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ABSTRACT

A number of hydrazide derivatives of the non-protanino acid L-canavanine (Cav) and its structaablogue L-
norcanavanine (NCav), have been synthesized andgtmvth-inhibitory effects evaluated in culturedn-tumor
3T3 cells and tumor cell line HepG2 by the MTT mss@ihe Cav derivatives (Cav-CONHM{G, Cav-
CONHN(CHCH,CI),, and Cav-CONHNL and NCav derivatives (NCav-CONHNEHZ and NCav-
CONHN(CHCH,CI), exhibited higher cell growth inhibitory effects bnth cell lines compared to their parent
compound. These effects were considerably highé¢h@tumor cells HepG2 in comparison to the nonemBT3
cells. Introduction of the hydrazide group cong#tian effective structural modification, which rsfigantly
amplifies the growth inhibitory properties of tharpnt compound against tumor cells HepG2. Thesdtsesonfirm
our previous conclusion that a proper hydrazide ificakion of the carboxylic group of Cav and itsadogues may
lead to a significant increase in the inhibitonfest of the compounds on the growth of tumor c@ls.the other
hand, NCav derivatives showed higher cytotoxicity the HepG2 cells in comparison with the respective
canavanine analogues. Evidently the length of gmban side chain influences the cytotoxicity of deenpounds
also.

Keywords: Cytotoxic activity Canavania Norcanavaniel Hydrazide deivativesHuman tumour cell lines
Abbreviations Cav - canavanine; NCav - norcanavanine; Can — caegl2-amino-4-(aminooxy)butyric acid; NCan — naralne; NsArg —
norsulfoarginine; NHNH(CHCH,CI), - bis-2(chloroethyl)hydrazine; EtOAc - ethyl acetaté BTU - O-(Benzotriazol-1-yl)-N,N,N',N'-
tetramethyluronium tetrafluoroborate; NMM - N-Melimprpholine; DIPEA - N,N-Diisopropylethylamine; Be®i-tert-butyl dicarbonate; Z -
Carboxybenzyl

INTRODUCTION

L-Canavanine (Cav) [L-2-amino-4-(guanidinooxy)bityracid], a nonprotein amino acid found in certain
leguminous plants [1], is a structural analoguk-afginine in which the terminal methylene groupéplaced by an
oxygen atom [2]. As an analogue and antimetabaolitarginine, canavanine is highly toxic to a widmge of
organisms including bacteria, fungi, yeast, algdants, insects, and mammals [3, 4].

Since the structural similarity of Cav to Arg ismarkable, it can effectively compete with arginfoearginyl tRNA
synthase and for incorporation into cellular prage2]. It is important to note that at physiolagipH less than half
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of the L-canavanine molecules will be protonated able to successfully compete with L-argininedocess to the
active site of arginyl-tRNA synthetase [5, 6]. shdition, Cav is an inhibitor of inducible nitric mbe synthase [7, 8].
L-Canavanine has been reported to possess grow#ndagon activity toward tumor cells in culture dan
experimental tumorsn vivo [9-12]. Synergic antitumor effects from a combipatiof L-canavanine with 5-
fluorouracil ory-irradiation have been demonstrated, indicating tha&anavanine may modulate the chemo- or
radio-sensitivity of tumors [13, 14].

Although these effects suggest that the inhibitonde of amino acid analogues toward tumors may gapgnding
on the analogue types and cell types [15-17], mgmy mechanism underlying the antitumor activityaaiino acid
analogues, leading to cell damage, is thought tthbe incorporation into cellular proteins in stibgion for the
intact forms and subsequent induction of structyraberrant proteins with impaired function or daagtion [18-
20]. Since the oxyguanidino group of L-canavanimelectronically and structurally different thare thuanidino
group of L-arginine, there are several distincfedi#nces between L-canavanine and L-arginine. Woenpared to
L-arginine, the L-canavanine molecule is less hadightly longer and exists predominantly in thaimo, rather
than imino tautomeric form. Replacement of an Lirdrge residue in a protein with L-canavanine camn#icantly
affect key ionic interactions that determine thetidey and quaternary structure of the protein. Emeoneous
incorporation of L-canavanine results in structuwrhinges that alter protein function and form thasid of L-
canavanine’s anticancer activity [20, 21].

