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Abstract—The purpose of this study was to determine pharmacokinetic parameters of BR-28702-2, a new
antineoplastic agent which is the conjugate of nucleotide and phospholipid, and to compare them with those
of ara-C. Male rats were cannulated in the left femoral vein and received a single iv. bolus dose of either
BR-28702-2 or ara-C. BR-28702-2 was also administered i.p. and plasma samples were analyzed by reversed-
phase HPLC. The tysp of ara-C(1.22 hr.) was significantly smaller than that of BR-28702-2(4.420 hr.). The
absolute bioavailability of BR-28702-2 after i.p. injection was 1.125%. This lower bicavailability, together with
previous reports that marked antineoplastic activity was observed when given ip., indicates that BR-28702-
2 would act as a depot system to release active moieties. Further works, therefore, need to be done to characte-

rize active metabolites.
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BR-28702-22 ¢t 2@ HgzHA4-E A A=A
B ghRkg-g A Al FEEHl Al =9 H3A
Z(Hong %, 1986) 3}3™ -2 1-B-D-arabinofuranosylcy-
tosine-5-diphosphate-rac-1-0-hexadecyl-2-O-palmitoyl
glycerol(ara-CDP-DL-PCA)e| ] F3x4).& Fig. 13} 7t}

Cytosine arabinoside(ara-C, 1-g-D-arabinofuranosylc-
ytosine) in vivoo) 4] deoxycytidine kinaseol] 2J&] cy-
tosine arabinoside-5-monophosphate (ara-CMP)E 73

84S el 5-triphosphate(ara-CTP) 2 #%ts] &
DNA A& Az, /455 22 EAs=
kinase®] FAAT= ara-Co F3AS ZL4A)7)= <
22 23 4+ 9ltHRaetz &, 1972; Coleman 5, 1975).
v} BR-28702-22] 7% ara-CMPE 23 wbEsinz
kinase 2] %Aj o] odskL whz] =t Turcotte =, 1980).
Goahgo] S5 o AF T PAE WS 22
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o2 ZA2.99q] nucleic acid AT A A 2ol L3
F 279 AEEA 242 FAREe 9ler(Hong 5.
1990), = AA7} AubA Z2e=wo] |3S shgA X
AN £ Zetatn A EJeA BigEe] o3, At

g B0 AlLztg s vehd o2 dlEEe] A
gtiHong =, 1991).
B o= BR-28702-2¢] &4 2 kAT UHgl
NH,
(I? (I:Hz 0—C,Hy, N)J
C.H C—0—C—H 0] 8]
e [ I I 0)\N
CH,—O0—P—0—P—0
| | 0
O-Na* O-Nat
HO
HO

Fig. 1. Chemical structure of BR-28702-2
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Sprague-DawleyA] &4 I (7~85F, AF 250g
BE)E #-2e A T8l ARSslgda AR (AEAL
®) % L& 2 FIsec

ALZopE

BR-28702-2, ara-C ¥ Cytoros¥ H#EA|Fo|A] TF

o}l Alg3lejom tetrahydrouridine-2 Calbiochem-
Novabiochem Corp.{La Jolla, CA, USA)o)|4], uracil-&
Sigma Chemical Co.(St. Louis, MO, USA)ol| A T-¢] &}of
s, olole] BE Aok 57 me 9FEE
ARg-hod el
Fo{8H9 =H|

7w g Brl3al4 BR-28702-28) Fog-de zA
817] 8 FALEZSFrol sonicationA]Z -9~ micellar
disks(A| € 0.01~0.04 ym) = &8}, 3~4TA] B2
T A% Ao R qkAsleiciHong €, 1987). BR-
28702-28 Fo517] Y3 FAE SR FES 24
A1 7] F(20 mg/mi) 2F 208 St 60T 4] sonication*] 7]
% 0.22 ym membrane filter5 E37A|H PAH3~4TC)el
Hele] Alg-sleicd,
=50 W A xHFH

