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ANTILEUKEMIC ACTIVITY OF SULFONAMIDE CONJUGATES OF
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Aim: Cytosine arabinoside is routinely used for treatment of leukemias and lymphomas. However, because of its extensive metabolic
inactivation and limited activity in chemotherapy, new analogues of araC are being tested. The aim of this work was to synthetize
two araC conjugates and evaluates their cytotoxic/antileukemic activity. Methods: Synthesis of araC-sulfonamide conjugates A and
B was performed in anhydrous conditions using cyclostyling and 5’-chlorocyclocytidine as starting material. Elemental analysis
and NMR, IR and UV spectrometry were used for structure confirmation. The synthesized araC conjugates were tested for their
cytotoxicity in L1210 leukemia cells in vitro and for therapeutic activity and toxicity in vivo in leukemia L.1210-bearing mice.
Results: The cytotoxic activities of araC and two synthesized conjugates A and B were expressed as IC,; (wmol/1) and were compared
respectively. The conjugate A is 303-times less active and the conjugate B is 757-times less active than araC. Consequently, the
antileukemic activity and the acute toxicity of these compounds were examined in experiments involving leukemia L.1210-bearing
mice. Statistically significant therapeutic outcome was observed when the dosage of both araC conjugates was increased 10-times
compared to araC. Next, the ration of cytotoxicity vs therapeutic activity for araC and both conjugates was performed. It was
recorded that the ration between cytotoxicity and therapeutic activity for araC is 3333, for the conjugate A and B, the ration is
significantly lower (110 and 44). This indicates that the inactivation of araC conjugate A is 30-times slower and the inactivation of
conjugate B is 75-times slower as araC inactivation. Conclusions: The differences in cytotoxic and therapeutic activity registered
in araC treatment and between two araC-analogues are most probably caused by slow liberation of araC from both conjugates. We
are considered that prolonged araC liberation protected them from inactivation and extended the time period of therapeutic action

both araC conjugates. The obtained results can serve as stimuli for further investigation of new araC-analogues.
Key Words: arabinosylcytosine, cytarabine, sulfanilamide, conjugates, antileukemic activity, leukemia L1210.

AraC belongs among biologically active antime-
tabolites that are structural analogues of naturally
occurring intracellular metabolic intermediates es-
sential for the normal function of a cell. AraC as such
is an antimetabolite of deoxycytidine and cytidine and
serves as a substrate for some intracellular enzymes
utilizing deoxycytidine and cytidine as a substrate.
This ultimately results in the inhibition of key enzymes
necessary for synthesis of biological macromolecules,
mainly of DNA. Ara-C is being used in the treatment
of hematological malignancies, usually in combined
chemotherapy [1-5]. It acts through inhibition of DNA
and RNA synthesis as well as reparative DNA synthesis.
Intracellular activation of araC is required for its cyto-
toxic and therapeutic effects. Ara-C is being activated
to a therapeutically active form, ara-C-triphosphate
(ara-CTP) which inhibits DNA synthesis and induces
apoptosis [6-8]. The extensive inactivation of ara-Cin
clinical situations represents a significant limit for the
therapeutic outcome. Ara-C is deaminated to its inac-
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Abbreviations used: araC — cytosine arabinoside; conjugate
A — 4-Amino-N-[1-(3,4-dihydroxy-5-hydroxymethyl-tetrahydro-
furan-2-yl)-4-imino-1,4-dihydro-pyrimidin-2-yl]-benzenesulfon-
amide; conjugate B — 8-(4-Amino-benzenesulfonyl)-5-imino-13-
oxa-2,6,8-triaza-tricyclo[8.2.1.02, 7]trideca-3,6-diene-11,12-diol;
IC,, — drug concentration inducing 50% inhibition of cellular viabili-
ty; MST — mean survival time; ILS — increase of life-span.

tive metabolite arabinofuranosyluracil (ara-U), which
is caused by cytidine deaminase [9-11]. Because of
this problem, synthesis of many ara-C analogs that
are more stable towards deamination was performed
[for example 12, 13].