Chemotherapy employing antineoplastic drugs oftdies on the difference of the mitotic rate betwaemor and

normal cells in order to confine its toxic effeotthe tumor. In this regard, amino acid analoguesibeen simply
considered to possess potency as chemotherapgditsabecause of their incorporation into cellpanteins,

which results in an inhibitory effect on cell gréwiT his effect can be more significant in tumodséhan in normal
cells. The inhibitory activity of amino acid anal@gs on the growth of tumor cells, and the undeglyithibitory

mechanisms requisite for evaluating their poter&y &hemotherapeutic agent, remain however lartgatpown.

In subsequent studies, L-canavanine preferentialiybited the in vitro growth of transformed canika&lney

epithelial cells when compared to normal caninen&idepithelial cells [21]. This observation led tethors to
postulate that the basis for the selectivity ofdn@vanine may be L-canavanine incorporation inlb steface

proteins. Since transformed cells have fewer atteeit proteins on their cell membrane, the struttchanges
resulting from L-canavanine incorporation into califace proteins in the transformed cells may g a greater
effect on the capacity of the cells to adhere ihahe non-transformed cells.

The role of apoptotic cell death in the inhibitagtivity of amino acid analogues against tumorscillstill poorly
elucidated. Jang et al. have found that the cytoity>of L - canavanine toward human acute leukemikdt T cells
is attributable to induced apoptosis [28h caspase-3 activation. Co-administration of canameasignificantly
accelerated and enhanced apoptotic manifestatimhscéd by arginine deprivation [23h view of this, it was
interesting to design and synthesize unnatural andnids containing a guanidino functionality (oxsnd
sulfoguanidino), as structural analogues of argirdand canavanine [24-26]. Their effects on the tjiof cultured
tumor cells were evaluated [4, 27-29]. We foundt thepdification of Cav at the carboxylic group sdieely
changed toxicity against tumour cell lines [4, 27].

In the present study, we examined the cytotoxitvitiels of L-Cav1 and its shorter analogue L-NCayFigure 1),
and their hydrazide derivatives [Cav-CONHNHIL, Cav-CONHN(CHCH,CI), 13, Cav-CONHNGHs 15, NCav-
CONHNH, 12, NCav-CONHN(CHCH,CI), 14,andNCav-CONHNGHs 16], on 3T3 and HepG2 cells.

MATERIALS AND METHODS

1.1.Synthesis

All chemicals were of analytical grade. All anhydsosolvents were obtained commercially (Fluka) asdd
directly. HPLC-grade acetonitrile and MeOH were ghatsed from Merck. Analytical TLC was performed on
Merck silica gel (60F254) plates (0.25 mm) using tbe following solvent systems: AV(chloroform)
:V(methanol)V/(water)=80 : 30 :5; B\/(benzene) \/(acetone) V(acetic acid)=100 : 50 : 2; QY(chloroform)
:'V(methanol)¥/(acetic acid)=95 : 5 : 5. Visualization was doneghwgither UV, ninhydrin or a chlorine tolidine
reagent. Mass spectra were recorded on a Fiss@ple-Tpuadrupol-ES mass spectrometer. HPLC analysze
performed on Agilent Technologies HP 1100 and Wa2&95 LC instruments, using a Column: Lichrosphé&B,
(250 x 4,6 mm); mobile phase: 0.02 MHPO, + 5% methanol. The fully protected amino acid agaks Boc-
Cav(Bog)-OH and Boc-NCav(Bag-OH were prepared as previously reported [4, 27].
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General procedure for the preparation of the Cad &Cav hydrazide derivativés10

Route a:To the solution of Boc-Cav(BogDH 3 or Boc-NCav(BogyOH 4 (3 mM) in THF (5 ml) NMM (0.33 ml,

3 mM) was added, and the reaction mixture was coadtevn to -10°C. Piv-Cl (0.37 ml, 3 mM) was addedpvise
and after 10 minutes solution of hydrazine (Boc-NHBNHCI.NH,NHC¢Hs, or HCL.NH,N(CH,CH,CI),) (15 mM)
and EtN (0.415 ml, 15 mM) in water (2 ml). Process congadeafter 1.5 at -10°C and the solvent was evapdrat
under reduced pressure. The residue was dissofv&HICk (10 ml) and was washed with water (2 x 10 ml).
Organic layer was dried over pBO,, and CHC} was evaporated. Pure products were obtained edtiemmn
purification (silicagel, eluent,C}¥N/H,O, 4 : 1,v/V) and the respective yields of the compounds wé&e&®%b.
Homogeneous (TLC system A and B).

