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ABSTRACT 

A h i g h  p ressu re  l i q u i d  chromatographic  a n a l y s i s  o f  
phenylpropanolemine i n  plasma and u r i n e  by post-column d e r i v a t i z e -  
t i o n  w i t h  o-phthalaldehyde i s  desc r ibed .  Plasma samples a r e  
e x t r a c t e d  w i t h  methylene c h l o r i d e  under a l k a l i n e  c o n d i t i o n s .  
U r i n e  i s  d i l u t e d  w i t h  mob i l e  phase w i t h o u t  e x t r a c t i o n .  Us ing  
f l uo rescence  d e t e c t i o n ,  t h e  method i s  s u f f i c i e n t l y  s e n s i t i v e  [ 2  
n g h l  i n  0.5 m l  o f  plasma and 0.5 mcg/ml i n  0.2 m l  o f  u r i n e )  so 
t h a t  phenylpropenolamine c o n c e n t r a t i o n s  i n  plasma o r  u r i n e  may be 
meisured f o r  up t o  24 hours f o l l o w i n g  a 75 mg o r a l  dose. C o e f f i -  
c i e n t s  o f  v a r i a t i o n  f o r  i n te r -day  and in t ra -day  p r e c i s i o n  a r e  l e s s  
than 10%. 

INTRODUCTION 

Phenylpropanolamine [ F i g .  11, a sympathomimetic amine, i s  

w i d e l y  used as a decongestsnt and an a p p e t i t e  suppressant .  Fo r  
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1490 SHI ET AL. 

PHENYLPROPANOLAMI NE HCL 

d.- METHYLBENZYLAMINE ( INTERNAL STD) 

FIGURE 1.  

pharmecokinet ic  end b i o a v a i  l e b i  l t t y  s t u d i e s ,  phenylpropenolemine 

c o n c e n t r e t l o n s  i n  b i o l o g i o a l  f l u i d s  has bean dutarmined by gas 

l i q u i d  chromatography [GLC) f o l l o w i n g  e x t r a c t i o n  end d e r i v e t i z e -  

t i o n  u s i n g  an e l e c t r o n  cap tu re  d e t e c t o r [ l ]  o r  a n i t r o g e n  s e l e o t i v e  

d e t e c t ~ r [ ~ , ~ ] .  High-performance l i q u i d  c h r m e t o g r e p h y  f o  1 lowing 

s x t r a c t i 0 n [ ~ 1  ehd pre-6olumn d e r i v e t i ~ e t i o n [ ~ - 7 1  have e l s o  been 

repo r ted .  

desc r ibed  r e c e n t l y  f o r  u r i n e  sample meesurements[81. 

A post-column d e r i v e t i z e t i o n  method has e l s o  been 

A sencsit ive, r a p i d  method f o r  s e p a r a t i o n  o f  
phenylpropenolemine by  HPLC f o l l o w e d  by post-colUmn i n - l i n e  

d e r i v e t i r e t i o n  wi th a-phtheleldahyde end f l u o r o m e t r i c  d e t e c t i o n  i s  

presented here f o r  b o t h  plasma and u r i n e .  

o r  0.2 ml o f  u r i n e  i s  needed f o r  t h i s  assey. 

Only 0.5 m l  o f  plasma 
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PHENYLPROPANOLAMINE IN PLASMA AND URINE 

EXPERIMENTAL 

Apparatus 

1491 

The HPLC c o n s i s t s  o f  two pumps [Model 110, Beckman Inc . ,  Sen 

Jose, C A I ,  an automat ic  sample processor  [WISP 7108, Waters 

Associatas,  M i l f o r d ,  MA), 5 ,Qm U l t r a s p h e r e  ODS columns (Beckman 

I n c . ,  San Jose, CAI, 4.6 mm X 15 cm f o r  t h e  plasma assay and 4.6 

mm X 25 cm f o r  t h e  u r i n e  assay.  A "T" m i x i n g  connector  end a 10  

ft. long c o i l e d  t e f l o n  t u b i n g  [I .O. 0.027"l a r e  used as t h e  p o s t  

column i n - l i n e  r e a c t o r .  A f luorascence d e t e c t o r  Shimedzu Rf-530 

[ I ns t ruSpec ,  I nc . ,  Concord, C A I  and en i n t e g r a t o r  [Model 3390A, 

Hewlett-Peckerd, Sante C le re ,  CAI were a l s o  used. 

