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ABSTRACT 

Free ch lorpropham (CIPC) and i t s  m e t a b o l i t e s  (4 -hyd roxy  CIPC, 3 - c h l o r o a n i -  
1 i n e  and 3 - c h l o r o a c e t a n i l  i d e )  were separa ted  by  r e v e r s e  phase h i g h  p e r f o r -  
mance l i q u i d  chroniatography (H.P.L.C.) u s i n g  an i s o c r a t i c  procedure.  
The s e p a r a t i o n  was used t o  q u a n t i f y  t h e  me tabo l i sm o f  CIPC i n  r a t  hepato-  
cyt; incabation;. The f r e e  m e t a b o l i t e s  uere d i e t h y l e t h e r - e x t r a c t e d  a t  
pH 7.4. The s u i f a t e  and g l u c u r o n i d e  con juga tes  of 4(0H)CIPC were enzymat i -  
c a l l y  s p l i t  and t h e  ag lycone  de te rm ined  by  HPLC. Beside t h e  unmetabol ized 
CIPC which accounts f o r  33 % o f  t h e  dose, 4(0H)CIPC as ;he s u l f o c o n j u g a t e  
and g l u c u r o c o n j u g a t e  r e p r e s e n t s  35 % and 20 % r e s p e c t i v e l y ,  w h i l e  f r e e  
4(GH)CIPC accounts f o r  o n l y  3 %. About 10 % o f  t h e  CIPC i s  h y d r o l y t i c a l l y  
s p l i t  y i e l d i n g  3 - c h l o r o a n i l i n e  ( 2  %) which f u r t h e r  t rans fo rmed  i n t o  
3 - c h l o r o a c e t a n i l i d e  ( 5  X). 
I n  s p i t e  o f  t h e  g r e a t  s e n s i t i v i t y  o f  t h e  proposed method (0 .2  pg/ml 
i n c u b a t i o n  medium) n o  o t h e r  m e t a b o l i t e s  were reco rded .  T h i s  e x t r a c t i o n  
and s e p a r a t i o n  p rocedure  c o u l d  be a p p l i c a b l e  t o  f u t u r e  m e t a b o l i c  s t u d i e s  
i n  c e l l u l a r  i n c u b a t i o n  systems. 
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INTRODUCTION 

ALARY ET AL. 

The metabolic f a t e  of CIPC i n  animals h a s  been the  subjec t  of 
several  inves t iga t ions  ca r r i ed  out  i n  vivo in the  r a t  (1, 2,  3) using 
high doses of CIPC and TLC fo r  t he  determination of metabolites in urine 
samples. I n  these s tud ie s  a number of metabol i tes  were pos i t i ve ly  iden t i -  
f i e d  and o thers  specula t ive ly .  Inves t iga t ions  ca r r i ed  out w i t h  soybean 
p l an t s  t r ea t ed  with C I P C  showed the  presence of two arylhydroxylated meta- 
b o l i t e s  and a metabolite r e su l t i ng  from alkylhydroxylation was cha rac t e r i -  
zed in soybean p l an t  e x t r a c t s  ( 4 ) .  

This ana ly t i ca l  study was based upon HPLC determination in i so l a t ed  
hepatocytes. I n  the scope of a toxicological study r e l a t ed  to  the increase  
o f  CIPC t o x i c i t y ,  with the  conjugation process p a r t i a l l y  o r  completely 
inh ib i t ed  ( 5 ) .  

EXPERIMENTAL 

Reagents : 

All chemicals and so lvents  were ana ly t i ca l  grade reagents.  
Acetate buf fer  pH 5 : 5 ml of g l ac i a l  a c e t i c  acid were added t o  

about 90 ml of g l a s s - d i s t i l l e d  water and then brought t o  pH 5 by addi t ion  
of 1 M NaOH dropwise. 

Glucuronidase ( 2 C  U/mg) and a ry l su l f a t a se  ( 5  U/mg) were obtained 
from Boehringer ( r e f .  127680 a n d  102890 r e spec t ive ly ) .  Chlorpropham 
was purchased from Sigma a n d  3-chloroanil  ine from Iderck. 