SAFAL: 24417 AMA FAE L2 JPEA W)
HAZ F AF qEFHel Z=e2e FE(PE 50, Clay
Adams )2 AIasieh. vh7} 938) 59 Fol BR-
2870222 FA TR &8st BA kgd 1g&
A Foisigdel. GEFHF 1, 2, 3 4, 5 65, 85,
11, 13.54] Z}el| A off 5 -5 0 288 o 300 ] DS
H3tz, w3 AP F Frue ol e AL 100
units/m/ #|9H-E /I A=A GTE Fste] g3

HWE oAk AHEG N FA] QAEe] st
(10,000 rpm, 30 sec) S EH etk R 100 W3
Hat & PHIEFEYE Cytoros(0.5 mg/m)S 715l
7k hiAS AT 7] s 200 @) SrEe g
stk cl'b&-& 718ta &34 o8 5,000 rpmell 4 3E-2F
g ":lfal/‘]?] F AAB-e HPLCE Asiolc)h 919

2E zge fodd Adshanh

':-'HEF*M . BR-28702-2% 33 A= 300 g% 20 mgS iv.
bolus2 Fefdlodct, YL oFEFeof F 12, 25 40%
w1, 1.7, 25, 4, 7, 103270 4] 2F 300 uE AFs)gct
Ara-C+= kg% 150 mgS iv. bolus® Foislgen], ¥
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oo EFe & 1, 5 10, 20, 30, 90, 120, 240, ¥ 300
Foll A 2k 300 g AFE o} deaminase A& Zﬂ(Ha—
nze 5, 1967)4] tetrahydrouridine(50 ug)-& 7}t & 24
329l AL, AL FhE 200 oL 08
AR HA 100 S de oL JEFFEASR
uracil(l mg/mi)-& 7}tz v —%-3 7}5}ed 13}0} -
g 9dlA 1087F #A% = 10,000 rpmel A 557
A EeIate] AT AL AR A AL 022 ym
membrane filter2 o§¥}% = HPLCZ A ksl
= ¥ EHE M

2 Fofslr] sl IF e HAS diEFE AW
Ze)odal FEEPE 50, Clay Adams, NJ, USA)E 4
algte] A% 300 g% 20 mge] BR-28702-28 Foisli
U gE AHE A8 HES pudn FgHd 4
slgt Z=odd FEEPE 1002 Esled 22 05, 1, 2,
3, 44177} 1, 2, 3, 4, 5A1 7kl A AL o g fF sl
iﬂﬁﬂ?ﬂ BEFA3 = 10,000 rpmell A 527 LA Ea) %)

F A & Ay 7hA] —70Cel M WE Bl
‘3&4
= % &9 TLC

Kieselgel 60 F254 TLC plate(Merck Com., USA)<]
722 200 mm X200 mm, T4 25 mme]g e, A7)y
< chloroform:methanol:acetic acid:water=25:15:4:2
o]siciHong %, 1990). BR-28702-2-2 A=Al = o3
A2 AFY = @ F5 FH5e) 53 BR-28702-
2 B5F, ara-C ZTFF 7 blank %, blank 953 @7
At A7 BdE UV lamp #hellA] @asl,
YAk R 10% A3 EFA121 % hot plateci| A
R I L B i R e R
HEE BR-28702-29] A

BR-28702-22] A=k& #s] Sinkule $<1983)} Liver-
sidge 5(1983)8] wWiH-& <k7} w3l ARgsldv).
BR-28702-28 ®o|2o]| sonicationA]# 4 mg/ml&]
stock, solutione WS4tk olF WA R 345}
15ml PE tubeel] 25 W® Z+z} Y3 AA7t~5lol| A 2zt
sample &2 &viE dEd £ —70Ce vlg] 3§
28 %3199 blank plasmag A-2eA] AHF] Eo
zk7ke]l Aol 100 ¥ & g A Ho|EE 287}
Eshshs o2 800, 400, 200, 100, 50, 25, 10 g/
m/9] 74§ sample ¥ blank plasma sample-s A
23k 7]l olwtg 200 s 7)hal 187 E3pste]
g AAXF| T 58ZF PAIE](10,000 rpm)EF F
AN gk o] AAY 20 uE oM} e =
Aol Aerstol 2ee AAs Ak o3, BR-28T
0228 Folat AZFE 7 Azh22 AN I4 100
Wl SRS 200 e P13 133 Esjele] Azbasin
587 4A1E=1(10,000 rpm)F 5 3R 20 4 st

