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REVERSE PHASE HPLC DETERMINATION OF 

5,6-DIHYDRO-5-AZACYTIDINE I N  BIOLOGICAL FLUIDS 

P h i l  i pp FI. Hugueni n , H i  remagal u r  N. Jayaram and 
James A. K e l l e y *  

Na t iona l  Cancer I n s t i t u t e ,  Na t iona l  I n s t i t u t e s  o f  H e a l t h  
Rethesda , Mary1 and 20205 

Labora tory  o f  Medi c i  na l  Chemi s t r y  and B i  o l  ogy 

ABSTRACT 

A s e n s i t i v e  and s p e c i f i c  reverse  phase HPLC method which 
a l l o w s  measurement o f  t h e  new an t i t umor  agent 5,6-dihydro-5- 
a z a c y t i d i n e  (DHAC) i n  b i o l o g i c a l  f l u i d s  a t  concen t ra t i ons  as l ow  
as 50 ng/ml ( 2  x 10-7 M) has been developed. A f t e r  a d d i t i o n  o f  
5 '  - ch l  o ro-5 '  -deoxy-5,6-di h y d r o - S a z a c y t i d i n e  as an i n t e r n a l  s tan -  
dard, sequent ia l  u l t r a f i l t r a t i o n ,  boronate gel  a f f i n i t y  chroma- 
tography  and c a t i o n  exchange chromatography a r e  ernpl oyed t o  i so-  
l a t e  DHAC from plasma o r  u r ine .  DHAC i s  then reac ted  w i th  N,N- 
d imethyl formamide d i e t h y l a c e t a l  t o  form a dimethylaminomethylene 
d e r i v a t i v e  w i t h  enhanced UV d e t e c t a b i l i t y  (Amax = 264 nm, l o g  E = 
4.3) and b e t t e r  r e t e n t i o n  on a reverse  phase column. I s o c r a t i c  
separa t i on  i s  t hen  accomplished on a f u l l y  loaded and end-capped 
ODS column w i t h  0.050 M f o rm ic  a c i d  i n  20% a c e t o n i t r i l e / w a t e r .  
Th i s  assay has been used t o  determine t h e  plasma pharmacok ine t ics  
of DHAC i n  r a t s  g iven  a s i n g l e  i.v. bo lus  dose o f  50 mg/kg. 
Ana lys i s  o f  t h e  drug i n  human plasma i n d i c a t e s  t h a t  t h i s  method 
i s  s u i t a b l e  f o r  de te rm in ing  DHAC d i s p o s i t i o n  and pharmacok ine t ics  
i n  human sub jec ts .  

INTRODUCTION 

5-Azacy t id ine  (5-AC, F i g u r e  1 )  was syn thes ized i n  1963 (1) 

and has s i n c e  been found t o  be c l i n i c a l l y  use fu l  i n  t h e  t rea tmen t  

*Author t o  whom correspondence and r e p r i n t  reques ts  shou ld  be 
addressed. 
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1434 HUGUENIN, JAYARAM, AND KELLEY 

FIGURE 1. S t r u c t u r e  o f  5-AC, DHAC and t h e  I n t e r n a l  Standard 
5 '  -C1 -DHAC. 

o f  acu te  m y e l o c y t i c  leukemia (2,3). Un fo r tuna te l y ,  when t h i s  

drug i s  g iven  as a bo lus  i n j e c t i o n ,  severe nausea and vomi t i ng  

occur. These d o s e - l i m i t i n g  t o x i c i t i e s  can be reduced o r  e l i m i n -  

a ted  by a d m i n i s t e r i n g  5-AC s l o w l y  v i a  cons tan t  i n f u s i o n  (4,5). 

However, 5-AC decomposes i n  aqueous s o l u t i o n  v i a  opening o f  t h e  

t r i a z i n e  r i n g  t o  produce compounds w i t h  l i m i t e d  an t i t umor  a c t i v -  

i t y  (6). Th is  aqueous i n s t a b i l i t y  makes s t r i c t  dosage c o n t r o l  

f o r  i n f u s i o n a l  therapy  very  d i f f i c u l t  t o  achieve. To circumvent 

t h i s  problem t h e  h y d r o l y t i c a l l y  suscep t ib le  5,6-imino double 

bond o f  5-AC was reduced t o  produce 5,6-di hydro-5-azacy t id i  ne 

(DHAC, F i g u r e  1) (7 ) .  Th is  reduced nuc leos ide  i s  n o t  s u s c e p t i b l e  

t o  h y d r o l y t i c  a t t a c k ,  has good s o l u b i l i t y ,  and i s  s t a b l e  i n  

aqueous s o l u t i o n s  f o r  weeks over  a broad pH range. 
DHAC i s  c u r r e n t l y  undergoing Phase I c l i n i c a l  t r i a l .  Th i s  

p o t e n t i a l  new an t i t umor  agent shows a broad spectrum o f  a c t i v i t y  

i n  murine model tumor systems. Good rep roduc ib le  a c t i v i t y  has 

been demonstrated aga ins t  mur ine  L1210 and P388 leukemias. I n  
t h e  L1210 system maximum a c t i v i t y  o f  DHAC was observed a t  a dose 

l e v e l  which was 33 t imes t h e  optimum dose o f  5-AC. The an t i t umor  

e f f i c a c y  of DHAC a t  t h i s  p a r t i c u l a r  dose was about 80% o f  t h a t  

shown by 5-AC (7).  Screening i n  s o l i d  tumor models has a l s o  
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5,6-DIHYDRO-5-AZACYTIDINE 1435 

shown a c t i v i t y  aga ins t  t h e  human MX-1 mammary xenogra f t ,  t h e  
mur ine  CD8F mammary and t h e  subcutaneously imp lan ted  co lon  38 
tumors (8). 

L i k e  5-AC, DHAC i s  c e l l - c y c l e - s p e c i f i c  w i t h  S-phase c e l l s  
b e i n g  t h e  most s e n s i t i v e  (9). Th is  p rov ides  a r a t i o n a l  b a s i s  f o r  
i n f u s i o n a l  therapy  over an extended t i m e  per iod.  Th is  a l s o  means 

t h a t  a l though t h e  admin is te red  dose o f  DHAC w i l l  be r e l a t i v e l y  
l a r g e ,  i t  w i l l  be admin i s te red  over t h e  course o f  24 o r  more 

hours. Thus, because o f  t h i s  p o t e n t i a l l y  extended schedule, 

de te rm ina t ion  o f  DHAC pharmacokinet ics i n  humans w i l l  r e q u i r e  
bo th  a s e n s i t i v e  and s p e c i f i c  a n a l y t i c a l  method t o  measure t h i s  

compound i n  plasma and o t h e r  p h y s i o l o g i c a l  f l u i d s .  The f o l l o w i n g  
r e p o r t  d e t a i l s  t h e  development o f  a reverse  phase HPLC assay f o r  
DHAC and demonstrates i t s  s u i t a b i l i t y  f o r  use i n  animal and human 

pharamacokinet ic s tud ies .  

