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DRUG OXIDATOR PHENOTYPING BY 
LIQUID CHROMATOGRAPHY: 

A REVIEW 

K. R ~ N A  AND B. GACHALYI 
Postgraduate Medical School 

I .  Departmerit o f  Medicirie 
H-1389 Birdapest 
P f .  1 1  2, Hirrigary 

ABSTRACT 

The oxidation polymorphism has been identified as 
one of the major factors responsible €or interindivi- 
dual variations in the metabolism of some drugs. The 
best known examples of this phenomenon are the hyd- 
roxilation of debrisoquine and mephenytoin. Poor and 
extensive metabolizers (oxidation phenotypes) can be 
separated by measuring the ratio of mother drugs to 
hydroxy metabolites in the biological fluid after an 
oral dose of the druy. 

This review surveys the current knowledge of high- 
performance liquid chromatographic methods used in the 
oxidation phenotyping, most attention being paid to the 
debrisoquine 4-hydroxylation polymorphism. 
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1112 

Introduction 

RONA AND GACHALYI 

Since the synthesis and operation of drug metabo- 
lizing enzymes - similarly to other proteins of the 
organism - is under genetic control (genotype) the 
"individual" manifestations of drua effects besides 
the environmental effects can be explained by the 
discrepant nature of genetic endowments. In this way 
it is understandbadle that the metabolism of numerous 
xenobiotics showing polymorphism that is a given popu- 
lation metabolizes the studied preparation not uni- 
formly but polymorphically. Generally three pharmaco- 
genetic phenotypes can be distinguished: an intensi- 
vely metabolizing, a weakly metabolizing (which in 
extreme cases demonstrates a total lack of metaboli- 
zing capacity) and an intermediate phenotype ( 1  ) . 

The compounds reaching the organism are biotrans- 
formed in two phases. In the first phase the xenobio- 
tics are subjected to one or two oxidations, reduc- 
tions and hydrolysis in the second phase in the course 
of the so-called conjugation the either the xenobiotic 
compounds or the oxidative metabolites are connected 
with an endogenous molecule (acetic acid, glucuronic 
acid etc.). Both metabolizing phases are genetically 
determined so in both biotransformation phases such a 
metabolizing step can be found (that is enzyme reac- 
tion) which in the case of administering certain 
pharmaceuticals (that is substrates) demonsrates ~ o l y -  
morphism in the studied population. The two most 
frequent and most important from a practical aspect is 
pharmacogenetic phenotype is the "poor/extensive" oxi- 
dator and "slow/fast" acetilator. 

The oxidator type on the first phase of drug 
metabolism and the acetilator type gives information on 
the second phase with respect to its faultless or 
faulty nature ( 1 ) .  
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DRUG OXIDATOR PHENOTYPING 1113 

I n  t h i s  paper  t h e  most impor t an t  o x i d a t o r  pheno- 
type  w i l l  be  d i s c u s s e d  and t h e  a n a l y t i c s  o f  d e b r i s o -  
qu ine  and i t s  4-hydroxy m e t a b o l i t e  w i l l  b e  d i s c u s s e d .  

The polymorphism o f  microsomal  o x i g e n a s e s  of 

he t e rogenous  f u n c t i o n s  

An i n c r e a s i n g  number o f  d a t a  r e v e a l  t h a t  t h e  r a t e  
of  one p a r t  of o x i d a t i v e  p r o c e s s e s  go ing  i n t o  e f f e c t  i n  
t h e  organism is  de te rmined  by g e n e t i c  f a c t o r s  ( 2 ,  3 ) .  

More r e c e n t l y  newer polymorphisms have  been  i d e n t i f i e d  
and t h e i r  occu r rence  i s  connec ted  w i t h  t h e  cP-450 
enzyme sys tem.  

A major  p e r c e n t  o f  t h e  s t u d i e d  p o p u l a t i o n s  is  
unable  t o  c a r r y  out o x i d a t i o n  a t  t h e  a p p r o p r i a t e  ra te .  
These are  c a l l e d  weak ( p o o r )  m e t a b o l i z e r s .  I t  h a s  been 
?roved t h a t  i n  t h e  c a s e  of weak m e t a b o l i z e r s  what i s  
e n t a i l e d  is  t h a t  one  isoenzyme o f  cP-450 i s  mis s ing  o r  
i s  d e b i l i t a t e d  and it h a s  changed s t r u c t u r a l l y  ( 5 ) .  

Recent  i n v e s t i g a t i o n s  have  v e r i f i e d  t h a t  a g e n e t i -  
c a l l y  de te rmined  d i s t u r b a n c e  (of polymorph k i n d )  d u r i n g  
a monogenet ic  c o n t r o l ,  can  b e  demons t r a t ed  i n  t h e  o x i -  
d a t i v e  metabol ism of  numerous d r u g s .  The metabol ism of  

t h e s e  d rugs  is de te rmined  by two a l l e l e s  on t h e  same 
gene l o c u s .  The weak m e t a b o l i z e r s  a r e  homozygotes i n  
r e l a t i o n  t o  an  au tosomal  r e c e s s i v e l y  i n h e r i t e d  gene .  
The metabol ism of d e b r i s o q u i n e ,  s p a r t e i n , p h e n a c e t i n ,  
nephenyto in ,  n i f e d i p i r i ,  t o l b u t a m i d c ,  a n t i p i r i n e ,  teo- 
f i l l i n ,  phenyto in  was under  t h e  c o n t r o l  of monogene cP- 

450 isoenzymes. Th? metabol ism of  t h e  l i s t e d  compounds 
goes i n t o  e f f e c t  i ndependen t ly  from e a c h  o t h e r  o r  on 
d e v i a t i n g  cP-450 sub type  ( 3 ) .  

