[UCI]1804: 24011- 200000233829

2007 2¢
=

AL 9}

Evaluation of a peptidomimetic
prodrug, L-valyl-araC as an ord
delivery system of araC



Evaluation of a peptidomimetic
prodrug, L-valyl-ara-C as an oral
delivery system of araC

Ara—-Co] 7+ WA ~Bl 0 2 A peptide A} prodrug?!
L-valyl-ara-Ce] 7}

2007¥1 29 23d

ok o)

-] -
> @)
= &



Evaluation of a peptidomimetic
prodrug, L-valyl-araC as an oral
delivery system of ara-C

20061 10€



SECDIEPL T

Tor

%)

Nd

L

oF

Tor

7

+
g
3

Tor

%]

Nd

11¢

200613



CONTENTS

e 4

ADSIQEE +++ v+ cveeeeoessscsssssscnssnssnssnsssssss 6
1. INtrOCUCHIOR« + + » ¢ e v eveesosossosasoesasonsasanss 8
2 Materials and Methoes: « <« =cceceseececacessasans 10
3. Results and diSCUSSIONt <+ =+ ++eceesescssesasenss 15
4. CONCIUSIOR =+t esvesesoscesoasassasnssssasanses 21

RETEIENCES: + ++ v+ vovesosossosnssssosassosasnnss 22



List of Tables

Table 1. Mean pharmacokinetic parameters of L-valyl-ara-C and

Ara-C IN ratSeeeeeseesecccesecscsccsssscssscnnssssssssas 32



List of Figures

Fig. 1. Synthetic scheme df-valyl-ara-C«+««cccceeceeeens 27
Fig. 2. In-vitro stability of L-valyl-ara-C in the artifial gastric
juice and intestinal fluids -« ««ceeceeercencnerncieenenn. 28
Fig. 3: In-vitro metabolic stability ofL-valyl-ara-C in various
CONTITIONS + + v+ oot evessesossesosassasassssnssssasanses 29

Fig. 4. Cellular uptake of ara-C and L-valyl-ara-C in C&o

Fig. 5: Inhibition studies on thesellular uptake of L-valyl-ara-C
(04 m|\/|) iN Caco-2 CeliSscsscveccoscccccccsccosccncnsnes 31

Fig. 6: Mean plasma concentration-time profiles of L-vahg-C

and ara-C iIN raiS+-cccceseeseccccssscsscccsssscssacscs 33



2522

Ara-Ce] A+ YA 2" o 24 peptide FA} prodrug?!
L-valyl-ara—-C¢] 37}

Y

e =

SRR
ERE S LSt

o] =Ho EAHL ara-C9 peptide FAF prodrug?! L-valyl-ara-CE &4 3}
o ara-Co FAHA AT W A|=HO2ZH L-valyl-ara-CE H 73}

t}. L-valines ara—C-OJ cytosine ring®] N4-amino group®l 4F%3sed
L-valyl-ara-CE& #A4% & tdst =2 &AM in-vitro S 53
8H31aL, Caco-2 celldlA MEW F5F S s Abstqloh =g, HolA
ara—C2} L-valyl-ara-C9 ¥% <& FEEH profile®s H7I8F3
L-valyl-ara-C9| U&H el &4 ¥htr]= 221700 wHdel, &%
fresh plasma, 12|31l serine protease?! plasmin®] <a] Al 2A17F o]Ak9]
incubation®l =  L-valyl-ara-C®] &3l A Loyl &Zskoh. Alohrt
L-valyl-ara-CE AML-29} L121029] leukemia cell homogenateo] A <+ sh2
UERHA L, o]ofX &Y celloll A parent] ara-C Bt AE54e A &
E}With. Caco-2 cellolA] L-valyl-ara-C¢ A EW =& ara-Co Hug<
W 5y Ekth AY7F L-valyl-ara-Ceo] AEW F5E 4E w29 F7l
H#l oz F7skA ¢ttt L-valyl-ara-C9 MXW %342 uridine, PAH,
TEA®} #2 dipeptide’t <A Alddl& #% Aoy L-valine® benzoic
acid7l 9& wi= W3ty Qldt}. o] L-valyl-ara-C7} peptide transporter,

