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HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHIC ASSAY FOR BASIC AMINE DRUGS 
IN PLASMA AND URINE USING A SILICA GEL 
COLUMN AND AN AQUEOUS MOBILE PHASE. 

I I. CH LORPHEN I RAM1 NE 

Robert J .  Y. Shi, Winnie L. Gee, Roger L. Williams, 
and Emil T. Lin* 

Department o f  Pharmacy 
University o f  California 

San Francisco, California 941 43-0446 

A h i g h  performance l i q u i d  chromatographic [HPLC] method t h a t  
i n v o l v e s  t h e  use o f  a s i l i c a  g e l  column and an aqueous mob i l e  
phase f o r  q u e n t i t a t i o n  o f  ch lo rphen i ramine  i n  plasma and u r i n e  i s  
presented.  A l k a l i n i z a d  semples a r e  c leaned by e x t r a c t i o n  w i th  
pentane [ c o n t a i n i n g  1% CH$NI, and t h e  e x t r s c t i o n  i s  f o l l o w e d  by 
evepora t i ng  t h e  s o l v e n t  and r e c o n s t i t u t i n g  t h e  res idue  i n  a s m e l l  
amount o f  mob i l e  phase. An a l i q u o t  o f  t h i s  s o l u t i o n  i s  analyzed 
by  an HPLC system wi th  an U l t r e s p h e r e  S i  Column, en aqueous mob i l e  
phase e t  pH 7 c o n t e i n i n g  60% CH$N and 7.5 mM "H412HP04, and LIV 
d e t e c t i o n  a t  200 nm. Al though t h e  average recovery o f  e x t r a c t i o n  
i s  58% f SO ID%, t h e  d e t e c t i o n  l i m i t  f o r  t h e  method i s  0.7 ng/ml 
i n  plasma and 100 ng/ml i n  u r i n e  [s/n = 31 f o r  0.5 n i l  samples. 
The c o e f f i c i e n t s  o f  v a r i a t i o n  [CV] on t h e  r e s u l t s  o f  samples r u n  
t o  measure i n t e r d a y  end i n t r e d e y  p r e c i s i o n  and t h e  b i a s  on c o n t r o l  
samples Were a l l  10% o r  less.  We have used t h e  method i n  a 
b i o a v a i  l e b i  l i t y  s tudy  o f  a c o n t r o l l e d  r e l e a s e  f o r m u l a t i o n  i n v o l v -  
i n g  ove r  1000 samples, 
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3102 SHI ET AL. 

A B 

F i g u r e  1: Chemical S t r u c t u r e s  o f  Chlorphani ramine Maleate and 
Proch lo rpe raz ina .  

INTRODUCTION 

Chlorpheni remine maleete [ F i g .  11, a p o t e n t  a n t i h i s t a m i n e  

i n c o r p o r a t e d  i n  a v a r i e t y  o f  pharmaceut ica l  f o r m u l a t i o n s ,  i s  

w i d e l y  used f o r  r e l i e f  o f  soma symptoms o f  t h e  common c o l d  and 

a l l e r g i c  r e a c t i o n s .  For  pharmacokinet ic  and b i o a v a i l a b i l i t y  

s t u d i e s ,  c o n c e n t r a t i o n s  o f  t h i s  d rug  i n  plasma have been de te r -  

mined by  gas chromatography [I), h i g h  performance l i q u i d  chroma- 

tography [HPLC] [2,3,4,51, GC-MS [6,71, and radioimmunoassay (31. 

The advantages o f  u s i n g  a ba re  s i l i c a  g e l  column run with an 

aqueous mob i l e  phase have been damonstrated i n  o u r  p r e v i o u s  

s t u d i e s  [ a ]  i n  which a 0.5 ng/ml c o n c e n t r a t i o n  o f  a m i l o r i d a  (81 

and a 0.89 ng/ml c o n c e n t r a t i o n  o f  metoclopramide [91 i n  plasma 

wara e a s i l y  d e t e c t e d  i n  dep ro te ined  samples. I n  t h i s  system, t h a  

r e t e n t i o n  mechanism depends ma in l y  on ion-exchange c h a r a c t e r i s t i c s  

and o n l y  p a r t l y  on l i p o p h i  t i c  p r o p e r t i e s  [ l o ) ;  endogenous n e u t r a l  
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HPLC FOR BASIC AMINE DRUGS. I1 3103 

l i p i d  compounds and a n i o n i c  compounds a r e  n o t  r e t a i n e d  by t h e  

s i  l i c a  g e l  column. Since such i n t e r f e r i n g  substances i n  b i o l o g i -  

c a l  f l u i d s  a r e  e l u t e d  w i th  t h e  s o l v e n t  f r o n t ,  t h e  techn ique  

r e s u l t s  i n  a c leaner  base L ine,  an improved s i g n a l  t o  n o i s e  r a t i o  