The l i s t e d  compounds c a n  b e  c o n s i d e r e d  as  t e s t  m a -  
t e r i a l s  and of t h e s e  d e b r i s o q u i n e  i s  o u t s t a n d i n g .  Know- 
ledge  of  t h e  metabol isms g i v e n  i s  o f  c l i n i c a l  s i g n i f i -  
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1114 RONA AND GACHALYI 

cance i n  t h a t  t h e  ra te  of  decomposi t ion  of 
c l o s e l y  c o r r e l a t e d  w i t h  t h e  b i o t r a n s f o r m a t  

(6). 

d r u g s  i s  
on speed 

Polymorphism o f  d e b r i s o q u i n e  and 

s p a r t e i n  metabol ism 

The r e c o g n i t i o n  of  polymorphism w a s  t h e  work of  
two r e s e a r c h  g roups .  Eichelbaum and coworkers  ( 7 )  w i t h  
r e s p e c t  t o  S p a r t e i n  and Smith e t  a1 ( 8 )  confirmed i n  
r e l a t i o n  t o  d e b r i s o q u i n e  t h a t  6-10  % of  t h e  w h i t e  po- 
p u l a t i o n  of Europe w a s  unab le  t o  degrade  t h e  compounds 
a t  a p p r o p r i a t e  ra te .  I n  t h i s  case a l s o  t w o  a l le les  on 
one l o c u s  de te rmine  t h e  speed  of metabol i sm ( 9 ) .  The 

slow metabo l i z ing  phenotypes  are homozygotes wi th  res- 
p e c t  t o  mitosomal r e c e s s i v e  a l l e l e s  w h i l e  t h e  e f f e c -  
t i v e  m e t a b o l i z e r s  can be  h e t e r o -  o r  homozygotes when 
c o n s i d e r i n g  t h e  dominant a l l e l e .  

I n h e r i t a n c e  i s  of t h e  au tosomal  recessive k i n d .  
I n  t h e  wh i t e  p o p u l a t i o n  t h e  decomposi t ion  of  t h e  two 
compounds o c c u r s  on t h e  same cP-450 isoenzyme. 

Major e t h n i c  d i f f e r e n c e s  may be d e t e c t e d  i n  t h e  
speed of hydroxy la t ion  of  d e b r i s o q u i n e .  The i n c i d e n c e  

of weak m e t a b o l i z e r s  is 1 % i n  E g y p t i a n s ,  5-8 % i n  
N ige r i ans  and Europeans,  w h i l e  it i s  3 0  % i n  Chinese  

( 2 9 ) .  

The c l i n i c a l  impor tance  of t h e  n e t a b o l i z e r  r1leiio- 
t y p e  of debr i soquine  is  t h a t  t h e  ra te  of  decomposi t ion  
o f  numerous cormonly a p p l i e d  d r u g s  shows a close corre- 
l a t i o n  wi th  deb r i soqu ine  h y d r o x y l a t i o n  speed .  The d r u q s  

of ca rd iovascu la r  e f f e c t  ( c a p t o p r i l ,  e n k a i d i n ,  p e r h e x i -  
l i n ,  guanoxan) belong h e r e ,  t h e  t r i c y c l i c  a n t i d e p r e s -  
s a n t s ( a m i t r i p t i l i n ,  des ip ramin ,  imiprarnin, c l o n i p r a m i n  
n o t r i p t i l i n )  be t a - r ecep to r  i n h i b i t o r s  ( a l p r e n o l o l ,  bu- 
f a r a l o l ,  me tap ro lo l ,  p r o p r a n o l o l ,  t i m o l o l )  and o t h e r  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DRUG OXIDATOR PHENOTYPING 1115 

types of drugs (D penicillinamin, 4-methoxyemphetamicI 
phenacetin, phenformin) ( 3 )  . 

In weak metabolizers the listed drugs given in the 
usual dosage may cause serious side-effects. 

Newer investigations have proved that in contrast 
with our knowledge so far, the metabolism of diphenyl- 
hydantoin does not depend on the debrisoquine pheno- 

type. 

Analytics of Debrisoquine and 4-OH metabolites 
from a biological medium 

Among the drugs showing polymorphism in the oxi- 
dation (hydroxylation) metabolizing step, the most im- 
portant is the polymorphism of the 4-hydroxylation. 
Following oral burdening with 1 0  mg debrisoquine, two 
phenotypes could be distinguished by determining in 
urine at 0-8h interval , the eliminated debrisoquine 
(D) 4-hydroxydebrisoquine (HD) ratio , the so-called me- 
tabolization rate (MR). If MR < 12.6  we refer to ex- 
tensive metabolizers (EM) , if MR > 1 2 . 6  then we speak 
of poor metabolizers (PM). Thus €or a quantitative 
description of debrisoquine 4-hydroxylation the D and 
HD have to be determined next to each other. 