©



organic anion % cation transporter, ZL2] il nucleoside transporters ¥3}s}
= 9] uptake transporter®t AEFE & 4 9oy} amino acid
transporteret= ZHE3HA Boa UERHSITE HIF prodrug® WAl #XE
£ o] ara-CET} B4 ] HAT, L-valyl-ara-C2 AFF Aol &7 ol A
ara—Co &A7F #ZH ATt Prodrug £ Al ara-C AAl&ES °F 4%
AEAY. 22402 L-valyl-ara-C& carrier-mediated transport pathway
£ S8 ara-Co ¥ FE FEAZ ¢ Jdou ara-Cxo] &2 thiby H&
1=

=
o2 Ql&to] ara-co A7 EHF AlAFOo2A AAZQA HES ATE F 3

at



Abstract

Evaluation of a peptidomimetic prodrug, L-valyl-araC as an
oral delivery system of ara-C

Eun Pa Cheon

Advisor: Prof. Hyo-Kyung Han
Department of Pharmacy
Graduate School of Chosun University

The present study aimed to synthesize a peptidoticinpeodrug, L-valyl-ara-C, and
evaluate L-valyl-ara-C as a potential oral delivesystem of ara-C. After the
synthesis of L-valyl-ara-C via the incorporation bfvaline into N4-amino group of
the cytosine ring in ara-C, the in-vitro stabiliof L-valyl-ara-C was examined in the
various biological media, and the cellular uptakearacteristics of L-valyl-ara-C were
examined in Caco-2 cells. Plasma pharmacokinetidilgs of ara-C and L-valyl-ara-C
were also evaluated in rats. The disappearancelifealdf L-valyl-ara-C was 2.2 hrs
in the artificial gastric juice while the degradatiof L-val-ara-C was negligible in the
intestinal fluid, fresh plasma, and also in thesprece of plasmin, a serine protease, over 2-hr
incubation. Furthermore, L-valyl-ara-C appeared ke stable in the leukemia cell
homogenates and subsequently it was far less cytotthan the parent, ara-C in
AML2 and L1210 cells. The cellular accumulation &fvalyl-ara-C was 5-fold

higher in Caco-2 cells compared to ara-C. Furtheemahe cellular uptake of



L-valyl-ara-C did not increase proportionally toethincrease of drug concentration.
The cellular accumulation of L-valyl-ara-C was sfipantly reduced in the presence
of uridine, PAH, TEA and small dipeptides whilevilas not changed in the presence
of L-valine and benzoic acid, suggesting that Lykala-C could interact with
multiple uptake transporters including peptide $morters, organic anion and cation
transporters and nucleoside transporters but migbt interact with amino acid
transporters.  Following an oral administration lofvalyl-ara-C, the appearance of
ara-C was observed in plasma although the systemposure of the prodrug was
much higher than that of ara-C. The bioavailabilify ara-C was about 4 % via the
prodrug administration. In conclusion, L-valyl-&a-may improve the intestinal
absorption of ara-C via the carrier-mediated trartspathway but its utility as an
oral delivery system of ara-C could be limited by tlow metabolic conversion to

ara-C.



1. Introduction

Ara-C (1f-D-arabinofuranosyl)cytosine, cytarabine), a pydmé nucleoside
analog, is one of the most effective drugs usdtiéntreatment of acute myeloid leukaemia,
acute lymphoblastic leukaemia and other haematzbgialignancie§$?. In combination

with other antitumor agents it is also used agaso$it tumorst*?.

For the antineoplastic
activity, ara-C must be converted to cytosingd-I-arabinofuranoside 5'-triphosphate
(ara-CTP) via intracellular phosphorylation and saduently ara-CTP blocks DNA
synthesis both by inhibition of DNA polymerase alyl incorporation into DNA®'2.
Recently, ara-C has been reported to also inducmtegis of neoplastic cell$*3?
However, the clinical utility of ara-C is severelynited by rapid deamination to the
biologically inactive 18-D-arabinofuranosyluracil (ara-U) by cytidine deaase, primarily
in the liver, spleen and gastrointestinal mudbs&” Consequently, ara-C has a very short
plasma half-life as well as low systemic exposurd must be administered in continuous
infusion or on a complex schedule to provide maximtherapeutic efficacy*”*?. In
attempts to avoid the deamination and also to esehéime cellular uptake of ara-C, many
prodrug strategies have been explored with vareggeaks of success but few have led to an
approved produdt® 1> 4249

The intestinal peptide transporter (Pegilays an important role in transporting
dietary peptides as well as pharmacologically agtieptidomimetic drugé® *® Due to the
broad substrate specificity, the peptide transparée be a potential target in the prodrug
design to improve the intestinal transport of logrpeability drugs. For example, the
membrane permeability of the polarmethyl-dopa was significantly improved through
peptidyl derivatives which were water soluble beflvabsorbed via a peptide transpoft&r
This approach has been also successful in incggdbim bioavailability of the antiviral
drugs, acyclovir and ganciclovi?o'sg). The L-valyl ester prodrugs, valacyclovir and
valganciclovir, increase the bioavailabiltiy of ithgoarent drugs three to five-fold and

10-fold, respectively, via the peptide transportmdiated transport pathwaf®>?)