MATERIALS 

DHAC (4-Amino-5,6-di hydro-l-~-D-ribofuranosyl-l,3,5-triazin- 
P(lH)-one, NSC 264880) was ob ta ined  from t h e  Drug Synthes is  and 
Chemistry Branch, Developmental Therapeut ics Program, NCI ,  and 

used as received. The drug (Lo t  AP-02-03) was supp l i ed  as i t s  
h y d r o c h l o r i d e  s a l t  and was g r e a t e r  than 991 pure. Hexamethylene- 

phosphoramide (HMPA) , N,N-dimethylformamide d i e t h y l a c e t a l  (DMF- 
DEA) and t h i o n y l  c h l o r i d e  were ob ta ined  from A l d r i c h  Chemical Co. 
(Milwaukee, W I ) .  Both HMPA and DMF-DEA were vacuum d i s t i l l e d  
f rom CaH2. N,N-Dimethylforrnamide (DMF, " d i s t i l l e d  i n  g lass "  

grade, Burd ick  and Jackson, Muskegon, M I )  was mixed w i t h  benzene 

(J.T. Baker Chemical Co., P h i l l i p s b u r g ,  NJ) and water  i n  a 125: 
15:6 r a t i o  by weight and t h e  water removed by a z e o t r o p i c  d i s t i l -  
l a t i o n .  The DMF f r a c t i o n  was then r e d i s t i l l e d  from CaH2 a t  

reduced pressure.  P y r i d i n e  (J.T. Baker) was r e d i s t i l l e d  from 
po tass i  um hydrox i  de. A1 1 p u r i  f i  ed reagents and sol vents  were 
s t o r e d  over a c t i v a t e d  4 A molecu la r  s ieves  (4-8 mesh, A l d r i c h )  
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under argon. Acetoni  t r i  l e  and methanol were HPLC grade ( F i  scher 
S c i e n t i f i c  Co. , Fai r lawn,  NJ) so l ven ts ,  and t o g e t h e r  w i t h  d i s t i l -  

l e d  water were f i l t e r e d  th rough  t h e  a p p r o p r i a t e  0.45 um s o l v e n t -  

r e s i s t a n t  f i l t e r s  ( M i l l i p o r e  Corp., Bedford, MA) b e f o r e  m i x i n g  t o  
make t h e  mob i l e  phase. A c e t i c  ac id ,  ammonium ace ta te  ( M a l l i n -  

c k r o d t ,  Pa r i s ,  K Y ) ,  ammonium hydrox ide  (J.T. Baker), ammonium 
phosphate, f o rm ic  a c i d  (MCB Manufac tur ing  Chemists, Inc. , Gibbs- 
town, NJ) and phosphor ic a c i d  ( F i s h e r )  were employed i n  making 

b u f f e r s .  

The i n t e r n a l  s tandard  , 5 -ch l  oro-5 -deoxy-5,6-di hydro-5-aza- 

c y t i d i n e  (5'-C1-DHACY F i g u r e  l ) ,  was syn thes ized by r e a c t i n g  DHAC 
w i t h  t h i o n y l c h l o r i d e .  DHAC h y d r o c h l o r i d e  (200 mg, 0.71 mmol) was 
added t o  a s o l u t i o n  o f  t h i o n y l c h l o r i d e  (0.3 m l ,  2.5 mmol) i n  2.0 
m l  HMPA. Th is  r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  16 h r  a t  room 

temperature and then ma in ta ined  a t  4°C f o r  24 hr. The s o l u t i o n  
was then d i l u t e d  w i th  18 m l  H20 and a p p l i e d  d i r e c t l y  t o  a 5 x 6 

cm c a t i o n  exchange column i n  t h e  H+ form (Dowex AG 50W-X8, 700- 

120 mesh; Bio-Rad, Richmond, CA).  The column was washed w i t h  1.0 

2 H20 and t h e  produc t  e l u t e d  w i t h  an equal volume of 1N NH40H. 
The e l u a t e  was evaporated a t  45OC t o  y i e l d  a s o l i d  res idue,  which 
showed a ma jor  spot (Rf  = 0.43) and a minor  spot (Rf = 0.89) 

a f t e r  TLC on s i l i c a  ge l  w i t h  5% 1 N  NH4OH i n  1 : l  CHC13:CH3OH w i t h  

v i s u a l i z a t i o n  a t  254 nm (DHAC Rf = 0.18). A p o r t i o n  o f  t h i s  
p roduc t  was p u r i f i e d  f u r t h e r  by semi -prepara t ive  HPLC on a 

l o w  pBondapak c18 column (7.8 mm x 300 mm; Waters Associates,  
M i l f o r d ,  MA) us ing  a mob i l e  phase o f  6% methanol i n  pH 5 0.010 M 

(NH4)2PO4 b u f f e r  ( v / v )  a t  a f l o w  r a t e  o f  2.0 ml/min. 5'-Cl-DHAC 

was mon i to red  by UV d e t e c t i o n  a t  234 nm and t h e  a p p r o p r i a t e  f r a c -  
t i o n s  were c o l l e c t e d .  Bu f fe r  was removed by passing t h e  HPLC 
e l u a t e  th rough  an 8 x 70 mm c a t i o n  exchange column i n  t h e  NH4+ 

form. The column was washed w i t h  30 m l  H20 and t h e  produc t  
e l u t e d  w i t h  30 ml pH 10  NH4DH. Evapora t ion  produced a c r y s t a l -  
l i n e  res idue,  mp 204' (decomposi t ion);  NMR (D20) 65.80 (d,lH, 
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5,6-DIHYDRO-5-AZACYTIDINE 1437 

J1',2'  = 6Hz), 4.74 (s,2H), 4.34 (m,lHYC4I-H), 4.26 (m,2H, 

pH = 7.1) 231 nm, l o g  E = 3.67; GC/MS ( t e t r a k i s - t r i m e t h y l -  

s i l y l  d e r i v a t i v e )  -- m/z ( re1  i n t e n s i t y )  552 (M?, 7.9), 551 (M-H, 

(b+30, ll), 257 (b,lOO) 217 (69),  73 (81); MS (FAB,Xe) 267 ( 3 7 ~ 1  

MHt, 37),  265 (35CI MHt, 100). 