Route b:Boc-Cav(Bocy}-OH 4 or Boc-NCav(Boc)}OH 3 (3 mM) were dissolved in the mixture of DMF (1 rahd
DCM (2 ml) and treated a0 with TBTU (0.96 g, 3 mM). After stirring at®G for 5 min, a pre-cooled solution of
3.2 mM hydrazine in 1 ml DMF and DIPEA (0.52 mlirgV) were added. Reaction mixture was stirred ftiodrs.
Solvent was evaporated in vacuo, the residue wssoldied in CHG (10 ml) and washed with water (2 x 10 ml).
Organic layer was dried over p&RO,, and CHC{ was evaporated. Pure product was obtained aftermeo
purification (silicagel, eluent, C{&N/H,O, 4:1,v/\) and the respective yields of the compounds wdr&®%o.
Homogeneous (TLC system A and B).

(0]
HN N ~
>// \O’( Jn OH n =1, L-norcanavanindNCav, 2); n = 2, L-canavanineGav, 1)
HN HN H
(e}
H,N N ~
>z ~o SNk,
HN HN H n = 1, L-norcanavanine hydrazide2j; n = 2, L-canavanine hydrazid&1)
(0]
H,N
2 /N\O/(A)”/,)kNHN <CH2CH2C|
H,N H,N “H CH,CH,CI n = 1, L-norcanavanine-bis-(2-chlorethyl)hydrazidé)(

n = 2, L-canavanine-bis-(2-chlorethyl)hydrazid&)

(0]
H,N
N ~ — N . - . .
2 >// \O/( )n%NHNH—@ n = 1, L-norcanavanine phenvihvdrazid&) n = 2, L-canavanine phenylhydrazidis)
H,N H,N H

FIGURE 1: Structures of canavanine (n =2) and nor-cananine (n = 1) and their hydrazide derivatives

General procedure for deprotection of Boc-Protegtgroup Protected analogués10 (3 mM) were dissolved in
EtOAc (1 ml) and 1.5M HCI/EtOAc (3 ml) was addedeTreaction mixture was stirred at room temperasune
solvent was evaporated in vacuo. Products werdrautaafter column purification (silicagel, elue@i4;CN/H,0O,
4:1,vN).

11: MS-ES,m/z 191.12 [MH] (190.12);*"H-NMR (CDCL) é/ppm 8.56 (s, 2H, NH), 8.0 (s, H, NH), 5.11 (s, 2H,
NH,), 3.53 (m, 2H, CH), 3.37 (t, H,aCH), 2.0 (m, 3H, NH, Nb), 1.96 (m, 2H, ChH); **C-NMR (CDC}) d/ppm
170.4, 158.5, 66.7, 52.0, 34.2;

12: MS-ES,m/z 176.10 [MH] (177.10);*H-NMR (CDCl) &/ppm 8.58 (s, 2H, NH), 8.2 (s, H, NH), 5.11 (s, 2H,
NH,), 4.16, 3.91 (m, 2H, Chl, 3.65 (t, H,aCH), 2.1 (m, 3H, NH, Nk); *C-NMR (CDCk) é/ppm 171.1, 158.7,
76.7, 53.7;

13 MS-ES,m/z 267.15 [MH] (266.15);*"H-NMR (CDCk) é/ppm 8.57 (s, 2H, NH), 7.9 (s, H, NH), 7.37 (m, 2H,
Ar), 7.06 (m, 2H, Ar), 6.90 (m, H, Ar), 5.07 (s, 2NH,), 4.0 (s, H, NH), 3.51 (m, 2H, GH 3.35 (t, H,aCH), 2.4