[s/nl and a more s e n s i t i v e  d e t e c t i o n  of t h e  drug. The advantages 

o f  t h i s  method a r e  f u r t h e r  demonstrated, where i n t e r f e r i n g  peaks 

f rom plasma and u r i n e  samples would no rma l l y  obscure a c h l o r -  

pheni ramine peak, by u s i n g  UV d e t e c t i o n  a t  200 nm. 

M4TERIAI.S AND METHODS 

M a t e r i a l s  

Chlorpheni remine maleete [Sigma Chemical Co., S t .  Lou is ,  MO) 

and p r o c h l o r p e r a z i n e  d ima lea te  [Smith, K l i n e  6. French Lab, P h i  l a -  

d e l p h i a ,  PA1 were ob ta ined  commerc ia l ly .  A c e t o n i t r i l e  and pentene 

were HPLC grade [J.T. Baker Chemical Co., P h i l l i p s b u r g ,  N.J.). 

Water was p u r i f i e d  through a Nanopure apparatus [Barnsteed Co., 

Boston, MA). ALL o t h e r  reagents were a n a l y t i c a l  o r  reagent  grade. 

Apperatus 

The HPLC system c o n s i s t e d  o f  one pump [Model 110, Beckman 

Inc. ,  San Jose, C A I ,  an au tomat i c  sample processor  [WISP 7106, 

Waters Associates,  M i l f o r d ,  MAI, a 5 p n  U l t r a s p h e r e  S i  column, 4.6 

mm X 25 cm [Beckman Inc . ,  San Jose, C A I ,  e v a r i a b l e  wavelength UV 

d e t e c t o r  [K ra toa  A n a l y t i c a l  I ns t rumen ts ,  Westwood, N.J. I ,  end an 

i n t e g r a t o r ,  Model 3390A, [Hewlet t - fackard,  Senta C la re ,  CAI. 
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3104 SHI ET AL. 

Chromatographic C o n d i t i o n s  

The mob i l e  phase was praparad by d i s s o l v i n g  3.96 g o f  d i b a s i c  

ammonium phosphata i n  1600 m l  o f  water ,  adding 2400 m l  o f  aceto- 

n i t r i t e  and a d j u s t i n g  t h e  pH t o  7.0 by adding phosphor ic  a c i d .  

The s o l v e n t  was s a t u r a t e d  wi th  s i l i c a  by pumping i t  th rough  a 

s i  l i c e  g a l  column o v e r n i g h t ,  t han  was degassed and f i  l t e r e d  b e f o r e  

use. The f l o w  r a t e  we8 1.0 m l h i n .  The UV d e t e c t o r  wavelength 

was s a t  a t  200 nm and s e n s i t i v i t y  was s a t  a t  0.002. The r e t e n t i o n  

t imes  f o r  ch lo rphan i ramina  and p r o c h l o r p e r a r i n a  [ i n t e r n a l  s tan-  

d a r d ]  ware. 13.9 and 10.7 min, r e s p e c t i v e l y  [F ig .  21. 

Sample P r a p a r a t i o n  

The f o l l o w i n g  ware added t o  0.5 m l  plasma and u r i n e  samples: 

100 p1 o f  e s a t u r a t e d  aqueous s o l u t i o n  o f  sodium carboneta, 50 p l  

o f  t h e  i n t e r n a l  s tanderd s o l u t i o n  [ p r o c h l o r p e r a z i n a  d i m a l e a t e l  and 

5 m l  o f  pantana c o n t a i n i n g  1% CH3CN. The m i x t u r e  was r o t a t e d  f o r  

15 min a t  modarate speed and c e n t r i f u g e d  a t  3000xg f o r  10 min. 

