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DETERMINATION OF PLASMA PSEUDO- 
EPHEDRINE BY FLUORESCENCE DETECTION 

AND HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY 

J .  Veals, H. Kim, C. Korduba, D. Curtis, 
E. Durante, and C. Lin 

Department of Drug Metabolism 
Sch ering-Plo ugh Corporation 

Bloomfield, New Jersey 0 7003 

ABSTRACT 

A s e n s i t i v e  and s p e c i f i c  h igh-performance l i q u i d  chromato- 
g raph ic  method has been developed f o r  t he  de te rm ina t ion  o f  
pseudoephedrine i n  plasma. The assay was based on t h e  p ro -  
d u c t i o n  o f  a h i g h l y  f l uo rescen t  d e r i v a t i v e  o f  pseudoephedrine 
u s i n g  4-chloro-7-ni t robenzo-2,1,3-oxadiazole (NBD-C1) as t h e  
d e r i v a t i z a t i o n  agent. The f l uo rescen t  d e r i v a t i v e s  were 
separated u s i n g  normal phase l i q u i d  chromatography a f t e r  an 
automated column-swi t c  h ing ,  sample cl  ean-up p rocedu re. 
Pseudoephedrine de te rm ina t ion  was accura te  and p r e c i s e  a t  
concen t ra t i ons  as low as 10 nanograms p e r  m i l l i l i t e r  o f  plasma. 
The chromatographic s tep  separated d e r i v a t i v e s  o f  pseudo- 
ephedr ine  f rom those o f  norpseudoephedrine and severa l  o t h e r  
amines. Measurement o f  pseudoephedrine concen t ra t i ons  i n  
plasma f o l l o w i n g  a s i n g l e  120 m i l l i g r a m  o r a l  dose i s  
i l l u s t r a t e d .  
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418 VEALS ET AL. 

I N  TKO DUC T I  ON 

Bioava i  l a b i l i t y  and b ioequ iva lence s tud ies  on pseudo- 

ephedr ine fo rmu la t i ons  r e q u i r e  h i g h l y  s e n s i t i v e  methods f o r  

de te rm ina t ion  o f  t h e  drug  i n  b i o l o g i c a l  m a t e r i a l s .  Gas 

chromatographic procedures have been descr ibed f o r  a n a l y s i s  o f  

plasma pseudoephedrine (1) or  i t s  h e p t a f l u o r o b u t y l  (2,3,) and 

t r i  f l u o r o a c e t i c  anhydr ide (4,5,) d e r i v a t i v e s .  However, t hese  

methods are  l i m i t e d  t o  plasma pseudoephedrine l e v e l s  a t  o r  above 

t h e  40-50 ng/ml range. L i n ,  e t .  a l .  ( 6 )  repo r ted  a gas 

chromatographic method which was capable o f  q u a n t i f y i n g  

pseudoephedri ne a t  a plasma c o n c e n t r a t i o n  o f  15 nanogramslml ; 

however t h e  method was ve ry  t i m e  consuming. 

Very l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on h igh  performance 

l i q u i d  chromatographic (HPLC) a n a l y s i s  o f  pseudoephedrine. An 

HPLC procedure  f o r  u r i n a r y  pseudoephedrine was desc r ibed  by L a i  , 

e t .  a l .  ( 7 )  which was s p e c i f i c  and r e p r o d u c i b l e  bu t  t o o  i n s e n s i -  

t i v e  (1.5 ug /m l )  f o r  a n a l y s i s  o f  plasma l e v e l s .  The p resen t  

r e p o r t  desc r ibes  a new HPLC procedure  f o r  plasma pseudoephedrine 

de te rm ina t ion  which achieves g r e a t e r  s e n s i t i v i t y  (10 ng /ml )  t han  

t h e  gas chromatographic methods by measuring a h i g h l y  f l u o r e s c e n t  

4-chloro-7-ni t robenzo- i?, lY3,-oxadiazole d e r i v a t i v e .  D e r i v a t i z a -  

t i o n  o f  v a r i o u s  p r imary  and secondary amines, and t h e  use o f  t h e  

assay f o r  a n a l y s i s  o f  pseudoephedrine i n  human plasma are  

i l l u s t r a t e d .  
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PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 419 