(m, 3H, NH, NH), 1.98 (m, 2H, Ch); *C-NMR (CDC}k) é/ppm 170.2, 158.8, 149.0, 129.2, 122.8, 113.2, 66.3,
52.3, 34.0;
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14: MS-ES,m/z 253.14 [MH] (252.15);'"H-NMR (CDCk) &/ppm 8.50 (s, 2H, NH), 7.8 (s, H, NH), 7.35 (m, 2H,
Ar), 7.06 (m, 2H, Ar), 6.92 (m, H, Ar), 5.10 (s, 2NH,),4.16, 3.91 (s, 2H, CBl 4.2 (s, H, NH), 3.65 (t, HyCH),
2.1 (m, H, NH);*C-NMR (CDCE) &/ppm 171.3, 157.8, 149.3, 129.9, 121.8, 114.0, 7640);5

15: MS-ES,m/z 316.10 [MH] (314.10);*H-NMR (CDCk) &/ppm 8.60 (s, 2H, NH), 8.1 (s, H, NH), 5.10 (s, 2H,
NH,), 3.50 (m, 2H, Ch), 3.40 (t, H,aCH), 3.50 (m, 4H, Ch), 2.83 (m, 4H, Ch), 1.90 (m, 2H, Ch); *C-NMR
(CDCly) 5/ppm 170.4, 158.2, 66.7, 60.1, 52.1, 39.6, 34.2;

16: MS-ES,m/z 302.09 [MH] (300.09);*H-NMR (CDCL) é/ppm 8.57 (s, 2H, NH), 8.3 (s, H, NH), 5.08 (s, 2H,
NH,), 4.16, 3.91 (m, 2H, C}|, 3.62 (t, H,aCH), 3.52 (m, 4H, Ch), 2.80 (m, 4H, Ch); *C-NMR (CDC}) dé/ppm
171.9, 157.7, 76.2, 59.8, 54.7, 39.4;

1.2.Cell cultures

The 3T3 (standard mouse embryonic fibroblast éeél)land HepG2 (human liver hepatocellular carciacsall
line) cells were cultured in Dulbecco Modified E&igl medium (DMEM) (Gibco, Austria) supplementedhwit0%
fetal bovine serum (Gibco, Austria), 100 U/ml pdhit (Lonza, Belgium) and 0.1 mg/ml streptomycihofza,
Belgium) under a humidified 5% GQ@tmosphere at 8C. Plastic flasks supplied by Greiner, Germany,engsed
to grow the cells. Cells were trypsinized using pein-EDTA (FlowLab, Australia) when they reached
approximately 80% confluence. The cells in the equaial phase of growth after treatment with TrpgpSDTA
were seeded into 96-well plates (Greiner, Germamy) concentration of 2xf@ells/well. 24 hours of incubation
post seeding (under a humidified 5% £f@mosphere at 8¢

1.3. Cytotoxicity assay

The cultivated cells were treated with amino acihlagues in a wide concentration range (2 - 0.0M8).m
Untreated cells were used as controls. Empty wedie blank controls. Cytotoxicity was measured blpimetric
assay based on tetrasolium salt MTT (3-(4,5-Dimiétigzol-2-yl)-2,5-diphenyltetrazolium bromide) (Bna
Chemical Co.). The MTT assay is based on the pobfirst described by Mossman [30]. In this asdayng cells
reduce the yellow MTT to insoluble purple formazagstals. Amino acid analogues were dissolved mediy!
sulfoxide (DMSO). The final concentration of DMS® the samples did not affect the viability of thedle The
assay was performed 24 hours after treatment wighamino acid analogues. For this purpose, the Edllition
was prepared at 5 mg/ml in PBS and was filteredutpn a 0.2um filter. Then 1 ml of MTT solution was added to
15 ml DMEM and 10Qul of this solution was added into each well, indhgdthe cell free blank wells. Then the
plates were further incubated for 3 hours to alMivT to be metabolized and the supernatant liquid veanoved.
100 pl/well DMSO/ethanol (1/1) was added. The platesengaced in a microtitre-plate shaker for 10 mimcatm
temperature to mix thoroughly the purple formaz#o the solvent. An ELIZA plate reader (TECAN, SsarTM,
Grodig/Sazburg, Austria) was used for reading #seilts. Optical density (OD) was determined at selength of
540 nm and a reference wavelength of 620 nm. Gatitexicity determined by MTT assay was expressedha
percentage of dead cells:

% cytotoxicity = (1 - (OD sample — OD blank conj/¢DD control - OD blank control)) x 100.
PrizmaPlot.4 (ANOVA-test) was used for statistiaablysis. Graphics were created by GraphPad Prism4
RESULTS

1.4. Chemistry

In an extension on our efforts to create new ckE®deamino acids containing oxy- and oxy- and sgifi@anidino
group, we report the preparation of several Cav H@hv hydrazides belonging to the canavanine seAss
previously reported for the Cav [4, 25] and NCa¥][2hese amino acids ease converted into relatdchhides.