Reagents and Materials 

A c e t o n i t r i  l e  [J.T. Baker Chem. Co., P h i  l l i p s b u r g ,  N J I  end 

methylane c h l o r i d e  (Burd i ck  end Jackson Lab. Inc. ,  Muskegon, M I 1  

were HPLC grade. Phenylpropenolamine HCL [Ciba-Geigy Pherm Oiv., 

Summit, N J I ,  C -methy lbenzy lamina  [ P f e l t z  Beuer, I n c . ,  Stem- 

f o r d ,  CTI, o-phthaleldehyde [Sigma Cham. Co., S t .  Lou is ,  M O I ,  

tetremethylemmonium c h l o r i d e  [ F l u k e  Cham. Co., Hauppeuge, NYI, and 

sodium I-heptene s u l f o n a t e  [Regis  Cham. Co., Morton Grove, I L I  

were o b t a i n e d  commerc ia l ly .  

apparatus [Barnstead Co., Boston, MA]. A 1  o t h e r  reagen ts  were 

a n a l y t i c a l  o r  reagent  grade. 

Water was p u r  f i e d  th rough  a Nanopure 

Chromatographic Conditions 

The mob i l e  phase f o r  t h e  plasma essay was prepared by  m i x i n g  

2400 m l  o f  a c e t o n i t r i l e ,  1600 m l  o f  water ,  0.8 gm o f  sodium 1- 

haptane s u l f o n a t e  and 12  m l  o f  g l a c i a l  a c e t i c  a c i d .  For t h e  u r i n e  

essay, t h e  mob i l e  phase was prepared by  m i x i n g  1400 m l  o f  e c e t o n i -  

t r i t e ,  2600 m l  o f  water ,  32 m l  o f  1% tetremethylemmonium c h l o r i d e  

aqueous s o l u t i o n  and 1 2  m l  g l a c i a l  a c e t i c  a c i d .  The s o l v e n t s  were 

degassed end f i  l t e r e d  b e f o r e  used. 
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1492 SHI ET AL. 

The p o s t  column o-phthelaldehyde s o l u t i o n  was prepared by  

d i s s o l v i n g  100 gm o f  b o r i c  a c i d  i n  3.9 l i t e r s  o f  water ,  a d j u s t i n g  

t h e  pH t o  10.4 w i t h  50% KOH, adding 8 m l  o f  2-mercaptoethanol 

and 40 m l  o f  8% o-phthelaldehyde metheno l i c  s o l u t i o n .  The so lu -  

t i o n  i s  s t e b l e  f o r  weeks. Both t h e  mob i l e  phase and t h e  pos t -  

column s o l u t i o n  were pumped a t  a f l o w  r a t e  o f  1.0 m l h i n  i n  b o t h  

plasma and u r i n e  assays. 

nm f o r  e x c i t a t i o n  and 418 nm f o r  emission. The r e t e n t i o n  t i m e s  

f o r  phenylpropanolamine and methylbenzylamine [ t h e  i n t e r n e t  

s tandard,  F ig .11 were 8.5 m i n  and 10.3 m i n ,  r e s p e c t i v e l y  i n  

plasma [ F i g .  21 and 11.3 min and 13.3 m i n ,  r e p e c t i v e l y  i n  u r i n e  

[ F i g .  31. 

The f l uo rescence  d e t e c t o r  was s e t  e t  340 

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

Plasma samples I ,5 m l l  were e x t r a c t e d  w i th  5 m l  o f  methylene 

c h l o r i d e  s o l u t i o n  c o n t a i n i n g  i n t e r n a l  s tandard  and 100 fit o f  0.5 M 

G e 
FIGURE 2. HPLC CHROMATOGRAMS OF [ A 1  BLANK PLASMA EXTRACT AND [ B l  

AN EXTRACT OF PLASMA CONTAINING PHENYLPROPANOLAMINE 
[4 NG/MLI (1  I AND 4-METHYLBENZYLAMINE [21 .  
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PHENYLPROPANOLAMINE IN PLASMA AND URINE 1493 

A 
B 

FIGURE 3. HPLC CHROMATOGRAMS OF (A1 BLANK URINE AN0 (61 URINE 
CONTAINING PHENYLPROPANOLAMINE [ I  MCG/MLI (1  1 AN0 
&-METHYLBENZYLAMINE [21. 

