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A RAP ID STIID I LTTY - 1 N D I C A I ' I  NI; 
HPLC ASSAY FOR THE ARABISOSYLCYTOSTNE 

PRODRUC , CYCI.OCY?'I DIME 

F lnza f fe r  ' r unce l ,  R o b e r t  E.  No t i i r i  a n d  L o u i s  M a l s p c ~ i s  
The College, o f  Pliarmacy 

'I'he Oliio S t a t e  U n i v e r s i t y  
Columbus, Ohio 43210 

H y d r o l y s i s  o f  c y c  L o c y t i d i n e  i n  aqueous  s o l u t i o n s  p roduced  
n r n h i n o s v l c v t o s i n e  whicli ,  i n  :<(1ric c n s c s .  f i i r t h e r  r e a c t e d  t o  
form a r a b i n o s y l u r a c i  I .  No o t h e r  d e g r n d n t i o n  p r o d i i c t s  were 
d e t e c t e d .  A r a p i d  i s o c r a t i c  r e v e r s e - p h a s e  IlPLC assay  f o r  
a l l  t h r e e  components  i n  m i x t u r e s  a r i s i n g  from c y c l o c v t  i d i n e  
h y d r o l y s i s  was  d c v c l o p e d .  The a n n l v s i s  e m p l o y s  a 4 .6  CI:: 

colurnn to;:etlier w i t h  n low me thano l  m o b i l e  p h a s e  c o n t a i n i n g  
1-hei ' tane s u l f o n i r  a c i d  at: nH 2 . 9 .  T l w  i o n - p a r i n g  of c y c l o - C .  
a c a t i o n ,  w a s  i n d e p e n d e n t  of I i H .  However, i o n - p a r i n g  of 
n r a h i n o s y l c y t o s i n e  was c o n t r n l l e d  by adjusting t h e  pH t o  
2 .9  which  i s  be low i t s  pKn o f  4 . 2 .  The r e t e n t i o n  t i m e  of  
n e u t r a l  a r n h i n o s y l r i r n c i l  (pKa = 9 . 2 )  w a s  n o t  arfected by e i t h e r  
t h e  pH o r  t h e  i o n - p a i r i n g  ng t ' n t .  I t s  s r ! [ ) a ra t ion  was a c h i e v e d  
b y  iis irig a p r i m a r i l y  aqueous  m o l i  i 1 e p h a s e  w i t h  t h e  minimum 
inethaiiol r e q u i r e d  f o r  t h e  o t h e r  components .  The t i m e  c o u r s c s  f o r  
c y c l o c y t i d i n e  nntl i t s  h v d r o l y s i s  i ' rodrlcts were s u c c e s s f u l l y  
de f  i n c d  u n d e r  a var i t . tv  o f  aqt~eous c o n t l i  t i o n s .  

I N'TR01)UC'I'I OK 

A r a h i n o s y l c y t o s i n e  (a rn-C)  i s  one of t h e  most a c t i v e  cliemo- 

.. .. . - . . ._ - . 

t l i t r n p e u t i c  a g e n t s  f o r  t h e  t r e n t m r n t  of nciitc'  nye logenor is  l eukemia  
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8 8 8  'FUNCEL, NOTARI, LVD MALSPEIS 

i n  a d u l t s .  I n  man, t h c  p r o d r u g  c v c l o c v t i d i n c ~  ( cy r lo -C)  i s  

p a r - r i a l  I v  c . o n v e r t e d  t o  a r a - C  w l i i c l i  is  p r i m a r i l y  m c t a b n l  i z e d  t o  

a r a 1 ) i n o s v l r i r n c i  1 (ara-Ll) as  sliown i n  Srlicnlc I ( 1 )  , A l t h o i i g h  

C yclocy t idi n e 
(cyclo -C)  

Arabinosylcytosine Arobinosylurocil 
( a r a - C )  (ara-u) 

Sclieme T 

t l ic.  h y d r o l y t i c  t l e n r ! i n a t i n n  o r  a r a - C  is c a t a l v x e t l  hv  p v r i i n i d i n e  

nitr1cor;idc dcnn:iii+ist.,  t l i e  b i o t r n n s f o r m a t i o n  o f  cvclo-C a p p e a r s  

t-n hc ( i r1c '  s o l e l y  t o  c.Iietiiica1 I i y J r o l v s i s  (2) . Therefore,  h v d r o l v s i s  

r r p r r s r t 1 t . s  :I i ) o t e n t i a l  s t n h i  l i  t v  problem when s t o r i n g  aqcieous 

s:olutic.ins of c\ 'clo-C. Tiit= d e n i i i i n s t i o n  o f  cyclo-(:  t o  for!:! 

c . v c l o u r i d i n t ~  l ias  1 1 0 t  b e e n  r c p o r t c d .  