The rneeaboli t es  willcil were not commercialy ava la ib l e  were synthesi-  
zed as  follows : 

. 3-chloro-4-hydroxyaniline was p r e p r e d  by reductinn o f  P-chloro- 
4-nitrophenol w i t h  stannous chloride.  Tin was prec ip i ta ted  a t  pH 1 .5  
by H25. Stannous and s tannic  su l f ides  were separated by cen t r i fuga t ion .  
The aqueous phase was brought t o  pH 7 and the 3-chloro-4-hydroxyaniline 
was ex t rac ted  with d ie thyl  e the r  a n d  r e c r i s t a l l i z e d  from chloroform 
(mp = 152" C ) .  

. 3-chloro-4-hydroxyaniline was ace ty la ted  w i t h  a stoechiometric 
amount of a c e t i c  anhydride t o  give 3-chloro-4-hydroxy-N-acetylanil ine 
(mp = 145" C ) .  
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CHLORPROPHAM AND ITS METABOLITES 3599 

. 3-chloro-N-acetanilide (mp = 79"  C )  was prepared by ace ty la t ion  
o f  3-chloroaniline a t  160" C using an excess o f  a c e t i c  anhydride. 

The isopropyl N-(3-chloro-4-hydroxyphenyl ) carbamate 4(0H)CIPC 
was synthesized by re f lux ing  3-chloro-4-hydroxyaniline (0.02 M )  and 
isopropyl chloroformiate (0.01 I!) in F mixture (200 ml) of anhydrous 
d i e thy le the r  and dichloromethane (1/1) a t  room temperature f o r  12 hours. 
The e x t r a c t s  were centrifuged a t  4000 r .p .m.  f o r  f i v e  minutes. The e t h e r  
phases were co l lec ted  and evaporated t o  dryness under a N2 flow. The 
res idues  were taken u p  with 1 ml o f  methanol and a 10 ill a l i quo t  was 
in j ec t ed  i n t o  the  H P L C .  

As t r aces  of d i e thy le the r  remaining in the aqueous phase i n h i b i t  
the  enzymatic process,  they need t o  be eliminated under PI2 flow. A s  
i so l a t ion  of conjugates i s  ncrmally hampered by the presence o f  l a rge  
amounts of na tu ra l ly  occurring compounds such a s  pro te ins  the  c e l l u l a r  
f r ac t ion  was cent r i fuged .  The supernatant a n d  the aqueous phase from 
the  ce l l  cen t r i fuga t ion  were then a jus ted  t o  pH 5 with 0 . 3  M HC1 dropwise 
a n d  0 .5  ml of ace t a t e  buf fer .  Two a l iquo t s  of 1 ml were then incubated 
with 6 -glucuronidase (200 p l )  a n d  a ry l su l f a t a se  (20  p l )  r e spec t ive ly  
a t  37" C f o r  24 hrs .  The incubations were ex t rac ted  twice with 10 ml 
of d i e thy le the r  a f t e r  a jus t ing  the  pH t o  7 w i t h  0.1 M NaOH dropwise. 
Then the  previously described procedure was used. 

RESULTS AND DISCUSSION 

Diethyle ther  was used a s  ex t r ac t an t  s ince  a l l  the compounds inves t i -  
gated were very so luble  in i t  and i t  i s  a so lvent  which i s  easy t o  evapo- 
r a t e  under N2 flow. In e f f e c t  previous experiments car r ied  out  i n  o rder  
t o  study the recovery of 3-chloroaniline had shown t h a t  f o r  complete 
recovery the e the ra l  phase must be evaporated a t  low temperature. The 
use o f  a water bath thermostated a t  55" C gives a recovery of only 15 %. 

Moreover i f  chromatograms a r e  recorded a t  240 nm no peak occurs when 
d ie thy le the r  i s  used as  the  ex t r ac t an t .  

A recovery study of several  metabolites of CIPC was ca r r i ed  out  
a t  d i f f e r e n t  pH values s ince  previous in vivo metabolism inves t iga t ions  
h a d  shown t h a t  CIPC i s  transformed i n t o  compounds with very d i f f e r e n t  
fonc t iona l  groups a r i s i n g  from OH r ing  subs t i t u t ion ,  oxidation of the  
es te ra lkylgr3up,  cleavage of the carbamate l inkage. 
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3600 ALARY ET AL. 

Superna tan t  f r a c t i o n s  f rom t h e  c o n t r o l  group ( w i t h o u t  CIPC) were 

sp i ked  w i t h  known amounts (100 pg )  o f  v a r i o u s  m e t a b o l i t e s  which were 

de te rm ined  u s i n g  t h e  d e s c r i b e d  procedure.  