In the analysis made from the D and HD biological 
medium it is a problem that the original compound is a 
strong base (of pKa approaching 12.5)  and can be ex- 
tracted with solvents, if the watery medium is pH 7 1 2  

then the highly polar HD cannot be extracted or very 
inadequately under the mentioned conditions ( 1  1 ) . 

This problem was solved earlier (between 1975-  

1977)  with analytical procedures which used gas-liquid 
chromatography (GC) with preparation of derivates. 
Allen et a1 ( 1  1 )  proved with mass and NMR spectroscopy 
that amidino groups of D and HD is an acetylacetone 
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1116 RONA AND GACHALYI 

NH2 

OH 

NHZ 

debrisoquine /D/ 4-OH-debrisoquine /HD/ 

Pig. 1 The main metabolization path of debrisoquine 

3 

0 0 
II I1 CH30H 

m N - i H N H 2  + CH 3 -c-CH2-C-CH3 
base 

Fig. 2 Derivatization of debrisoquine with 
acetylacetone 

alkaline methanol medium at 50 OC are converted to the 
.j ,6-dimethyl pyrimidine ring (Fig. 2 )  . 

The 2 - (4 , I , -u imet i iq . l - l -pyr i i r i i c ly l )  - 1 ,Z , 3 , 4  - 
tetrahydroisoquinoline recovered from urine could be 
well extracted with chloroform. Erdtmansky and Goehl 
carried out besides the D, the determination of drugs 
containing other monosubstituted guanido groups from a 
biological medium ( 1 2 ) .  They carried out ring closure 
of 4,6-dimethylpyrimidine at 100 C with hexafluoro- 
acetylacetone in two hours. Tucker et a1 (13) likewise 
used acetylacetone for D and HD "in situ" derivatiza- 
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DRUG OXIDATOR PHENOTYPING 1117  

t i o n .  The py r imid ines  formed were e x t r a c t e d  w i t h  e t h e r  
and f o l l o w i n g  h y d r o c h l o r i c  a c i d  r e s o l u t i o n  and by 
s e t t i n g  t h e  pH t o  a l k a l i n e ,  t h e  f i n a l  e x t r a c t i o n  w i t h  
carbon d i s u l p h i d e  gave  t h e  d e r i v a t e s .  As w e  mentioned 
they  a l so  used G C .  T h e i r  method e s s e n t i a l l y  w a s  s u i -  
t a b l e  f o r  d e t e r m i n a t i o n  n o t  o n l y  from u r i n e  b u t  from 
sa l iva  and b lood .  Q u a n t i f i c a t i o n  w a s  carried o u t  w i t h  

t h e  h e l p  of guanoxan (GI i n t e r n a l  s t a n d a r d  which g i v e s  
t h e  4 ,6 -d ime thy lpyr id ine  enclosure r i n g  w i t h  a c e t y l a c e -  
t o n e  and t h e  a e r i v a t e s  behave i n  t h e  same way chroma- 

t o g r a p h i c a l l y  and  c h e m i c a l l y ,  as D and HD. 

The most impor t an t  f e a t u r e s  of  t h e  GC method are 

L iqu id  chromatography (HPLC) t h e  D i H D  t h e  so-cal- 
i e d  m e t a b o l i z a t i o n  ra te  d e t e r m i n a t i o n  a n a l y t i c s  made a 
break  through i n  1986. S t u d i e s  of pharmacogenet ic  po- 

p u l a t i o n s  e n t a i l i n g  huge numbers r e q u i r e d  methods 
which were qu ick  cheap  and undemanding e s p e c i a l l y  w i t h  
r e s p e c t  t o  p r e p a r a t i o n  of samples .  Westwood e t  a1 ( 1 4 )  
f i l t e r e d  t h e  u r i n e  samples  on one m i l l i p o r e  ( 0 . 2 2  km) 

and t h e  f i l t r a t e  w a s  i n j e c t e d  i n t o  t h e  l i g u i d  chroma- 
tog raph .  I n t e r n a l  s t a n d a r d s  were n o t  used .  The s e p a r a -  
t i o n s  were c a r r i e d  o u t  and UV d e t e c t i o n ,  w i t h  reverse-. 
phase chromatography.  The l i m i t s  of bo th  materials 
were g i v e n  i n  0.1 ug/ml. The d e t e r m i n a t i o n s  of t h e  
day-to-day c o e f f i c i e n t  of v a r i a t i o n  ( c . v . )  w a s  below 
1 0  %. The c o n d i t i o n s  of  t h e  l i q u i d  chromatography a r e  
g iven  i n  Table  2 .  Har r i son  e t  a1 (15)  found t h e  r eco -  
very  of D and HD from u r i n e  w i t h  t h e  u s e  of s h o r t  
columns ( 3  m l  s i z e )  of s i l i c a  modi f ied  w i t h  c a r b o x y l i c  
a c i d  i o n  exchange f u n c t i o n a l  groups  (CBA Bond-ElutTM) . 
The mean recovery  from u r i n e  (n=6)  t o  be 86.9+1.7 % f o r  
D and 76.4+1.7 % f o r  HD a t  a c o n c e n t r a t i o n  of 5 pg/ml. 