The pantane l a y a r  wes t r a n s f e r r e d  and evaporated t o  dryness, and 

t h e  r e s i d u a  was d i s s o l v e d  i n  200 p l  o f  mob i l e  phase. A l i q u o t s  o f  

es were i n j e c t e d  es and 2 p l  f o r  u r i n e  samp 100 p l  f o r  plasma samp 

on to  t h a  co lumn. 

Recover1 

Recovery o f  t h e  drug from plasma samples was es t ima ted  by 

d i v i d i n g  t h e  d rug  t o  i n t e r n a l  s tandard  peak h e i g h t  r a t i o s  o f  

sp i ked  samp Les t h a t  were e x t r a c t e d  w i t h  pantana, blown down, and 
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F i g u r e  2: [P rev ious  Page1 HPLC Chromatograms o f :  A (11 BLank 

Plasma; A [ I 1 1  Plasma Spiked t o  16  ng/ml w i t h  
Chlorpheni ramina and wi th I n t e r n a l  Standard; A [IIIJ 
S u b j e c t  Plasma Sample Drawn a t  24  Hours showing 2.26 
ng/ml of Chlorpheni ramine and I n t e r n a l  Standard; B 
(11 Blank Ur ine ;  B [ I 1 1  U r i n e  Spiked t o  0.2 pg/ml w i t h  
Chlorpheni ramine and w i th  I n t e r n a l  Standard;  B [IIII 
S u b j e c t  U r i n e  Sample f o r  t h e  48-72 Hours I n t e r v a l  
Showing 0.156 pg/ml of Chlorpheni ramina and I n t e r n a l  
Standard; [ e l  I n t e r n a l  Standard [ P r o c h l o r p e r a z i n a l  
Peak; and [ b l  Chlorpheni ramine peak. 
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3106 SHI ET AL. 

r e c o n s t i t u t e d  w i t h  mob i l e  phase t o  t h e  peak h e i g h t  r a t i o s  o f  

aqueous s o l u t i o n s  t h a t  had n o t  bean e x t r a c t e d .  Samples f o r  t h e  

recovery s tudy  were t r e a t e d  as desc r ibed  above, axcept  t h a t  t h e  

i n t e r n a l  s tandard was n o t  added u n t i l  t h e  evapora t i on  s tep.  

RESULTS 

Plasma and u r i n e  samplss sp i ked  w i t h  v a r i o u s  amounts o f  

ch lo rphen i ramine  maleate s tandard  s o l u t i o n  were analyzed. The 

l i n e a r  r e l a t i o n s h i p  between t h e  d rug  plasma c o n c e n t r a t i o n  and t h e  

ch lo rphen i ramina  t o  i n t e r n a l  s tandard  peak h e i g h t  r a t i o  f o r  d rug  

c o n c e n t r a t i o n s  rang ing  from 0.70 t o  20 ng/ml i s  g i ven  by t h e  s lope  

0.0231, y - i n t e r c e p t  -0.0003 and c o e f f i c i i e n t  o f  d e t e r m i n a t i o n  ( r 2 1  

0.9985. Fo r  u r i n e  samples a t  c o n c e n t r a t i o n s  f rom 0.10 t o  

6.0 Fg/mL t h e  L inear  r e l a t i o n s h i p  i s  g i ven  by t h e  s lope  0.3447, y- 

i n t e r c e p t  -0.0117 and r2 o f  0.9998. B i a s  o f  c o n t r o l  samples a t  

f o u r  c o n c e n t r a t i o n s  f o r  u r i n e  [n=21 and p l w m a  [n=F] remained a t  

o r  below 10%. P r e c i s i o n  o f  t h e  niethod ove r  t h e  work ing  ranye was 

determined by t h e  a n a l y s i s  o f  r e p l i c a t e  sp i ked  samples. The 

i n t e r d a y  and i n t r a d a y  p r e c i s i o n  was i n d i c a t e d  by C V ' s  of l ess  than  

10% f o r  f o u r  d i f f e r e n t  plasma c2.8 t o  21 ng/ml l  and u r i n e  L0.2 t o  

6 .@ pg/ml l  concen t ra t i ons ,  as shown i n  Tables 1 and 2. The 

r e c o v e r i e s  a t  f o u r  d i f f e r e n t  c o n c e n t r a t i o n s  averaoed 58.3% w i t h  a 

s tandard  d e v i a t i o n  o f  ID%,  as shown i n  Tab le  3. 