Tab le  1 g i v e s  t h e  mean v a l u e  o f  r e c o v e r y  ove r  a wide range o f  

PH. 
The excess o f  3-chloro-4-hydroxyaniline was p r e c i p i t a t e d  under c h l o r h y d r a -  

t e  fo rm and then  e l i m i n a t e d  by  f i l t r a t i o n .  The o r g a n i c  phase was washed 

w i t h  0.1 M HC1 ; t h e n  evapora ted  t o  d ryness .  The p r o d u c t  had a m e l t i n g  

p o i n t  o f  90" C a f t e r  r e c r y s t a l l i z a t i o n  f r o m  ch lo ro fo rm-pe t ro leum s p i r i t .  

The i s o m e r i c  i s o p r o p y l  N-5(chloro-2-hydroxyphenyl) carbamate o r  P(0H)CIPC 

(mp = 122" C) was p repared  i n  t h e  same manner f rom 2 -hyd roxy -5 -ch lo roan i -  

l i n e .  

Fo r  each s y n t h e s i z e d  compound t h e  p u r i t y  was v e r i f i e d  by t h e  presen-  

ce o f  a s i n g l e  peak u s i n g  HPLC and t h e  co r respond ing  p r o d u c t  i d e n t i f i e d  

by  mass s p e c t r o m e t r y  ( V a r i a n  Mat 3311 A).  

I n s t r u m e n t a t i o n  : 

The l i q u i d  chromatograph c o n s i s t e d  of a Waters model 6000 A s o l v e n t  

d e l i v e r y  system equipped w i t h  an Uv ikon  722 LC d e t e c t o r  s e t  a t  240 nm. 

The s e n s i t i v i t y  was f i x e d  a t  0.1 AUFS f o r  t h e  ana lyses .  An a n a l y t i c a l  

r e v e r s e  phase ( 3 0  cm x 3.9 mm, 5 ym p a r t i c l e  s i z e )  C-18 column f rom 

Waters Assoc ia tes  was used f o r  a l l  ana lyses  c a r r i e d  o u t  a t  ambiant  tempe- 

r a t u r e .  C h a r t  speed 0.5 cm/mn. I n t e g r a t i o n  t i m e  1s. 
Two m o b i l e  phases were used : 

- E l u a n t  I c o n s i s t e d  o f  90 % methanol and 10 % wa te r  w i t h  a f i n a l  

pS o f  4 by d ropw ise  a d d i t i o n  o f  0.1 M HC1. I t was used a t  a f l o w  r a t e  

o f  0.8 ml /min.  

- E l u a n t  I1 c o n s i s t e d  o f  70 % methanol and 30 % wa te r ,  w i t h  2 
m l  o f  e thanolamine and 0 .5  M HC1 added d ropw ise  u n t i l  pH 7.8 E l u a n t  

I 1  was used a t  a f l o w  r a t e  o f  0.6 m l /m in .  

Procedure : 

I s o l a t i o n  o f  hepa tocy tes  f rom t h e  r a t  was per formed by  co l l agenase  p e r f u -  

s i o n  as p r e v i o u s l y  d e s c r i b e d  ( 6 ) .  I n c u b a t i o n s  were c a r r i e d  o u t  a t  37°C 
f o r  2 hou rs  u s i n g  10 m l  o f  c e l l  suspension (1.5 x 107 c e l l s )  i n  Hank 's  

b u f f e r  pH 7.4 and add ing  1 yM o f  C I P C  (213 pg C I P C  i n  25 p1 D M S O ) .  

C e l l s  were separa ted  f rom t h e  e x t r a c e l l u l a r  medium u s i n g  t h e  procedure 

d e s c r i b e d  by Schwenk (7) w i t h  a few m i n o r  m o d i f i c a t i o n s .  A f t e r  s e p a r a t i o n  

f rom t h e  superna tan t  t h e  c e l l s  were resuspended i n  5 m l  o f  wa te r  and 
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CHLORPROPHAM AND ITS METABOLITES 

pH 

1.0 
7.4 
13.0 

TABLE 1 

3-Chloroaniline 3-Chloro-4-hydroxy- 3-Chloro- CIPC 
aniline acetanilide 

3 i 2  0 95 i 5 l0Oi 5 
85 i 5 70 _+ 10 95 t 5 loo? 5 
95 i 5 0 90 t 5 lOOc 5 

3601 

Recovery ( r g )  as  a function of ex t r ac t ion  pH f o r  100 pg of each compound added. 