For the synthesis of the desired compounds, theeseg of reactions shown in synthetic scheBehéme YLlwas
followed. Fully protected Boc-Cav(BgeOH 3 and Boc-NCav(Bog-OH 4 were thestarting materials of our
strategy. The synthetic approach was utilized toegate a series of hydrazide derivatives followezrdutea by a
condensation reaction with the appropriate hydeainthe presence of NMM, using Piv-Cl, mute b, reacting
with the required hydrazina the presence of DIPEA, using TBTU reagent.

The condensation methods we have applied affordgd purity products with good yields after column
chromatography purification. Moreover, it should heted that under the mild conditions of the sysite
undesirable side processes, including racemizadioimot take place.
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Boc.NHNH, or
HCI.NH ,;NHC H, or
HCI.NH ,N(CH,CH,CI),

PivCl, NMM, THF, 4h
NHBoc a NHBoc NH,
’T'/ NHBoGC ITJ/ NHBoc l‘\l/ NH,
o) [ (o] deprotection o)
- =
[ n [ n [ n
1.5 M HCI/EtOAc
BocHN COOH b BocHN coy H,N coy
3(4) TBTU, DIPEA, DMF/DCM, 4 h 5,7,9(6,8,10) 11,13,15(12,14,16)
n=1,NCav, 2 Boc.NHNH, or
n=2Cav.1 HCLNH ;NHCH; or Y = NHNH,, or NHNHC gH, or
HCI.NH ,N(CH,CH,Cl), NHN(CH,CH,CI),

SCHEME 1: Synthetic routes for the synthesis of Cav and N&v hydrazide derivatives

Cleavage of the protecting Boc-groups were achidwedthyl acetate saturated anhydrous HCI (mixair#.5 M
HCIl and EtOAC).

In addition, the hydrazide derivatives were quitbke in aqueous solutions. The decomposition of IGalrazides
13, 15 and NCav hydrazide$4, 16 after five days incubation with cell cultures at’G7was less than 2%, as
assessed by TLC and HPLC.

1.5. In vitro cytotoxicity of the compounds

The results of the cytotoxicity of canavanine atzdderivatives Cav-CONHNgEI5 15, Cav-CONHN(CHCH,CI),
13, and Cav-CONHNK 11 on 3T3 and HepG2 cells are shownFigure 2 The cells were exposed for 24 h to
different concentrations (ranging from 2 to 0.01Bl)yrof the compounds. As seenkiigure 2the treatment of the
both cell lines resulted in a dose-dependent rémuaif the number of the viable cells. Only the Hegt Cav
concentrations (2 and 1mM) produced an inhibitoifeat on the cell growth in HepG2 cells (28% and %4
respectively) Figure 2. The Cav derivative$1, 13and 15 exhibited higher cell growth inhibitory effects both
cell lines compared to their parent compound. Theffects were considerably higher on the tumorsckliépG2
where statistically reliable results were achiefadthe most of the concentrations. Thus our ressiliggest that a
proper hydrazide modification of the carboxylic gpoof Cav may lead to a significant increase indék growth
inhibitory activity, which confirms and enlargesrqurevious conclusion [4] about the effect of Ca@MHNCsH5
in Friend erythroleukemia cells.

The sensitivity of the cell lines was demonstrabgdcalculating the half maximal inhibitory concettons (1G
values), shown inTable 1 The tumor cell line HepG2 is more sensitive te ttytotoxic effects of Cav-
CONHNGHs, Cav-CONHN(CHCH,CI),, and Cav-CONHNHK

When the exposure time of 3T3 and HepG2 cells wimnded from 24 h to 48 and 72 h, the cell growtiikitory
effects of the compounds were more pronounced I{sasot shown).

