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ABSTRACT 

A r e v e r s e  phase h i g h - p r e s s u r e  1 i q u i d  chromatography  method f o r  

t h e  q u a n t i t a t i o n  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  i n  a v a r i e t y  o f  

pha rmaceu t i ca l  dosage fo rms has been developed. The deve loped 

method d i d  n o t  r e q u i r e  t h e  use o f  a c b u n t e r - i o n  t o  i n c r e a s e  t h e  

r e t e n t i o n  t i m e  o f  p h e n y l e p h r i n e .  The method i s  s imp le ,  accu ra te ,  

p r e c i s e  and r e p r o d u c i b l e  w i t h  a p e r c e n t  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  

o f  0.54 based on 6 i n j e c t i o n s .  The r e s u l t s  were i n  e x c e l l e n t  

agreement w i t h  t h e  r e s u l t s  o b t a i n e d  u s i n g  a c o l o r i m e t r i c  method. 

The s e p a r a t i o n  between pheny leph r ine ,  t h e  i n t e r n a l  s t a n d a r d  and 

o t h e r  i n g r e d i e n t s  i s  g r e a t l y  a f f e c t e d  b y  pH changes (between 5.9- 

6.1) and t h e  p a r t i c l e  s i z e  o f  t h e  column m a t e r i a l s  ( 5  m i c r o n  ve rsus  

10 m i c r o n ) .  

maleate,  ch  o rphen i ramine  malea te ,  pheny lp ropano lamine  and g u a i f e -  

nes in ,  e t c .  and t h e  e x c i p i e n t s  such as parabens and sodium benzo- 

a t e  d i d  n o t  i n t e r f e r e  w i t h  t h e  assay p rocedure .  

A number o f  o t h e r  a c t i v e  i n g r e d i e n t s  b romphen i ramine 
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474 DAS G U P T A  AND PARASRAMPURLA 

HOCHCH NHCH . HC I 

Q OH 

Figure 1 - STRUCTURE OF PHENYLEPHRINE 
HYDROCHLORIDE 

BACKGROUND 

Phenylephrine hydrochloride (Figure 1) is extensively used in 

medicine as a decongestant. Besides the dosage forms containing 

only phenylephrine hydrochloride, there are hundreds of commercial- 

ly available products containing a variety of other active ingre- 

dients. The most commonly added ingredients are brompheniramine 

maleate, chlorpheniramine maleate and pheny propanolamine hydrocho- 

ride. In many dosage forms, the excipients such as colors, flavors 

and preservatives are also added which can nterfere with the 

quantitation of phenylephrine hydrochloride. 

LITERATURE SURVEY 

Among the methods available for the quantitation of phenyle- 
phrine hydrochloride are colorimetric1, ion pair extraction 2 , 

column c h r ~ m a t o g r a p h y ~ , ~  separation using cation exchange 

resin with UV spectroscopy5 and paired ion HPLC'. The USP-NF 
method 7 for most of the dosage forms requires the preparation of 

an adsorbant and then column chromatography. For phenylephrine 

nasal jelly, the USP-NF method' is based on HPLC using 80% 

methanol as the mobi le phase. The column chromatographic methods 

are very tedious and time consuming. The use of 80% methanol as a 
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QUANTITATION OF PHENYLEPHRINE HYDROCHLORIDE 47 5 

m o b i l e  phase b u i l d s  up h i g h  p r e s s u r e  wh ich  can s h o r t e n  t h e  l i f e  o f  

t h e  column. The p a i r e d  i o n  HPLC u s u a l l y  s h o r t e n s  t h e  l i f e  o f  t h e  

c o s t l y  column and sometimes causes prob lems w i t h  t h e  windows o f  t h e  

UV d e t e c t o r .  

P h e n y l p h r i n e  h y d r o c h l o r i d e  i s  a v e r y  s t a b l e  compound. 

s tudy6,  i t  was found  t o  be s t a b l e  f o r  9 days  i n  an aqueous 

s o l u t i o n  a t  95",  and i n  0.5M HC1/0.5M NaOH f o r  9 days a t  25 " .  T h i s  

In one 

i s  why t h e  e x p i r y  d a t e s  f o r  l i q u i d  dosage fo rms such as e l i x i r s ,  

nose drops ,  eye d rops  and i n j e c t i o n s  a r e  u s u a l l y  long .  

The purpose o f  t h e s e  i n v e s t i g a t i o n s  was t o  deve lop  a method 

f o r  t h e  q u a n t i t a t i o n  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  based on 

reve rse -phase  HPLC w i t h o u t  i o n - p a i r i n g  wh ich  c o u l d  be used t o  

ana lyze  a v a r i e t y  o f  p h a r m a c e u t i c a l  dosage fo rms.  

MATERIALS AND METHODS 

Chemicals and Reagents: A l l  t h e  c h e m i c a l s  and r e a g e n t s  were e i t h e r  

USP-NF o r  ACS g rade  and used as r e c e i v e d .  P h e n y l e p h r i n e  h y d r o c h l o -  

r i d e  powder* was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Appara tus :  

w i t h  a m u l t i p l e  wave length  UV d e t e c t o r l o  and a r e c o r d e r l l .  

Columns: 

The h i g h - p r e s s u r e  l i q u i d  ~ h r o m a t o g r a p h ~ w a s  equ ipped 

Two o c t a d e c y l  columns (30 cm x 3.9 mrn i .d .12  and 25 

cm x 4.6 mm i . d .13 )  were used. 