C2I-H and C3'-H), 3.87 (m, 2H,Cg'-H); UV Xmax 0.01 M K3P04, 

15)y 537 (M-CH3,8.2) 517 (M-C1,18), 388 (13), 294 (S-H,10), 287 

METHODS 
Pro ton  NMR spec t ra  were recorded on a Var ian  XL-200 spec- 

t romete r  (Va r ian  Associates,  Pa lo  A l t o ,  CA). Chemical s h i f t s  a re  

repo r ted  i n  6 ppm downf ie ld  f rom deu te ra ted  sodium 3 - ( t r i m e t h y l -  
s i l y 1 ) p r o p r i o n a t e  which was used as an i n t e r n a l  standard i n  D20 
s o l u t i o n s .  A Beckman Model 34 spectrophotometer (Eleckman I n s t r u -  
ments, I r v i n e ,  CA) was used t o  o b t a i n  UV spectra. Mass spec t ra  

were ob ta ined  on a VG Micromass 7070E mass spectrometer ( V G  Ana- 
l y t i c a l  , Al t r incham,  England) opera ted  a t  an a c c e l e r a t i n g  v o l t a g e  

o f  6kV and dynamic r e s o l u t i o n  o f  2000. For gas chromatography- 
mass spec t romet ry  (GC/MS) analyses , nuc leos ides  were d e r i v a t i z e d  

on a m ic rosca le  w i t h  2:l a c e t o n i t r i l e :  b i  s ( t r i m e t h y 1  s i  l y l  ) - t r i  - 
f luoroacetamide ( A l d r i c h )  a t  room temperature. Separat ions were 

e f f e c t e d  on a 1.83 m x 2 mm i.d. g lass  column packed w i t h  3% 
OV-17 on 120/140 mesh Gas-Chrom Q (App l i ed  Science Labora to r ies ,  

S t a t e  Col lege, PA).  The Hewlet t -Packard 571 OA gas chromatograph 
(Hewlett-Packard, Avondale, PA) was i n t e r f a c e d  t o  t h e  mass spec- 

t romete r  v i a  a s i n g l e  stage g lass  j e t  separa tor  and was temper- 
a t u r e  programmed from 2100 t o  2500 a t  4o/min. GC/MS ope ra t i ng  

c o n d i t i o n s  were: GC i n j e c t o r ,  2500; j e t  separa tor  and t r a n s f e r  

l i n e s ,  2400; i o n  source, 2500; and scan speed, 2 sec/decade. 

P o s i t i v e  i o n  f a s t  atom bombardment (FAB) mass spec t ra  were 
ob ta ined  by us ing  a FAB source a t  ambient temperature. I o n i z a -  

t i o n  was e f f e c t e d  by a beam o f  xenon atoms d e r i v e d  by n e u t r a l i z -  
i n g  xenon i o n s  acce le ra ted  th rough  8.6-9.4 kV. Glyce ro l  was used 
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as t h e  sample m a t r i x  and spec t ra  were acqu i red  a t  a scan speed o f  
10  sec/decade under t h e  c o n t r o l  o f  a VG 2035 data system. 

Separat ions were accomplished a t  ambient tempera ture  (2O0C) 
on a 5-pm Spher isorb  S5 ODS I 1  column (Regis Chemical Co. , Morton 

Grove, I L )  us ing  a mob i le  phase o f  0.050 M f o r m i c  a c i d  i n  20% 
CHQCN/H~O (v /v )  a t  a f l o w  r a t e  o f  1.5 ml/rnin. The a n a l y t i c a l  
column was preceded by a column i n l e t  f i l t e r  w i th  a rep laceab le  

2-11m element. The remainder o f  t h e  HPLC system was comprised 
o f  a Waters Associates Model 6000A s o l v e n t  d e l i v e r y  system, a U6K 
U6K i n j e c t o r  and a LC-85 v a r i a b l e  wavelength d e t e c t o r  (Pe rk in -  

Elmer, Norwal k, CT). I n j e c t i o n s  o f  standards and unknown samples 

(50 p l )  were made us ing  a 100 111 Waters gas t i g h t  sy r inge.  
Peak areas and h e i g h t s  were s imu l taneous ly  determined on a SP4100 
computing and reco rd ing  i n t e g r a t o r  (Spectra-Physics,  Santa C lara ,  

CA). 
Standards were made by adding 80 111 o f  5I-Cl-DHAC i n t e r n a l  

standard s o l u t i o n  (4.2 ug) t o  1.0 rnl a l i q u o t s  of  plasma i n  a 3-ml 

c a p a c i t y  g lass  con ica l  c e n t r i f u g e  tube  and then by s p i k i n g  w i t h  

t h e  r e q u i r e d  volume of DHAC s tandard  s o l u t i o n .  Pooled r a t  plasma 
and ou tda ted  human plasma were used f o r  these sp iked standards. 

For b i o l o g i c a l  samples, 1.1 m l  of  plasma was t r a n s f e r r e d  t o  a 15- 
m l  c a p a c i t y  g lass  con ica l  c e n t r i f u g e  tube and c e n t r i f u g e d  f o r  10  

min a t  approx imate ly  1000 x g on a Dynac t a b l e  t o p  c e n t r i f u g e  
(C lay  Adams, Becton D ick inson  and Co. , Parsippany, NJ). E x a c t l y  
1.0 m l  of t h i s  plasma was t r a n s f e r r e d  t o  a 3-ml c a p a c i t y  g lass  

c e n t r i f u g e  tube  and i n t e r n a l  s tandard  was added as above. A l l  
samples were b r i e f l y  vo r texed  and t r a n s f e r r e d  t o  a MPS-1 m ic ro -  
p a r t i o n  system equipped w i t h  a YMP membrane (Amicon Corp., 

Danvers, MA) f o r  u l t r a f i l t r a t i o n  by c e n t r i f u g a t i o n  a t  1145 x g 

f o r  40 min. H a l f  a m i l l i l l t e r  of  t h e  r e s u l t i n g  u l t r a f i l t r a t e  was 
mixed w i th  5 m l  0.25 M NH40Ac (pH 8.8); and t h i s  s o l u t i o n  was 

t r a n s f e r r e d  t o  an 8 x 40 mm phenylboronate a f f i n i t y  column ( A f f i -  

Gel 601, Bio-Rad), p r e v i o u s l y  e q u i l i b r a t e d  w i t h  10  m l  o f  t h e  same 
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5,6-DIHYDRO-5-AZACYTIDINE 1439 

b u f f e r .  The column was washed w i t h  an a d d i t i o n a l  10 m l  o f  NH40Ac 

b u f f e r ,  and then  t h e  DHAC and i n t e r n a l  standard were e l u t e d  w i th  
10 m l  0.1 M fo rm ic  acid.  Th is  e l u a t e  was d i r e c t l y  a p p l i e d  t o  an 

8 x 15 mm Dowex 50W-X8 c a t i o n  exchange column i n  t h e  NH4+ form. 