The results of the cytotoxicity of NCav and its idatives NCav-CONHNHgHs 16, NCav-CONHN(CHCH,CI),
14 and NCav-CONHNK 12 on 3T3 and HepG2 cells are shownFigure 3 The cells were exposed for 24 h to
different concentrations (ranging from 2 to 0.01M)mof the compounds. The treatment of the both te#s
resulted in a dose-dependent reduction of the numibeable cells. Only the highest NCav concembra{2 mM)
manifested a cell growth inhibitory effect in batéll lines. In the 3T3 cells the inhibitory effeuft14 and16 was,
however insignificant. It was considerably higher the tumor cells where statistically reliable fesuvere
achieved for most of the concentrations. The aelvth inhibitory effect of NCav-CONHNEbDN the both cell lines
was insignificant.
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FIGURE 2: Effect of Cav and its analogues: Cav-CONHNHEHs; Cav-CONHN(CH,CH,Cl),; Cav-CONHNH,on growth of 3T3 and
HepG2 cells after 24 h treatment. Cell cytotoxicitydetermined by MTT assay is expressed as per cerftaead cells and presented as
mean * SD (n=6), **P<0.001, **P< 0.01, *P<0.05, ANQA -test, versus the control group, C — control
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FIGURE 3: Effect of NCav and its analogues: NCav-CONHNHgHs; NCav-CONHN(CH,CHCI),; NCav-CONHNH;on growth of 3T3
and HepG2 cells after 24 h treatment. Cell cytotoxity determined by MTT assay is expressed as permeof dead cells and presented as
mean + SD (n=6), **P<0.001, **P< 0.01, *P<0.05, ANQ@A-test, versus the control group, C - control
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As observed in th@able 1HepG2 (a tumour cell line) is more sensitive te dytotoxic effects of the compounds
14 and16than is 3T3 (a non-tumor cell line). These two M@arivatives proved to be highly cytotoxic against
HepG2, exceeding at least by an order of magniteeytotoxicity of their parent compound NCav. ¥ishowed
higher cytotoxicity on the HepG2 cells in companisuith the respective canavanine analogues.

TABLE 1: Comparative cytotoxic activity of Cav, NCav andheir analogues in 3T3 and HepG2 cells after 24 theatment (MTT-dye
reduction assay)

Mean ICg values (mM)*

Compounds Celllines 3T3 HepG2

Cav >2 >2
Cav-CONHNHGH: 2 1,642 + 0,3082
Cav-CONHN(CHCH;CI) 2 1,310+ 0.0522
Cav-CONHNH 1,206 + 0,0925 0,960 + 0,0740
NCav >2 >2
NCav-CONHNHGHS 2 0,417 +0,1244
NCav- CONHN(CHCH,Cl)2 22 0,263 + 0,060
NCav-CONHNH >2 >2

* Values are means +SD (n=6)
DISCUSSION

The results of the present study show that thetiutien in the carboxylic group of Cav and NCavrieases the
cell growth inhibitory effects of the compounds specially in the case of the tumor cell line HepGBe same
correlation was found previously in the case ofgsénd its analogues [28]. An increase of the aellvgh inhibitory
effects was also observed with the modificationhef carboxylic group in our experiments with camal{Can) and
its analogues (unpublished results). For exam@g, of NCan-CONHN(CHCH,CI), was found to be 0,84 +/-
0,094 mM after 24 h of incubation with HepG2 cellsereas 1g, of NCan was higher than 2 mM.

In Table 2we have summarized our previous results aboutytetoxicity of several amino acid analogues on
Friend Leukemia cells, clone F4ANhe growth-inhibitory effects of 24, 48 and 72 kubation of the cells with the
drugs are expressed byslGralues. The cytotoxicities of L-Cav, Cav-CONHME, Cav-CONHN(CHCH,CI),,
NCav, NCav-CONHNHEHs, NsArg, NsArg-CONHNHGHs Ng-nitro-canavanine and d\nitro-canavanine methyl
ester in FAN cells were examined usogl-growth assay. Clear differences in the cetivgh were observed after
48 and 72 h of incubation. Cav-CONHRHz proved to be highly cytotoxic against Friend Lemie cells in
culture, exceeding by one order of magnitude thetoyicity of canavanine [4]. NCav-CONHNHEB; proved to be

3 times more cytotoxic than NCav. Similar resulterev obtained for norsulfoarginine (NsArg) and its
phenylhydrazide derivative NsArg-CONHNH; (Table 3. The second compound revealed a significanthdrig
cell growth-inhibitory effect. Methyl esterificatioin the carboxylic group of &nitro-canavanine also caused an
increase of its cytotoxic action. These resultsficonour conclusion that the modification of the'lwaxylic group is
important for the inhibitory effect of the compownagin the growth of tumor cells.