In order to enhance the cytotoxic effects of ara-C,
a strategy of masking ara-C by the synthesis of a con-
jugate with another molecule [14-17] was employed in
thiswork. Thisis expected to increase the efficacy ara-
C and might also be able to overcome drug resistance
which still remains the major problem in cancer che-
motherapy [18-20]. Additionally, pharmacokinetic and
pharmacodynamic properties of ara-C are also altered
[13, 21, 22]. The molecule selected for the preparation
of conjugates with ara-C was sulfanilamide [23].

The main goal of this work was to compare the
cytotoxic/therapeutic activity of ara-C with these of
sulfanilamide conjugates. In growth inhibition assay,
the in vitro activity of the conjugatesin L1210 leukemia
cell line was compared with the effect of single ara-C
administration. Employing in vivo experiments, thera-
peutic potential and acute toxicity of these compounds
were determined in L1210-leukemia bearing mice.
Again, these parameters were compared to the data
obtained with araC treatment.

MATERIALS AND METHODS

Synthesis of araC conjugates. Melting points
were determined on a Stuart Scientific SMP1 melting
point apparatus and are uncorrected. The Science
Analytical Facilities (SAF), Faculty of Science, Kuwait
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University, performed all the instrumental analyses. Ele-
mental analyses were determined on LECO elemental
analyzer CHNS 932 apparatus, and were within + 0.4%
of the calculated values. 1TH NMR spectra were re-
corded on Bruker DPX 400 NMR spectrometer using
DMSO-d6 as solvent and tetramethylsilane (TMS)
as an internal reference. The chemical shifts were
reported in ppm. Infrared (IR) spectra were recorded
on Perkin Elmer System 2000 FT-IR spectrometer.
Column chromatography was carried out with silica
gel (Kieselgel 60, 70-230 mesh; Aldrich). TLC was
conducted on 0.25 mm precoated silica gel plates
(60F254, Merck).

Synthesis of the conjugate A — 4-Amino-N-
[1-(3,4-dihydroxy-5-hydroxymethyl-tetrahyd-
ro-furan-2-yl)-4-imino-1,4-dihydro-pyrimidin-2-
yl]-benzenesulfonamide. To a solution of 4-amino-
benzenesulfonamide (1.03 g, 6.0 mmol) in dimethyl
formamide (14 ml), sodium hydride (144 mg, 6.0 mmol)
and cyclocytidine hydrochloride (784 mg, 3.0 mmol)
was added with stirring under nitrogen. The reaction
mixture was stirred at room temperature for 60 min,
evaporated and the residue was chromatographed
on a column of silica gel in the system ethyl acetate:
acetone: ethanol: water 3: 1:1: 1 (250 ml). Fractions
of 10 ml were collected and pooled together and con-
centrated on a rotovap. Evaporation of the fractions
17-21 afforded the compound 1.07 g as foam. Analyti-
cal sample was obtained by crystallization from etha-
nol, to give 840 mg (71 % yield) of the title compound.
mp 305-306 °C. '"HNMR (DMSO-d,, 400 MHz.) 8 7.71
(d, 1H,J=7.5Hz), 7.65 (broad s, 1H), 7.62 (d, 2H, J =
8.4 Hz), 7.52 (broad s, 1H), 6.48 (d, 2H, J = 8.62 Hz),
6.22(d, 1H,J=3.63Hz),5.87 (d, 1H,J=7.6 Hz), 5.57
(s, 2H), 5.55 (broad d, 2H, J = 5.2 Hz), 5.03 (broad t,
1H, J = 5.5 Hz), 4.02 (broad t, 1H), 3.90 (broad, 1H),
3.79 (broad, 1H), 3.58 (broadt, 2H, J = 5.5 Hz). IR
(KBr pellet, cm™'): v 3463-3242, 1644, 1597, 1551,
1467, 1308, 1247, 1126, 1077. Anal cal: C ;H (N.O.S.
This synthesis is based on the reported procedure by
Novotny et al. [24].