MATERIALS AND METHODS 

Chemicals 

Toluene, cyclohexane, methanol, butanol  , e t h y l  e the r  

(anhydrous) and methyl i sobu ty l ke tone  were reagent grade and 

ob ta ined from Ma1 1 i nck rod t ,  Par is ,  Kentucky. The 4-chloro-7- 

ni t robenzo-2,  1, 3-oxadiazole (NBD-C1) was ob ta ined from Reg is  

Chemical Co., Morton Grove, I l l i n o i s .  Pseudoephedrine s u l f a t e ,  

ephedr ine s u l f a t e ,  phenylethylamine hydroch lo r ide ,  pheny le thano l -  

amine, a -pheny l -g l yc ino l  (2-amino-2-phenylethanol) ,  a s p i r i n ,  

acetaminophen, sa l i cy lamide,  t h e o p h y l l i n e ,  and c a f f e i n e  were 

ob ta ined from Sigma Chemical Co., Sa in t  Louis, M issour i .  

Chlorpheni  rainine, brompheniramine and t h e i r  desmethyl d e r i v a t i v e s  

were ob ta ined from Scher ing Corpora t ion ,  B loomf ie ld ,  N.J. 

Standard S o l u t i o n s  - 
Stock s o l u t i o  

a -pheny lg l yc ino l  ( 

d i s t i l l e d  water  a t  

s to red  frozen u n t i  

s o f  pseudoephedrine s u l f a t e  and 

n t e r n a l  standard, F ig .  1 )  were prepared i n  

1.0 mg base equ iva len t  pe r  m l .  

u t i l i z e d  t o  p repare  working s o l u t i o n s  o f  

A l i q u o t s  were 

lower concent ra t ion ,  a l s o  d i l u t e d  i n  water. 

E x t r a c t i o n  and k r i v a t i z a t i o n  Procedures 

I n t e r n a l  standard (0.1 t o  1.0 vg )  was added t o  1.0 m l  o f  

c o n t r o l  human p l  asma c o n t a i n i n g  va r ious  amounts o f  

pseudoephedrine and t h e  samples made a l k a l i n e  w i t h  0.5 m l  o f  25% 

K2C03. The samples were shaken w i t h  10.0 m l  d i e t h y l e t h e r  f o r  10 
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420 VEALS ET AL. 

PSEUDOEPHEDRI NE I NT E RN A1 STAN DA R D 

Figure 1. Structures of pseudoephedrine and internal standard 
(alpha-phenylglycinol) 

minutes and c e n t r i f u g e d  f o r  5 minutes a t  1OU0xg. The tubes  were 

p laced i n  a methanol-dry i c e  m i x t u r e  u n t i l  t h e  aqueous l a y e r  was 

frozen. The e t h e r  l a y e r  was t r a n s f e r r e d  t o  a separate tube and 

1.0 m l  o f  0.05 N H C l  was then added t o  the  e ther .  The tubes  were 

shaken fo r  5 minu tes  and c e n t r i f u g e d  f o r  2 minutes a t  1000xg. 

The aqueous l a y e r  was f rozen  by p l a c i n g  t h e  tubes  i n  methanol-dry 

i c e ,  t h e  e the r  l a y e r  was d i sca rded  and r e s i d u a l  e t h e r  was removed 

by p l a c i n g  the  tubes  under a stream o f  Np a f t e r  thawing. 

The aqueous e x t r a c t  was ad jus ted  t o  pH 8.5 by the  a d d i t i o n  

o f  40 p 1  NaOH (1.0N) and 0.5 m l  bora te  b u f f e r  (0.2M, pH 8.5). 

NBD-Cl was then  added (0.4 m l ,  0.5% W/V i n  m e t h y l i s o b u t y l k e t o n e )  

and each tube heated a t  7 9 O C  f o r  1 hour  i n  a mu l t i - temp-b lock  
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PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 42 1 

(Lab-Line Ins t ruments ,  Inc., Me1 rose Park, I11 .), m i x i n g  b r i e f l y  

a t  5 minu te  i n t e r v a l s .  The samples were coo led  on i ce ,  3.0 m l  

cyclohexane was added, and each tube  mixed on a vor tex .  A f t e r  

c e n t r i f u g a t i o n  a t  1000 x g f o r  3 minutes, a l i q u o t s  o f  t h e  c y c l o -  

hexane l a y e r  were i n j e c t e d  i n t o  an HPLC system u s i n g  a Waters 

I n t e l l i g e n t  Sample Processor (Model 710A, Waters Associates,  

M i l l f o r d ,  Mass.). 

o f  e x t r a c t i o n ,  t h e  cyclohexane e x t r a c t  was kep t  ove rn igh t  i n  t h e  

r e f r i g e r a t o r  ( 4 ' ~ ) .  

