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Col lege  o f  Medicine, 
Un ive r s i ty  o f  Lagos, 

Lagos, N ige r i a .  

and 

Marvin C .  Meyer,* P h i l i p  T.R. 1-lwang 
Divis ion  o f  Biopharmaceutics and Pharmacokinetics,  

Department o f  Pharmaceutics,  
Col lege  o f  Pharmacy, 

Un ive r s i ty  o f  Tennessee Center  f o r  t h e  Heal th  Sc iences ,  
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ABSTRACT 

A high-performance l i q u i d  chromatographic method i s  
desc r ibed  f o r  t h e  de t e rmina t ion  o f  ch loroquine  and i t s  major 
me tabo l i t e  dese thy lch lo royu ine  i n  b lood ,  plasma and u r i n e .  The 
procedure  employs reversed-phase  chromatography, w i th  u l t r a v i o l e t  
d e t e c t i o n ,  and ch lorpheni ramine  as an i n t e r n a l  s t a n d a r d .  One 
m i l l i l i t e r  samples o f  b i o l o g i c  f l u i d  a r e  e x t r a c t e d  i n  a s i n g l e  
s t e p  wi th  e t h e r .  
f o r  ch loroquine  and i t s  m e t a b o l i t e .  The a p p l i c a b i l i t y  o f  t h e  
method i s  demonstrated by t h e  a n a l y s i s  of  b lood  and plasma samples 
ob ta ined  from r a b b i t s  fo l lowing  in t r avenous  a d m i n i s t r a t i o n  o f  
ch ioroquine .  

The method has a s e n s i t i v i t y  l i m i t  of 5 ng/ml 

k 
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1514 AKXNTONWA, MEYER, AND HWANG 

INTRODUCTION 

Chloroquine is the most effective drug employed in the 

treatment of malaria, a disease that affects approximately twenty 

percent of the world population. Chloroquine is a l so  used in the 

treatment of systemic lupus, intestinal amebiasis and rheumatoid 

arthritis. Recently, several high performance liquid chromato- 

graphic methods have been reported (1-3) for the determination of 

chloroquine in biologic fluids. Two of these methods required 

fluorescence detection ( 1 , 2 ) .  The other method (3) employed 

ultraviolet detection, but did not separate the parent drug from 

its major metabolite, desethylchloroquine (4). Further, two of 

the assays (1,3) utilized internal standards which had to be 

synthesized. 

The present study concerns the development of a simple one- 

step extraction method, employing a readily available drug, chlor- 

pheniramine, as an internal standard. The reversed-phase HPLC 

procedure utilizes ultraviolet detection, and permits the siniul- 

taneous assay of chloroquine and desethylchloroquine in plasma, 

whole blood and urine. 

EXPERIMENTAL 

Reagents and Materials 

Chloroquine diphosphate was obtained from Sigma Chemical 

Co. (St. Louis, MO); desethylchloroquine was provided by Sterling- 

Winthrop Research Institute (Rensselaer, NY); and chlorpheniramine 
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CHLOROQGINE AND DESETHYLCHLOBOQUINE DETERPIINATION 1515 

malea te  was ob ta ined  from Berlex Labora to r i e s ,  Inc .  (Cedar 

Knolls,  NJ). Methanol and ch loroform were HPLC-grade, F i s h e r  

S c i e n t i f i c  ( F a i r  Lawn, NJ).  Deionized water was used throughout  

t h e  experiment and a l l  o t h e r  chemicals were o f  r eagen t  grade .  

Glass tubes  employed i n  t h e  e x t r a c t i o n  and evapora t ion  

0 procedures  were p l aced  i n  a 500 

contaminants remaining a f t e r  washing wi th  d e t e r g e n t ,  r i n s i n g  wi th  

k i l n  f o r  1 h r  t o  e l i m i n a t e  any 

The 15 ml c o n i c a l  

4% t r i m e t h y l -  

uene . 

and d r i e d  

de ionized  water and d ry ing  a t  100' overn igh t .  