DISCUSSION 

F i g u r e  2 shows, by t h e  absence o f  

drug peak, one o f  the advantages o f  us 

i n t e r f a r i n g  peaks near  t h e  

ng a s i  l i c e  g e l  column run 
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TABLE I: PRECISION OF PLA!3#A ASSAY FOR MLMlPHENIRAWINE 

SPI KEO 

[ng/ml l  [ n=6 I DEVIATION OF VARIATION 
CONCENTRATION MEAN STANDARD COEFFICIENT 

INTERDAY 

21 .o 
1a.o 

7.0 

2.8 

INTRADAY 

21 .o 
14.0 

7.0 

2.8 

21 .I 1.41 6.68 

14.1 0.19 1.35 

6.83 0.10 1.46 

2.91 0.24 R.25 

19.9 O.R6 4.32 

13.7 0.21 1.53 

7.28 0.63 8.65 

2.94 0.20 6.80 

w i t h  an aqueous mob i l e  phase t o  separate b a s i c  amine drugs. 

Acco rd ing  t o  t h e  proposed r e t e n t i o n  mechanism [ I C I ,  t h e  s i  l a n o l  

groups o f  t h e  ba re  s i l i c a  g e l  c o n s t i t u t e  the main engine f o r  

r e t e n t i o n  o f  compounds w i t h  c a t i o n i c  m o i e t i e s  such as drugs w i th  

b a s i c  p r imary ,  secondary, o r  t e r t i a r y  amine groups. Consequently, 

n e u t r a l  l i p i d  compounds t h a t  would be r e t a i n e d  by a C18 column and 

a n i o n i c  compounds e l u t e  w i t h  t h e  s o l v e n t  f r o n t .  

The major d i f f i c u l t y  w i t h  t h i s  method, t h a t  t h e  s i l i c a  g e l  o f  

a column d i s s o l v e s  when s o l v e n t s  w i t h  pH above 7.0 a r e  used [Ill, 

i s  m in im ized  when t h e  mob i l e  phase i s  s a t u r a t e d  wi th  s i l i c a .  
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TABLE 11: PRECISION OF URINE ASSAY FOR CHLORPHENIWINE 

SPIKED 

[pci/m 1 I [ n=6 I OEVI AT1 ON OF VARIATION 
CONCENTRATION MEAN STAKDARO COEFFICIENT 

INTEROAY 

6.00 6.05 0.111 1.83 

2.00 2.00 0.042 2.10 

0 .BOO 0.798 0.011 1.3E 

0.200 0.203 0.010 4.93 

I NTRAOAY 

6.00 5.89 0.656 0.95 

2.00 1.92 0.036 1 .84 

0.800 0.778 0.027 3.47 

0.200 0.219 0.011 5.02 

TABLE 111: RECOVERY OF EXRACTION [ n S l  

Sp iked  Conc. Peak t i e i y h t  R a t i o  Peak H e i g h t  R a t i o  P e r c e n t  
[ng/m 1 I A f t e r  E x t r a c t i o n  W i t h o u t  E x t r a c t i o n  Recovery 

______________.__I__c________________--____I__----------_ -- 
2.8 0.049 0.024 43.0 

7.0 0.130 0,065 50.0 

14.0 0.260 0.172 66.2 

21 .o 0.355 0.242 68.2 
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Also ,  i f  t h e  mob i l e  phase i s  r e c y c l e d  w h i l e  t h e  assay i s  running,  

s i  l i c e  s a t u r a t i o n  i s  eas i  l y  mainta ined.  

I n  t h i s  HPLC method t h e  use o f  an unbonded s i l i c a  g e l  column, 

an aqueous mob i l e  phase, and UV d e t e c t i o n  a t  200 nm y i e l d s  s a t i s -  

f a c t o r y  r e s u l t s  f o r  t h e  d e t e r m i n a t i o n  o f  ch lo rphen i ramine  i n  

plasma and u r i n e  samples. A l though the average recovery o f  t h e  

method [by e x t r e c t i o n  w i t h  pentane c o n t a i n i n g  1% CH$N p r i o r  t o  

i n j e c t i o n )  was o n l y  about 60% f o r  plasma samples, t h e  h i g h  ab- 

s o r p t i v i t y  o f  t h e  d rug  a t  200 nm was s u f f i c i e n t  t o  r e s u l t  i n  a 

d e t e c t i o n  l i m i t  o f  0.7 ng/ml [s/n=3] f o r  0.5 m l  plasma samples. 