K2HP04 [pH 111 f o r  15 minutes i n  a r o t a t o r .  

3000 G f o r  10 minutes, t h e  plasma l a y e r  was d i sca rded  and t h e  

o r g a n i c  l a y e r  t r a n s f e r r e d  t o  a t e s t  t ube  c o n t a i n i n g  50 j41 o f  0.1% 

HCL i n  a c e t o n i t r i l e .  The s o l u t i o n  was then  evaporated t o  dryness 

under n i t r o g e n ,  200 j l L  o f  mob i l e  phase was added t o  t h e  r e s i d u a  

and t h e  s o l u t i o n  was vor texed f o r  1 minute. A 40 t o  100 ~1 

a l i q u o t  o f  t h i s  s o l u t i o n  was i n j e c t e d  on to  t h e  column. U r i n e  

samples [0.2 m l )  were d i l u t e d  w i t h  2 m l  o f  t h e  mob i l e  phase 

c o n t a i n i n g  t h e  i n t e r n a l  s tandard and mixed by  v o r t e x i n g  f o r  1 

minute;  a 2 t o  10 A t  a l i q u o t  o f  t h e  r e s u l t i n g  s o l u t i o n  was 

d e l i v e r e d  on to  t h e  co lumn, 

A f t e r  c e n t r i f u g i n g  a t  

RESULTS 

C a l i b r a t i o n  curves u s i n g  t e n  d i f f e r e n t  c o n c e n t r a t i o n s  rang ing  

from 2 t o  200 ng/ml i n  t h e  plasma assay and e leven  d i f f e r e n t  

concen t ra t i ons  from 0.5 t o  150 mcg/ml i n  t h e  u r i n e  assay were 
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1494 SHI ET AL. 

ob ta ined  by c e l c u l a t i n g  t h e  r a t i o  o f  t h e  peak h e i g h t  o f  phenyl- 

propanolamine t o  t h a t  o f  t h e  i n t e r n a l  s tandard  versus t h e i r  

r e s p e c t i v e  concen t ra t i ons .  Over these c o n c e n t r a t i o n  ranges, t h e  

s tandard curves were l i n e a r  f o r  b o t h  plasma and u r i n e  assays wi th  

r2  values g r e e t e r  t han  0.9990 (see Table 11. However, these 

TABLE I 

LINEARITY OF REPRESENTATIVE CALIBRATION CURVES 

PLASMA URINE 

SPIKED 
CONC 
ng/m 1 

2 

4 

6 

10 

16 

30 

40 

80 

120 

200 

CALCULATE0 [ng/m 1 1 CACCULATED[mcg/ml 1 

FROM SPIKED FROM 
PEAK ALL FROM FROM CONC PEAK ALL FROM FROM 

HEIGHT DATA 0-40 40-200 mcg/ml HEIGHT DATA 0-15 15-150 
- - -- - -- -- 
0.039 3.08 2.28 0.5 0.033 0.33 0.58 

0.067 4.68 3.92 1 0.055 0.75 0.97 

0.101 6.61 5.92 2 0.111 1.83 1.94 

0.166 10.3 9.73 4 0.224 3.99 3.92 

0.271 16.3 15.9 8 0.462 8.54 8.08 

0.521 30.5 30.6 15 0.857 16.1 15.0 16.1 

0.676 39.3 39.7 40.5 30 1.565 29.7 29.6 

1.323 76.1 76.9 50 2.654 50.5 50.9 

2.049 117. 118. 80 4.087 77.9 77.9 

3.556 203. 202. 100 5.28 101. 101. 

150 7.864 150. 150. 