t u b e s  used f o r  evapora t ion  were s i l a n i z e d  wi th  

c h l o r o s i l a n e  from A 

Af t  e r  s i 1 a n i  z a t  i on ,  

a t  100 ove rn igh t .  0 

f a  Products (Danvers, MA) 

t h e  t ubes  were r i n s e d  wi th  

n d ry  t o  

m e  thano 1 

Chromatography Equipment and Condi t ions  

The HPLC system (Waters Assoc.,  Mi l ford ,  MA) c o n s i s t e d  o f  a 

Model M6000 s o l v e n t  d e l i v e r y  system, a U6K loop  i n j e c t o r  and a 

prepacked 30 cm x 3 . 9  mm i . d .  s t a i n l e s s  s teel  column c o n t a i n i n g  

10 pm C18 p-Bondapak, a long  wi th  a 23mm x 3.9mm guard column, 

hand packed wi th  C / C o r a s i l .  The v a r i a b l e  wavelength d e t e c t o r ,  

Kratos Ana ly t i ca l  Ins t ruments  (Westwood, NJ), was s e t  a t  225 nm, 

0 .02  a u f s .  

18 

The mobile phase,  c o n s i s t i n g  o f  0.18% ammonium hydroxide 

(30%) i n  methanol, was deae ra t ed  by f i l t e r i n g  through a t y p e  HA 

f i l t e r ,  po re  s i ze  0.45 pm, us ing  a s o l v e n t  c l a r i f i c a t i o n  k i t  

(Mi l l i po re ,  Bedford, MA). The flow r a t e  was 2 ml/min, and t h e  

system was ope ra t ed  a t  ambient tempera ture .  
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1516 AKINTONWA, &EYER, AND HWANG 

Standard So lu t ions  

Aqueous s o l u t i o n s  were prepared con ta in ing  5 pg/ml o f  

chloroquine diphosphate  and desethylchloroquine.  

t h i s  s o l u t i o n  were d i l u t e d  wi th  deionized water  t o  provide 

Aliquots  o f  

s t anda rd  s o l u t i o n s  f o r  t h e  c a l i b r a t i o n  curves ranging from 25 ng/. 

m l  t o  2.0 pg/ml o f  drug and me tabo l i t e .  The aqueous i n t e r n a l  

s t anda rd  s o l u t i o n  contained 0.5 pg/ml o f  chlorpheniramine maleate .  

Standard Curves and Biologic  Samples 

Standard curves were prepared with pooled human o r  r a b b i t  

plasma and b lood ,  and human u r i n e .  One mil l i l i ter  of blood, 

plasma o r  u r i n e  was combined wi th  1 m l  of chloroquine/desethyl-  

chloroquine s t anda rd  s o l u t i o n ,  1 m l  o f  0 . 5  pg/ml i n t e r n a l  s t and-  

a r d  s o l u t i o n ,  and 1 m l  o f  1 . 0  N sodium hydroxide i n  a 20-ml 

p o l y t e f - l i n e d  screw-cap c e n t r i f u g e  tube .  

e x t r a c t e d  with 8 m l  o f  chloroform f o r  20 min, with g e n t l e  mixing 

on a p l a t fo rm shake r .  After c e n t r i f u g a t i o n  a t  -10 f o r  15 min 

The mixture was 

0 

a t  3000 rpm, t h e  aqueous l a y e r  was a s p i r a t e d  o f f  and t h e  chloro-  

form l a y e r  was t r a n s f e r r e d  t o  15 m l  con ica l  t ubes  and evaporated 

under a stream of n i t r o g e n  a t  40 . The r e s i d u e  was r e c o n s t i t u t e d  

with 100 p1 of methanol and vortexed f o r  20 sec. A 10 pl a l i q u o t  

was then i n j e c t e d  i n t o  t h e  HPLC. 

