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HIGH-PERFORMANCE LIOUID CHROVATOGRAPHIC DETERMIYATION IN 
HUMAN PLPSMA OF A ANTICONVULSANT BENZOOIAZEPINE : CLOYA7EPAY 

S .  BOUOUET, P. AUCOUTURIER, A.M. BRISSON, Ph. COURTOIS and J.B. FOUQTILLAN 
Deoartement de Pharmacoci ne t  ique 

Centre Hosoitalier Universitaire JEAN-BERNARD 
86021 POITIERS - CEDEX - FRANCE 

ASSTRAC1 

A rapid and specific high-pressure 1 iquid chromatography method for 

The analysis is linear for concentrations ranging from 5 t o  100 nq. 

The method is applicable to quantitation o f  clonazenam in human plasma 

determination of clonazepam in human olasma is described. 

m1-I plasma for clonazepam. 

of subjects receiving 0.05 at 0.20 mg.ka-1 orally, with satisfactory accuracy 
and nrecision. 

INTRODUCTION 

In recent years, the use of clonazeoam ( 5  ortho-chloroohenyl , 7 nitro, 
7,3-dihydro, 1-4 benzodiazepine 2-one) has been develowd as a treatment for 
convulsions (8 , l ? ) .  

CLONAZEPAM : CHLOROIAZEPOXIDE : (Internal standard) 

(5-ortho-chloroohenyl 7-nitro (7-chloro-2 methylamino-5 ohenyl-3H- 
2,3-dihydro 1,4-benzodiazepine 1,4 benzodiazepine-4-oxide). 
2-one) 
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Recent ly ,  a few authors  have adv ised the  o r e s c r i p t i o n  o f  an t i convu lsan t  

drug monotherapy ( 2 ,  10,  1 2 ) .  
Meanwhile, i t  i s  d i f f i c u l t  t o  unders tand why an i d e n t i c a l  d rug  dosage 

may e x e r t  a t o x i c  e f f e c t  i n  one p a t i e n t  and a t h e r a p e u t i c ,  o r  no reoonse i n  

another p a t i e n t .  Numerous c l i n i c a l  s t u d i e s  (2 ,  8, 9, 13) have adequate ly  

demonstrated the  imoortance o f  t o t a l  plasma concen t ra t i ons  o f  clonazepam i n  

r e l a t i o n  t o  i t s  e f f i c a c y .  Several  a n a l y t i c a l  methods have been proposed f o r  

benzodiazepine de te rm ina t ion  i n  b i o l o s i c a l  f l u i d s  : gas l i q u i d  chromatography 

(GLC) (4 ,  5 )  and h i g h  performance l i q u i d  chromatomanhy (HPLC) (1, 3, 11, 1 3 ) .  

The GLC methods r e q u i r e  somewhat l enq thy  c lean-up procedures and, i n  

Some cases, d e r i v a t i z a t i o n  o r  a c i d  h y d r o l y s i s  t o  t h e  more v o l a t i l e  benzoohenones 

(4,  5, 7 1 .  
Hiqh-oerformance l i q u i d  chromatoaraphy (HPLC) i n v o l v e s  r e l a t i v e l y  

s imp le  e x t r a c t i o n ,  no d e r i v a t i z a t i o n  and U.V. d e t e c t i o n  t o  g i v e  h i q h  s e n s i t i v i t y ,  

good s t a b i l i t y ,  and l i n e a r i t y  over  wide concen t ra t i on  ranges. 

separate clonazepam f rom endogenous compounds, i n  human plasma samples. 

r e l a t e d  benzodiazepine ( ch lo rd iazeoox ide )  as the  i n t e r n a l  s tandard .  

Th is  paper demonstrates the  use o f  HPLC i n  a reve rse  DhaSe mode t o  

A.n i n t e r n a l  s t a n d a r d i z a t i o n  techn ique i s  employed, us inq  a s t r u c t u r a l l y  

METHODS 

The nrocedure i n v o l v e s  the  a d d i t i o n  of ch lo rd iazepox ide  as t h e  i n t e r n a l  

s tandard .  A f t e r  a d d i t i o n  o f  200 p1 0.5 N NaOH ; samples a re  e x t r a c t e d  us ino  

e the r .  

A f t e r  evaoora t i on  o f  t h e  o r g a n i c  so l van t ,  t h e  res idue  i s  d i s s o l v e d  

i n  mob i le  phase and the  benzodiazepine i s  analysed i s o c r a t i c a l l y  by reve rse  phase 

h igh-oressure  l i q u i d  chromatogranhy w i t h  40 4: ( v / v )  a c e t o n i t r i l e  i n  d i s t i l l e d  

water  as e l u a n t .  The e f f l u e n t  i s  mon i to red  by U.V. d e t e c t i o n  a t  254 nm. 