Synthesis of the conjugate B — 8-(4-Amino-
benzenesulfonyl)-5-imino-13-oxa-2,6,8-triaza-
tricyclo[8.2.1.02,7]trideca-3,6-diene- 11, 12-diol.
To a solution of 4-aminobenzenesulfonamide in di-
methyl formamide, was added 60% sodium hydride
in mineral (963 mg, 5.6 mmol) and 5-chlorocyclocyti-
dine hydrochloride (785 mg, 2.8 mmol) is added with
stirring under nitrogen gas. The mixture was stirred
at room temperature for 60 min, evaporated and the
residue was chromatographed on a column of silica
gel eluting with ethyl acetate and ethyl acetate —
ethanol — acetone — water 4 : 1: 1 : 1. Fractions of
10 ml were collected and the appropriate fractions
were pooled and concentrated. Evaporation of the
fractions 19-23 afforded the compound in the as foam,
which was triturated in cold ether and dried to give 830
mg (78% yield) of the title compound. mp 198-201°C.
'H NMR (DMSO-d,, 400Mhz.) 6 7.71-7.59 (m, 4H),
6.48 (d, 2H, J=8.4 Hz), 6.30 (d, 1THJ = 3.0 Hz), 5.89

(d, 1H,J=7.6 Hz), 5.77 (broad t, 2H, J=4.9 Hz), 5.59
(broad s, 2H), 4.02-4.06 (m, 1H), 3.94-3.96 (m, 2H),
3.77-3.87 (m, 2H). IR (KBr pellet, cm=): v 3354-3230,
1646, 1595, 1549, 1467, 1303, 1250, 1128, 1078. Anal
cal: C,H,,N,O,S. This synthesis is based on the re-
ported procedure by Novotny et al. [24].

Cell culture. The L1210 murine leukemia cell line
was purchased from ATCC (American Type Culture
Collection, Manassaa, VA, USA). Cells were maintained
at 37 °C in RPMI 1640 medium supplemented with
10% heat-inactivated fetal calf serum (GIBCO, Grand
Island Biological Co., Grand Island, NY, USA), 100 U/ml
Penicillin G, 100 ug/ml streptomycin, and 2 mM L-glu-
tamine (Sebac, Germany) in a humidified atmosphere
containing 5% CO,,. Cells in the logarithmic phase of
growth were used for all studies described.

Growth inhibition assay. Exponentially growing
L1210 cells (0.2 x 108 per ml) were incubated with in-
creasing concentrations of araC conjugates under cell
culture conditions. Cytotoxicity was compared to the
cytotoxicity of araC on an equimolar base. Cell counts
and IC, values were determined after 24 h. Viability
of cells was determined by staining with Trypan blue.
Results are presented as IC, values.

Animals. Inbred DBA/2J mice of both sexes (weigh-
ing 18-22 g) were obtained from the breeding facility
of the Cancer Research Institute of SAS (Bratislava,
Slovak Republic). The animals were reared under
standard conditions; six mice were housed in a cage.
Food and water were provided ad libitum. The facility is
certificated to perform scientific research on animals.
The Ethics Committee of the Cancer Research Institute
approved the in vivo experiments. These experiments
were performed in full adherence with the European
Community Guidelines principles for the care and use
of laboratory animals.

Acute toxicity of drugs. Acute toxicity of the con-
jugates was monitored through registration of body
weight of the experimental animals on daily basis
during the whole experiment.

In vivo antileukemic activity. L1210-leukemia
bearing mice were used as antileukemic models
of therapy [13, 25, 35]. The experimental animals
were intraperitoneally implanted with L1210 leukemia
cells (1 x 10° cells per mouse). The chemotherapy
was started 24 h later. The drugs were administered
intraperitoneally (0.5 ml per mouse). The treatment
schedule and doses were chosen according to pre-
vious experiments with araC. Animals were weighed
daily and observed for the development of ascites and
leukemia related death. Mean survival time (MST) and
percentage of increase of life span (% ILS) were cal-
culated and compared with MST of untreated control
groups. Statistical significance of the difference was
calculated and the effect of the therapeutic regimen
was evaluated using a standard t-test for unpaired
observations.

Statistical analysis. IC, values of drugs were
calculated using the CalcuSyn software for Windows.
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Statistical significance of the obtained results was
determined by unpaired t-test.

RESULTS AND DISCUSSION

AraC is adrug thatis routinely used in treatment of
hematological malignancies as discussed earlier [15].
However, it is relatively easily deaminated to arabino-
syluracil that possesses no therapeutic activity and its
formation is not beneficial for a patient [9-11]. This
represents the main obstacle in its broader use and
better therapeutic outcomes achieved. Consequently,
the attention is being paid to synthesis and evaluation
of anticancer properties of many new arabinosylcyto-
sine derivatives [25], analogs [26, 27] and conjugates
[15, 16, 28] as well as to innovative therapeutic regimes
that overcome the problem of deamination and that
will benefit patients.