The i o n  exchange column was washed wi th 15  m l  d i s t i l l e d  water  and 
t h e  nuc leos ides  were e l u t e d  w i t h  2 x 7.5 m l  pH 10 NH40H s o l u t i o n  
(approx imate ly  30 mM). Th is  e l u a t e  was evaporated t o  dryness and 

t h e  r e s u l t i n g  res idue  t r a n s f e r r e d  t o  a sma l le r  (i.e., - 10 o r  15 m l )  
f l a s k  w i t h  about 2 m l  water. Th is  s o l u t i o n  was l i k e w i s e  evapor- 

a ted  t o  dryness. An 8 mm s t i r r i n g  ba r  was added t o  t h e  f l a s k ,  and 

t h e  res idue  was d r i e d  i n  vacuo f o r  10 min. A ho t  a i r  b lower 

(Model 202, Oster Corp., Milwaukee, W I )  was used t o  w a r m  t h e  f l a s k  

f o r  2 min t o  ensure complete d ry ing .  

Two hundred m i c r o l i t e r s  DMF and 100 p l  2M DMF-DEA i n  p y r i d i n e  
were added t o  t h e  res idue  under argon, Th is  s o l u t i o n  was b r i e f l y  
s t i r r e d  and then main ta ined a t  r o w  temperature f o r  30 min. 

Excess reagents were then  removed -- i n  vacuo (and t rapped  i n  a d r y  
i c e  c o l d  t r a p )  w h i l e  t h e  s o l u t i o n  was s t i r r e d  and g e n t l y  heated 

w i t h  a ho t  a i r  blower. Heat ing  was cont inued f o r  3 min a f t e r  
appearance o f  an apparen t l y  d r y  res idue  t o  ensure complete removal 

o f  a l l  reagents. The res idue  was d i s s o l v e d  i n  0.50 m l  water  and 

s t o r e d  a t  4% u n t i l  ana lys i s .  
For s tudy  o f  DHAC pharmacok ine t ics  i n  r a t s ,  t h e  drug  was d i s -  

so l ved  i n  0.9% NaCl s o l u t i o n  a t  a concen t ra t i on  o f  50 mg/ml. Male 
Sprague-Dawl ey r a t s ,  weighing 260-300 g (Taconi c Farms, German- 

town, NY)  were anes the t i zed  w i th  e t h e r  and a 50 mg/kg dose o f  DHAC 

was g i ven  as a s i n g l e  bo lus  i n j e c t i o n  v i a  t h e  t a i l  ve in .  Animals 
were s a c r i f i c e d  under e t h e r  anes thes ia  a t  v a r y i n g  t i m e d  i n t e r v a l s  
a f t e r  DHAC i n j e c t i o n  and b lood from each an ima l ' s  i n f e r i o r  vena 
cava was c o l l e c t e d  i n  separa te  hepar in i zed  g lass  tubes kept  on 
i ce .  Plasma was ob ta ined  by c e n t r i f u g a t i o n  a t  1000 x g f o r  10  
min and was then  f rozen  u n t i l  ana lys i s .  

Recoveries o f  DHAC and 5I-Cl-DHAC from r a t  plasma were d e t e r -  
mined by comparison o f  t h e  abso lu te  HPLC peak area of standards 

-- 
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1440 HUGUENIN, JAYARAM, AND KELLEY 

d e r i v a t i z e d  d i r e c t l y  t o  t h a t  o f  comparable sp iked plasma samples 

d e r i v a t i z e d  a f t e r  workup. 111 t r a f i l t r a t i o n  and p r o t e i n  p r e c i p i t a -  

t i o n  were compared by 3 r e p l i c a t e  analyses u s i n g  each method o f  

t h e  same pooled plasma from a r a t  r e c e i v i n g  50 mg/kg DHAC. For 
d e p r o t e i n a t i o n  by methanol p r e c i p i t a t i o n ,  3 x 1 m l  methanol was 
added t o  each sample w i t h  shaking f o r  30 sec f o l l o w i n g  each 

a d d i t i o n .  The r e s u l t i n g  suspension was c e n t r i f u g e d  a t  400 x g 
f o r  15 min. Isoproprano l  (10 m l )  was added t o  t h e  supernatant 

and t h i s  s o l u t i o n  was evaporated t o  dryness under reduced pres- 

sure. The r e s i d u e  was d i s s o l v e d  i n  5 m l  0.25 m NH40AC, pH = 8.8, 

and e x t r a c t e d  w i t h  5 m l  ch lo ro fo rm.  The aqueous l a y e r  was then 
removed and f i l t e r e d  th rough a 0.45 pm Mi l lex -HA f i l t e r  u n i t  

be fo re  undergoing a f f i n i t y  and i o n  exchange chromatography. 
The peak area o r  peak h e i g h t  r a t i o  o f  DHAC t o  5I-Cl-DHAC 

i n t e r n a l  s tandard  was computed f o r  each sp i ked  s tandard  and p l o t -  
t e d  aga ins t  DHAC c o n c e n t r a t i o n  t o  generate a c a l i b r a t i o n  curve  
(F igu re  2). A c a l c u l a t o r  l e a s t  squares program (TI-55-11, Texas 

Ins t ruments ,  Da l l as ,  TX) was used t o  d e f i n e  t h e  bes t  s t r a i g h t  l i n e  
th rough each s e t  o f  s tandard  p o i n t s .  A b lank  was a l s o  run  each 

t i m e  a c a l i b r a t i o n  curve  was cons t ruc ted .  I n i t i a l  pharmacok ine t ic  
parameters f o r  DHAC were c a l c u l a t e d  from t h e  r a t  plasma concen- 
t r a t i o n  (Cp)- t ime curve  by t h e  method o f  r e s i d u a l s  (10). The 
exper imental  da ta  p o i n t s  were then  f i t  t o  t h e  b iexponen t ia l  func- 

t i o n  rep resen t ing  a two-compartment open model (C = Ae-at + 
Be-Bt) by us ing  MLAB, an o n - l i n e  computer model ing l a b o r a t o r y  

u t i l i z i n g  an i n t e r a c t i v e ,  non-1 i n e a r  l e a s t  squares program (11 ). 
Based on observed assay c h a r a c t e r i s t i c s ,  each data p o i n t  was 
weighted by 1 /Cg. 