Recently, it has been reported that amino acidr gatedrugs of the anticancer agent
gemcitabine could be effective to enhance the p@msof gemcitabine via the peptide
transportef*” Furthermore, there has been reported that targistévery of drugs to cancer
cells would be possible if the peptide transportedsibit differential expression in cancer
cells compared to normal healthy cells. For exampghe in vitro delivery of6
—aminoleuvulinic acid to rat pancreatic tumor cella the peptide transporter has been
reported based on the higher expression of thadeefpansporter in pancreatic tumors than
normal pancreatic ceft*?. Therefore, the peptide transporter would be edgarget for
the prodrug design to improve the intestinal absmmpof low permeability drugs or to
potentially target tumor cells with anticancer dsug

In order to avoid the deamination as veasllto enhance an intestinal absorbtion of
ara-C, the present study aimed to synthesize #@dpegmetic prodrug, L-valyl-ara-C,

and evaluate L-valyl-ara-C as a potential oral vaeli system of ara-C.



2. Materials and M ethods

Materials : Ara-C, L-valine, benzoic acid, p-aminohippurate(PAKmall

dipeptides, uridine, tetraethylammonium(TEA), aoyal and 5-bromo-2'-deoxyuridine
(BDU), 4-dimethylaminopyridine(DMAP), N,N'-dicyclaxylcarbodiimide(DCC) and
1-hydroxybenzotriazole(HOBT) were purchased frogn& Chemical Co. (St. Louis, MO,
USA). Pepsin, pancreatin and BCA protein assaywdte also obtained from Sigma
Chemical Co. (St. Louis, MO, USA). All other chelis were reagent grade and all
solvents were HPLC grade. Caco-2 cells were puethdsom ATCC (Rockville, MD,
USA). AML2 and L1210 cells were purchased from Kore€ell Line Bank (Seoul, Korea).

Cedlls : Caco-2 cells were routinely maintained in Dulbegaunbdified Eagle's

medium (DMEM) containing 10% FBS, 1% nonessenti@in® acids, 1 mM sodium
pyruvate, 1% L-glutamine and penicillin (100 U/mdtjeptomycin (100 mg/mL). L1210
cells were cultured in RPMI-1640 medium supplemawntth 10% FBS and penicillin (100
U/mL)/streptomycin (50 mg/mL). AML-2 cells wereayvn in DMEM supplemented with
10% FBS and penicillin (100 U/mL)/streptomycin @&@/mL). All cells were maintained in
an atmosphere of 5% G@nd 90% relative humidity at 32.

Synthesis of L-vayl-araC : L-valyl-ara-C (5) was readily synthesized from

ara-C (1) as depicted in Fig. 1. The three-hydrgxgups of the starting material 1 (5.0 g,
20.55 mmol) were protected with tert-buthyldimettiyjbrosilane (9.2 g, 61 mmol) in
anhydrous DMF (100 mL) with imidazole (6.8 g, 106nol) to give compound 2 (8.31 g,
yield 69%), which was purified using column chroogaaphy on silica gel 60

(Hexane:Ethylacetate = 1:4). The amino group chpound 2 (1.2 g, 2.04 mmol) was
coupled with N-BOC-Valine (443 mg, 2.04 mmol) usifPBT (283 mg, 2.1 mmoal),

DMAP (100 mg) and DCC (433 mg, 2.1 mmol) in anhygronethylene chloride (20 mL) to



produce 3 (833 mg, yield 52%), which was purifigdcblumn chromatography on silica gel
60 (CHCIL:CHOH = 10:1). Treatment of 3 (500 mg, 0.636 mmol) hwit
tetrabutylammonium fluoride (3.18 mL, 1.0 M in THIR)THF (10 mL) provided compound
4 (183 mg, yield 65%), which was purified usingwuoh chromatography on silica gel 60
(CHCl:CHsOH = 7:1). Deblocking of BOC group of 4 (400 mg9 Ommol) with
etherealhydrochloric acid (10 mL, 2 N HCI solution ether) in anhydrous methylene
chloride (10 mL) followed by column chromatograpiy silica gel 60 (CkCl,:CH;OH =
5:1), produced the desired compound, L-valyl-ai@)3175 mg, yield 57%).