I f  samples were no t  chromatographed on t h e  day 

Chromatographic Condi t i  on s 

An automated co lumn-swi tch ing  HPLC techn ique was used t o  

determine d e r i v a t i z e d  pseudoephedrine concen t ra t i on  i n  plasma 

e x t r a c t s .  The system conta ined two HPLC columns. The f i r s t  

column was used t o  e x t r a c t  d e r i v a t i z e d  pseudoephedrine and 

i n t e r n a l  standard f rom t h e  reac t , ion  medium and a second coliirnn 

was used t o  de termine pseudoephedrine q u a n t i t y  i n  each 

sample. 

Pump A d e l i v e r e d  cyclohexane and pump B d e l i v e r e d  a mob i l e  phase 

c o n t a i n i n g  methano1:butanol : to luene:cyclohexane ( i n  a r a t i o  o f  

1:2:47:50). 

t a k e  one o f  two pa ths  i l l u s t r a t e d  by s o l i d  and dashed l i n e s .  I n  

t h e  f i r s t  p o s i t i o n  ( s o l v e n t  f low shown by s o l i d  l i n e ) ,  i n j e c t e d  

r e a c t i o n  medium was d i r e c t e d  on to  t h e  e x t r a c t i o n  column where 

pseudoephedrine and i n t e r n a l  standard were r e t a i n e d  w h i l e  

unwanted components passed i n t o  t h e  waste. 

A schematic o f  t h e  HPLC system i s  p resented  i n  F i g u r e  2. 

The s w i t c h i n g  v a l v e  a l lowed t h e  mob i l e  phases t o  
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42 2 VEALS ET AL. 

ANALYTICAL 
COLUMN DETECTOR 

Figure 2. Schematic of the HPLC system 

Three minutes a f t e r  i n j e c t i o n  t h e  sw i t ch ing  va l ve  was 

a u t o m a t i c a l l y  r o t a t e d  t o  t h e  second p o s i t i o n  ( s o l v e n t  f low shown 

by dashed l i n e s ) .  Th is  p laced t h e  f i r s t  column i n  s e r i e s  be fo re  

t h e  second column, a l l o w i n g  t h e  second so lvent  t o  e l u t e  

d e r i v a t i z e d  pseudoephedrine and i n t e r n a l  standard onto t h e  second 

column fo r  d e t e c t i o n  and q u a n t i t a t i o n .  

A f t e r  s u f f i c i e n t  t ime  ( 2  minutes)  had elapsed t o  ensure 

pseudoephedrine e l u t i o n  f rom t h e  f i r s t  column, t h e  va l ve  was 

a u t o m a t i c a l l y  switched back t o  t h e  f i r s t  p o s i t i o n ,  ready f o r  t h e  

nex t  i n j e c t i o n .  

column ( A l l t e c h  S i l i c a ,  4.6 x 250mn) and through t h e  f i r s t  column 

Mob i le  phases were pumped through t h e  second 

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



PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 423 

(Waters Guard Pak, CN) u s i n g  Model 6000A so lvent  d e l i v e r y  systems 

(Waters Assoc ia tes) .  Pumping r a t e  was 2.0 ml/min. E f f l u e n t  from 

t h e  second column was mon i to red  by an LE F l u o r o  Mon i to r  Model 

1311 ( M i l t o n  Roy Co., R i v i e r a  Beach, F l o r i d a )  equipped w.ith an 

F4T5-D lamp (General E l e c t r i c ) ,  Wratten No. 478 f i l t e r  on t h e  

pr imary  e x c i t a t i o n  s ide  (460 - 500 nM band-pass) and a Wratten 

No. 12 f i l t e r  on t h e  secondary emission s ide  (500 nM c u t - o f f ) .  

S e n s i t i v i t y  was se t  a t  1.0 x 10 mV. A l l  HPLC analyses were 

c a r r i e d  ou t  a t  ambient temperature. 

Fluorescence i n t e n s i t y  was recorded on a Goerz Metrawatt  SE 

12U recorder  and a Hewle t t  Packard Model 3357 l a b o r a t o r y  data 

system. The HPLC system contained a 10 p o r t  h e l i c a l  a i r  ac tua ted  

va l ve  (Valco Ins.  Co., Houston, Texas, Model AC10b). Valve 

sw i t ch ing  t imes were c o n t r o l l e d  by a Con t ro l  model C D  t i m e r ;  

countdown was i n i t i a t e d  by t h e  a u t o - i n j e c t o r .  