0 

An unweighted l e a s t - s q u a r e s  

r e g r e s s i o n  was employed t o  f i t  p l o t s  o f  peak h e i g h t  r a t i o  (drug 

o r  m e t a b o l i t e / i n t e r n a l  s t anda rd )  ve r sus  drug o r  me tabo l i t e  concen- 

t r a t i o n .  
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CHLOROQUINE AND DESETHYLCHLOROQUINE DETERMINATION 

S t u d i e s  i n  Rabbi t s  

1517 

Chloroquine d iphosphate  was admin i s t e red  in t r avenous ly  a t  

a dose o f  10 mg/kg ( equ iva len t  t o  6 .2  mg/kg base)  th rough t h e  

marginal e a r  v e i n  of New Zealand White r a b b i t s .  F ive  m i l l i l i t e r  

blood samples were withdrawn ove r  an 8 h r  p e r i o d  through an 

a r t e r i a l  c a t h e t e r ,  and were p l aced  i n t o  tubes  con ta in ing  50 U of 

h e p a r i n .  A 2 m l  a l i q u o t  o f  whole b lood  was f rozen ,  and a 3 m l  

a l i q u o t  was c e n t r i f u g e d  t o  o b t a i n  t h e  plasma, which was a l s o  

f rozen  u n t i l  t h e  t i m e  o f  a s say .  

RESULTS AND DISCUSSION 

Figure  1 i l l u s t r a t e s  t y p i c a l  chromatograms ob ta ined  f o r  t h e  

a s say  o f  human u r i n e ,  blood and plasma con ta in ing  0 .5  yg/ml o f  

ch loroquine  d iphosphate  and dese thy lch lo roqu ine ,  as well as 0 . 5  

ug/ml of i n t e r n a l  s t a n d a r d .  The r e t e n t i o n  t imes  €or  t h e  i n t e r n a l  

s t anda rd ,  drug and m e t a b o l i t e  were 2 ,  4 and 8 min, r e s p e c t i v e l y ,  

Blank samples o f  each b i o l o g i c  f l u i d  d i d  n o t  e x h i b i t  any i n t e r -  

f e r i n g  peaks i n  t h e  chromatograms. The recovery  o f  drug  and 

m e t a b o l i t e  from u r i n e ,  plasma and blood samples c o n t a i n i n g  0.5 

ug/ml of each component was c o n s i s t e n t l y  i n  t h e  range o f  85-87 

p e r c e n t .  The recovery  of i n t e r n a l  s t a n d a r d  averaged 90-95 p e r -  

c e n t  from u r i n e ,  plasma and blood. The p r e c i s i o n  o f  t h e  a s say  

was eva lua ted  wi th  t e n  r e p l i c a t e  u r i n e ,  plasma and blood samples 

c o n t a i n i n g  0 .05  ug/ml o f  drug and me tabo l i t e ,  and t e n  samples of 

each b i o l o g i c  f l u i d  con ta in ing  0.15 pg/ml o f  drug and me tabo l i t e .  
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A 
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Figure  1 - Chromatograms from t h e  a s say  of  human u r i n e  ( A ) ,  
blood ( B )  and plasma ( C )  c o n t a i n i n g  0 .5  ug/ml o f  
i n t e r n a l  s t anda rd  (l), chloroquine  ( 2 )  and me tabo l i t e  
(3). 

The r e l a t i v e  s t a n d a r d  d e v i a t i o n s  (SD x 100/mean) were 8 . 7  pe rcen t  

and 4 .9  p e r c e n t  f o r  t h e  lower and h i g h e r  c o n c e n t r a t i o n s ,  r e spec -  

t i v e l y .  S tandard  curves  f o r  drug and m e t a b o l i t e  i n  each b i o l o g i c  

f l u i d  e x h i b i t e d  e x c e l l e n t  l i n e a r i t y  ove r  a c o n c e n t r a t i o n  range  of  

25 ng/ml t o  2 .0  ug/ml, w i th  c o e f f i c i e n t s  of  de t e rmina t ions  (r ) 

which were c o n s i s t e n t l y  a t  l e a s t  0.998. The i n t e r c e p t s  d i d  n o t  

d i f f e r  s i g n i f i c a n t l y  from ze ro .  The l i m i t  o f  d e t e c t i o n  of  both 

2 

ch loroquine  and i t s  m e t a b o l i t e  i s  5 ng/ml o f  b i o l o g i c  f l u i d .  