In-vitro stability study : Gastrointestinal stability of L-valyl-ara-C was
evaluated at 37 °C by incubating a drug soluticBO(IM) with artificial digestives. The
gastric juice consisted of 320 mg of pepsin, 200ahdlaCl, and 2.4 mL of 0.1 M HCI in
100 mL solution (pH 1.2). Artificial intestinal ige contained 2.5 g of pancreatin from
porcine and 100 mL of 50 mM K-phosphate buffer @i8). Stabilities of L-valyl-ara-C
were also evaluated at 37 °C by incubating a dralyitisn (10 uM) in the fresh
plasma and cell homogenates. Enzymatic cleavaganofle bond between valine and
ara-C was also measured in the presence of plasg@inpL plasmin (10 Cu/mL)
was added to the thermostated buffer composed omBD Tris-HCI, pH 7.4 and 110
mM NacCl followed by the addition of drug solutiodO( uM) to a final volume of
1.0 mL at 37 C. At each time point, the metabokaation was stopped by adding
ice-cold acetonitrile followed by vigorous mixing.The mixture was then centrifuged
at 3000 rpm for 10 min at 4 °C and the supernatasass filtered through a
membrane filter (0.45um) and analyzed by HPLC. The chemical stability of
L-valyl-ara-C was also examined in aqueous solgtion different pHs (2.0, 7.4 and

10).



Uptake studiesin Caco-2 cells : Cells were seeded in 6-well culture plates at a

density of 18cells/cm2. At 14 days post-seeding, the cells weshed twice with pH 6.0
uptake buffer containing 1 mM CaCIllmM MgCk, 150 mM NaCl, 3 mM KCI, 1 mM
NaH,PQ;, 5 mM D-glucose, and 5 mM MES. The initial uptakées of L-valyl-ara-C and
ara-C in Caco-2 cells were determined at 0.4 andM to examine the concentration
dependency in their cellular accumulation. Eaalgdsolution was added to each well and
incubated on a plate shaker. At the end of 15 ingnbation, drug solution was removed
and the cells were washed three times with iced cgtake buffer. After cell lysis by
adding 1 mL of Milli-Q water, cells were harvestaad sonicated for 1-2 min. Acetonitrile
was added to the cell lysate, vortexed rigorouahd centrifuged for 5 min at 3000 rpm.
After filtration of the supernatant through a mean# filter (0.45 pum), samples were
analyzed by HPLC. The protein amount of each samals determined with BCA protein
assay kit following the manufacturer's instructig@igma Chemical Co., St. Louis, MO,
USA). The stability of donor solutions of L-valga-C above the apical membrane of
Caco-2 cell monolayers was also examined duringiiieke studies to determine the extent

of degradation of L-valyl-ara-C when in contactw@aco-2 monolayers.

Inhibition studies on the L-valyl-ara-C uptake in Caco-2 cells : At 14
days post-seeding, the medium was removed and wells washed twice with pH 6.0
uptake buffer. L-valyl-ara-C solution (0.4 mM) waiepared with/without an inhibitor such
as 1 mM uridine (for nucleoside transporters), 4 tvaline (for amino acid transporters),
4 mM benzoic acid (for monocarboxylic acid transem), 4 mM Gly-Sar and 4 mM
Phe-Pro (for peptide transporters), 4 mM PAH (fogamic anion transporters), or 4 mM
TEA (for organic cation transporters). Each druduton was added to the wells and
incubated for 15 min. After 15 min incubation, iasvfollowing the same procedures as

mentioned in the uptake studies.



Antiproliferative assays : Cells were resuspended at a density of
1x1C0cells/mL in growth medium containing serial dilut® of test drugs. Cell
viability was determined after 96 hrs at 37 °’C by he t
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazafh  bromide (MTT) method, as
previously described by Pauwels et al. (1§§’8)Cell growth at each drug solution
was expressed as percentage of untreated contrnolsi@, was determined as the

concentration resulting in 50% growth inhibition.