In our work we attempted to prepare and evaluate
antileukemic activity of two conjugates of arabino-
sylcytosine and sulfanilamide. The very small-scale
synthesis of these two substances was reported earlier
[24] but their anticancer potential was not properly
evaluated. The conjugation of sulfonamide moiety to
nucleoside is interesting because, potentially, it should
result in protection of the araC amino group against
deamination. Additionally, it is likely to decrease hy-
drophilicity of araC and increase the life-time of the
conjugate in the organism thus increasing the time
of araC actions on leukemia cells. Despite of the fact
that any anticancer activity of sulfanilamide itself was
not reported, sulfonamides as a chemical group are
known to inhibit cell proliferation at mitosis [29], arrests
cell cycle in the G1 phase, inhibit carbonic anhydrase
associated with cancer and alters gene expression
[30]. Some of sulfonamides, for example celecoxib
(4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyra-
zol-1-yl]benzene-sulfonamide) [31, 32], are already
recognized for their effects in cancer therapy. More-
over, the combination of nucleoside antimetabolite
and sulfonamide in one molecule was justified and our
expectations were that sulfonamide, while protecting
araC moiety against deamination and modifying its
pharmacokinetic, may possibly contribute by specific
mechanisms to anticancer activity of araC. This is
because various mechanisms of anticancer activity
of sulfonamides are reported in scientific literature,
including mediating cell-cycle arrest, activation of
caspases and downregulation of COX-2 expression
[82] or interfering with other enzymes, for example
with caspase anhydrase [33, 34] or with microtubule
assembly dynamics [29, 34] etc.

AraC cytotoxicity and cytotoxicity of both araC
conjugates (A and B) was determined by the Trypan
blue exclusion method in vitro using L1210 leukemia
cells. Table 1 presents results of cytotoxicity study
expressed as IC, (umol/I). The cytotoxicity decreases
inthe order of araC >> conjugate A > conjugate B. The
analogue Ais 303-times less active and the analogue B
is 757-times less active than araC. This may be ex-
pected as the activity of araC part of conjugate can

be activated to its active metabolite araC triphosphate
only after its releasing from the conjugate.
Microscopic evaluation of cells exposed to tested
compounds revealed same changes in morphology
of L1210 cells, mainly an increase in their size. This
supports the hypothesis that the mechanism of cyto-
static/cytotoxic effect of all three tested compounds
is the same. This is despite of the fact that this effect
was achieved at different concentrations of all this

compounds (Table 1).

Table 1. The cytotoxic activities of araC and two conjugates A and B were
compared respectively. Relative values represent the lower measure of
cytotoxic activity of araC conjugates vs araC

1C50 (umol/l) Relative values
araC 0.06 1-times
A 18.2 303-times
B 45.4 757-times
NH
C
J—N—S NH,
N H ||
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HO
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HO
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Fig. 1. Chemical formulas of araC — sulfonamide conjugates
Aand B

Because studied compounds exhibited different
toxicity in experiments in vitro, in experiment in vivo
the dosage of both araC conjugates was increased
10-times (compared to araC) for in vivo experiments
involving leukemia L1210-bearing mice [13, 35]. The
application regime was the same for application of
araC and two of its analogues (5 consequent days).
Statistically significant therapeutic outcome was
observed with all three therapeutic substances. The
outcome of the therapy was the best with araC and
decreased for araC-analogues: araC >> conjugate A >

conjugate B (Table 2).

Table 2. Therapeutic effect of araC and araC — sulfonamide conjugates A

and B in leukemia L1210-bearing mice
Dose/day Schedule Cumulative do-

Survival LS p

(umol/kg) (days) se (umol/kg) (days+SD) (%)
Control 6 - - - 73+x1.0 - -
araC 6 40 1,2,3, 200 14.2 £ 0.4 95.4 <0.0001
4,5
A 6 400 1,2,3, 2000 10.8 £1.9 48.3 0.0028
4,5
B 6 400 1,2,3, 2000 9.1+0.5 24.3 0.0023
4.5