I n t e r c e p t  -0.0146 0.0002 -0.0430 0.0169 -0.0005 0.0180 
Slope 0.0176 0.0170 0.0178 0.0522 0.0572 0.0522 
r2 0,9991 0.9996 0.9988 0.9997 0.9999 0.9996 
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PHENYLF'ROPANOLAMINE IN PLASMA AND URINE 1495 

standard curves showed s i g n i f i c a n t  d e v i a t i o n s  a t  t h e  lower  

concen t ra t i ons .  I f  two c a l i b r a t i o n  curves a r e  c a l c u l a t e d  sepa- 

r a t e l y  over  ranges o f  2 t o  40 ng/ml and 40 t o  200 ng/ml f o r  t h e  

plasma assay and 0.5 t o  15 mcg/ml and 15 t o  150 mcg/ml f o r  t h e  

u r i n e  essay, t h e  accuracy a t  t h e  lower c o n c e n t r a t i o n s  i s  g r e a t l y  

improved, as shown i n  Table 1. There fo re ,  two s tandard  cu rves  

were used f o r  c a l c u l a t i n g  t h e  c o n c e n t r a t i o n s  o f  c l i n i c e l  samples 

Precision and Accuracy 

P r e c i s i o n  o f  t h e  method ove r  t h e  e n t i r e  work ing range was 

determined w i t h  t h e  a n a l y s i s  o f  sp i ked  samples. I n  Tab les  2 and 

3, t h e  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  f o r  f o u r  d i f f e r e n t  plasma 

c o n c e n t r a t i o n s  a r e  presented.  Tab les  4 and 5 d e t a i l  t h e  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  o f  t h e  method a t  f o u r  d i f f e r e n t  u r i n e  

concan t re t i ons .  Average CVs f o r  t h e  method were l e s s  than  10% a t  

a 11 concen t ra t i ons .  

TABLE 2 
INTER-DAY PRECISION PHENYLPRWANOIMINE HCL I N  PIASIA 

1 2 3 4 5 6 MEAN SD XCV ________________________________________-------------------------- 
H I B I  CONCENTRATION [SPIKED: 100 n g h l l  

105 95.6 92.3 95.8 98.2 97.5 97.4 4.20 4.31% 

MEDIUM CONCENTRATION [SPIKED: 50.0 ng/aLI 

53.3 42.8 49.9 49.8 47.5 56.2 49.9 4.64 9.30% 

LON CONCENTRATION [SPIKED: 20.0 n g h l l  

21.8 19.3 20.7 19.3 20.1 20.1 20.3 0.93 4.60% 
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1496 SHI ET AL. 

1 2 3 4 5 6 MEAN so %CV 

H I M  CONCENTRATION [SPIKED: 100.0 ng/mLl 

95.1 90.6 98.6 96.7 96.2 97.5 95.8 2.79 2.91% 

MEDIW CONCENTRATION [SPIKED: 50 ng/mLl 

45.5 50.6 50.8 49.3 50.2 53.1 49.9 2.51 5.03% 

LOU CONCENTRATION [SPIKED: 20 ng/mLl 

19.9 20.1 20.9 19.1 20.7 19.8 20.1 0.64 3.19% 

X-LOU CONCENTRATION [SPIKED: 10.0 ng/mll 

9.49 9.39 10.6 10.8 9.86 9.12 9.88 0.68 6.88% .................................................................. .................................................................. 

1 2 3 4 5 6 MEAN SD XCV .................................................................. 
H I M  CONCENTRATION [SPIKED: 100 mcg/mLl 

110 98.7 99.3 99.3 96.4 93.6 99.5 5.54 5.57% 

MEDIW CONCENTRATION [SPIKED: 50.0 mcg/mLI 

54.9 47.0 47.8 49.6 46.3 46.3 48.6 3.29 6.76% 

LOW CONCENTRATION [SPIKED: 20.0 mcg/mLl 
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PHENYLF'ROPANOLAMINE IN PLASMA AND URINE 1497 

1 2 3 4 5 6 MEAN so %CV 

H I B I  CONCENTRATION [SPIKED: 100.0 mcg/aLl 

109 103 105 109 101 110 106 3.92 3.69% 

MEDIUM CONCENTRATION [SPIKED: 50 mcg/mLl 

52.4 53.2 52.3 54.7 54.5 54.7 53.6 1.17 2.18% 

LOW CONCENTRATION [SPIKED: 10 ncg/mLl 

9.32 9.46 9.18 10.8 8.98 10.9 9.77 0.84 8.60% 

X-LMI CONCENTRATION [SPIKED: 1.0 mcg/mLl 

0.98 1.05 1.02 1.05 1.07 1.04 1.04 0.03 2.88% -------__---------_----------------------------------------------- -_--__---------------_-----------------_-------------------------- 