&3 Frol A=ksteivk Pharmacia HPLC systemS-
AH8-3F91 2L Shim-pack CLC-Cs reverse phase column
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(3.9 mm X250 mm, Shimadzu, Japan)2 2 HE&|3lgch
12 mi/mine] §&° 8 (CH;0OH:Pot.phosphate buffer
(90:10 v/v, pH 6.0, 0.01 M)& AR&-3}s]e, UV spect-
rophotometer® 254 nmol|l A F3=5 &3 ste] A=ks}
gtk HEFEEEAZ CytorosE AHE-38gdch
HEE ana-Col A

FE-S Tz e HF e dAomHE HAS
A% ara-C 5mgs Zo]&5 lmlo =of stock solu-
tiong FHEche whA|E o2 5 43le] tetrahydrouridine
(50 ug)s 3HH-3k 300 wWe] PA) 30 W Zyskar -
¥22428 yracil(l mg/m) 20 W= 7}stdnd of7]el
Wekg 900 g 7Heted B A& F AEHNA 1087
Wz Ele] il AL FAA]7]a, 10,000 rpmel| A 5E7E
fAREE o2 AR NS #H3te] 022 um membrane
filters %3] ojx}tsledch oJ¢f 20 WE Zimmerman 5
(1990)2] HhgS WA o3 & A A
a1 ZF T oMY HEEEEATY ara-Co A=
Bl E2RE A2 AA st} Tosho HPLC system

N
-
\_&Jh—&\“
3 =
o ~

Fig. 2. HPLC chromatogram of uracil(1) and ara-C(2) in rat
plasma

[+)

& Ab&3lg]3 p-BondaPak Cys reverse phase column
(3.9 mm X300 mm Waters Associates, Boston, MA) 2=
Ba]gtgd e} 1 ml/min®] f2£2 2 CH;0H:Pot.phosphate
buffer(10:90 v/v, pH 7.0, 0.01 M)& AR&-3}glew, UV
spectrophotometer®. 280 nmoll4 FHEEF ZA o]
7 ekstodct.

l

Ay Znt

HPLC HZZA 4

A}z 2a)¥ ara-Co} BR-28702-2¢] A 2vle 1S
Fig. 2¢} Fig. 3ol 7472 vehgl e, ara-C2} BR-28702-
2 4 WREEELEE Pl 3k peaks #FHA Bk
Aed s =404 FeEdS 2AAsge o araC=
20~1,000 ug/mi, BR-28702-2+= 10~800 ug/mie Fx
Wl HAdRAZ A= e, correlation coeffi-
cient® z}7} 09959 % 099695 iehifigich
HF EEF ASsk F0I

BR-28702-2 . #z]¢] Aw o7 BR-28702-2Z% Fo|gt
Fo WA & Fo]E Fig 4o vlehfiged, vAd¥
a2 3 7FEA =Z2284] RSTRIP(Ramson, 1987)
o2 strippingste] &71gk& 7 b, HEAE 2(8
Az BET A-F9 d<(Boxenbaum &, 1974)E
o] A1el &l curve fittingdtsl o™, )| 2HE 22
obE£E 2 Welule S Table Io] vheliolrh

CH)=Cre™®+Coe™® ey

A AMESside o DAE wzlr)E BEA
gloj A ok 208 T o|gl 3, AdAle] wizbrls 4424

5.263 ]
.957 7

Fig. 3. HPLC chromatogram of BR-28702-2(1) and Cytoros(2)
in rat plasma
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Fig. 4. Mean plasma concentration-time profile of BR-28702-
2 after iv bolus administration of 20 mg/300 g in rats.

Table 1. Mean pharmacokinetic parameters calculated follo-
wing iv administration of BR-28702-2 (20 mg/300 g) to male
rats

100

Plasma concentration{ugfmil)

10

0 2 4 3 8 10 12 14
Time{ hr)
Fig. 7. Mean plosma concentration-time profile of BR-28702-
2 alr Intraperitoneal administration of 1 g/kg in rats.