The l i m i t s  of t h e  resul ts  were 0 . 2  Wg/ml f o r  D and  0 .1  

ug/ml for  HD. The day-to-day c o e f f i c i e n t s  of  v a r i a t i o n  

shown i n  Tab le  1 .  
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1120 RONA AND GACHALYI 

Precolumn P r ecolumn 

switching valve 
Pump 8 inject ion 

valve woste waste 
analytical analytical 
column column 

F i g .  3 Column - s w i t c h i n g  sys tem f o r  t h e  a n a l y s i s  of  D 

and HD i n  u r i n e  by S i e s t  and coworkers  

a p p l i e d  i n  r eve r se -phase  chromatography (Table  2 )  of  
2 . 0  % and 2 . 3  % f o r  D and HD r e s p e c t i v e l y ,  i r r e s p e c t i v e  
of  whether t h i s  method d i d  n o t  u s e  an  i n t e r n a l  s t a n d a r d ,  
can be regarded  as good. R6na e t  a1 ( 1 6 )  f o r  o b t a i n i n g  
recovery samples used i n  s i t u  a c e t y l a c e t o n e  d e r i v a t i -  
z a t i o n  (11 ,  13)  which h a s  been proven s u i t a b l e  i n  GC. 

A l s o  used G i n t e r n a l  s t a n d a r d .  Derivates from u r i n e  
were ob ta ined  on E x t r e l u t  column w i t h  doub le  d i e t h y l  
e t h e r  e x t r a c t i o n .  In  t h e i r  r eve r se -phase  chromatography 
a b u f f e r  was n o t  used i n  t h e  e l u t i o n  (Tab le  2 ) .  I n  t h e  
sample a n a l y s e s  t h e  chromatographic  peak homogenici ty  
w a s  checked w i t h  UV spec t roscopy  by u s i n g  d i o d e  a r r a y  
d e t e c t o r .  They found 0 .1  fig D and H D / m l  of u r i n e  as t h e  
l i m i t  v a l u e s .  T h e i r  method w a s  t h e  day-to-day c o e f f i -  
c i e n t s  of v a r i a t i o n  of t h e  s l o p e  o f  t h e  c a l i b r a t i o n  
cu rve  which gave 6.59 % f o r  D and 4 . 5 6  % f o r  HD ( n = 5 ) .  
S i e s t  and coworkers  ( 1 7 )  have  proposed a new p rocedure  
based  on direct  i n j e c t i o n  o f  u r i n e  samples  o n t o  t h e  
HPLC system u s i n g  a precolumn s w i t c h i n g  method ( F i g .  

3 ) .  
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DRUG OXIDATOR PHENOTYPING 1121 

They i n j e c t e d  t h e  u r i n e  samples  onto a precolumn 
dry-packed wi th  L i c h r o s o r b  CN (30 x 4 mm I.D., 1C bm) an2 
f l u s h e d  a t  a f low ra te  of 0 . 5  ml/min w i t h  8mM phosphate  

b u f f e r  (pH 5 )  c o n t a i n i n g  5 % v /v  a c e t o n i t r i l e  ( F i g .  3 a 
sample c l ean -up) .  Then 3 min a f t e r  i n j e c t i n g  t h e  v a l v e  
was swi t ched  over and t h e  sample w a s  e l u t e d  o n t o  t h e  
a n a l y t i c a l  column L i c h r o s o r b  CN-HIBART (250 x 4 mm I . D . ,  

5 pm) w i t h  t h e  same b u f f e r  c o n t a i n i n g  60  8 ( v / v )  a c e t o -  
n i t r i l e  a t  a f low ra te  of  2 ml/min ( F i g .  3 b sample 
e l u t i o n  s t e p ) .  The l i m i t  of d e t e c t i o n  of both  i n v e s t i -  
g a t e d  compounds was lower than  0 . 1  pg/ml. The C.V.  of 
t h e  method d i d  n o t  exceed 3.3 8 and 3.8 % f o r  i n t r a - i n -  

t e r - a s s a y .  Cons ide r ing  t h a t  t h e r e  i s  no recove ry  s t e p  
where t h e r e  i s  loss of material  t h e y  d i d  n o t  u s e  i n t e r -  
n a l  s t a n d a r d s .  T h e i r  method was compared on t h e  one hand 

wi th  t h e  l i k e w i s e  d i r e c t  sample i n j e c t i o n  of  Westwood e t  
a 1  ( 1 4 )  on t h e  o t h e r ,  w i th  t h e  GC method of  Lennard e t  
a1 ( 1 3 ) .  They e s t a b l i s h e d  t h a t  i n  t h e i r  method t h e  C . V .  

was lower than t h a t  of Westwood and t h e  m e t a b o l i c  s t a t u s  
( n o  t h e  measurement d a t a  b u t  t h e  MR = D / H D )  of  n i n e t e e n  
h e a l t h y  v o l u n t e e r s  showed a h i g h  c o r r e l a t i o n  between t h e  

two methods (r=O. 9 9 9 )  . 
Druche,Barre  and T i l l e m e n t  (18 )  r e t a i n e d  t h e  

p r e v i o u s l y  good G i n t e r n a l  s t a n d a r d  b u t  t h e y  d i d  n o t  u s e  
d e r i v a t e  p r e p a r a t i o n  b u t  o b t a i n e d  D ,  HD and G from u r i n e  
samples wi th  hexanol i n  t h e  p r e s e n c e  o f  4M sodium hyd- 

rox ide  (see Table  2 ) .  The a p p l i e d  r eve r se -phase  chroma- 
tography (see Table  2 )  t h e  67.5+3.2 % of  HD 97.3+2.3 % 

of D and 94.323.8 % of  G w e r e  r ecove red .  The  d e t e c t i o n  

l i m i t  w a s  found t o  be lower t h a n  0.2 bg/ml f o r  D and HD.  