I11 ;1qricoris h t t f f c r c t l  S ~ I I L I L  ions  nrn-C i i n d c r g n c s  r h c m i c a l  

I i v t l r o l v s i s  t o  inactive. ara-U ( 3 , 4 ) .  T h c  goal  o 

was t o  d c v c l o p  n s t a h i l i t v - i n d i c a t i n ~  a s s a y  for 

;ind ar,i-l.' i n  i ir ixti tres a r i s i n g  ironi tlic l i v d r o l v s  

i n  A ~ U P O I J S  ~ c i l ~ t i ~ i i s .  

t h i s  r e s e a r c h  

c y c l o - C ,  nrn-C 

s ol cvc.10-c 

R e s o l u t i o n  was complicated hv t h e  l a c t  t h a t  c v c l n - C  is 

;I r a t i c ) n ,  nra-1J i s  e x t r r n i c l v  r i o l a r  a n d  arn-C h a s  n pKa of h . 2 .  

I : o L l i  ara-C nnd c y c  l o - C  r e q u i r e d  i o n - p a i r i n g  nnrl h i g h  i n e t l i a n u l  
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CYCLOCYTIDINE 

t o  g i v e  p r a c t i c a l  r e s o l u t i o n  times on  normal l e n g t h  columns. 

Conversely,  arn-U appeared w i t h  t h e  s o l v e n t  f r o n t  i n  t h e  presence  

of any s i g n i f i c a n t  methanol c o n c e n t r a t i o n .  Rapid s e p a r a t i o n  was 

achieved by u s i n g  a 4 . 6  cm column with a low methanol mobile 

phase c o n t a i n i n g  an ion-pairin}: agent  a t  c o n t r o l l e d  pH. 

MATERIALS AND XETHODS 

Chemicals and Heap,ents -___.. 

A r a b i n o s y l u r a c i l  and 2,2 ' -anhvdro(  I-e-D-arahinofuranosy L) 

c y t o s i n e  H C 1  (cyclo-C) ( I C N  N u t r i t i o n a l  Biochemicals ,  Cleve land ,  O H ) ,  

a r a b i n o f u r a n o s y l  c y t o s i n e  H C 1  (ara-C) (The Upjohn C o . ,  Kalamazoo, MI) 

and thyrnidine (P-I, Biochemicals ,  I n c . ,  Milwaukee, '41) were used 

a s  r e f e r e n c e  s t a n d a r d s .  The methanol (Burdiclc and  Jackson Labs,  

h s k e g o n ,  MI) was HPLC grade .  F i l t e r e d  double  d i s t i l l e d  water  

was tised i n  t h e  p r e p a r a t i o n  o f  a l l  s o l u t i o n s .  The monobasic sodium 

phosphate  (monohydrate), d i b a s i c  sodium phosphate  (dodecahydrate)  

arid g l a c i a l  a c e t i c  a c i d  ( J . T .  Ihlter, Co.,  P h i l l i s b u r g .  N J )  were 

a n a l y t i c a l  g rade .  

Mobile Phase 

One l i t e r  o f  0.005 M aqueous 1-heptane s u l f o n i c  a c i d  was 

f i l t e r e d  under vacuun through a t y p e  HA 0.45 :JIII rrlernbrarit. f i l t e r  

( f i l t e r  and a l l - g l a s s  r i l t r a t i o r i  a p p a r a t u s ,  47 m m ,  H i l l i p o r e  Corp. ,  

Bedford, MA). A f t e r  a d d i t i o n  o f  30 m l  of methanol t h e  s o l u t i o n  

w a s  degassed and adJus ted  t o  pH 2.9 w i t h  g l a c i a l  a c e t i c  a c i d .  
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N e i t l i e r  tlie de! :ass inf i  r iur  t h e  p l l  a d  j r is t i i icnt  n l  t c r -ed  tlic volumc 

:; i i:n i f i c a n  t 1 y . 