F igure  2 i s  r e p r e s e n t a t i v e  of chroinatograms ob ta ined  by 

a s say ing  b lood  and plasma samples ob ta ined  from r a b b i t s  r e c e i v i n g  
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Figure  2 - Chromatograms f o r  t h e  a s say  o f  r a b b i t  blood and plasma 
fo l lowing  a d m i n i s t r a t i o n  o f  6 .2  mg/kg o f  ch loroquine  
base  in t r avenous ly .  Key: ( A ) ,  15 min b lood;  ( B ) ,  30 
min blood; ( C ) ,  30 min plasma; 1, i n t e r n a l  s t a n d a r d ;  
2 ,  ch loroquine ;  3, me tabo l i t e .  

an in t r avenous  dose of ch loroquine .  

tograms are of  p a r t i c u l a r  i n t e r e s t .  F i r s t ,  t h e  m e t a b o l i t e  is 

well s e p a r a t e d  from t h e  ch loroquine ,  and i s  p r e s e n t  i n  blood and 

plasma ob ta ined  w i t h i n  15 min a f t e r  an in t r avenous  dose .  

Two f e a t u r e s  of t h e s e  chroma- 

In  sub- 

sequent  s t u d i e s  t o  be  r e p o r t e d  e l sewhere ,  dese thy lch lo roqu ine  was 

d e t e c t e d  i n  blood samples ob ta ined  as e a r l y  as 5 min a f te r  dos ing ,  
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1520 AKINTONWA, MEYER, AMD HWANG 

1 2 3 4 5 6  
HOURS 

Figure  3 - Blood ( 8 ) and plasma ( Q ) concen t r a t ion - t ime  pro-  
f i l e  f o r  a r a b b i t  r e c e i v i n g  a 6 . 2  mg/kg i n t r avenous  
dose  of ch lo roqu ine .  

and t h e  m e t a b o l i t e  c o n c e n t r a t i o n s  remained r e l a t i v e l y  c o n s t a n t ,  

r ang ing  from 50-100 i?,g/ml, f o r  24 h r  a f t e r  dos ing .  Secondly,  t h e  

d a t a  shown i n  F i g u r e  2 i n d i c a t e  t h a t  ch lo roqu ine  c o n c e n t r a t i o n s  

i n  whole blood samples a r e  cons ide rab ly  h i g h e r  t h a n  t h o s e  found i n  

cor responding  plasma samples .  Th i s  o b s e r v a t i o n  is  c o n s i s t e n t  w i th  

p rev ious  work (51. F igu re  3 r e p r e s e n t s  b lood  and plasma ch lo ro -  

qu ine  c o n c e n t r a t i o n s  de te rmined  i n  ano the r  r a b b i t  fo l lowing  a 

6 . 2  mg/kg in t r avenous  dose .  The blood c o n c e n t r a t i o n s  a r e  approxi -  

mately seven- fo ld  g r e a t e r  t han  those found i n  plasma. 
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CHLOROQUINE AND DESETHYLCHLOROQUINE DETERMINATION 1 5 2 1  

Previous  s t u d i e s  i n  humans have i n d i c a t e d  peak plasma 

chloroquine  concen t r a t ions  o f  approximate ly  80 ng/ml and 1 pg/ml 

fo l lowing  s i n g l e  dose a d m i n i s t r a t i o n  o f  300 mg o f  ch loroquine  

base  by oral  and in t r avenous  r o u t e s ,  r e s p e c t i v e l y  (1) .  F u r t h e r ,  

du r ing  ch ron ic  d a i l y  a d m i n i s t r a t i o n  o f  300 mg o f  ch lo roqu ine  

base ,  blood ch loroquine  concen t r a t ions  ranged from approximate ly  

150-500 ng/ml ( 3 ) .  Concent ra t ions  o f  ch loroquine  i n  t h e  u r i n e  

o f  t h e s e  p a t i e n t s  ranged from 17-20 Pg/ml. The re fo re  t h e  

p r e s e n t  a s say ,  which i s  r e l a t i v e l y  r a p i d  and is s p e c i f i c  f o r  

ch loroquine  and i t s  major m e t a b o l i t e ,  

k i n e t i c  s t u d i e s  i n  animals and man, as well  as s u i t a b l e  f o r  

r o u t i n e  moni tor ing  o f  p a t i e n t s  who are r e c e i v i n g  t h i s  d rug .  

s a p p l i c a b l e  t o  pharmaco- 
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