Recorded significantly decreased cytotoxicity of
araC analogues in in vitro experiment (see Table 1)
corresponds well with decreased therapeutic activity
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of the analogues in vivo (see Table 2). Additionally,
the in vitro and in vivo results recorded for two araC
analogues correspond well. Lower cytotoxicity of the
conjugate A compared to the cytotoxicity of the conju-
gate B invitro (~ 2.5-times) is similar to the decreased
therapeutic outcome in vivo (~ 2.0-times). The diffe-
rence in cytotoxicity (compared to araC and between
two analogues) is most probably caused by necessary
liberation of araC from both conjugates. The incorpo-
ration of sulfonamide moiety into the conjugate B by
two bonds (see the structural formula) also explains
decreased antileukemic activity of the conjugate B

compared to the conjugate A.
NH.HCI

DMF |

! 1
|
NaH N)\N—S NH,
o) H Tl
HO HO 0

H OH
Fig. 2. Scheme of chemical synthesis of the araC - sulfonamide
conjugates A and B. a. Chemical synthesis of the conjugate A.
b. Chemical synthesis of the conjugate B.

Additional evaluation of the obtained results led
us to the following comparisons: The ration between
therapeutic activity and cytotoxicity (a cumulative
dose vs IC,,) for araC is 3333 (Table 3). This is the
ratio that characterizes the rate of araC inactivation
(deamination) in organism. When the same calculation
is performed for the conjugate A and for the conjugate
B, the ration of therapeutic activity vs cytotoxicity for
the conjugates investigated is significantly lover (110
and 44) compared to the same parameter obtained for
araC (Table 3). Based on this and also on the hypoth-
esis that sulfanilamide as such does not possess any
anti-cancer activity, it can be concluded that the in-
activation/deamination of the conjugate Ais 30-times

lower (3333 : 110) and of the conjugate B is 75-times

lower (3333 : 44) compared to araC.

Table 3. The ratio of cytotoxicity (IC,;) versus antileukemic activity (cumu-
lative doses) for the araC and araC-sulfonamide conjugates A and B was
assessed in in vitro and in vivo experimental models (data are presented
in Table 1 and Table 2). The relative values characterize the rate of araC
inactivation/deamination in organism

Drugs _IC50 (umol/l)  Cumulative doses (umol/kg) Relative values
araC 0.06 200 3333-times
A 18.2 2000 110-times
B 45.4 2000 44-times

It is known that araC as such possesses a very
low toxicity as documented by the results presented
in Fig. 3. The weight monitoring of the experimental
animals during chemotherapy confirmed that the
used doses of the araC analogues tested (400 umol/
kg per day) were not toxic in the experimental mice
(see Fig. 3). Our previous experiments revealed that
400 umol of araC/kg per day applied in the regime of
5 consecutive days is sublethal (results not shown).
The weight monitoring performed during the in vivo
experiment (during the application of araC and araC
conjugates) aimed at registering possible toxicity of
the tested substances. This would be recorded as a
decrease in the weight of experimental animals. How-
ever, toxicity was not observed with any of two tested
araC analogues. Additionally, the conjugates A and B
did not affect any important organ or function in the
used animals at used dosage. This is an additional
support for the hypothesis that tested araC conjugates
retained the same mechanism of antileukemic activity

as did araC.
Leukemia bearing mice exposed to the therapy

120 A
— —O— Untreated —O0— araC
£ ——A —0—B
]
£ 110 1
S
kS
% 100 C
S
=)
S
=)
90 T T T T S
0 1 2 3 4 5
Time (days)

Fig. 3. Monitoring of weight of the experimental animals during
the araC and araC-sulfonamide conjugates A and B application
as an indicator of toxicity demonstrated by tested compounds

In conclusion, it is demonstrated that araC conju-
gates A and B possess the cytotoxic and therapeutic
activity similar to araC but at significantly higher
concentrations. This is possibly caused by their high
intracellular stability. On the other hand, the inactiva-
tion (deamination) of the araC moiety of the conjugates
A and B is also substantially decreased compared to
araC deamination in vivo. Originally, araC-containing
analogues were prepared with the aim that they should
protect araC amino groups towards deamination
and serve as depot forms of araC. This investigation
confirmed that araC-conjugation is a suitable way for
protecting araC stability.
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NMPOTUBONIEMKEMUYECKAS1 AKTUBHOCTb CYJ/Ib&®OHAMUAHbIX
KOHBbIOFATOB APABUHO3UJILUUTO3UHA