The day-to-day C.V. f o r  t h e  s l o p e s  of  t h e  c a l i b r a t i o n  
cu rves  were 3 . 3  % f o r  D and 2 .1  8 f o r  HD ( n = 5 ) .  

Chan ( 1 9 )  s t u d i e d  t h e  d i s t r i b u t i o n  o f  t h e  D hyd- 
r o x y l a t i o n  phenotypes o f  t h e  Chinese  p o p u l a t i o n .  H e  
compared t h e  HPLC a p p l i e d  by him (see Tab le  2 )  w i t h  a 
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3 % OV-225 (Chromosorb W s t a t i o n a r y  phase )  oven main- 
t a i n e d  a t  200 OC wi th  measured GC v a l u e s .  I n  bo th  
t echn iques  t h e  G i n t e r n a l  s t a n d a r d  and t h e  R6na e t  a1 
( 1 6 )  d e s c r i b e d  double  e t h e r  e x t r a c t i o n  were used  b u t  n o t  
E x t r e l u t  column bu t  i n  t h e  form o f  l i q u i d  e x t r a c t i o n .  

96 OC i n  2.5h. The i r  method i s  s u i t a b l e  f o r  de t e rmin ing  
D and HD from u r i n e ,  plasma and s a l i v a .  The a u t h o r s  
recommend t h e  GC method o p e r a t i n g  w i t h  an  N s e l e c t i v e  
d e t e c t o r  having ca 3 ng/ml l i m i t  f o r  D pharmacokine t ic  
measurements o b t a i n e d  from plasma and f o r  p h e n o t y p i f i -  
c a t i o n  t h e  HPLC method i s  proposed .  The day-to-day 
c o e f f i c i e n t  of v a r i a n c e  of  t h e i r  GC method f o r  D is 
7.3 %, f o r  HD 7 .9  % w h i l e  i n  t h e  c a s e  o f  HPLC 6 . 9  % and 
8.7  %. 

The a c e t y l a c e t o n e  d e r i v a t i z a t i o n  w a s  c a r r i e d  o u t  a t  

Moncr ie f f ' s  ( 2 0 )  HPLC method resembles Deco l in  ( 1  7 )  

pre-switching t echn ique  o n - l i n e  c lean-up  of d i r e c t  u r i n e .  
Moncrieff used a s t a n d a r d  i s o c h r a t i c  l i q u i d  chromatog- 
raph  wi th  t h e  m o d i f i c a t i o n  t h a t  t h e  Supelco 30 irm LC-18 
p e l l i c u l a r  pre-column w a s  connec ted  a t  t h e  p o s i t i o n  of 
t h e  loop.  The chromatographic  c o n d i t i o n s  are shown i n  
Table  2 .  The u r i n e  samples  a f t e r  a d d i t i o n  of  p u f f e r  and 
p r a c t o l o l  i n t e r n a l  s t a n d a r d  are i n j e c t e d  (350 111) o n t o  
t h e  pre-column. Th i s  i s  immediately fo l lowed by t h e  
slow i n j e c t i o n  of 1 ml of  20  % methanol  i n  0 . 0 2  M 

diammonium phosphate  (pH 7 . 6 )  o v e r  30 sec t o  f l u s h  t h e  
very  p o l a r  components t o  waste. A f t e r  t h i s  t h e  r e t a i n e d  
sample i n  t h e  i n j e c t  p o s i t i o n  i s  f l u s h e d  o n t o  t h e  ana-  
l y t i c a l  column. A f t e r  3 min t h e  i n j e c t o r  v a l v e  was re- 
tu rned  to  t h e  l o a d  p o s i t i o n  and t h e  pre-column re-gene-  
r a t e d  by f l u s h i n g  w i t h  2 ml w a t e r  r eady  f o r  t h e  
fo l lowing  sample t o  be loaded .  The i n t e r  sample percen-  
tage s t anda rd  d e v i a t i o n  w a s  1.84 % and 1.78 % a t  5 
b m / m l  and 2 . 6 4 %  and4.58 % a t  0 . 5  bg/ml f o r  D and HD 

r e s p e c t i v e l y  (n=5)  . 
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DRUG OXIDATOR PHENOTYPING 1123 

Enantionselectivity of 4-hydroxalation 
of debrisoquine 

D which originally does not contain a chiral centre 
becomes optically active with 4-hydroxylation on the 4 .  

carbon atom (Fig. 1)  and two enantiomers are produced 
R- ( - 1  -HD and S - ( + )  -HD. Meese et a1 reported on a gas 
chromatographic mass sptametq (GC-MS) ( 2 1 )  and a HPLC 
( 2 2 )  method; used for separation of two HD enantiomers 
eliminated in urine and for their quantitative determi- 
nation after the oral dose of D. 