Pharmacokinetic studies in rats : Male Sprague-Dawley rats (270-300

g) were purchased from Dae Han Laboratory Animalsdaech and Co.
(Choongbuk, Korea), and given a normal standard wchdiet (No0.322-7-1)

purchased from Superfeed Co. (Gangwon, Korea) apd water ad libitum. All

animal studies were performed in accord with thendisles for Biomedical Research
Involving Animals developed by the Council for Imational Organizations of
Medical Sciences and the experimental protocolsewagsproved by the animal care
committee of Chosun University. Animals were kept these facilities for at least
one week before the experiment and fasted for 24 gdmior to the experiments. At
the experiment, rats (n=4 per each treatment) wgieen a 10 mg/kg of
L-valyl-ara-C orally or 2 mg/kg of ara-C intraversbyy Drugs were dissolved in
saline and the dosing volume was 1 mL for each ahirBlood samples were
collected from the right femoral artery at 0, 0.08825, 0.5, 1, 2, 4, 8, 12 and 24
hr post-dose and then centrifuged at 3,000 rpml1fdormin to obtain the plasma for

the HPLC assay. All samples were stored at -7Quntil analyzed.



HPLC Assay : Drug concentrations were determined by a HPLC adeagribed

as follows. Acyclovir and 5-bromo-2'-deoxyuridimere used as the internal standard for
the assay of ara-C and L-valyl-ara-C, respectivdlile chromatographic system was
consisted of a pump (LC-10AD), an automatic inject8IL-10A) and a UV detector
(SPD-10A) (Shimadzu Scientific Instruments, Japset) at 272 nm. An octadecylsilane
column (Gemini C18, 4.6 x 250 mm, 5um; Phenomefiex;ance, CA, USA) was eluted
with a mobile phase at a flow rate of 1.0 mL/mimeTmobile phase consisted of 0.01M
ammonium acetate buffer (pH 6.5):acetonitrile (93/% %) for L-valyl-ara-C and 0.01M
ammonium acetate buffer (pH 4.5):acetonitrile (94 %) for ara-C. The calibration
curve from the standard samples was linear ovecdheentration range of 0.01 pg/mL to 5
pg/mL. The coefficient of variation for the stardlaurve ranged from 3.5 to 24 %, and the

squared correlation coefficienf) was over 0.998. The limit of detection was Qu@ImL.

Statistical analysis : All the means are presented with their standardatien.

Statistical analysis was performed using a oneAR@VA, followed by a posteriori testing
with the use of the Dunnett correction. A P value.05 was considered statistically

significant.



3. Results and Discussion

Synthesis of L-Valyl-araC : Ara-C is given parenterally not orally because
on absorption it would be rapidly deaminated to iftactive metabolite ara-U by the
intestinal mucosa. Therefore, to reduce the ragpgdmination during the intestinal
absorption, N4-amino group of the cytosine ring wessked with L-valine in the present
study. Since previous studies have reported thatlibe may have the optimal combination
of chain lengthand branching at the beta carborthef amino acid for the intestinal
absorption of peptidomimetic drug&'®®) L-valine was selected to mask the N4-amino
group of the cytosine ring in ara-C and subsequert! peptidomimetic prodrug,
L-valyl-ara-C was synthesized as illustrated in. Hig L-valyl-ara-C was obtained as white
fluffy powders and its purity was = 98 % as determi by HPLC. The identities of
L-valyl-ara-C were confirmed by EI-MS,""tNMR and C>-NMR as follows: mp 163-166
UV (H-0) max 275.2 nmiH NMR (DMSO-d6, 300 MHz) 7.58 (dJ = 9.0 Hz, 1H), 7.49 (d,
J=7.2 Hz, 1H), 7.44 (s, 1H), 6.98 (s, 1H), 7.58%d9.0 Hz, 1H), 7.49 (d] = 7.2 Hz, 1H),
7.44 (s, 1H), 6.98 (s, 1H), 5.96 (M= 3.6 Hz, 1H), 5.89 (d] = 7.2 Hz, 1H), 5.36 (d] = 4.8
Hz, 2H), 4.99 (tJ = 5.4 Hz, 1H), 4.41 (dd] = 8.7, 6.6 Hz, 1H), 3.89-3.81 (m, 2H), 3.67 (dd,
J=8.1, 2.1 Hz, 1H), 3.53 (d,= 5.1 Hz, 2H), 1.94 (m, 1H), 0.83 (d#i= 6.6, 2.7 Hz, 6H);
¥C NMR (DMSO4d6, 75 MHz) 173.03, 163.67, 155.06, 141.80, 933%.94, 84.95,
76.34, 74.77, 61.18, 57.83, 30.56, 19.27, 18.E6-MS: 343 (M+H)

In-vitro metabolic stability studies : The kinetics of L-valyl-ara-C
degradation were studied in various conditions. g&&trointestinal stability of L-valy-ara-C
was examined by using the artificial digestives shown in Fig. 2, L-valyl-ara-C appeared
to be more stable in the artificial intestinal fithan in the gastric juice. The disappearance
half-life of L-valyl-ara-C was 2.2 hrs in the aitifil gastric juice.