Cal  cu 1 a t  i on s 

Chromatogram peaks were i d e n t i  f i e d  on t h e  b a s i s  o f  r e t e n t i o n  

t imes and c a l c u l a t i o n s  o f  pseudoephedrine concen t ra t i on  were 

based on t h e  r a t i o  o f  peak he igh t  o f  pseudoephedrine t o  t h a t  o f  

t h e  i n t e r n a l  standard. 

RESULTS 

The HPLC r e t e n t i o n  t imes f o r  d e r i v a t i v e s  o f  pseudoephedrine, 

i t s  m e t a b o l i t e  (norpseudoephedrine), i n t e r n a l  standard and o t h e r  

amines are l i s t e d  in Table 1. Pseudoephedrine was w e l l  separated 
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424 VEALS ET AL. 

Table 1 

Re ten t ion  Times f o r  NBD-CL Der i va t i ves  o f  
Pseudoephedrine, i t s  Analogs, and o t h e r  

Compounds o f  I n t e r e s t  

Re ten t i on  Time (Min) 

C omp ou nd 

Phenylethylamine 
Oimethoxyphenethyl a m i  ne 
Phenylpropanol amine 
Ephedrine 
Norpseudoephedrine 
Phenyl ethanol  ami ne 
a-P heny 1 g 1 y c i  no1 ( i fit erna 1 standard ) 
Pseudoephedri ne 
Tyrami ne 
Phenylephr i  ne 
A s p i r i n  
Acetaminophen 
Sal i c y 1  amide 
Theophy l l ine  
Ca f f  e i  ne 

aN.U. = None detected. 

3.1 
6.4 
6.4 
7.8 
7.9 
8.8 
9.7 

12.0 
13.9 
21.5 a 
N.D. 
N. D. 
N.D. 
N. D. 
N. D. 

f rom i n t e r n a l  standard and i t s  m e t a b o l i t e  (norpseudoephedrine). 

A s p i r i n ,  acetaminophen and sa l i cy lam ide  which may be 

coadministered w i t h  pseudoephedrine are  no t  amines and d i d  no t  

produce f l u o r e s c e n t  d e r i v a t i v e s .  

d i d  not produce d e r i v a t i v e s .  

Theophy l l ine  and c a f f e i n e  a l s o  

A standard cu rve  for pseudoephedrine and i n t e r n a l  standard 

e x t r a c t e d  from human plasma i s  i l l u s t r a t e d  i n  F i g u r e  3. The peak 
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PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 425 

PLASMA CONCENTRATION (NG/ML) 

Figure 3. Concentration curve for pseudoephedrine extracted from 
human plasma. Internal standard concentration was 400 
ng/d plasma. Injection volume was 100 111. 

h e i g h t  r a t i o s  (pseudoephedr ine / in te rna l  standard) were l i n e a r l y  

r e l a t e d  t o  pseudoephedrine concen t ra t i on  over t h e  range o f  10 t o  

500 ng/rnl w i t h  a regress ion  c o e f f i c i e n t  ( r  ) o f  0.99. Subsequent 

t e s t i n g  has shown t h a t  t h e  curve  i s  l i n e a r  up t o  a t  l e a s t  

2000 ng/ml. 

2 

Accuracy and p r e c i s i o n  o f  t h e  assay were demonstrated a t  

several  plasma concen t ra t i ons  as shown i n  Table 2. Over t h e  

range o f  20 t o  500 ng/ml t h e  observed concen t ra t i ons  o f  

pseudoephedrine r e f l e c t e d  t h e  e x c e l l e n t  accuracy o f  t h e  method 
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Table 2 

Accuracy and P r e c i s i o n  o f  Pseudoephedrine 
Assay i n  Spiked Human Plasma 

VEALS ET AL. 