The method i s  s imple,  p rec i se ,  accu ra te ,  and s e n s i t i v e  and has 

been used i n  a b i o a v a i l e b i l i t y  s tudy  o f  a c o n t r o l l e d  r e l e a s e  

ch l o  rpheni  rami ne f o  rmu tat. i on. Re 1 i ah l e  nieasu rements o f  ch l o r -  

pheni ramine c o n c e n t r a t i o n  were ob ta ined  f o r  up t o  72 hours f o l l o w -  

i n g  f o u r  o r a l  doses o f  6 ing o f  ch lorpheni ranr ine maleate taken  a t  6 

hour  i n t e r v a l s  and f o r  a 24  mg dose o f  a sus ta ined  re lease  formu- 

l a t i o n  taken  a t  0 hour ,  as shown f o r  one v o l u n t e e r  i n  F i g u r e  3 f o r  

plasma. Data ob ta ined  f rom u r i n e  samples was used t o  determine 

r a t e s  o f  e x c r e t i o n  as shown i n  F i g u r e  4. Only 14.1 f R.O% [ f o r  12  

normal  v o l u n t e e r s )  o f  t h e  ch lo rphen i  rsmine was exc re ted  unchanged 

by 72 hours f o l l o w i n g  t h e  f o u r  o r a l  doses. 

The reversed-phese system [ a l k y l  bonded s i l i c a  g e l  w i t h  an 

aqueous mob i l e  phase] i s  t h e  most w i d e l y  used HPLC t echn ique  i n  

assays f o r  drugs i n  b i o l o g i c a l  f l u i d s .  I n  t h i s  k i n d  o f  a system, 

t h e  r e t e n t i o n  mechanism depends ma in l y  on t h e  l i p o p h i  t i c  c h a r a c t e r  

o f  substances t o  be analyzed. Such a mechanism a l s o  r e t a i n s  

cons ide rab le  amounts o f  o t h e r  l i p o p h i l i c  substances, t he reby  i n -  
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CHLORPHENIRAMINE IN PLASMA 
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F igure  3: Chlorpheniramine Plasma Concentrat ion - Time P r o f i  La 
f o r  One Human Volunteer Given Chlorphaniramine Ma1.e- 
a t e :  0 6  mg a t  0, 6 ,  12, and 18 hours end m 2 4  mg a t  
0 hour.  

CHLORPHENIRAMINE IN URINE 
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F i g u r e  4: Chlorpheniramine U r i n e  Excre t ion  Rate  - Time P r o f i  l e  
for  One Human Volunteer Given Chlorpheniramine Male- 
a te :  0 6  mg a t  0 ,  6 ,  12, and 18 hours and m 2 4  mg 
a t  0 hour.  
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HPLC FOR BASIC AMINE DRUGS. I1 3111 

t e r f e r i n y  wi th  t h e  drug peak. On t h e  o t h e r  hand i n  a system 

c o n s i s t i n g  o f  a ba re  s i l i c a  g e l  and an aqueous mob l e  phase, t h e  

r e t e n t i o n  mechanism r e s u l t s  ma in l y  f rom i o n  exchange (101 and o n l y  

p a r t i a l l y  from l i p o p h i  t i c  i n t e r a c t i o n s .  Thus, endogenous non- 

i o n i c  n e u t r a l  l i p i d  compounds and a n i o n i c  compounds w i l l  n o t  be 

r e t a i n e d  on t h e  s i l i c a  g e l  column; o n l y  t h e  c a t i o n i c  [e.g. ammoni- 

um] i o n s  w i l l  be r e t a i n e d .  Then, t h e  i n t e r f e r i n g  substances i n  

b i o l o g i c a l  f l u i d s  e l u t e  a t  t h e  s o l v e n t  f r o n t ,  l e a v i n g  a very c lean  

b a s e l i n e  around t h e  r e t e n t i o n  t i m e  o f  t h e  drug, even a t  a UV 

wavelength o f  200 nm, as shown i n  F i g u r e  2. 

1. 

2. 

3. 

4. 

5. 

6. 
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