RESULTS 

Both DHAC and t h e  5I-Cl-DHAC i n t e r n a l  s tandard  cou ld  be 

e f f i c i e n t l y  i s o l a t e d  from plasma and u r i n e  and d e r i v a t i z e d  rep ro -  
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5,6-DIHYDRO-5-AZACYTIDINE 1441 

DHAC (pg/ml) 

FIGURE 2. Typ ica l  C a l i b r a t i o n  Curve f o r  R a t  Plasma. 

d u c i b l y  a t  t h e  concen t ra t i ons  expected i n  b i o l o g i c a l  samples. For 

DHAC sp i ked  a t  concen t ra t i ons  o f  0.1 t o  10.0 pg/ml i n  human 

plasma, a recovery  o f  92 rt 10% (n  = 5) was observed. Higher 
recove r ies  were found a t  t h e  h i g h e r  concen t ra t i ons  o f  DHAC w i th  
almost complete recovery  ( >  98%) a t  concen t ra t i ons  g r e a t e r  t han  
2.5 pg/ml. For 5I-Cl-DHAC sp iked  a t  3.3 pg/ml plasma, 82 2 10% 

(n = 6 )  c o u l d  be recovered by t h e  m u l t i - s t e p  i s o l a t i o n  procedure. 
Conversion t o  t h e  dimethylaminomethylene (DMAM) d e r i v a t i v e  was 

q u i t e  r e p r o d u c i b l e  s ince  t h e  var iance i n  t h e  HPLC peak areas of  

d i r e c t l y  d e r i v a t i z e d  5 ' -C1 -DHAC i n t e r n a l  s tandard  was l e s s  t h a n  
3% (n  = 6). Both u l t r a f i l t r a t i o n  and methanol p r e c i p i t a t i o n  were 
compared t o  determine DHAC p r o t e i n  b i n d i n g  and t o  assess t h e i r  

s u i t a b i l i t y  f o r  removal o f  these plasma p ro te ins .  No p r o t e i n  

b i n d i n g  was observed s ince  t h e  q u a n t i t a t i v e  r e s u l t s  from t h e  
u l t r a f i l t e r e d  and p r e c i p i t a t e d  samples were equ iva len t ;  however, 
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1442 HUGUENIN, JAYARAM, AND KELLEY 

g r e a t e r  DHAC r e c o v e r i e s  and HPLI: responses were seen a f t e r  u l t r a -  

f i l t r a t i o n .  L inea r  and r e p r o d u c i b l e  c a l i b r a t i o n  curves cou ld  be 
cons t ruc ted  from sp iked  standards over  a wide c o n c e n t r a t i o n  range 

f o r  a l l  b i o l o g i c a l  f l u i d s  examined (F igu re  2): 

r a t  plasma: y = 0.0184 + 0 . 0 1 3 4 ~ ~  1.0-50 u g h 1  ( r  = 0.9972) 

r a t  plasma: y = 0.0035 + 0 . 0 0 6 8 ~ ~  12.5-350 pg/ml ( r  = 0.9987) 

human plasma: y = 0.0310 + 0 . 3 8 7 0 ~ ~  0.07-1.4 u g h 1  (r  = 0.9996) 

human u r i n e :  y = 0,0125 + 0.0064x, 50-500 pg/ml ( r  = 0.9998) 

(Since t h e  amount o f  i n t e r n a l  s tandard  added v a r i e d  accord ing  t o  

t h e  concen t ra t i on  range examined, t h e  s lopes o f  t h e  above C a l i -  

b r a t i o n  curves a re  d i f f e r e n t . )  

HPLC a n a l y s i s  o f  d e r i v a t i z e d  samples i s o l a t e d  from 1.0 m l  

a l i q u o t s  o f  r a t  plasma f rom animals g iven a bo lus  i n j e c t i o n  o f  50 

mg/kg DHAC r e s u l t e d  i n  chromatograms s i m i l a r  t o  F i g u r e  3. The 

s e l e c t i v i t y  o f  t h e  d e r i v a t i z a t i o n  procedure and t h e  r e s u l t i n g  

s h i f t  o f  t h e  DHAC Xmax t o  264 nm min imized i n t e r f e r e n c e s  and 

a l lowed r e l i a b l e  peak i n t e g r a t i o n .  The l i m i t  o f  q u a n t i t a t i o n  was 

found t o  be about 50 ng/ml ( <  2 x 10-7 M) f o r  b o t h  human and r a t  
plasma us ing  1.0 m l  sp i ked  samples; t h e  l i m i t  o f  d e t e c t i o n  was 

about h a l f  t h i s  amount. A l i m i t  o f  d e t e c t i o n  was n o t  determined 

f o r  u r i n e  s ince  h i g h  concen t ra t i ons  o f  DHAC were a n t i c i p a t e d  and 

no i n t e r f e r e n c e s  were encountered i n  sample blanks. 

DISCUSSION 

HPLC was chosen as a method o f  a n a l y s i s  f o r  DHAC because o f  

t h e  p o t e n t i a l  problems t h a t  would have been encountered had t h e  

o t h e r  a p p l i c a b l e  a n a l y t i c a l  technique, gas chromatography, been 

employed. Nucleosides r e q u i r e  d e r i v a t i z a t i o n  f o r  vapor phase 

a n a l y s i s  (12). S i l y l a t i o n  i s  p robab ly  t h e  most w i d e l y  employed 

method t o  form v o l a t i l e  nuc leos ide  d e r i v a t i v e s  (13). However, 

s i l y l a t i o n  o f  DHAC r e s u l t s  i n  a t  l e a s t  p a r t i a l  a romat i za t i on  o f  

t h e  base t o  form t h e  cor respond ing  d e r i v a t i v e  o f  5-AC (14). 
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FIGURE 3. Representa t ive  HPLC Ana lys is  o f  DHAC i n  Rat Plasma. 
HPLC c o n d i t i o n s  a re  as descr ibed i n  Methods. A male 
Sprague-Dawley r a t  was i n t r a v e n o u s l y  admi n i  s te red  a 
s i n g l e  bo lus  50 mg/kg dose o f  DHAC. The animal was 
s a c r i f i c e d  63 min a f t e r  drug i n j e c t i o n  and t h e  plasma 
analyzed. 

Since 5-AC may be a m e t a b o l i t e  o f  DHAC (7), a method which does 

n o t  equ ivocab ly  d i f f e r e n t i a t e  between t h e  two compounds i s  r u l e d  

out. Permethy la t ion ,  an a l t e r n a t e  techn ique f o r  making v o l a t i l e  
d e r i v a t i v e s  o f  nuc leos ides ,  i s  n o t  s t r a i g h t f o r w a r d  w i t h  c y t i d i n e  

d e r i v a t i v e s  and g i ves  m u l t i p l e  p roduc ts  (15,16). T h i s  t o o  would 
be a problem s ince  adequate s e n s i t i v i t y  t o  de f i ne  plasma pharma- 

cok i  n e t i c s  comple te ly  i s  a concern. 
Determinat ion  o f  DHAC by HPLC appeared more promis ing  s i n c e  

many procedures f o r  nuc leos ide  a n a l y s i s  were a v a i l a b l e  (l7,18). 

