg/kg) [10].

The MN-inducing activity of the compounds is
presented in Table 2. None of them induced any
change either in the number of MN or in the num-
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ber of PCEs compared with negative control. Cyc-
lophosphamide was active and induced 36.0 %e of
PCEs with MN, the datum very close to our his-
torical controls |6, 7]. No one of the compounds
was toxic at used doses for bone marrow cells
because no change in the number of PCEs to
NCEs was observed.

The study of antitumor activity of the compo-
unds showed that DGB-227, DGS-228 and DGS-
331 were completely non-active, because they
practically did not change the mean life span of the
mice. Only DGB-216 was a little active, and pro-
longed the MLS of mice by 11 %, which is much
more less than critical 25.0 % needed to consider
the compound active regarding its antitumor activ-
ity.

The data concerning the relationship between
the chemical structure and biological activity of
four newly synthesized compounds are presented
in Table 4. Replace of methyl- group in position 2
to phenyl- one decrease the acute toxicity of
DGB-231 2-fold compared with related compo-
und DGB-216. At the same time antitumor activ-
ity of it also decreased significantly (from 11 % to
0). Both compounds have no MN-inducing activ-
ity.

Addition of Na to the chemical structure of
DGB-227 increased the acute toxicity of DGB-
228 2-fold without the influence of MN-inducing
and antitumor activity (no activities in both stud-
ies). Actually, among the compounds studied, only
DGB-216 has a weak antitumor activity. Changes
in the chemical structures of the compounds lead
only to substantial changes in the acute toxicity (2-
fold) without the influence on mutagenic activity.,
The most toxic compound among studied ones,
DGB-227 possesses neither mutagenic nor antitu-
mor activities. It is well known that usually any
changes in chemical structure of a substance may
lead to substantial changes in the biological prop-
erties {(toxicity, mutagenicity, antitumoe activity),
The best examples are methyl and ethyl alcohols,
and cis- and trans-platin. The first alcohol is
extremely toxic while the second one is widely
used as a component of many beverages. Cis-
platin is a potent antitumor drug with high toxic
and mutagenic potency, while the second platin
compound possesses substantially less antitumor
activity, toxicity and mutagenicity |13]. In addi-
tion, the first one is soluble in water and normal
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Table 4
Relationship between the chemical structure and biological activity of four newly synthesized compounds
Compounds | LDy, mg/kg Main chemical struciure Radical Radical Radical MMN activity ﬁﬂ!l-lil:ﬁm-
DGB-216 510 -6-etoxycarbonyl-pyrazolo  7- methyl-  -2-methyl - None Very weak
[1.5a)-pyrymidine
DGB-231 1050 -B-etoxycarbonyl-pyrazolo  7- methyl- 2-phenyl — MNong MNone
[1,5a]-pynvmidine
DGR-227 329 = l-methyl-pyrazolo[1.5a]-  G-acethyl-  =7-hydroxy- - Momne MNone
pyrymidine
DGB-228 630 -2-methyl-pyrazolo[1,5a]-  G-acethyl- -7-hydroxy- Sodium sali MNone None
pyrymidine

saline, while the second one is soluble only in
[DMSO. But the only difference between two com-
pounds is the position of Pt (cis- and trans-).
Unlike mentioned, even substantial changes in
chemical structure of studied compounds lead
only to changes in toxicity of them.

Hence, changes of chemical structure carried
out in this investizgation did not influence substan-
tially any biological activity of the compounds,
except the acute toxicity. In our opinion, the se-
arch of antitumor compounds among the deriva-
tives of -6-ctoxyvearbonyl-pyrazolo|1,5a]-pyrymi-
dine and -2-methyl-pyrazolo|1,5a]-pyrymidine is
useless. But the search of compounds with antitu-
mor properties among derivatives of pyrazolo py-
rymidines is a perspective idea because recently
some very active antitumor compounds based on
pyrazolo pyrymidines were synthesized in laly
and the USA (but with much longer radicals with
addition of -Cl and -Br in the structure).