Ext rac t ion  E f f i c i e n c y  

Spiked plasma samples were assayed i n  t r i p l i c a t e  a t  f o u r  

d i f f e r e n t  concen t ra t i ons .  A l l  samples were t r e a t e d  as desc r ibed  

p r e v i o u s l y  except t h a t  f o r  e x t r a c t i o n ,  t h e  i n t e r n a l  s tandard  wes 

n o t  added. A f t e r  t h e  o rgan ic  s o l u t i o n  was evaporated t o  dryness,  

t h e  i n t e r n a l  s :andard was added and evaporated again and recons- 

t i t u t e d  w i t h  mob i l e  phase. Peak h e i g h t  r a t i o s  were compared w i t h  

those ob ta ined  f rom samples c o n t a i n i n g  e q u i v a l e n t  c o n c e n t r a t i o n s  

o f  phenylpropanolamine and i n t e r n a l  s tandard  w i t h o u t  e x t r a c t i o n .  

Recover ies ob ta ined  ranged between 79 and 87% [Tab le  61. 

DISCUSSION 

Prev ious  HPLC methods used t o  determine phenylpropano lamine 

i n  b i o l o g i c a l  f l u i d s  a re  r e l a t i v e l y  t i m a  consuming wi th  respec t  
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1498 SHI ET AL. 

TABLE 6 
RECOMRY OF MTRACTIM( “3) 

Peak He ight  R a t i o  Peak He ight  R a t i o  
Conc. Spiked A f t e r  E x t r a c t i o n  W/Out E x t r a c t i o n  Recovery 

‘4 B 15 ik a 
T mid. (hrs. > 

FIGURE 4. PLASMA PHENYLPROPANOIAMINE CONCENTRATION - TIME PROFILE 
FOR ONE HUMAN VOLUNTEER [ e l  GIVEN A SUSTAINED-RELEASE 
TABLET I75 MG1 ONLY AT 0 HR [SOLID LINE);  (b)  GIVEN A 
SOLUTION l37.5 MG1 AT 0 AND AT 12 HR [DASHED L INE] .  
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PHENYLPROPANOLAMINE IN PLASMA AND URINE 1499 

0 4 e I.? 16 M 24 
TIME ( h r s . )  0 

b . . . . . . . . . . . . .  

FIGURE 5.  URINE PHENYLPROPANOLAMINE EXCRETION FATE - TIME PROFILE 
FOR ONE HUMAN VOLUNTEER [ e l  GIVEN A SUSTAINED-RELEASE 
TABLET [75 MG1 ONLY AT 0 HR [SOLID LINE]; [ b l  GIVEN A 
SOLUTION l37.5 MG1 AT 0 AN0 AT 12 HR [DASHED LINE]. 

t o  sample p r e p e r e t i o n  o r  r e l e t t v e l y  i n s e n s i t i v e  t o  d e t e c t i o n  o f  

low c o n c e n t r a t i o n s  i n  plssme. The method desc r ibed  he re  i s  r a p i d ,  

s p e c i f i c  end r e l e t i v e l y  s imp le  f o r  b o t h  plasma end u r i n e .  T h i s  

method i s  s u f f i c i e n t l y  s e n s i t i v e ,  accu ra te  end p r e c i s e  so t h a t  

r e l i a b l e  measurements o f  phenylpropenolemine c o n c e n t r a t i o n s  may 

be ob ta ined  f o r  plesme end u r i n e  samples up t o  24 hours  f o l l o w i n g  

e 75 mg o r a l  dose. T h i s  i s  e x e m p l i f i e d  i n  F i g u r e s  4 end 5 where 

plasma c o n c e n t r a t i o n s  end u r i n a r y  e x c r e t i o n  r e t e e  o f  

phenylpropenolemine e r e  dep ic ted  f o r  one normal  v o l u n t e e r  who 

rece ived  e 75 mg sus ta inad  r e l e a s e  t a b l e t  end on separa te  occa- 

s ions ,  2 doses o f  phenylpropenolemine as e 37.5 mg s o l u t i o n  a t  0 

end 12 hours. The HPLC method desc r ibed  he re  has been u t i l i z e d  i n  

b i o e v e i  l e b i  l i t y  s t u d i e s  i n v o l v i n g  ove r  1000 b i o l o g i c a l  samples. 
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