UV d c t c c t o r  with 

t C x ,  H c r k e l e v ,  C A ) .  

i i sn i i ,  S.J) was 

2 nim 

t e s ,  

Lnc . , 
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CYCI.OCYTII)INE: 891 

a n d  0.1-1.0 x 

s t a n d a r d  s o l u t i o n s  wcl re  , ina lyzc t l  by in . j  e c t  i n g  a p p r o x i : w t c ~ l y  

200-250 ; , I  t o  f i l l  tbc' 20 : : I  1(1<)!>. C i i l i h r a t i o n  p l o t s  werl '  b a s c t i  

on tlie ra t io  o f  tlit, p e a k  I w i ~ l i t  C I C  t l i c ,  r t , f e r e n c e  s t a n d n r d  t n  t h a t  

o i t h e  pea k h c -  i gh t If o r t lie c'on s L ;i n t t hvrii i d i n e  c o n c e n  t rii t i o n  ii s 

n f u n c t i o n  o t  c o n c e n t r a t i u n  0 1 '  tlie r e f e r e n c e  s t a n d a r d .  'l'lie cu1ui:in 

w a s  p e r i o d i c a l l y  cleaned by i i ic . rc . ; is ing tlie a;noiint o f  metlii\nclI 

i n  thc: m o b i l e  plinse. 

>I ( a r n - u )  ; i i i c1  r i . 6  x 10-5 N t l i y n i i d i n c .  'IIiescS 

A n a l y s i s  o f  Cyc  lo-C . l lyt l rolysis .  . __ . .- I<<.nct . . - - i o n s  ... . .. 

Buffered aqueous s o l i l t i o n s  o i  c y c l o - C  were i n n i n t a i n c d  a t  

c o n s t a n t  t e m p e r a t u r e .  11s ;I  f i l l i t . [  io!i or time, 1 r::l a l i q u o t s  were 

r e m o v e d ,  a d d e d  t o  t u b e s  c u n t a i n i n p  10 m7 s of d i l u e n t  a n d  t h y m i d i n e  

a n d  a s sayed  ;is d e s c r i l , e d  ahnvc.. 

RESULTS G'L) !)-ECuzS.Lor\i 

A prel i m i n a r y  s c r e c n  itsin!; 'ILC showed t h a t  cyclo-C was 

stable' i n  a c i d  pH a t  rnoni tcmpt*ratr i re  a s  w a s  a l r e a d y  r e p o r t e d  

f o r  ara-C ( 3 , 4 )  . C y ~ . l o - C  I i y d r c i l v s i s  r e a c t i o n s  c o i i l d  t l i c?rc . fore  

h e  q u e n c h e d  in a c i d  pll arid s t o r e d  f o r  a n a l y s i s .  Both  TLC a n d  

H1'I.C d a t a  v e r i f i e d  t l i n t  cyclo-( :  I i y d r o l y z e s  accordin: :  to Scliene T 

A t  n e u t r a l  a n d  a l k n l  i n ?  p H .  l i ' i t l i i n  t l i e  t e n i p c r a t u r e  r a n y c  o f  

40" - 900 and p H  5-10 t l i e r c  d i l l  l in t  a p p e a r  t o  hc p r o d i i ~ ~ t s  otlier 

t h a n  those  i n  Sclienie I. 

T h e s e  t h r e e  reaction c ~ i ~ ~ i p o i i ~ n t s  p r o v e d  d i f f i c u l t  to 

s e p c l r a  t e .  Ara-U w a s  round t o  r u s s  t h r o u g h  r c v c r s e - p h a s e  c o l u m n s  
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8 9 2  TUNCEI., NO'I'ART, AND MALSPEIS 

with tlie s o l v e n t  f r o n t  i f  methamil was i n  excess n f  f i - 5 %  o f  the  

m o b i l e  phase. "it Low rnetliauol c o n c e n t r a t i o n s  b o t l i  cyclo-C and 

n r a - C  rcniaincd o n  tlie coluiniis.  Cyclo-C, n c a t i o n ,  r e q u i r e s  

lmtli i ~ ~ i i i - p ~ i r i i i f i  agent  nnd hip,li nirthaiiol (40-507)  f o r  p r a c t i c a l  

r e t e n t i o n  t i x e s .  Ara-C, which t ins  a pKa of 4 . 2  (2), gave h e s t  

r e s u l t s  when ion-pairod ( p H  .: 5 )  .it siiiiilar higli m c > t l i a n o l  

coi ice i i t ra t ions .  In ord(.r t o  reduce both t h e  n c t h a n o l  c o n c e n t r a t i o n  

:inti t h e  cyclo-C and i3rci-C r e t e n t i o n  t imes n column of t h e  

1 ci7p,tli noriiia I 1  \' e i i i~ i loved  as n prc.-"o I iiinn was employed. 