Table TII. Mean pharmacokinetic parameters calculated follo-
wing ip administration of BR-28702-2 (1 g/kg) to male rats

Parameter Unit “Value
Parameter Unit Value AUC Jo—— 4393+ 2540
tis hr 0.342+ 0.191 MRT hr 8.968+ 2.583
tyag hr 4420+ 0.905 Crax pg-ml! 33.19+ 11.86
AUC pg-hromi™? 2601+ 652.38 tmax hr 438+ 1.60
Cl ml-hr*-kg™* 25.631+ 6.429 k, hrt 0249+ 0.062
Vaa Lokg™ 0.1635+ 0.0435 k hr., 0.211+ 0.081
Vs L-kg! 0.1458+ 0.0379 C, gl ! 6411+ 490.5
MRT hr 5.689+ 1.968 C pgemi! 6353+ 492.8
)1
(C:l ug.nml]ldl ggézgjf ?1548:1 “Values are expressed as means + SD (n=3). AUC; area under
k2 ﬁg-l 1 2,;4{' 0 5‘38 the curve from time 0 to infinity, MRT; mean residence time,
& . AL 0. Coue; tnaximum concentration, tm; time taken to reach Cou, Ka
ki hy 0687+ 0.273 absorption rate constant, k; elimination rate constant
ke hr—t 0256+ 0.125

“Values are expressed as means + SD (m=8). tyugy; half-life
at g-phase, tizg; half-life at S-phase, AUC; area under the curve
from time © to infinity, Cl; total clearance, Vyg; volume of distri-
bution at f-phase, Vg; volume of distribution at steady state,

MRT; mean residence time, ky, kiz and ky; microconstants.

Table 1I. Mean pharmacokinetic parameters calculated follo-
wing iv administration of ara-C (150 mg/kg) to male rats

Parameter Unit “Value
Y20 min 538+ 2.24
tyam min 73.20+ 32.35
MRT min 94.01+ 3743
G ugeml™? 220.59+ 67.54
C gl 120.54-+ 48.25

“Values are expressed as means + SD (n=3). tipw; half-life
at o-phase, tyxe: half-life at S-phase MRT; mean residence
time

Zroldct. BR-28702-29) ¥ E8A (Vo)L 0.1635 Lokg™
oz AAFEUAE 2563 mihr i -kgmlelgleh

BR-28702-2¢] Auiseiet vlastrl Y8l ara-Col B
=24 depiets AWFasie Feiged, ara-Ce
ARSde 2-FAedex fi=gon FEEEEA
stepwjelE Table o) Vel Wich 271 5% A=) #-&
WA 2 A45] BX7 dold F 738 AR uigbr)E
73 A AdEE FHE VEpigic

BR-28702-29) €A% AUEe 94 2-FAREYUE B
W2 Adae 4 glgl.em BR-28702-22 tyyp7} ara-CH
tyz(ﬁ)iq 73] Fobebeici4.42 hr vs. 1.22 hr). 29
ool BR-28702-2(1 g/kg) o ¥ AT F=-4
7k dlo}e1S RSTRIP-S ¢} &3le] Mgt WL 42
off W curve fittingA] %] FAIF FESE R el
E}5 717t Fig 59} Table HIel viehAgic)

C(t) = C1€ L Cge ~kat (2)

BR-28702-22) 4AlAbe] sRI7IE 3.28A17kel9lz,
AUCE 4393 pg-hrom/~tojgich 18 A 55 =23
T AR oF 4441700l 9la I We] e 3319
mi~elglch. FFEEASE 02493 hr o) sivh
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BR-28702-22] A= Fx}A) AUCE 2601 ug-hr-ml = to]
QA B7FFARA] 4393 pgeohr-m/ g vlEblTh olaic)
Asz e BTN o) 3EE the A4 T