Based on the GI transit study of oral solid prefiamain human subjects by

gamma-scintigraphy, Weitschies et al. have reportieat orally administered solid



preparations were transferred to the small intestiithin 1 hr after administration under the
fasted conditio®®. Therefore, the stability of L-valyl-ara-C in gjés juice appeared to be
appropriate for the oral delivery of L-valyl-ara-CThe degradation of L-valyl-ara-C was
negligible in the artificial intestinal fluid ovethe 2 hr-incubation. In addition, the
degradation of L-valyl-ara-C in donor solution dwgithe 2-hr incubation above the Caco-2
cell monolayer was below 10%, implying that L-vadyh-C was stable against the
hydrolysis at the apical membrane of Caco-2 cellsiring the cellular uptake studies in
Caco-2 cells, the reconversion of a prodrug topdent inside cells appeared to be minimal
(less than 15 %). Collectively, the in-vitro stéliktudies indicated that L-valyl-ara-C could
be stable in the intestinal lumen after its orahadstration.

As shown in Fig. 3, L-valyl-ara-C appeared to bk in fresh rat plasma and
leukemia cell homogenates. The degradation of khaah-C was negligible in fresh rat
plasma and leukemia cell homogenates over the ichbation. In addition, metabolic
stability of L-valyl-ara-C was assessed using psegine protease plasmin and results
indicated that L-valyl-ara-C was resistant to thegrdation by plasmin. The chemical
stability of L-valyl-ara-C was also examined in aqus solutions of different pHs (2.0, 7.4
and 10). While L-valyl-ara-C was stable in aquesatutions of pH 7.4 and pH 10, the
hydrolysis of amide bond appeared to be rather laated in acidic pH and the
disappearance half-life of L-valyl-ara-C was appmately 4 hrs in the aqueous solution of
pH 2.0 (Fig. 3).

If the prodrug is stable in plasma and hydrolyzediry near the target
cells, this should result in a continuous and ety high concentration of the
active agent around target cells. Many types ofignaht cells and human tumors
display increased concentrations of the proteasesnphogen activators that convert
plasminogen to the highly active protease, plasthf®” Leukemic cells also secrete

these enzymes™’,

Since plasmin rapidly cleaves various low molaculveight
compounds coupled to appropriate peptide specifidie coupling of such peptide
specifiers to anticancer drugs might create "prgsituwhich would be locally

activated by tumor-associated plasmin and consdiguemould be less toxic to



normal cells. For examples, Carl et al. (1980) haeported that the peptide
prodrugs of several anticancer agents designed do specific plasmin substrates
showed selective cytotoxicl) Since L-valyl-ara-C is a peptidomimetic prodrugda

appeared to be stable in plasma or leukemia celnolgenates, the potential
bioconversion of L-valyl-ara-C to ara-C in the swmdings of the leukemia cells was
examined using pure plasmin. As shown in Fig. 3yaly-ara-C exhibited high

resistance to the degradation by plasmin, implythgt L-valyl-ara-C may not be a
substrate of plasmin. Overall, in-vitro stabilitfudies indicated that L-valyl-ara-C was
metabolically stable in plasma and leukemia calswever, in the case of chemical
stability, the hydrolysis of prodrug appeared to taher accelerated in acidic pH.
Considering that the tumor pH is on average, lotv&an the pH of normal tissues

19 chemical hydrolysis of L-valyl-ara-C may be mdeworable in tumor cells.

Cellular uptake Studies : The cellular uptake characteristics of L-valyl-&as
well as ara-C were evaluated in Caco-2 cells. Wem in Fig.4, the cellular uptake of
ara-C and L-valyl-ara-C at 0.4 mM was 1.48 = 0.3%olhr/mg protein and 7.45 + 1.17
nmol/hr/mg protein, respectively. Therefore, Lylara-C appeared to be five fold more
permeable across the apical membrane of Caco® @athpared to ara-C. In addition, to
evaluate the potential contribution of a carriediated transport mechanism to the cellular
uptake of drugs, the concentration dependencya@mtbmbrane transport of L-valyl-ara-C
was examined in Caco-2 cells. While the cellulaiake of ara-C increased approximately
10 folds as drug concentration increased from® 4 inM, the uptake rate of L-valyl-ara-C
did not increase proportionally to the increasediefg concentration (Fig. 4). This result
suggests that saturable transport pathways maylvivin the cellular uptake of
L-valyl-ara-C while the passive diffusion could peedominant for the cellular uptake of
ara-C over the tested drug concentrations. Thexefd the low concentration (0.4 mM),
five folds higher cellular uptake of L-valyl-aragdmpared to ara-C may be attributed to the
facilitated drug uptake via the carrier-mediatezhg&port pathways. However, at the high