4(OH)C IPC 

90 c 5 
95 2 5 

sonicated f o r  15 s .  The supernatant and  hepatocyte suspension were separa- 
t e l y  ex t rac ted  twice w i t h  a 20 m l  volume of d i e thy le the r  a t  pH 7.4. 

Table 1 shows that-except f o r  amino compounds the recovery a t  
pH 7 . 4  can be considered as s a t i s f a c t o r y  s ince  the percentages a r e  o f  

the same order  of magnitude as  those which a re  genera l ly  obtained using 
ex t r ac t ion  procedures. I t  can be expected t h a t  the  s l i g h t  d i f f e rence  
between complete recovery a n d  the values reported in Table 1 a r e  due 
t o  the  sum of the experimental e r r o r s .  On the o ther  hand f o r  amine deriva- 
t i v e s  the  recovery i s  not complete a t  pH 7.4. Further recovery t e s t s  
w i t h  real  samples showed t h a t ,  e spec ia l ly  in ac id i c  medium (pH = l ) ,  
about 50 % of the s u l f a t e  e s t e r  of 4(0H)CIPC i s  s p l i t  hydro ly t i ca l ly  
giving erroneous r e s u l t s  when the f r e e  4(0H)CIPC i s  determined. Therefore 
a compromise might be found between the introduction of a cor rec t ive  
f a c t o r  f o r  the quan t i f i ca t ion  o f  amino compounds a n d  the use of mul t ip le  
ex t r ac t ions  a t  d i f f e r e n t  pH values giving a more complicated and time- 
consuming procedure. T h u s  ex t rac t ion  i n  neutral  medium was adopted f o r  
a l l  the ana lyses .  
Although the molar absorption was a b o u t  two-fold higher a t  210 nm t h a n  
a t  240 n m  f o r  a l l  compounds inves t iga ted ,  t h i s  l a t t e r  wavelength was 
chosen as the  biological medium i s  complex and a t  210 nm several  peaks 
occur which a re  a l s o  present i n  chromatograms from control incubations 
w i t h o u t  any CIPC added. 

Separation of CIPC and metabolites was achieved by performing 
optimization of so lvent  s t r eng th  and s e l e c t i v i t y  by t e s t ing  several  
sol vent mixtures.  
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3-Chloro-4(0H)ani 7 i ne  
3-Chloro-4(0H)acetani 1 ide 
4( OH ) C I PC 

ALARY ET AL. 

2.80 
3.14 
3.36 

Using a 5 ym C-18 column and e luan t  I pH 7.8 a t  a flow r a t e  o f  

0.8 ml/min. gives a good separa t ion  of C I P C ,  4(0H)CIPC and 3-chloroaceta- 
n i l i d e  with acceptable r e t en t ion  volumes. B u t  in these  conditions 3- 
ch loroani l ine  i s  not separated from the 4(0H)CIPC. Fortunately the  3- 
ch loroani l ine  peak can be displaced by modifying the  pH value o f  the  
e luan t  I .  Descreasing the  pti t o  4 ,  c lose  t o  the  pK of 3-chloroaniline 
( p K  = 3.46) ,  leads t o  p a r t i a l  protonation and delays the  peak occurrence. 
In these l a t t e r  conditions most of the compounds a r e  co r rec t ly  separated 
except t he  4(0H)CIPC peak which overlaps t h a t  of 3-chloro-4(0H)acetani- 
l i d e .  Moreover a t  pH 4 the molar absorption of 3-chloro-4(0H)aniline 
i s  low. Increasing the water content o f  the e luan t  improves separation 
o f  the two phenolic compounds a l so  using e luan t  I1 a t  pH 7 .8  enhances 
the peak height o f  3-chloro-4(0H)aniline.  Table I 1  gives the re ten t ion  
volumes and capac i ty  f a c t o r  of  CIPC and i t s  metabol i tes  us ing  the  two 
proposed mobile phases. For the  determination of K '  column void volume 
was determined by the in j ec t ion  of sodium n i t r a t e  ( 8 ) .  
Fig. 1 shows typica l  chromatogram shapes of f r e e  metabolites.  Af te r  
enzymatic hydrolysis the chromatogram i s  given in Fig. 2 .  Each peak 

TABLE 2 

Retention Volumes a n d  Capacity Factor. 