slglow 1.125%%2 viehygich

AUC 1,p,/DOS€1,p
AUC I.V./DOS&[,v,

Bioavailability =

= ¥ "@E9 TLC

BR-28702-2% A" Fogt F AI7bE= AT =
TLCE AMF = 2mxz) A, BR-28702-2 standard
Rf=0.36)9} ara-C(Rf=031) EFZ9 =4 wAde
blanke} 4417t74] AHTE kelld LAY £ ggick
=g BR-28702-28 Aw Tolgt & A|zkdE gk
Do TLCE RA/E & waxz) 495 BR-28702-2
EFZRI=037)% ara-CRf=0.35) ZFT o] =4 upa
£ blanke} 5A)7171R) AH & GEo A DAL 5§
o). Blanke} 217 74x] A FHF whFeld Relx] il
42 FEA WHAHR=0.11)0] 347t o]FRH AHg
@Gl A ey

Fof 2 HA2Y2E-2 zbe BR28702-2% TEA

Y,

sonicationA]Z! #A-$ ara-CDP-L-dipalmitin(MMacCoss =,
1982)¢] A% micelle A stEz AW 7 o A
EHHoE S5 AR EASY A4S Ve 4
ik ol=lal Al 2 ZAE A9 ara-C} phospholipid
Z} fate] A sxdoz: AdE £ ¢le AEEE
A EAR AAN EEE vE 5 ok ZejE=
liponucleotide = 4| v kol A BTl in vivodl| A ara-C
Ho} 2 24¢& HolFErKTurcotte 5, 1980). o]=|gh
BN A ara-Ce] £A W37]7F 1.224)7ke]$l.21t BR-
28702-29] 7% 442 Aoz HF] £713 o|H-5e]
&2 BR-28702-27} Yang 5(Yang 5, 1982)c] X3}
upglzte] Pl FoA UFY micelle o2 FA 5]
ALjufdo] Aeds)s AR APE ¢ gl F =28
nucleotide?] Ee]® EA7 oF5=3 9l 3hgkabgo]
WA A7) S HAFEcKYang 5, 1982). =¥
AZ Well A &Aoo &3 FEHoAE 22 FEHL
Blo]=o} e x| (ether lipid)E F=e]xe] atd 2
AE7b A "ol BAF AFEAE 22 U A4S
A EA B3] 47 g 4 o, e 48 F
RS wep 22 ASEAE 7N ok &, A
E el A9 nucleic acid §A3-& ara-Ceoll 2j&, QA=
thioether lipidel] 2j&] A&}y L4429 1-0-alkyl
phospholipid 247k 243 5349 pyrophosphate
Age] B A 28k A % okaba-g vehd
T AUtk Ao ZEA = 1-octadecyl-2-acetyl-sn-gly-

cero-phosphocholine (platelet activating factor)l ether
lipidv} thioether lipid ¥=4|2] 3o -890] in vwo ¥
in vitrodl & e At Berdel 5, 1633) HE2] <4
E= AAAE HlF] B8 etherlipidF%5E el 4,
o]71-& 1-O-alkyl cleavage enzymes®] QA|Eos Eo]
AHow APE ] gl7] WEo]vi(Plleger 5, 1967; Sood-
sma 5, 1970) A7 o2 thioether-lysophospholipid
2L PAE 2HY T PAES ANANNE
XA 7] (Modollel &, 1979) AA| 22 ¥}z sle] gt
28-S el ci(Berdel 5,1988). o}2] % 33 <l 4] alkyl-
lysophospholipidZ} #1434 AN EF7F Fe)
vrs Aol (Berdel 5, 1982; Berdel %5, 1983). &3t lipo-
nucleoside &A1= A<t £A)5= phosphoglyce-
ride head-group?] FA-& W3 A)|ARaetz 5, 1977) A
EAAAS v gclHawrot 5, 1975; Raetz %, 1976;
Glaser 5, 1974). BR-28702-2% o128t AE A& Hle]
Foishe Ao A ala A4 A debed(Mac-
Coss £, 1983) ZAA E =23 F micelle Al
&) Axetg {7 E93te](Cohen 5, 1975) Al EHE
2.0]3}A] o]<d(Schliselfeld 5, 1987)% = 7}Hsla &
gl FPehatg-S eld 5 gl AAHe] glvk =g
BR-28702-2+ liponucleotide, glycerophospholipid 2
A& 9] A £ ) AHPaterson 5, 1977; Hokin-Neaver-
son %, 1977; Shearer %, 1977; Pizer %, 1974)2} | &
A el o33ke (Turcotte %, 1980; Raetz%, 1977)
w| |3, phosphate Z3te] Zhrialsl F A2 o &
£9kAlS- 2 ether-lipid 9} ara-CE 2212 4 9lvKBe-
rdel 5, 1988). BR-28702-2¢] EAlo 72 R|ulzAd] &3
(Wechter %, 1975; Aoshima <, 1976)F A} "4
a8 velfe Ze] RaEgch 2y in viveol A
AgadE Jeple AEe 247" ok g9y A
ol#] ¢ir}. BR-28702-27} ara-CxHc} &Ae] 953k =