concentration (4 mM), the carrier-mediated transpathway could be saturated and thus,



the passive diffusion became predominant for th#ulee uptake of L-valyl-ara-C.
Consequently, at the high concentration, the eelluptake of L-valyl-ara-C was similar to
that of ara-C. Considering that the therapeutitceatration of ara-C is ranged from 0.01
and 0.1pg/mL @*Y the carrier-mediated transport pathway for L-kaha-C is unlikely
saturated at the therapeutic dose level, althoughdr studies should be performed in-vivo
for more clarification.

To identify the membrane transporters responsibitettie intestinal transport of
L-valyl-ara-C, the inhibition studies on the cedluluptake of L-valyl-ara-C was performed
in Caco-2 cells. As summarized in Fig. 5, the gt of L-valyl-ara-C across the apical
membrane of the Caco-2 cell monolayers was markiadiipited in the presence of small
dipeptides, PAH, TEA and uridine while L-valine ahenzoic acid had no effect. Those
results suggest that L-valyl-ara-C could interagthwnultiple transporters such as peptide
transporters, organic anion and cation transpoaedsnucleoside transporters but might not
interact with amino acid transporters. Those tesppear to be consistent with the previous
reports on the substrate specificities of peptihdlogue$'®?423® Sinko et al. (1998) and
also Ott et al. (1990) reported that peptide arsmloteracted to varying degrees with the
organic anion and organic cation transporters dsinvaddition to peptide transport&fs’?,
Furthermore, the significant overlap in the spettifiof the organic anion and organic cation
transporters has been demonstrated in the previepsrts “*3®) Therefore, it is not
surprising that L-valyl-ara-C, a peptidyl derivaicould interact with organic anion and
organic cation transporters in addition to peptidensporters. However, the tissue
distribution of organic anion and organic caticansporters seems to be restricted to a few
cell types and they do not appear to significamthntribute to drug absorption in the
intestine ©%#?") Therefore, the contribution of organic anion aamjanic cation
transporters to the intestinal absorption of L-irala-C may not be significant compared to
the intestinal peptide transporters. The quaitéatontribution of each transporter to the

overall transport of L-valyl-ara-C should be cleif further in the future studies.



Antiproliferative assays : The antiproliferative activity of ara-C and
L-valyl-ara-C was evaluated against leukemia cglish as AML-2 and L1210. The IC50
values were 3.89 £+ 1.11 and 606 + 81N for ara-C and L-valyl-ara-C, respectively in
AML-2 cells. In the case of L1210 cells, IC50 vadugere 0.25 + 0.03 and 37.5 + 6,69
for ara-C and L-valyl-ara-C, respectively. In bathlls, the antiproliferative activity of
L-valyl-ara-C was approximately 150-fold less potdman ara-C. Although L-valyl-ara-C
appeared to be beneficial to enhance the cellufake of ara-C in Caco-2 cells,
prodrug itself exhibited far less antiproliferativactivity than ara-C in AML-2 and
L1210 cells and thus, the rate of conversion of phedrug to the pharmacologically
active parent drug after membrane transport wouleterchine the therapeutic

effectiveness of L-valyl-ara-C.

Pharmacokinetic studies : The plasma pharmacokinetic profiles of
L-valyl-ara-C and ara-C were determined in rats smehmarized in Table 1. After an oral
administration of L-valyl-ara-C, the release of-@drom the prodrug was observed in
plasma although the systemic exposure of the pgodras much higher than that of ara-C.
The bioavailability of ara-C was about 4 % via flnedrug administration in rats.