Iuro3unapadunosun (araC) HCIOIB3YIOT MPH TePANMH JieiiKeMIH 1 JTMM(OMBI, 0THAKO BBHIY €I0 AKTHBHOI MEeTA00/IHYeCKOi HHA-
KTHBAIIMK ¥ JMMUTHPOBAHHOM AKTHBHOCTH CO3JAI0TCS M HCTILITHIBAIOTCSI HOBbIE aHAJIord araC. I]e.ab paGoTbl — CHHTE3 ABYX KOHb-
1oraToB araC 1 OlIeHKa HX UTOTOKCHYECKO¥i/TIPOTHBOJIEHKEeMIYECKOii aKTMBHOCTH. Mentodbt: cuHTe3 CYJIb(OHAMHIHBIX KOHBIOTATOB
araC A n B npoBoaim B 6e3B0IHOM pPeRKUME C HCTOJIB30BAHNEM 5°-XIOPIMKJIONUTHINHA B KA9eCTBEe HCXOMHOTO MaTepuana. s
MOATBEPKIEHHSI CTPYKTYPbI HCII0JIb30BaJHM djieMenTHbI aHaau3, AMP, UK u YO cnektpomerpuio. CHHTE3HpOBaHHbIE KOHBIOTA-
TbI araC UCIBITHIBAJIM HA IMTOKCHYHOCTD MPOTHUB KJeToK Jielikemuu Jmanu L1210 in vitro, a Taxkke Ha HAIMYKE TePANIEBTUYECKOI
AKTHBHOCTH Ml TOKCHYHOCTH i1 Vivo HA MBIIIIAX C 3KCIEPUMEHTAIbHOI omyx0Jibio L1210. Pe3yavmamot: HMTOKCHYECKYIO AKTHBHOCTD
araC n konbioratos A u B seipaxkami kak IC_ (WM/n). KonbioraT A okasaics B 303 pasa Menee aKTHBHBIM, a KOHbIoraT B — B 757
pa3 MeHee akTHBeH, YyeM araC. [IpoTHBOOIMYX0JIeBYI0 AKTUBHOCTD M OCTPYI0 TOKCHYHOCTD COETMHEHHI HCCIIeI0OBAH B 3KCIIepUMeH-
Tax in vivo. CTAaTHCTHYECKHN 3HAYMMbIE PA3JIHYMS B TepaneBTHIeCKOoi 3())eKTHBHOCTH NPENapaToB 0TMEYAIN NPH YCIOBUH, €CJIH
J103bl KOHDbIOraToB ObLTH B 10 pa3 Bbiue, YeMm TakoBbie araC. OTMeueHo, YTO B TO BpeMsl KAK COOTHOIIEHHE MKy IIMTOKCHIHOCTBIO
¥ TepaneBTHYECKOi aKTHBHOCTBIO 11 araC 0bL10 3333, To 111 KoHbIoraToB A H B 3Ta Be/MunHa ObU1a 3HauMTe IbHO HiInke (110
U 44 COOTBETCTBEHHO), YTO YKA3bIBAET HA TO, YTO MHAKTHBAIMS KOHbIOraToB A 1 B araC mpoucxomurt B 30 u 70 pa3 MenieHHee
COOTBETCTBEHHO, YeM MHAKTHBaLUs araC. Bbi600s!: pa3andus B IUTOKCUYECKOI U TePaneBTHIeCKOi akTHBHOCTH araC M KOHBIOTATOB
BepOsITHEE BCETO ONpeEISIOTCS MeUIEHHbIM BbICBOOOXK 1eHreM araC, a MpoI0/DKUTebHbII MpoIece BoIcBoOO0K1eHus araC 3ammmaer
AKTHBHOE BELIECTBO OT HHAKTUBAIIMU M YBEJUYHMBAET MPOIOIKUTEILHOCT TEPANEBTHYECKOTO J€CTBUS KOHBIOTATOB.

Karouesvie c106a: apaGMHO3WTIIATO3MH, IMTAPAOUH, CY/IbhaHWIAMHII, KOHBIOTaT, IPOTHBOJIEIKeMUYECKAst AKTUBHOCTD, Jieiikevus L1210.
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