Re t e n t i  on 
volume 

COMPOUND 

I m1 
K' 

0.13 
0.23 
0.31 
0.56 
0.81 
0.44 
0.63 

Mobile phase I 1  pH 7.8 
f l o w  r a t e  0.6 ml/min 

Retenti on 
volume K '  . 

2.88 
4.08 
4.44 

11.52 
4.68 
4.92 

0.14 
0.62 
0.76 
3.60 
0.86 
0.95 
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CHLORPROPHAM AND ITS METABOLITES 

COMPOUND 

CIPC (unmetabolised) 
4(0H)CIPC (free) 
3-Chloroacetani 1 i de 
3-Chloroaniline 
4JOH)CIPC (sulfate ester) 
4( 0H)CIPC (91 ucuronide) 
3-Chloro-4( 0H)anil ine 
3-Chloro-4( 0H)acetani 1 ide 
2 ( OH) C IPC 

3603 

EXTRACELLULAR (pg)  I INTRACELLULAR (pg 

40 f 10 26 c 5 
12 2 2 8 t 4  
10 t- 2 3 i l  

2 . 5  t 1 0 
70 ? 10 0 
30 i 10 0 
0 0 
0 0 
0 0 

3 
A 3 8 

min 8 6 4 2 0 8 6 4 2 

Figure 1 : Free metabolite assay (Mobile phase I 0.8 ml/rnin.) 
Mixture of standards (A) 
1 : 4(0H)CIPC, 2 : 3-chloroacetanilide, 3 : 2(0H)CIPC, 
4 : CIPC, 5 : 3-chloroaniline. 
Extracellular Fraction (6) 
1 : 4(0H)CIPC, 2 : 3-chloroacetanilide, 4 : CIPC, 5 : 3-shloro- 
aniline, 6 : Tris. 
Intracellular Fraction (C) 
1 : 4(OH)CIPC, 2 : 3-chloroacetanilide, 4 : CIPC, 6 : Tris. 

TABLE 3 

Metabolite Profile of CIPC (1 V M )  following Incubation with Isolated 
Rat Hepatocytes ( 2  hrs). 
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3604 ALARY ET AL. 

2 

A 

rnin 4 2 

B 

6 5 

L 

6 4 2 

4 

- 
C 

6 4 1 

F i g u r e  2 : Conjugate assay (Mob i l e  phase 11 0.6 m l / m i n . )  
M i x t u r e  o f  s tandards  ( A )  

1 : 4 ( 0 H ) 3 - c h l o r o a n i l i n e ,  2 : 4(0H)3-chloroacetanilide, 
3 : 4(0H)CIPC, 4 : Z(0H)CIPC. 

Conjugate sample ( 6 )  
2 : Exogeneous peak, 3 :  4(0H)CIPC. 

was i s o l a t e d  and t h e  f o n c t i o n n a l  group o f  t h e  co r respond ing  compound 

q u a l i t a t i v e l y  c h a r a c t e r i z e d  : t h e  p h e n o l i c  f o n c t i o n  u s i n g  Fol i n - C i o c a l t e u  

( 9 )  reagen t  and t h e  amino group by  t h e  y e l l o w  c o l o r  g i v e n  a f t e r  add ing  

dimethylaminobenzaldehyde r e a g e n t .  Moreover each compound was c h a r a c t e r i -  

zed by  Mass Spectrometry .  Table 3 g i v e s  t h e  mean va lue  o f  t h e  amounts 

found  f o r  f o u r  r e p l i c a t a  i n c u b a t i o n s  w i t h  1 YM o f  C I P C  added. 

Table 3 shows t h a t  t h e  s u l f a t e  e s t e r  o f  4(OH)CIPC was t h e  predominant  

m e t a b o l i t e  a c c o u n t i n g  f o r  t w o - t h i r d s  o f  t h e  c o n j u g a t e  4(0H)CIPC. However 

t h e  g l u c u r o n i c  a c i d  c o n j u g a t e  was a l s o  o f  impor tance.  Unchanged C I P C  

accoun ts  f o r  abou t  one t h i r d  o f  t h e  dose, t h i s  f a c t  which does n o t  c o n f i r m  

t h e  e a r l i e r  i n  v i v o  exper imen ts  (1, 2 )  can be e x p l a i n e d  by  t h e  l a r g e  

d i f f e r e n c e  i n  t h e  dose t e s t e d  and e s p e c i a l l y  i n  exper imen ta l  d u r a t i o n  
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( 2  h r s  i n s t e a d  o f  24 o r  48 h r s ) .  None o f  t h e  peaks reco rded  f o r  f r e e  

o r  con juga ted  m e t a b o l i t e s  c o i n c i d e d  w i t h  P(0H)CIPC. Th is  f a c t  i s  i n  

agrement w i t h  t h e  i n  v i v o  r e s u l t s  o f  Bobik  ( 2 )  f o r  ch lorpropham and 

those  o f  Paulson (10) f o r  propham. 