TABLE 2: Cytotoxicity of arginine analogues in Friend lelkemia cells

Compounds Cell growth inhibition *
IC s (mM)?

Time(h) 24 48 72
NCav* >8 8 3.2
NCav-CONHNHGHs* >8 25 13
NsArg* 4 33 24
NsArg-CONHNHGHs* 4.6 17 0.8
Cav** >6 55 17
Cav-CONHNHGHs** 044 0315 0.23
Cav(NQ) 4.25 2.16
Cav(NQ,)-OMe 1.82 1

*Exponentially growing cells were incubated in crétmedium for 24, 48 and 72 h at’@with varying amounts of the compounds and counted
thereafter hemocytometrically. The number of desls evas determined by trypane blue exclusion.
Drug concentration that reduces the number of tivirlls by 50%.
Values are means of triplicate determination ineaist two independent experiments.
*Results from our previous research (Dzimbova e@l1; Dzimbova et al. 2012).
"*Results from our previous research (Miersh e28i00).

The shorter canavanine analogue NCav and its dimé¢d 4 and16 proved to be more cytotoxic against the tumor
HepG2 cells in comparison to the respective canagaanalogued3 and15. We conclude that the length of the
side carbon chain influences the cytotoxicity a&f ttmpounds also.
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The results of other studies suggest that L-cariagamay be useful as an antitumor agent. It hags keewn that
L-Cav can inhibit the proliferation of tumor ceitsvitro andin vivo [4-5, 28] In the present study we demonstrate
that canavanine derivatives with a modificationtlod carboxylic group promise to be more potent ragwemor
drugs than Cav. Little is known about the molecuterchanisms mediating these effects. Amino aciddified
with alkylating groups may exert their effects sitaneously as alkylating agents and antimetabolifdse
alkylating agents damage DNA attaching an alkylugréGH,,.1) to the guanine base of DNA. On the other hand
arginine has numerous roles in the cellular metafolthat may influence the multistep process ofcean
development [31]. Some animal and human tumorsimeguginine for growth. Whereas normal cells abée ao
synthesize arginine from citrulline, some humanceas, such as melanoma and hepatocellular carcifi®2hare
unable, because they do not express the enzymeatgicinate synthase.

Cav and its analogues we investigate in our studyaatimetabolites of arginine and this may expéditeast partly
their cytotoxic action, especially on the tumorldaie HepG2. In our previous study [4] we showéattthe
cytotoxic effect of Cav on F4N cells was completaynoved in the presence of equimolar amounts gihiae,
whereas a 20-fold excess of arginine failed toiahdhe cytotoxicity of Cav-CONHNgEIs. These results suggest to
us that the modes of action of Cav-CONHNEand its parent compound are different.

It was demonstrated that the treatment of humay ladenocarcinoma A549 cells with Cav caused growth
inhibition and G1 phase arrest [33]. The examimatbJang et al. [22] showed that the treatmemumhan Jurkat T
cells with L-canavanine had induced apoptotic delith via caspase-3 activation regulated by Bal-Bab-xL.

The apoptotic and genotoxic activity of the mostepbd canavanine analogues, as well as their effectshe
progression of cells through different phases efdéll cycle, will be a subject of our future intigations.

CONCLUSION

In summary, we have demonstrated that the synéediydrazide derivatives of canavanine and norcarine
possessed cytotoxic activity against human livggabecellular carcinoma cell line. As expected, tiyerazides
showed different activity depending on cell linedaamount of the compound used. Pronounced cytotffécts
against HepG2 cells were observed for compolris 4, 15and16. These results confirm the fact that the proper
modification in the carboxylic group of the moleeis crucial for the cytotoxic activity.
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