However, problems s t i l l  ex i s ted .  One was t h e  i s o l a t i o n  and con- 
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1444 HUGUENIN, JAYARAM, AND KELLEY 

c e n t r a t i o n  o f  t h e  drug from a complex b i o l o g i c a l  m a t r i x  such as 

plasma or  u r i n e  where i t  was a t r a c e  component. A second problem 

i n v o l v e d  enhancing t h e  d e t e c t a b i l i t y  o f  DHAC s ince  i t  had a 

r e l a t i v e l y  low UV absorbance a t  a wavelength where i n t e r f e r e n c e s  
were common. Th is  meant c o n s i d e r a t i o n  had t o  be g i v e n  t o  d e r i v a -  
t i z a t i o n .  As w i l l  be seen, these  two problems were i n t e r r e l a t e d  

s ince  d e r i v a t i z a t i o n  was n o t  e f f i c i e n t  un less  t h e  DHAC was i s o -  

l a t e d  from t h e  b i o l o g i c a l  m a t r i x  i n  an anhydrous s ta te .  Thus i t  

was necessary t o  employ t h e  r a t h e r  ex tens i ve  i s o l a t i o n  procedure 

o u t l i n e d  i n  Scheme I .  
Removal o f  p r o t e i n s  and l i p i d s  from b i o l o g i c a l  samples i s  

essen t ia  

espec ia l  
case f o r  

k i n e t i c s  
by c e n t r  

t o  p r o t e c t  t h e  a n a l y t i c a l  column i n  reve rse  phase HPLC, 

y i f  l a r g e  sample volumes a re  t o  be i n j e c t e d ,  as i s  t h e  
t h e  numerous samples u s u a l l y  encountered i n  a pharmaco- 

study. We found u l t r a f i l t r a t i o n  o f  b i o l o g i c a l  samples 
f u g a t i o n  i n  a MPS-1 m i c r o p a r t i t i o n  system t o  be a r a p i d  

and s imp le  method o f  d e p r o t e i n i z a t i o n .  Recover ies o f  bo th  DHAC 

and t h e  i n t e r n a l  s tandard  f rom sp iked  plasma were a c t u a l l y  g r e a t e r  

than a f t e r  p r o t e i n  removal by methanol p r e c i p i t a t i o n .  Th is  i n d i -  
ca ted  plasma p r o t e i n  b i n d i n g  was minimal and u l t r a f i l t r a t i o n  cou ld  

be used r e l i a b l y .  Plasma u l t r a f i l t r a t e ,  however, was n o t  amenable 
t o  d i r e c t  chromatographic a n a l y s i s  w i t h o u t  f u r t h e r  cleanup. 

A two-s tep  column chromatography procedure was found t o  

be necessary t o  i s o l a t e  DHAC f rom t h e  remaining b i o l o g i c a l  m a t r i x  
so t h a t  i t  cou ld  be r e l i a b l y  d e r i v a t i z e d  and analyzed. A f f i n i t y  
chromatography us ing  an immob i l i zed  pheny lboron ic  ac id ,  which 
s e l e c t i v e l y  b inds  r i b o s i d e s  v i a  t h e  2' , 3 ' - c i s - d i o l  - moiety  was 

employed as t h e  f i r s t  step. Th is  procedure was a m o d i f i c a t i o n  o f  
t h a t  repo r ted  by Gehrke -- e t  a l .  f o r  t h e  i s o l a t i o n  o f  r i bonuc leo -  

s ides  from u r i n e  (18). Even though t h e  nuc leos ides  were e l u t e d  

from t h e  a f f i n i t y  column w i t h  0.1 N fo rmic  ac id ,  r e s i d u a l  ammonium 
ace ta te  from t h e  i n i t i a l  b u f f e r  was hard  t o  e l i m i n a t e  and h indered 

t h e  subsequent d e r i v a t i z a t i o n .  P a r t l y  f o r  t h i s  reason and p a r t l y  
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5,6-DIHYDRO-5-AZACYTIDINE 1445 

DHAC ISOLATION PROCEDURE 

Plasma (1 .O mi) 
1. add internal standard 
2. ultrafiltration 

1. adjust pH to 8.8 
2. affinity chromatography on 

boronate gel 
3. elute with 0.1 M HCOOH 

I 
Ultrafiltrate (0.5 ml) 

1. cation exchange chromatography 

2. elute with NH40H, pH 10 
(AG 50W-X8) 

1 
I 
I 

Eluate (10 ml) 

1. evaporate 
2. dry in vacuo 
3. derivatize 

Eluate (1 5 ml) 

HPLC Analysis 

because chromatographic i n t e r f e r e n c e s  s t i l l  e x i s t e d ,  a second s tep  
empl o y i  ng c a t i o n  exchange chromatography was employed. DHAC cou l  d 
be bound t o  t h e  c a t i o n  exchange r e s i n  a t  t h e  pH o f  t h e  a f f i n i t y  

column e luan t ,  so t h i s  s tep  f o l l o w e d  d i r e c t l y  i n  l i n e .  A f t e r  

e l u t i o n  w i t h  ammonium hydrox ide ,  evapora t ion ,  and d r y i n g  i n  vacuo, 

a sample w i th  no v i s i b l e  r e s i d u e  was obtained. Thus t h i s  two-s tep  

column chromatography sequence p r e f e r e n t i a l l y  i s o l a t e s  o n l y  those  
compounds t h a t  possess b o t h  - c i s - d i o l  and amino m o i e t i e s  l i k e  DHAC. 