; \ f te r  s e l e c t i n g  a L . 6  cin cciluinn, t h r e e  p r o p e r t i e s  n[ 

tiic w h i l e  phase were a d j u s t e d  i n  o r d e r  t o  acliit>ve r e s o l u t i o n  of 

c.yt.lil-(:, ara-C and ara-I!: p o l n r j  t y ,  p H  : l i d  ion-pa i r ing  ngcnt .  It 

w ; i s  l found t h a t  '3;: w a s  the  hip,hest  : : : e thanol  p c r r r n t n ~ c  wliich 

:11 1 o r ~ c : d  s c . p a r , i t i t i n  of c l r a - U  from t h e  qnlvent  f r o n t .  A t  n e u t r a l  pH, 

?? n q i i v o u s  :::r.tIianul d i d  no t  resolvc.  ar;i-C a n d  cyclo-C which 

.rLso i u d  v e r y  long r e t e n t i o n  time:;. T h e  nra-U r e t e n t i o n  tiiiie 

W;IS i n s e n s i t i v e  to i o n - p a i r i n , :  ap?:c;it ; ind p l l  i n  t h i .  r:liigt' '1-7. 

(. 'yclo-(: r c > t c n t i ~ i i i  tiiiie w a s  ticicreasrd h y  metlianol and i o n - p a i r i n g  

I i i l t  iiot b y  lit1 s i n c e  i t  i s  a c a t i o n .  A r a - C  ( p K a = 4 . 2 )  r e t e n t i o n  

t i w  w i i s  dtc.reased by m e t h a n o l  , ioi i -~i i i i r ing and  lor^ p H  i n  t l ie 

, 'rt*sciice 01 i o n - w i r i n g  agcnt . A 0.005 ?I 1-lieptane s u l  f o n i c  

. i c i d  so l i l t ion  i n  '1Z mctlianol Lit p I I  2 .9  W;IS Found t o  provide  

c l x t ' ~ I  1c.iit sc:parat i o n  l o r  all t h r e c  rc-.ivtinii coi:ipoiieiits a n d  t h e  

i n t e r n n l  staiiclard, tliyiiiidinc ( F i g .  1 ) .  ' I ' n l ) l ~  I suninisrizes t h e  

" .111ac iLy factcirs  ;ind t h e  p c n k  Iieight r a t i o s  (PHK) r c l a t  ive t o  

tlic t1iy:nidine. 
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CYCLOCYTIDINE 8 9 3  

TABLE 1 

b 
Capac i ty  f a c t o r s  ( k ' ) a  and r e l a t i v e  peak h e i g h t  ra t ios  (PHR) f o r  
r e a c t i o n  components (Scheme I)  and thymidine ( 1 . S . )  a t  a 2 ml/n in  
flow r a t e .  

Compound k' 
__-__ .- 

ara-U 1 . 1  

R e l a t i v e  
PHR __ __ 

2 . 3  

thymidine ( 1 . S . )  3.5 1 

cyclo-c  8.2 0.57 

ara-C 17 0.20 

aCalcula ted  from k '  = (V-Vo>/Vo 
b R e l a t i v e  (PHR), = PHx/PH~.~. c a l c u l a t e d  a t  equimolar  c o n c e n t r a t i o n s  

3 

L I  I 

0 2 4 6 
Retention time (min) 

FIGURE 1. Chromatogram from a 20 b l  sample mixture  c o n t a i n i n g :  
( 1 )  ara-U, 6.57 x M .  ( 2 )  thymidine,  6 . 4 4  x 10-5 M. 
(3) cyclo-C, 17.6  x M .  and ( 4 )  ara-C, 1 8 . 7  x M .  u s i n g  
a 2 ml/min f l o w  r a t e  of 3% methanol i n  w a t e r ,  pH 2 . 9 ,  c o n t a i n i n g  
0.005 M .  1-heptane s u l f o n i c  a c i d  w i t h  254 nm UV d e t e c t o r  
a t t e n u a t i o n  of 0.08 X .  
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894 TUNCEL, NOTAKI, AND HALSPELS 