Amount Added Observed R e l a t i v e  
(ng)  t o  1 m l  Number o f  Concent ra t ions  C.V. Error 

P1 a sma Rep1 i c a t e s  (ng /ml )  - % % 

500 
200 
100 

50 
20 

6 506.6 2.1 1.3 
8 191.2 8.6 4.4 
5 91.7 4.8 8.3 
8 50.2 10.6 4.0 
8 20.4 7.0 2.0 

w i t h  t h e  r e l a t i v e  e r r o r  f a l l i n g  i n  t h e  range o f  1.3 t o  8.% The 

p r e c i s i o n  was a l s o  good, w i t h  t h e  percent  c o e f f i c i e n t  o f  

v a r i a t i o n  (% C.V.) i n  t h e  range o f  2.1 t o  10.6. 

The l i m i t  o f  q u a n t i t a t i o n  f o r  t h e  assay was de f i ned  as t h e  

lowest concen t ra t i on  o f  pseudoephedrine where accuracy ( r e l a t i v e  

e r r o r )  and p r e c i s i o n  ( c o e f f i c i e n t  o f  v a r i a t i o n )  d i d  no t  exceed 

2W0. As shown i n  Tab:e 3 these c o n d i t i o n s  h o l d  t r u e  a t  a 

pseudoephedrine concen t ra t i on  o f  10 ng pe r  m l  o f  plasma. 

Concent ra t ion  va lues  below t h i s  l i m i t  and above t h e  l i m i t  o f  

d e t e c t i o n  (approx imate ly  2 ng/ml ) were considered est imates.  

chromatographic response t o  10 ng o f  pseudoephedrine e x t r a c t e d  

from 1 m l  human plasma and t h e  corresponding response t o  blank 

plasma are shown i n  F i g u r e  4. 

The 

An examinat ion o f  pseudoephedrine s t a b i l i t y  i n  f rozen plasma 

and a comparison o f  between-run and w i t h i n - r u n  p r e c i s i o n  i s  
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PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 

Table 3 

Rep1 i c a t e  Ana lys i  s o f  Pseudoephedrine 
Ex t rac ted  from Plasma a t  t h e  Lowest 

Level  o f  Q u a n t i t a t i o n  

Pseudoephedri ne 
Added (ng/ml ) 

10 
10 
10 
10 
10 
10 
10 
10 

Mean 
c.v, 

Re1 a t i v e  Error 

Observed 
Concent ra t ion  (ng/ml ) 

10.47 
11.27 
10.09 
10.34 
10.03 
10.34 
13.39 
11.13 
10.63 

rn 
9.6% 
8.5% 

Table 4 

Between-Run and Within-Run 
P r e c i s i o n  o f  R e p l i c a t e  Ana lys i s  

R e l a t i v e  
Assay Number o f  E r r o r  

Date Samples - Mean (C.V.) % 

12/i-t /a5 5 190.4 (5.9) 4.8 

1/27/86 5 193.8 (1.1) 3.1 

12/ 4/ 85 5 215.1 (8.4) 7.5 

1/8/86 5 188.2 (2.7) 5.9 

7 200.9 (3.8) 0.4 3/10/86 - 
Between-run mean (C.V.) 197.7 (5.5) 
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Figure 4. Chromatographic response to 10 nanograms pseudoephedrine 
and 100 nanograms internal standard extracted from human 
plasma (A) ,  and background response to control human 
plasma (B). Injection volume was 200 d. 
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PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 429 

presented  i n  Table 4. Fo r  t h i s  study, a pool  o f  human plasma 

c o n t a i n i n g  pseudoephedrine (200 ng/ml)  was assayed on t h e  day o f  

p r e p a r a t i o n  and on subsequent days. The plasma was s to red  a t  

-2OOC. 

and p r e c i s i o n s  were good. I n  a d d i t i o n ,  pseudoephedrine was 

s t a b l e  f o r  a t  l e a s t  t he  97 day d u r a t i o n  o f  t h i s  experiment. 

As can be seen, t h e  w i t h i n - r u n  and day-to-day accuracy 

The method was used t o  examine pseudoephedrine plasma l e v e l s  

i n  v o l u n t e e r s  r e c e i v i n g  sus ta i  ned-re1 ease formul a t i  on c o n t a i n i n g  

120 mg o f  pseudoephedrine s u l f a t e  ( A f r i n o l  Repetabs, Scher ing) .  

The da ta  i s  p resented  i n  F i g u r e  5. 

plasma l e v e l s  found i n  12 subjects.  Mean va lues  f o r  AUC, Cmax 

and Tmax were 3686 h r  x ng/ml , 262 ng/ml , and 6.5 h r ,  

r e  spec t i v e l  y . 