2 o]l ¥F A9 ara-C7} cytidine-deoxycytidine
deaminase] <& A1&34A] Holrlslse] EZAQ
uracil arabinoside(ara-U)2 tA}%] x5t ara-CDP-L-di-
palmitinMacCoss 5, 1982)% = M4 52, A¥A|
He) 2 Folgl e Eehe ara-Ce NH.7|7} cytidine dea-
minase £-2 adenosine deminased] €)% go}ln]i- 5l
kA A8 Jehl o](Matsushita 5, 1981) 2H o2 A
FuW nucleoside 5-phospbatec¥e] ZF7}sl7] wjEo|r}
(Raetz =, 1977; Raetz =, 1972).

GEHALETE 3 AEA 2 BR-28702-28 AWF
ALZ Boddt T e el g5-S TLCE H<ldt 4z
o ge 2 widsE s §93 = 554 BR-28702-
27b de e AlsEy, g 2 FHe F4xA
oluf, whabg F9IdAe EAHFES o83 BR-28702-
2 A5 F3) v A% BR-28702-29] ¥4 spsAL
A& o Ak ook wjf A HeE )ik
olgjgl ARE AF YEUAIATE T 7|2 AR
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ol 4 glom, 2 FEA HRHRI=011 oS
e AAE I Aol dxEAY f a2FE
A7l 9@ Aol Zelrh

Raetz £(Raetz 5, 1977)2 ara-CDP-L-dipalmitin7}
ekl A E£EH 2 plasma membraneo] o3 3}
4 zva glovw AAGA s Ee] ara-CMP2}
phosphatidylinositol &£ <122 vl&gr}ly W I3}
gom ara-CMPx= Azl Ags] 9l 5-nucleoti-
dasev} ©}E phosphatasee] 23 ara-C® v}4] g
s 9ltiHong %, 1988). &, BR-28702-2¢] <kz]=}-4-0]
o 83] FEe] oA kot L1210 leukemic miceo]
Y3 29 FZ ara-Cd 7198 AL ZRustum 5,
1988), B-7FFALA] 1.125%2] v A o] 882 H7)
A AFAANZE FFo FA A e A o)L
Fo 4= BR-28702-2¢9F ZE HgA7} FAAA Y F
#eA ara-CRo -5 FgAHE Yeld & Qe
Z-2(Hong 5, 1988B) %] #43=]3l BR-28702-20]
ara-C¢] 44 TR Ho g A&Hc s FYEAS
A5 ¥HEsle(Hong 5, 1991), Aol A& oz
Fa 4 g)7] Wiolt} & BR-28702-2-2 ara-Coll ]3]
AAEA F7r A4 AAEbzr] &, ara-Cep A
o]&} pharmacokinetic profile2 “tehf¢ict whebs BR-
28702-22 &3¢l AR AtEr| s AT
Ao AWE AN A7 ohE] FJA]9 ANEE
SRATA ANEH T A vt AR A7 A
ZE|ojoldt Zo R AlRguh

#ALe| g%

o] ATE 1993d% BZAAER Al 7R Lo
28] o)FojF o old FACR A=)

ADE

b
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