Tlie ; i s s a y  was a l i p l i e d  t o  s o l u t i o n s  of c y c l o - C  whic l l  were 

l i v d r u l y z i n g  H S  a r u n 1 . t i 0 1 1  o r  L ~ I W .  I I I  c c i c l l  u s e  i i  1 In11 a l i q u o t  

o f  r c a c t i u n  was ciddetl to 10 in1 of s i rnu1; i ted  m o b i l e  phase c o n t a i n i n g  

;ill  hut the i o n - l u i r i i i ~  a g e n t  t o  qi~ciic.l i  t h c  r e a c t i o n .  b'or 

, .onvctn ience ,  t h e s e  s o l u t i o n s  wc ' rc  s t o r e d  i n  t h e  r c f r i g e r n t o r  

u n t i l  ericli se t  O K  assays c o u l d  be c i i r r i e d  o u t  i i i  a siiib;le d a y .  

A1 thoui?h t h c  s t n r a g c  p e r i o d  was norinn1 l v  a few d a y s ,  n o  c h a n g e  

was  o b s e r v e d  i n  a ?-week p e r i o d  w h i c h  was t h e  maximiini t cs te t l .  

( : n l i h r a t i o n  p l o t s  w e r e  run on t h e  d a y  of  a s s a y  us in? ,  Four 

s o l u t i o n s  of known n i i x t u r c s  o f  ara-U, c y c l u - C ,  ara-C and a f i x e d  

c o n c e n t r a t i o n  of t h y m i d i n e .  Tl ie  t h y m i d i n e  peak h e i g h t  d i d  n u t  

v a r y  t o  ;iny de tc , r . t a l> l  c clcy,rcc w i t h i n  i-l y, iven  s e t .  ' I ' h e r c f o r e  tile 

p e a k  h o i g h t  d a t a  c u u l d  h a v e  been u s e d  d i r c c t l v  w i t h o u t  c o n v e r s i o n  

Hours 

-4 PTCURII - 2. P e r c e n t  oT i n i t i a l  2 . 5  x 10 M. cycln-C c o n c e n t r a t i o n  
in p h o s p h a t e  b u f f e r ,  pH 5 . 5  a t  ROO, as R f l i n c t i o n  o f  time a s  
d e t e r n i n e d  by t h e  IIPLC a s s a y  w h e r c  ( A )  i s  cyclo-C,  (H) i s  ara-(: 
L i ~ i d  ( C )  is  ara-U.  
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CYCLOCYTIDINE 8 9 5  

Hours 

-4 FIGUKE 3.  P e r c e n t  o f  i n i t i a l  2 . 5  x 10 ?.I. cyclo-C c o n c e n t r a t i o n  
i n  p h o s p h a t e  b u f f e r ,  pH 7 . 2  a t  h O o ,  a s  a f u n c t i o n  o f  t i m e  a s  
d e t e r m i n e d  by t h e  HPLC assay  where  ( A )  is cyclo-C and  ( R )  i s  ara-C. 

t o  peak h e i g h t  r a t i o s .  The assay was s u c c e s s f u l l y  a p p l i e d  t o  

a v a r i e t y  o f  d e g r a d i n g  s o l u t i o n s  o f  cyc lo-C.  F i g u r e  2 i l l u s t r a t e s  

a t y p i c a l  case w h e r e i n  a l l  t h r e e  components  were d e t e c t e d .  F i g u r e  

3 sliows a n  example where in  convc . r s ion  of cyc lo-C t o  nra-C was 

c o m p l e t e  w i t h o u t  d e t e c t a b l e  dea i i i i na t ion  uf ara-C t c r  a ra -U.  

I k t n i l e d  s t u d i e s  on t h e  k i n e t i c s  and mechanisms of t h e  h y d r o l y s i s  

o f  ara-C have  been  r e p o r t e d  ( 3 , 4 )  and thosc, o n  cyc lo-C a re  i n  

p r o g r e s s .  
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