This work has been fulfilled owing to the award of
the US Civilian Research & Development Founda-
tion (US CRDF, # ARB2-2640-YE-05).

PEIROME. Mavuena 1pHcHMOCTE MEXIY XHMHYECKOH
CTPYKTYPO, CNoCoBHOCTHIO MHAYLUHPOBATE MUKPOAIPA H
NPOTHBOONYXONEBBIM ACHCTBHEM ¥ YCTHIPEX HOBOCHHTE=
IHPOBAHHBIX  NPOHIBOAHBXY  NHPAIONONHPHMHIHHOR
DGB-216, DGB-227, DGB-228 v DGB-331. B sputpo-
LHTAX KOCTHOND MO3MA MBILLUEH HH OIHO M3 COEIHHEHHH
He Gee akTHBHo, Tonsko cocawdenne DGB-216 yanu-
HHNO CPEAHIND NMPORONKHTENRHOCTE XHIHW MBILLEH C ac-
LHTHBIM pakosM pauxa Ha 11 %, B TO BpeMH Kax apyrie
DhIAK NPAKTHYECKH HEAKTHEBHBIL. HameHennn B xumuuec-
KOH CTPYKTYVPE COBAHHEHHT NPHBOAHIN JHIIE K HIMEHE=-
HUIO ocTpoil TokcuuHocTH. [MoMck npoTHBOONYXONEREX
COLAMHEHHA cpea NpoM3BOgHEN -b-3TOKCHKapBoHWI-
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nupazono]l,5al-nUpUMHIHHOE W 2-METHA-NMAPAI0A0
[1.5a]-nHpuMHAHHOB BECNEPCNEKTHBEH, KAK DBLTO NOKA-
FAHO B HACTORLLEM MCCHE10BAHMK, (HIHAKD MOMCK aKTHE-
HEIX COSAMHEHWH, OCHOBAHHEIX Ha NHPaIeI0e NHPHMHILH-
HAX MOKET DBITh VCMEWHLIM, TAK KaK B MOCNEAHEE BPEMA
B CLUA » Hranun cuHTesMpoBaHE OYEHB MEPCHCKTHE-

HEIE COEIHHEHHHA HA HX OCHORE.

FPEIOME. Nocninxypany 3anesiicTe Mik XiMiuHOD
CTPYETVPOIY, A03THICTIO IHOYKVEATH MIKPOSLAPA TA NPOTH-
MYXIHHHOK A€ ¥ YOTHPBOX HOBOCHHTEIOBAHHX NOXii-
HHX nipazononipusionkia DGB-216, DGB-227, DGB-
228 ma DGB-331. B epuTpouHTax KiCTKOROTO MOIKY
MHLIEH XKOAHE 3 CNIONYYEHE He Gyno akTHBEHHM. Tinbsxw
cnony4eHHa DGB-216 36ineunno cepeiHio TPHBANICTE
HHTTH MHILEH 3 acuMTuM pakom Epnixa nva 11 %, B To#
YAC MK IHW OYAH NPAaKTHYHOD HEAKTHBHI, IMiHA B Xi-
MIYHIA CTPYETYPI CHOMyHeHb NPHIB0LHAN 00 3MiHI0BAH HA
rocTpol ToKcHYHOCT, TToWwvK NPOTHIYXIMHHEY COoay-
YeHL CEPED NOXIAHKY ~b-eTokcHKkapbouin-nipazono|1,5a)-
nipumignHis T8 2-metua-nipasono| 1 5a)-nipuMianHis He
MAE MEPCEKTHEH, L0 GYN0 NOKAIAHO ¥ AIHOMY J0CNi-
AAeHH. OIHAK NOWYK aKTHEHHX COMVYEHL, LD 33CHO-
BAHI HA NIPA30A0NIPHMUTHHAY, MOXE DVTH YenilwHKuM, 6o
ocTaHHivM wyacom ¥y CLUA ta ltanii cHHTE3I0BAHI AyHKe
NEPCNEKTHERT CNOMVUEHHS HA X DCHOBI.
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