To describe quantitatively the 4-hydroxylation of 
stereo selective debrisoquine (naturally disregarding 
the chiral next to MR) the so-called enantiomeric excess 
(e.e.) concept is introduced. The % e.e. was calculated 

5Y 

(S - ( + )  - HD) - (R - ( - 1  - HD) 
( S  - ( + )  - HD) + (R - ( - 1  - HD) 

% e.e. = x 100 

If e.e. is 0, there is no stereoselectivity and if e.e. 
is 100  is means that product formation is stereospecific. 
Meesse et a1 found that in the case of EM individuals 
e.e., 
67-80 % .  In other words, this means that in the case of 
EM the 4-hydroxylation is practically stereospecific 
98-99 % of HD eliminated in the urine is S enantiomer. 
The HD "produce" by PM however is 10-35 % of the 
R-enantiomer. Extraction of samples with HPLC method 
( 2 2 )  begins with acetylacetone derivatization in well 
proved alkaline medium, this time in 7 2  h at room tempe- 
rature in the dark. The internal standard of I-hydroxy- 
4-phenylpiperidine-1-carboxamidinium hemisulphate hemi- 
hydrate was synthesized by the authors. The extraction 
was carried out with n-hexane, the organic phase was 
evaporated under nitrogen at room temperature. The re- 

2 99 % while in PM this value ranged between 
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sidues were dissolved in 100 p 1  (in the case of PM) or 
500 ~1 (in the case of EM) of n-hexane and ca. 40-80 pl 
were injected onto a chiral "Pirkle" column (250~4.6 mm 
I.D.) ( R )  - N - 3,5-dinitrobenzoylphenylglycine 
covalently coupled to 5 pm amino propylsilica). The 
mobile phase was n-hexane-ethanol-tert. butyl-methyl 
ether = 98 : 1 : 1 (v/v),the flow rate was 1 rnl/min. 
They used a fluorescence detector set at xex = 265 nm 
and em = 380 nm. 

ration factor of 1.03 - 1.05 (N) and peak resolution 
of 0.79 - 1.15 (R) was obtained. The limit values were 
set at 5 nmol S- ( + )  - OH/ml. The R enantiomer has a 
shorter retention time 0.5 % of R(-)-OH/100 pmol/ml can 
be detected in the presence of excess S-(+)-OH. 

With the separation of the two enantiomers a sepa- 

The limit values from 1 ml of urine were deter- 
mined at ca 5 pmol for D and 2 5  pmol in the case of 
both HD enantiomers. 

Hydroxylation polymorphism of mephenytoin 

Mephenytoin (M) is a racemic compound. During me- 
tabolization it undergoes aromatic hydroxylation or 
oxidative demethylation then glucuronidation (Fig. 4 ) .  

Its metabolization is under monogenic control i.e. 
the S isomer is metabolized predominantly by aromatic 
4-hydroxylation and the R isomer by oxidative demethy- 
lation. The disorder of metabolism shows an autosomnal 
recessive trait, it affects arorratic 4-hydroxylation 
but not N-demethylation. The S enantiomer hydroxylated 
rapidly and is emptied only within days or weeks. In 
weakly hydroxylating individuals the metabolism of both 
R and S mephenytoin is more prolrjnged which may lead to 
the increase into a toxic range of the blood level of 
the compound. It was verified in the same persons that 
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0 c;H5 -N H- c,\ 

Mephenytoin ( M I  

0 
II 

/-\ 
@),,/ci" 

C.)$ NH-C, 
' 0  

Nirvanol (PEH) 

4-OH-mephenytoin (4-OH-M I 

Fig. 4 The main metabolic pathways of mephenytoin 

hydroxylation of mephenytoin and debrisoquine/sparteine 
are independent of each other. The occurrence of the 
weakly hydroxylating persons among the European whites 
is about 5 % however it is 23 % in Japanese. According 
to investigations made so far only.mephobarbita1 meta- 
bolism seems to be interrelated with the mephenvtoin 
phenotype (23, 24, 25, 26, 27, 28). 

Analysis of mephenytoin and 4-hydroxymephenytoin 
from a biological medium 

Kupfer et a1 (25) who discovered of this defi- 
ciency, determined the amount of 4-OH-M excreted into 
the urine following decomposition of the conjugates 0-8 
hours after the oral administration of 100 mg racemic 
M. Similar to M R  used in D the concept of the so-called 
hydroxylation index (HI) was introduced 
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B m o l  M d o s e  (S-enant iomer)  
~~ 

h 
B m o l  4-OH-H i n  u r i n e  0 - 8  

S-mephenytoin f i g u r e s  i n  t h e  numera tor ,  because  i n  
man on ly  t h e  S-enant iomers  of  M and PEM are s u b j e c t  t o  
a romat i c  hydroxy la t ion  ( F i g .  4 ) .  

The so -ca l l ea  (N d e f e c t )  o x i d a t i o n  d e f i c i e n c y  of 
mephenytoin type o c c u r r i n g  independent  o f  t h e  a l r e a d y  
d i s c u s s e d  and acco rd ing  t o  o u r  view most impor t an t  
( s o - c a l l e d  S-defec t )  o x i d a t i o n  d e f i c i e n c y  of  d e b r i -  
soquin  s p a r t e i n e  t y p e  can  be  d e f i n e d  i n  t w o  ways. 
F i r s t  by c a l c u l a t i n g  H I ,  by t h e  a n a l y t i c a l  de te rmina-  
t i o n  of 4-OH-M d i s c h a r g e d  i n t o  t h e  u r i n e  by GC ( 2 3 ,  