Aooaratus 

The chromatoqraohic de te rm ina t ions  were performed w i t h  a I l a te rs  Assoc ia -  

t e s  L i q u i d  Chromatograoh Model No 440-03773, equipped w i t h  a model 440 absorbance 

de tec to r  (254 nm wavelength),  a U g K  i n j e c t o r ,  a f l o w  Dump Model 5000 A (Waters 

Associates Inc .  M i l f o r d ,  Mass. 01757, and a 10 mV reco rde r  Omniscr ibe (Houston 

Ins t ruments ,  G i s t e l ,  BelrJium) .An oc tadecy l s i l ane  p-Bondanack CI8 column 3 . 9  mm 

i.d.X 30 cm long  (Waters Assoc ia tes)  was used under ambient cond i t i ons ,  f o r  t he  

separa t ion .  The i s o c r a t i c  mob i l e  ohase cons is ted  o f  acetonitrilelbi-distilled 
water (40/60, v / v ) .  The s o l u t i o n  was f i l t e r e d  th rough 0.22 urn oore membrane 

f i l t e r  t ype  GS-ester o f  ce l l uose  ( M i l l i o o r e  Cow., Bedford,  !lass. 01731)) and the  

f low r a t e  was 1.5 m l  .me'. Under these cond i t i ons ,  clonazepam and the  i n t e r n a l  

s tandard  ( ch lo rd iazepox ide )  were e l u t e d  w i t h  r e t e n t i o n  t imes o f  8.3 and 9.2 min. ,  

r e s o e c t i v e l y ,  as i l l u s t r a t e d  i n  F iau re  1. 
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!leagents and d r u m  : 

f rom Roche Labora to r ies  ( N e u i l l y  - France) .  The water  was d o u b l e - d i s t i l l e d  and 
f i l t e r e d  th rough a 0,27 p ( t y o e  GS - es ter ' f ce l lu lose l  f i l t e r  ( M i l l i p o r e ,  Corp., 
Bedford,  "lass. 01730). 

Methano l ic  s tock  s o l u t i o n s  o f  clonazepam and ch lo rd iazepox ide  ( t h e  i n t e r -  

Clonazepam and ch lo rd iazepox ide ,  oharmaceut ical  arade, were ob ta ined 

na l  s tandard)  were prepared a t  a concen t ra t i on  o f  100 u g h 1  and c o u l d  be s t o r e d  

a t  4°C d u r i n q  a week, i n  the  dark .  Fo r  the  de te rm ina t ion  o f  low concen t ra t i ons ,  

e x t r a c t i o n  s o l v e n t  : d i e t h y l  e the r ,  n-hexane and a c e t o n i t r i l e  o f  h i q h  o u r i t y  

(Chrom P.R Nanograde, Byk-Mal l inckrod t ,  Wessel , GFRl were used. 

f rom (Pro labo,  Pa r i s ,  France) and (Car lo  Erba, M i lan ,  I t a l y ) ,  r e s p e c t i v e l y .  

U . V .  w a d e  methanol and sodium hydroxyde 30 4: t ype  RP, were purchased 

E x t r a c t i o n  procedure : 

o f  aqueous ch lo rd iazeoox ide  s o l u t i o n  (10 ug .m l - l ) ,  a d j u s t  t o  DH 9.5 w i t h  0.5 N 
sodium hydroxyde (about  0,200 m l  f o r  1 m l  plasma), homogenize by s low r o t a t i o n .  

The drug  was e x t r a c t e d  w i t h  5 m l  o f  e t h y l - e t h e r  by shakinq mecan ica l l y  
f o r  10  m in  and c e n t r i f u g e d  f o r  5 mn a t  3000 rom. An a l i q u o t  o f  t h e  uoper o rgan ic  

l a y e r  was t r a n s f e r r e d  t o  another t e s t - t u b e .  

I n t o  a screw-stopoered t e s t  tube, p u t  one m l  of plasma ; add 50 p l  

Re-ex t rac t  t h e  sample, p roceed ing  as be fo re .  Combine the  e the rea l  
e x t r a c t s  and evapora te  t o  dryness under d r y  n i t r o g e n  a t  35°C. 

Take up the  r e s i d u e  w i t h  200 p1 o f  0.2 M HC1, add 200 111 o f  n-hexane, 

homoaenize f o r  30 sec. on a vo r tex  m ixe r  and c e n t r i f u g e  a t  3000 rpm f o r  3 min.  

Remove and d i s c a r d  t h e  upper hexanic phase ( c o n t a i n i n q  t h e  l i o i d s  e x t r a c t e d  from 

the  plasma). An a l i q u o t  o f  100 u l  aqueous phase was i n j e c t e d  i n t o  t h e  HPLC system 

RESULTS AND DISCUSSION 

We found a 1 i n e a r  c o r r e l a t i o n  between the  concen t ra t i on  o f  clonazepam 
and t h e  r a t i o  o f  peak he igh ts  : clonazeoam : i n t e r n a l  standard,  i n  t h e  ranae 

between 17.5 and 100 nq.rn1-l o f  t h e  plasma samples. ( F i o u r e  1 and 1 B i s )  R = 0.99. 