D e r i v a t i z a t i o n  was employed b o t h  t o  enhance t h e  UV de tec ta -  
b i l i t y  o f  DHAC and t o  mod i f y  i t s  r e t e n t i o n  on a reve rse  phase 
column. Zemlicka and Holy r e p o r t e d  t h a t  t rea tmen t  o f  c y t i d i n e  

w i th  N,N-dimethylformamide d i e t h y l a c e t a l  (DMF-DEA) i n  d ime thy l -  
formamide under m i l d  c o n d i t i o n s  l e d  t o  t h e  N4-dimethylaminomethyl- 
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1446 HUGUENIN, JAYARAM, AND KELLEY 

ene d e r i v a t i v e  i n  h i g h  y i e l d  (19). Furthermore, t h e  Xmax o f  t h i s  

d e r i v a t i v e  was s h i f t e d  t o  h i g h e r  wavelength w i t h  a concomitant 

i nc rease  i n  e x t i n c t i o n  c o e f f i c i e n t .  More r e c e n t l y ,  t h i s  reagent 
was used t o  form N-dimethylaminomethylene a l k y l  e s t e r  d e r i v a t i v e s  

o f  amino a c i d s  f o r  GC and GC/MS s t u d i e s  (20). The f a c t  t h a t  DMF- 
DEA produced these d e r i v a t i v e s  i n  h i g h  y i e l d  on a m ic rosca le  

prompted i n v e s t i g a t i o n  o f  i t s  use f o r  DHAC q u a n t i t a t i o n .  DHAC 

cou ld  be conver ted  e a s i l y  t o  i t s  dimethylaminomethylene d e r i v a t i v e  
(DHAC-DMAM, F i g u r e  4) s imp ly  by r e a c t i o n  w i t h  DMF-DEA i n  p y r i d i n e  

and dimethyl formamide a t  room tempera ture  f o r  30 min. So lvent  and 

excess reagent were s imp ly  removed i n  vacuo. Reproduc ib le  d e r i v a -  

t i z a t i o n  r e q u i r e d  complete removal o f  a l l  reagents,  so b r i e f  heat -  
i n g  was employed t o  a s s i s t  i n  t h i s .  Some 2' ,3 ' -0-dimethylamino- 

methylene d e r i v a t i v e  i s  a l s o  formed d u r i n g  t h i s  r e a c t i o n ,  b u t  t h i s  
m a t e r i a l  i s  hydro lyzed t o  t h e  DHAC-DMAM d e r i v a t i v e  by t rea tmen t  
w i t h  pH 7.4 b o r a t e  b u f f e r  f o r  70 min  a t  50". Format ion o f  DHAC- 

DMAM was q u a n t i t a t i v e  on a m i l l i -  t o  mic romolar  sca le  w h i l e  

y i e l d s  o f  70% t o  80% were ob ta ined  w i t h  1-5 nanomoles (0.28 - 
1.4 ug),  r e s p e c t i v e l y .  Because o f  extended c o n j u g a t i o n  i n  t h e  

base, t h i s  d e r i v a t i v e  e x h i b i t e d  a s h i f t  i n  i t s  Xmax t o  264 
and a t h r e e - f o l d  i nc rease  i n  e x t e n t i o n  c o e f f i c i e n t  compared t o  

u n d e r i v a t i z e d  DHAC. Th is  enhanced IJV d e t e c t a b i l i t y ,  combined 

w i t h  b e t t e r  r e t e n t i o n  on a reverse  phase HPLC column, r e s u l t e d  
i n  good chromatographic s e n s i t i v i t y  and l a c k  o f  endogenous i n -  

t e r fe rences .  DHAC-DMAM was a l s o  q u i t e  s t a b l e  i n  aqueous so lu -  

t i o n ,  showing o n l y  5%, 15% and 24% decomposi t ion a f t e r  s to rage 
a t  5OC f o r  5, 17 and 32 days, r e s p e c t i v e l y .  Thus standards 
may be used f o r  severa l  days and sample a n a l y s i s  immedia te ly  

f o l l o w i n g  d e r i v a t i z a t i o n  i s  n o t  mandatory. 

An i d e a l  i n t e r n a l  s tandard  should compensate f o r  v a r i a t i o n s  

i n  b o t h  t h e  i s o l a t i o n  and d e r i v a t i z a t i o n  procedures, a c t  as a 
c a r r i e r  f o r  l ow  l e v e l s  of ana ly te ,  and have s i m i l a r  b u t  n o t  iden-  
t i c a l  chromatographic p r o p e r t i e s .  The cho ice  o f  t h e  proper  i n t e r -  

-- 
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HO OH 

DHAC 
max = 234; log E = 3.8 

CH3+H3 

N 

- N i H  1 
O.lm borate bufferHo 

pH 7.4 

50°, 70 min. 
HO OH 

DHAC-OM AM N 
CH: 'CH3 ,$,,ax=264; log f = 4.29 

FIGURE 4. Chromogenic D e r i v a t i z a t i o n  o f  DHAC. Complete r e a c t i o n  
c o n d i t i o n s  a r e  desc r ibed  i n  Methods. 

na l  s tandard  was e s p e c i a l l y  c r i t i c a l  f o r  t h i s  assay because o f  t h e  

c o n s t r a i n t s  b o t h  t h e  i s o l a t i o n  and d e r i v a t i z a t i o n  procedures p l a c e  

on such a compound. The i n t e r n a l  standard must b i n d  b o t h  t h e  phe- 

ny lbo rona te  ge l  and c a t i o n  exchange res in ,  have a p r imary  amino 
group t o  form t h e  DMAM d e r i v a t i v e ,  and possess chromatographic 

p r o p e r t i e s  s i m i l a r  t o  those of DHAC-DMAM. Many commerc ia l l y  
ava i  1 a b l e  r i  bosides w i t h  an exocycl  i c  amino group i n  t h e  ag lycon 

were tes ted ,  b u t  none proved comple te ly  s a t i s f a c t o r y .  Synthes is  
o f  5 ' - c h l  oro-5'-deoxy-5 ,fi-di hydro-5-azacy t id ine  (5'-C1 -DHAC, F i g -  

u r e  1 )  f i n a l l y  p rov ided an i n t e r n a l  standard t h a t  met a l l  o f  

t h e  above c r i t e r i a .  Th i s  compound cou ld  be reproduc i  b l y  i sol a ted  

from plasma and i t s  DMAM d e r i v a t i v e  formed i n  good y i e l d .  Fur -  

thermore, t h i s  d e r i v a t i v e  was r e t a i n e d  on a reve rse  phase column 
so t h a t  i t  e l u t e d  s h o r t l y  a f t e r  DHAC-DMAM (F igu re  3) and c o u l d  
l i k e w i s e  be mon i to red  a t  264 nm because i t  had e x a c t l y  t h e  same 

chromophore. 