2 4 )  , GC-MS ( 2 8 )  and t h e  HPLC ( 2 3 )  method t o  be 
d i s c u s s e d  below th rough  H I .  On t h e  o t h e r  hand phenoty- 
p i z a t i o n  can also be  performed by measuring t h e  S : R  

enan t iomer i c  r a t i o  of M i n  t h e  u r i n e .  T h i s  c a n  be made 
by t h e  c h i r a l  c a p i l l a r y  GC method ( 2 9 ) .  I t  shou ld  be  
noted  t h a t  t h e r e  i s  a HPLC method t o o  f o r  t h e  sepa ra -  
t i o n  and measurement of  t h e  two enan t iomers  b u t  n o t  
from a b i o l o g i c a l  medium ( 3 0 ) .  S y b i l s k a  e t  a1  ( 3 0 )  se- 
p a r a t e d  t h e  two enan t iomers  on L i c h r o s o r b  RP 18 sta- 
t i o n a r y  phase of 3 0  mM c y c l o d e x t r i n  i n  18 % e t h a n o l  
acetate b u f f e r  s o l u t i o n  of  pH 5.0 ( 0 . 6  ml /min) .  

by method of Kiipfer ( 2 3 )  . B r i e f l y ,  pheny to in  ( i n t e r n a l  
s t a n d a r d )  and h y d r o c h l o r i c  a c i d  w a s  added t o  u r i n e .  
T h i s  mix tu re  was t h e n  h e a t e d  a t  1 0 0  OC f o r  2 h o u r ,  a f -  
t e r  t h e  sample w a s  c o o l e d  and it w a s  e x t r a c t e d  by 
d i c h l o r o e t h a n e .  The d i c h l o r o e t h a n e  phase  was evapora t ed  
t o  d r y n e s s  a t  40 c under  n i t r o g e n .  Hexane and K C 1  

b u f f e r  pH 1 2 . 0  were added ,  t h e  mix tu re  w a s  shaken and 
c e n t r i f u g a t e d .  The aqueous phase  w a s  a c i d i f i e d  and a f -  
ter  was e x t r a c t e d  by d i c h l o r o e t h a n e .  The o r g a n i c  ex t -  
ract also w a s  evapora t ed  t o  d r y n e s s  unde r  n i t r o g e n .  The 

The u r i n a r y  c o n c e n t r a t i o n  o f  4-OH-M was measured 
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DRUG OXIDATOR PHENOTYPING 1127 

residue was dissolved in mobile phase and aliquots were 
injected onto the b-Bondapak C-18 (0.5 cm x 4.1 mm 

I.D., 1 0  pm) analytical column. The mobile phase was 
biner: 70 % 0.1 M KHZP04 pH 6.5 and 30 % methanol. The 
flow-rate was 1.8 ml/min. The absorbance of the 
effluent was monitored at 211 nm. The calibration curve 
of area ratios versus investigated compound concentra- 
tion were linear in the 2-100 I.rg/ml concentration 
range. The reproducibility of the assay was 7.5 % .  

REFERENCES 

1. Szdrddy, I., Pharmacogenetics: principles and 
pediatric aspects, chizin-Sokan Publ., Tokyo, 1977.  

2. Nebert, D.W., Possible clinical importance of gene- 
tic differences in drug metabolism, Brit. Med. J., 
283 537, 1981.  

3 .  Kalow, W., Genetic variation in the human hepatic 
cytochrome P-450 system, Eur. J. Clin. Pharmacol. 
- 31, 633,  1987.  

4 .  Eichelbaum, M., Mineshita, S . ,  Ohnhaus, E.E., 
Zekorn, C., The influence of enzyme induction on 
polymorphic sparteine oxidation, Br. J. Clin. 
Pharmac., 22, 49,  1986 .  

5. Guengerich, F.P., Distlerath, L.M., Reilly, P.E., 
Wolff, T., Shimada, T., Umberhauer, D.R., Martin, 
M.V., Human liver cytochromes P-450 involved in 
polymorphisms of drug oxidation, Xenobiotica 16, 
367, 1986.  

6 .  Agarwal , D.P., Goedde, H.W., Pharmacogenetics and 
ecogenetics, Experientia, 42, 1148, 1986.  

Dengler, H.J., Defective N-oxidation of sparteine 
in man: A new pharmacogenetic defect, Eur. J. Clin. 
Pharmacol., 16, 183, 1979 .  - 

7. Eichelbaum, M., Spannbrucker, N., Steincke, B., 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1128 RONA AND GACHALYI 

8.  

9 .  

10 .  

11. 

12. 

13. 

14. 

15. 

16. 

Smith, R.L., Idle, J.R., Mahgoub, A . A . ,  Sloan, T.P., 
Lancaster, R., Genetically determined defects of 
oxidation at carbon centres of drug, Lancet, I, 
943, 1978.  

Mahgoub, A . ,  Idle, J.R., Dring, L.G., Lancaster, R., 
Smith, R.L., Polymorphic hydroxylation of debri- 
soquine in man, Lancet, 2, 584,  1977 .  

Eichelbaum, M., Defective oxidation of Drugs: Phar- 
macokinetic and Therapeutic Implications) Clin. 
Pharmacokinetics , 1, 1 , 1982.  

Allen, J.G., East, P.B., Francis, R.J. and Haigh, 
J.L., Metabolism of debrisoguine sulfate. Identifi- 
cation of Some Urinary Metabolites in Rat and Man, 
Drug Metabolism and Disposition 3(5), 332, 1975.  

Erdtmansky, P. and Goehl, T.J., Gas-Liquid Chroma- 
tographic Electron Capture Determination of Some 
Monosubstituted Gumido-Containing Drugs, Analyti- 
cal Chemistry 47, 750, 1975 .  