A d d i t i o n  o f  an i n t e r n a l  standard t o  t h e  olasma p r i o r  t o  e x t r a c t i o n  a l l o w s  q u a n t i t a  

t i v e  measurements. 

No i n t e r f e r i n g  peak w i t h  the  r e t e n t i o n  t ime  o f  Clonazeoam was n resen t  

i n  e x t r a c t s  o f  "b lank"  c o n t r o l  plasma (F iou re  2 ) .  

and work a t  0.005 A.U.F.S. s e n s i t i v i t y .  Under these c o n d i t i o n s ,  t h e  l i m i t  o f  
d e t e c t i o n  o f  clonazenam was aporox imate ly  10 ng.ml - I  o f  plasma. 

e x t r a c t ,  f rom a o a t i e n t  r e c e i v i n q  d a i l y  o r a l  a d m i n i s t r a t i o n  4 mo clonazeoam. 

The known metabo l i t es  o f  clonazepam i n  which amino and acetamido s u b s t i t u e n t s  

For lower  concent ra t ions ,  i t  i s  adv i sab le  t o  s t a r t  w i t h  7 m l  o f  plasma 

F iqu re  3 i l l u s t r a t e s  the  chromatoqraphic n r o f i l e  o f  a human ~ l a s m a  
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0.005AUFS I 

100 ngml  
* 

4 6 8 1Omin 

+ c l o n a z e  parn 

n t e r m  I 
standard 

25 

F I G U R E  1 : CHROMATOGRAM OF CLONAZEPAY 
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COHCENfRClTIONS n w n l  

FIqLJRE 1 BIS : REGRESSION ANALYSIS CLONAZEPAM 

are  p resen t  on the  drug  molecule,  shou ld  n o t  i n t e r f e r e  w i t h  the  a n a l y s i s  o f  

ClonazeDam (F igu re  3 ) .  

5 ,  6,  7 \  and carbamazepine ( l ) ,  showing t h e  good s e l e c t i v e l y  o f  t h e  phase 

system f o r  clonazepam ( 3 ) .  

F igu re  4 : t h e  senara t ion  o f  a t e s t  m i x t u r e  o f  benzodiazepines ( 2 ,  3, 4 ,  

I n  t h i s  work, f l un i t razepam ( 5 )  and desmethyldiazepam ( 7 )  were found 

Never the less ,  t he  peaks q i v e n  by  oxazepam ( 2 )  and carbamazepine (1) 

R e p r o d u c i b i l i t y  o f  t he  e x t r a c t i o n  procedure w,as determined by e x t r a c t i n g  

i n t e r f e r e  w i t h  ch lo rd iazeDox ide  ( 4 )  and clobazam ( 6 )  , r e s p e c t i v e l y .  

were n o t  comole te ly  seoarated. 

a plasma sample c o n t a i n i n g  50 ng.ml 

w i t h  t h e  f o l l o w i n g  r e s u l t s  ( n  = 10, CV = 3.6 % ) .  

d i r e c t l y  i n j e c t e d  d a i l y ,  p roduc t i nq  t h e  f o l l o w i n g  va lues  ( n  = 10, C V  = 4.5  9). 

(4 ,  6 ) ,  ob ta ined  by o t h e r  techniques, f rom a d u l t  c h r o n i c  p a t i e n t s  underqo ina  

cont inuous  t rea tment  ( 4  t o  8 mq d a i l y ) .  We chose va lues  s i m i l a r  t o  these ( 1 . e  

20 t o  60 ng.ml-  ) .  No apprec iab le  l o s s  i n  r e s o l u t i o n  was observed d u r i n q  the  

chromatogranhy o f  more than 200 plasma sample e x t r a c t s .  

-1 clonazepam d a i l y  ove r  a 10 day oe r iod ,  

Another s tandard i za t i on  samole c o n t a i n i n g  700 ng.rn1-l i n  wa te r  was 

Steady-s ta te  olasma values f o r  i n d i v i d u a l  clonazepam a re  Dub l ished 
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c, 

0 2 4 6 8 . l o  ,,,in 

FIGURE 2 : A BLANK PLASMA EXTRACT 
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~t clonazepam 

* i s  

FIGURE 3 : CHROMATOGRAM OF A HUMAN P L A S M A  

( X  21 ng.rn1-l) 
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I n  conc lus ion ,  we cons ider  t h a t  reverse-phase HPLC i s  t h e  most s u i t a b l e  method 

o f  a n a l y s i s  f o r  de termin ing  clonazepam i n  human olasma because o f  i t s  s p e c i f i c i t y ,  
s e n s i t i v i t y ,  s i m p l i c i t y  and speed o f  execu t ion .  
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