A column c o n t a i n i n g  a h i g h  c a p a c i t y  o c t a d e c y l s i l a n e  s t a t i o n -  

a r y  phase t h a t  was f u l l y  capped, 5 pm Spher isorb  ODs-2, was found 

t o  g i v e  t h e  bes t  separa t i on  under i s o c r a t i c  cond i t i ons .  Th is  
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RAT PLASMA 

I I I I I *  
0 1 2 3 4 5 

TIME (hr) 

FIGURE 5. Plasma Pharmacokinet ics of a S i n g l e  50 mg/kg Dose o f  
DHAC i n  Male Sprague-Dawley Rats. Each p o i n t  rep re -  
sents  t h e  mean DHAC c o n c e n t r a t i o n  i n  3 or more animals. 
The b racke ts  about each p o i n t  s i g n i f y  t h e  range of 
measured DHAC concent ra t ions .  

column has a l s o  been repo r ted  t o  p rov ide  t h e  bes t  chromatographic 

separa t i ons  of  t h e  more common deoxy- and r i bonuc leos ides  and 

t h e i r  bases w h i l e  us ing  a pH 3.5 phosphate b u f f e r  mob i l e  phase 
(21). For t h i s  a n a l y s i s  a mob i l e  phase o f  0.050 M f o rm ic  a c i d  i n  
20% aceton i  tri l e / w a t e r  gave t h e  bes t  chromatography and r e s u l t e d  
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i n  k ' s  o f  2.6 and 4.8 f o r  t h e  DMAM d e r i v a t i v e s  o f  DHAC and 

5'-C1 -DHAC, r e s p e c t i v e l y .  
Th is  assay was a p p l i e d  t o  determine t h e  s i n g l e  dose plasma 

pharmacok ine t ics  o f  DHAC i n  r a t s  r e c e i v i n g  a dose (50 mg/kg) o f  
t h e  drug t h a t  would produce plasma concen t ra t i ons  e q u i v a l e n t  t o  
those  a n t i c i p a t e d  i n  humans. A t y p i c a l  chromatogram i s  shown i n  

F i g u r e  3. The DMAM d e r i v a t i v e s  o f  bo th  DHAC and t h e  5'-Cl-DHAC 

a re  c l e a r l y  d e f i n e d  w i t h  no obvious i n t e r f e r e n c e s .  For  maximum 
s e n s i t i v i t y ,  t h e  assay r e q u i r e s  a t  l e a s t  1.0 m l  o f  b i o l o g i c a l  

f l u i d .  Such a sample s i z e  presents  no problem f o r  humans, b u t  
f o r  260-300 g r a t s  where t h e  t o t a l  b lood volume i s  o n l y  a few 

m i  11 i 1 i t e r s  , s e r i  a1 sampl i ng o f  t h e  t y p e  necessary f o r  pharmaco- 
k i n e t i c s  would seve re l y  p e r t u r b  t h e  system. Therefore,  r a t s  o f  

s i m i l a r  age, sex and we igh t  were s a c r i f i c e d  a t  p resc r ibed  t imes  
a f t e r  a d m i n i s t r a t i o n  o f  DHAC 'and o n l y  a s i n g l e  sample was ob ta ined  

from each animal. The da ta  f rom these composite samples was then  
used t o  d e f i n e  t h e  plasma pharmacokinet ics.  

DHAC e x h i b i t s  b i p h a s i c  behav io r  i n  t h e  r a t  (F igu re  5). I t s  

plasma disappearance curve  i s  descr ibed by a two-compartment open 
model where t+(a) = 4.2 min and t + ( R )  = 61 min. 
F igu re  5 rep resen ts  m u l t i p l e  animals and t h e  e r r o r  ba r  rep resen ts  

t h e  range o f  concen t ra t i ons  f o r  these d i f f e r e n t  animals. No prob- 

lem was encountered i n  measur ing DHAC l e v e l s  4 h a f t e r  d rug  admin- 

i s t r a t i o n  s i n c e  plasma concen t ra t i ons  were w e l l  above t h e  l i m i t  of 
s e n s i t i v i t y  o f  t h e  assay. 

Each p o i n t  i n  

CONCLUSION 

The da ta  p resented  above show t h a t  t h i s  HPLC assay i s  s u i t -  

ab le  f o r  measuring DHAC concen t ra t i ons  i n  human p a t i e n t s .  T h i s  
method possesses s u f f i c i e n t  s e n s i t i v i t y  and s p e c i f i c i t y  t o  d e t e r -  

mine DHAC pharmacokinet ics,  even when t h e  drug i s  g i ven  as a 24-hr 

cont inuous  i n f u s i o n .  T h i s  i s  t h e  case f o r  our  Phase I c l i n i c a l  
t r i a l  where t h e  i n i t i a l  dose o f  DHAC w i l l  be 1000 mg/m2/day (42 
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.I6 
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5’-CI-DHAC 
(internal standard) 

111111111111111 
0 5 10 15 

TIME (rnin) 

F igu re  6. Representa t ive  HPLC Ana lys i s  o f  DHAC i n  Human Plasma. 
Chromatography c o n d i t i o n s  a re  as descr ibed i n  Methods. 
Normal human pl2sma was sp i ked  w i t h  DHAC and incubated  
f o r  3 h r  a t  37 . A 0.5 m l  a l i q u o t  o f  t h i s  plasma was 
d i l u t e d  t o  1.0 m l  w i t h  d i s t i l l e d  water and processed as 
i n d i c a t e d  i n  Methods. 

mg/mZ/hr). Based on e x t r a p o l a t i o n  f rom s i n g l e  dose pharmacoki - 
n e t i c s  i n  t h e  r a t ,  steady s t a t e  l e v e l s  o f  o n l y  a few pg/ml DHAC 

a r e  expected i n  humans a t  t h i s  e n t r y  l e v e l  dose. P o s t - i n f u s i o n  
plasma l e v e l s  whi ch w i  11 be used t o  determine pharmacoki n e t i  cs 
w i l l ,  o f  course, be much lower. F igu re  6, which shows t h e  ana ly -  

s i s  o f  DHAC i n  sp iked human plasma a f t e r  i n c u b a t i o n  a t  370 t o  
determine drug s t a b i l i t y ,  i n d i c a t e s  t h a t  t h e r e  are  no obvious 

i n t e r f e r e n c e s  f rom endogenous plasma components and t h a t  adequate 
s e n s i t i v i t y  does indeed e x i s t .  De te rm ina t ion  o f  DHAC d i s p o s i t i o n  
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and pharmacok ine t ics  i n  human p a t i e n t s  p a r t i c i p a t i n g  i n  a Phase I 
c l i n i c a l  t r i a l  i s  c u r r e n t l y  i n  progress  u s i n g  t h i s  assay. Thus, 

a sample p r e p a r a t i o n  method which combines t h e  s p e c i f i c i t y  o f  
a f f i n i t y  and i o n  exchange chromatography f o r  i s o l a t i o n  from t h e  
b i o l o g i c a l  m a t r i x  w i t h  t h e  enhanced s e n s i t i v i t y  o f  chromogenic 

d e r i v a t i z a t i o n  a l l o w s  t h e  reve rse  phase HPLC de te rm ina t ion  o f  DHAC 

i n  plasma and u r ine .  
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