As summarized in Table |, following an intravenoadministration of ara-C
to rats, ara-C showed a short plasma half-life o6 hr and its volume of
distribution was greater than total body water iatsr®. The pharmacokinetic
parameters of ara-C obtained from the present stuyeared to be comparable to
those from the previous studie§***? Following an oral administration of
L-valyl-ara-C to rats, the appearance of ara-C whserved in plasma, implying that
the prodrug conversion to the parent could happegn ibtestinal or hepatic
metabolism. L-valyl-ara-C is a peptidyl derivativef ara-C and thus during the
intestinal absorption it may interact with peptielswhich catalyze the hydrolysis of
peptide bonds in peptidyl derivatives or the hygsisl of various simple amide®.

However, as implicated by the results from the itnev stability study of



L-valyl-ara-C, the metabolic conversion of L-vabia-C appeared to be minimal in
rats. Consequently, the systemic exposure (AUC)thef prodrug was much higher
than that of ara-C and the bioavailability of arav@as low (about 4 %) via the
prodrug administration. Therefore, the metaboliomvassion of the prodrug to the
parent did not appear to be sufficient to ensure ttherapeutic effectiveness in the
treatment of tumors, although L-valyl-ara-C couldevent the rapid deamination of
ara-C by masking the N4-amino group of the cytosimg. Further studies should be
required for the considerable tuning of the metabstability of prodrugs by varying

its amino acid component.
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4. Conclusions

The present study has demonstrated that L-valyCaould be stable in the
intestinal lumen, L-valyl-ara-C was five-fold mor@ermeable across the apical
membrane of Caco-2 cells compared to ara-C, andilyl-ara-C could interact with
multiple uptake transporters in the apical membrafecaco-2 cells. These results
suggest that L-valyl-ara-C could be effective topiove the oral absorption of ara-C
via the carrier-mediated transport pathways.

However, the amide bond of L-valyl-ara-C was stabigainst the enzymatic
hydrolysis and the utility of L-valyl-ara-C as anrab delivery system of ara-C

appeared to be limited by its low metabolic conkersto ara-C in rats.
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Fig. 2: In-vitro stability of L-valyl-ara-C in thertificial gastric
juice and intestinal fluids (MeantSD, n=6). Drugluion (100
UM) was incubated for 2 hrs at 37 °C.e % remaining of
L-valyl-ara-C in the artificial gastric juicep % remaining of
L-valyl-ara-C in the artificial intestinal fluidsThe compositions

of the artificial gastric juice and intestinal fis were described

under Materials and Methods.
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Fig. 3: In-vitro metabolic stability ofL-valyl-ara-C in various
conditions (MeanzSD, n=6). Drug solution (10 pM)asw
incubated for 2 hrs at 37 °C in fresh rat plasn@),( cell
homogenates (AML2 cells (), L1210 cells W)), agqueous
solutions (pH 2.0 V), pH 7.4 @), pH 10 ¢)) and in the

presence of plasmin).
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Fig. 4. Cellular uptake of ara-C and L-valyl-arai@ Caco-2
cells (MeanzSD, n=6).m: drug uptake at 0.4 mMpg drug
uptake at 4 mM. AP value was calculated to determine the
statistically significant difference in the drug take between

L-valyl-ara-C and ara-C.
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Fig. 5: Inhibition studies on the cellular uptake of
L-valyl-ara-C (0.4 mM) in Caco-2 cells (Me&a®D, n = 6).o
drug uptake in the absence of inhibitors (Contrad), drug
uptake in the presence of each inhibitor. The coinagon of
each inhibitor was described undkfaterials and Methods. * p

<0.05: compared to the control.
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Table 1. Mean pharmacokinetic parameters loivalyl-ara-C and

ara-C in rats (Meat SD, n = 4)

Drugs Ara-C ? L-valyl-ara-C "
Analytes Ara-C Ara-C L-valyl-ara-C
Cmax
- 0.14+0.11 1.58+0.36
(Hg/mL)
Tmax
- 6.7+2.3 5.0£2.0
(hr)
AUCiqt
7.29+2.84 1.01+0.92 16.1+3.81
(ng*hr/mL)
CL
1.1 0.34+0.03 - -
(L-hr=-kg")
Vdss
1 0.61+0.07 - -
(L-kg™)
Tz
1.5+0.5 - 11.3t2.76
(hr)
%1V, 2 mg/kg

® PO, 10 mgl/kg
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Fig. 6: Mean plasma concentration-time profiles o¥adlyl-ara-C
and ara-C in rats (Mean + Sy = 4). (\, ara-C (i.v., 2
mg/kg), @) L-valyl-ara-C (p.o., 10 mg/kg), &£; ara-C via the

oral administration of L-valyl-ara-C (10 mg/kg).
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