Each p o i n t  i s  t h e  mean o f  

D I  SC USS I ON 

The d e r i v a t i z a t i o n  o f  pseudoephedrine w i t h  NBD-C1 r e s u l t e d  

i n  a h i g h l y  f l u o r e s c e n t  p roduc t  which f a c i l i t a t e d  t h e  development 

o f  a s e n s i t i v e  and s p e c i f i c  a n a l y t i c a l  method. NBD-C1 was f i r s t  

used f o r  t h e  f l u o r o g e n i c  l a b e l l i n g  o f  amines and amino ac ids  by 

Gosh and Whitehouse ( 8 )  and a p p l i e d  t o  the  a n a l y s i s  o f  

methylcarbamate i n s e c t i c i d e s  by Lawrence and F r e i  (9) .  Ahnof f  , 
e t .  a1 (10) conducted a d e t a i l e d  study o f  t h e  d e r i v a t i z a t i o n  

r e a c t i o n  and repo r ted  reverse-phase HPLC chromatographic systems 

f o r  separa t i ng  severa l  amino a c i d s  d e r i v a t i z e d  w i t h  NBD-C1. 

However, t h e  NBD-amine d e r i v a t i v e s  d i s p l a y  ve ry  weak f luorescence 
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0 

TIME [HOURS) 

Figure 5. Mean plasma levels of pseudoephedrine in twelve normal 
subjects following a 120 mg oral dose of pseudoephedrine 
sulfate in a repeat action tablet. 

i n  p o l a r  so l ven ts  bu t  a re  s t r o n g l y  f l uo rescen t  i n  non-polar 

o rgan ic  so l ven ts  (9). There fore  we c a r r i e d  ou t  t h e  HPLC 

separa t ion  i n  normal phase mode, as had been done by Wolfram, e t .  

a l .  ( l l ) ,  on a 10 micron s i l i c a  column. 

Both pr imary  and secondary amines may be d e r i v a t i z e d  as 

shown i n  Table 1. The d a t a  a l s o  show t h a t  several  compounds such 

as a s p i r i n  o r  ca f fe ine ,  which may be present  i n  t h e  plasma 

sample, d i d  no t  produce f l uo rescen t  d e r i v a t i v e s  and would no t  

i n t e r f e r e  w i t h  pseudoephedri ne de terminat ion .  

i n d i c a t e  t h a t  t h e  HPLC method determines pseudoephedrine 

These resu 1 t s  
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PLASMA PSEUDOEPHEDRINE BY FLUORESCENCE DETECTION 43 1 

s p e c i f i c a l l y ,  w i t h o u t  i n t e r f e r e n c e  from i t s  me tabo l i t e ,  i t s  

analogs and o t h e r  comnon drugs. 

The s e n s i t i v i t y  was s u f f i c i e n t  f o r  d e t a i l e d  pharmacok ine t ic  

s tud ies  r e q u i r i n g  measurement o f  pseudoephedrine a t  l ong  t i m e  

i n t e r v a l s  a f t e r  dosing. 

r e s u l t i n g  mean va lues  f o r  AUC, Cmax and Tmax were i n  agreement 

w i t h  those pub l i shed  by L in ,  e t .  a l .  (12,13) i n  which sub jec ts  

a l s o  rece ived  120 mg o f  pseudoephedrine s u l f a t e  i n  a repeat  

a c t i o n  t a b l e t .  S i m i l a r  AUC and Cmax va lues  were repo r ted  by 

Graves, e t .  a l .  ( 5 )  i n  sub jec ts  r e c e i v i n g  a s i n g l e  120 mg dose of  

pseudoephedrine h y d r o c h l o r i d e  i n  d l i q u i d  c o n t r o l l e d - r e l e a s e  

produc t .  

The da ta  p resented  i n  F i g u r e  5 and t h e  

We have found t h e  method t o  be very  rep roduc ib le ,  accurate,  

s e n s i t i v e  and s p e c i f i c  f o r  pseudoephedrine. A s  we have 

demonstrated, i t  i s  use fu l  i n  pharmacok ine t ic  s t u d i e s  and has 

been used r o u t i n e l y  i n  our l a b o r a t o r y  t o  de termine 

pseudoephedrine plasma l e v e l s  i n  b ioequ iva lency  s tud ies .  I n  

a d d i t i o n ,  t h e  procedure  can be m o d i f i e d  fo r  t he  assay o f  many 

amines such as ephedrine, phenylpropanol  amine and 

norpseudoephedrine. 
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