The f a c t  t h a t  no unknown peak i s  reco rded  and t h e  s a t i s f a c t o r y  t o t a l  

o b t a i n e d  w i t h  c h a r a c t e r i z e d  compounds r u l e s  o u t  t h e  presence o f  o t h e r  

m e t a b o l i t e s  a t  s i g n i f i c a n t  l e v e l s .  The re fo re  t h e  absence o f  hyd roxy  

d e r i v a t i v e s  o f  t h e  a l k y l  c h a i n  i s  t o  be expected i n  o u r  exper imen ta l  

c o n d i t i o n s .  Approx ima te l y  10 % o f  t h e  me tabo l i sm o f  ch lorpropham i n v o l v e d  

c leavage o f  t h e  carbamate s i d e  c h a i n  g i v i n g  3 - c h l o r o a n i l i n e  which i s  

f u r t h e r  PI -acety la ted,  b u t  h y d r o x y l a t i o n  o f  t hese  two m e t a b o l i t e s  d i d  

n o t  o c c u r  i n  o u r  exper imen ts  w i t h  C I P C  added. 

However f u r t h e r  i n v e s t i g a t i o n  c a r r i e d  o u t  i n  t h e  same exper imen ta l  cond i -  

t i o n s  w i t h  3 - c h l o r o a n i l i n e  (0.15 JIM) showed t h a t  microamounts o f  3- 

ch lo ro -4 (0H)ace tan i  T ide under  g l u c u r o n i d e  con juga ted  fo rm and 4-aminophe- 

n y l  s u l f a t e  e s t e r  a r e  formed a f t e r  2 h r s  o f  i n c u b a t i o n .  When 4(0H)CIPC 

(0 .5  ~111) was added t o  t h e  i n c u b a t i o n  medium f o r  2 h r s ,  o n l y  t h e  conjuga-  

t i o n  process occu rs  w i t h o u t  any s i d e  c h a i n  c leavage .  Th is  f a c t  proves 

t h a t  t h e  c o n j u g a t e  forms,  o f  3 - c h l o r o - 4 ( 0 H ) a n i l i n e  and 

3-chloro-4(0H)acetanilide found i n  i n  v i v o  s t u d i e s  c a r r i e d  o u t  w i t h  

C I P C  (1)  r e s u l t  f r o m  h y d r o x y l a t i o n  o f  3 - c h l o r o a n i l i n e  and of 

3 - c h l o r o a c e t a n i l i d e  r a t h e r  than  f rom t h e  h y d r o l y s i s  o f  t he  s i d e  c h a i n  

Table 3 shows t h a t  t h e  c e l l u l a r  f r a c t i o n  r e t a i n s  t h e  unmetabol ized h e r b i -  

c i d e  a g r e a t  dea l  l o n g e r  than  t h e  o t h e r  compounds, t h i s  f a c t  can he 

connected w i t h  t o x i c o l o g i c a l  p r o p e r t i e s  and a s t u d y  i s  b e i n g  c a r r i e d  

o u t  t o  e v a l u a t e  t h e  t o x i c o l o g i c a l  p r o p e r t i e s  and t h e  f a t e  o f  t h e  C I P C  

m e t a b o l i t e s  u s i n g  i s o l a t e d  hepa tocy tes  and t h e  proposed HPLC procedure.  

Based upon r e c o v e r y  o f  sp i ked  samples and r e p l i c a t a  d e t e r m i n a t i o n s  on 

r e a l  i n c u b a t i o n s ,  t h e  proposed methodology can be cons ide red  as s imp le  

r e l i a b l e ,  s e n s i t i v e ,  and w e l l  adapted t o  i n  v i t r o  metabol ism i n v e s t i g a -  

t i o n s  w i t h  i s o l a t e d  c e l l s  o r  c e l l  c u l t u r e s .  

o f  4( OH )C I PC . 
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