Lennard, M.S., Silas, J.H., Smith, A.J. and Tucker, 
G.T., Determination of Debrisoquine and its 4-hyd- 
roxy metabolite in biological fluids by gas chroma- 
tography with flame- ionization and nitrogen-selec- 
tive detection, J. Chromatogr. 133, 161,  1977.  

Westwood , B. E. , Herman, P. J. and Mashf ord , M .L . , 
Liquid chromatographic assay for debrisoquine and 
4 -hydroxy-debrisoquine in urine, J. Chromatogr . 
Biomed. Applications 374, 200, 1986 .  

Harrison, P.M. , Tonkin, A.M., Dixon, S.T. and 
McLean , A.J. , Determination of debrisoquine and its 
4-hydroxy metabolite in urine by high-performance 
liquid chromatography, J. Chromatogr. Biomed. App- 
lications, 374, 204, 1986.  

R6na, K., Vereczkey, L. and Gachdlyi, B., Liquid 
chromatographic method for determination of debri- 
soquine and its 4-hydroxymetabolite in human urine, 
J. Chromatogr. Biomed. Applications 3, 509, 1986.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DRUG OXIDATOR PHENOTYPING 1129 

17. Decolin, D., Nicolas, A., Motassim, N. and Siest, 
G., Direct determination of debrisoquine and 
4-hydroxydebrisoquine using a high -performance 
liquid chromatographic switching technique, 
J. Chromatogr. Biomed. Applications 429, 469, 1987. 

18. Duche, J.-C., Barre, J. and Tillement, J.-P., Rapia 
liquid chromatographic determination of debri- 
soquine and its hydroxy metabolite in human urine 
to define hydroxylation phenotypes, J. Chromatogr. 
Biomed. Applications 423, 340, 1987. 

high-performance liquid chromatographic assays for 
the determination of debrisoquine and its 4-hyd- 
roxy metabolite in human fluids, J. Chromatogr. 
Biomed. Applications 425, 311,  1988.  

20. Moncrieff, J., Assay of debrisoquine and 4-hydroxy- 
debrisoquine in urine by reversed-phase high-per- 
formance liquid chromatography using on-line sample 
clean-up on a standard isochratic chromatograph, 
J. Chromatogr. Biomed. Applications 428, 178,  1988. 

2 1 .  Meese, C.O., Fischer, C. and Eichelbaum, M., 
Stereoselectivity of the 4-Hydroxylation of 
Debrisoquine in Man, Detected by Gas Chromatography 
/Mass Spectrometry, Biomedical and Environmental 
Mass Spectrometry 15, 63, 1988. 

High-performance liquid chromatographic method for 
the analysis of debrisoquine and its S - ( + ) -  and 
R-(-)- hydroxy metabolites in urine, J. Chromatogr. 
Biomed. Applications 423, 344, 1987.  

23. Kupfer, A., Roberts, R.K., Schenker, S. and Branch, 
R.A., Stereoselective Metabolism of Mephenytoin in 
Man, J. Pharm. Exp. Ther. =(1), 193, 1 9 8 1 .  

24. Kupfer, A., Desmond, P.V., Schenker, S. and Branch, 
R.A., Stereoselective metabolism and disposition of 

19. Chan, K., Comparison of gas chromatographic and 

22. Meese, C.O., Thalheimer, P. and Eichelbaum, M., 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1130 RONA AND GACHALYI 

the enantiomers of mephenytoin during chronic oral 
administration of the racemic drug in man, J. 
Pharmacol. Exp, Ther. 221, 5 9 6 ,  1 9 8 2 .  

2 5 .  Kupfer, A., and Preisig, R., Pharmacogenetics of 
Mephenytoin: A New Drug Hydroxylation Polymorphism 
in Man, Eur. J. Clin. Pharmacol. 26, 7 5 3 ,  1 9 8 4 .  

2 6 .  Kalow, W., The genetic defect of mephenytoin 
hydroxylation, Xenobiotica s ( 5 )  , 3 7 9 ,  1 9 8 6 .  

2 7 .  Inaba, T., Jurima, M., Nakano, M. and Kalow, W., 
Mephenytoin and Sparteine pharmacogenetics in 
Canadian Caucasians , Clin. Pharmacol . Ther . 36 ( 5  1 , 
6 7 0 ,  1 9 8 4 .  

2 8 .  Wedlund, P.J., Sweetman, B.J., McAllister, C.B., 
Branch, R.A., Wilkinson, G.R., Direct enantiomeric 
resolution of mephenytoin and its N-demethylated 
metabolite in plasma and blood using chiral 
capillary gas chromatography, J. Chromatogr. 307, 
1 2 1 ,  1 9 8 4 .  

2 9 .  Clark, D.W. J. , Genetically Determined Variability 
in Acetylation and Oxidation. Therapeutic Impli- 
cations, Drugs 2, 3 4 2 ,  1 9 8 5 .  

Resolution of mephenytoin and some chiral barbi- 
turates into evantiomers by reversed phase high 
performance liquid chromatography via B-cyclo- 
dextrin inclusion complexes, J. Liquid Chromatogr., 
- 9 ,  5 9 1 ,  1 9 8 6 .  

30. Sybilska, D., Zukowski, J. and Bojarski, J., D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