Chromatograph ic  C o n d i t i o n s :  The m o b i l e  phase c o n t a i n e d  2% ( V / V )  o f  

a c e t o n i  t r i  l e  i n  0.02M aqueous phosphate  b u f f e r  (pH 5.9-6.1)14. 

The f l o w  r a t e  was 2.0 ml/min, t h e  s e n s i t i v i t y  was s e t  a t  0.04 AUFS 

(271 nm) and t h e  c h a r t  speed was 30.5 cm/hr. A l l  s t u d i e s  were 

conducted  a t  room tempera tu re .  
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4 7 6  DAS GUPTA AND PARASRAMPURIA 

P r e p a r a t i o n  o f  S tock  S o l u t i o n s :  A 2.0 rng/rnl each o f  s t o c k  s o l u -  

t i o n s  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  and acetaminophen ( t h e  i n t e r n -  

a l  s tandard )  i n  wa te r  were p repared .  A 0.2% s o l u t i o n  o f  a s p i r i n  i n  

methano l  was p repared  f r e s h  as needed. A s p i r i n  was used as t h e  

i n t e r n a l  s t a n d a r d  f o r  a dosage fo r i n  wh ich  c o n t a i n e d  acetaminophen. 

P r e p a r a t i o n  o f  S tandard  S o l u t i o n s :  

i n g  v a r i o u s  c o n c e n t r a t i o n s  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  were 

p r e p a r e d  as needed by  d i l u t i n g  t h e  s t o c k  s o l u t i o n  wi th w a t e r .  

B e f o r e  b r i n g i n g  t o  volume, an a p p r o p r i a t e  q u a n t i t y  o f  t h e  s t o c k  

s o l u t i o n  o f  t h e  i n t e r n a l  s t a n d a r d  was added. The most  commonly 

used c o n c e n t r a t i o n s  were 225 pg/ml o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e ,  

and 120 pg/ml o f  acetaminophen. 

i n t e r n a l  s tandard ,  i t s  c o n c e n t r a t i o n  was 320 ug /ml .  

P r e p a r a t i o n  o f  Assay S o l u t i o n s ;  L i q u i d  Dosage Forms: An a p p r o p r i -  

a t e  q u a n t i t y  o f  t h e  l i q u i d  dosage form r e p r e s e n t i n g  12.5 mg o f  

p h e n y l e p h r i n e  h y d r o c h l o r i d e  was t r a n s f e r r e d  t o  a v o l u m e t r i c  f l a s k  

(50.0 m l ) .  A f t e r  add ing  t h e  i n t e r n a l  s tandard ,  t h e  m i x t u r e  was 

b r o u g h t  t o  volume w i t n  w a t e r .  

S o l i d  Dosage Forms: Ten t a b l e t s  were ground t o  a f i n e  powder and 

an a p p r o p r i a t e  q u a n t i t y  o f  t h e  powder r e p r e s e n t i n g  12.5 mg o f  

p h e n y l e p h r i n e  h y d r o c h l o r i d e  was weighed a c c u r a t e l y .  The powder was 

mixed w i t h  40 m l  o f  wa te r  and hea ted  t o  about  80" f o r  2-3 m i n u t e s  

i n  a 150 m l  beaker .  P r e l i m i n a r y  i n v e s t i g a t i o n s  and a l i t e r a t u r e  

r e p o r t 6  i n d i c a t e d  t h a t  p h e n y l e p h r i n e  h y d r o c h l o r i d e  was s t a b l e  a t  

t h i s  tempera tu re  f o r  a t  l e a s t  9 days. The m i x t u r e  was coo led ,  t h e  

i n t e r n a l  s t a n d a r d  added and b r o u g h t  t o  volume (50.0 m l )  w i t h  water .  

The s t a n d a r d  s o l u t i o n s  c o n t a i n -  

When a s p i r i n  was used as t h e  
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QUANTITATION OF PHENYLEPHRINE HYDROCHLORIDE 477  

It was mixed, f i l t e r e d l s ,  f i r s t  5-7 m l  o f  f i l t r a t e  r e j e c t e d  and 

t h e n  c o l l e c t e d  f o r  assay. 

Trea tment  o f  P h e n y l e p h r i n e  H y d r o c h l o r i d e  S o l u t i o n  w i t h  Acid/Base: 

To a 10.0 m l  p o r t i o n  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  s o l u t i o n  (0.25 

mg/ml) i n  water ,  e i t h e r  1 m l  o f  % l N  NaOH o r  1 in1 o f  % I N  H2S04 

was added. The m i x t u r e  was b o i l e d  f o r  about  5 m inu tes ,  coo led ,  

n e u t r a l i z e d ,  b r o u g h t  t o  volume (10.0 m l )  w i t h  wa te r  and assayed. 

Assay Procedure :  

i n j e c t e d  i n t o  t h e  chromatograph u s i n g  t h e  a p p r o p r i a t e  column and 

A 20.0 p l  q u a n t i t y  o f  t h e  assay s o l u t i o n  was 

t h e  m o b i l e  phase of e i t h e r  pH 5.9, 6.0 o r  6.1. For  compar ison  

purposes, t h e  s t a n d a r d  s o l u t i o n  was i n j e c t e d  when t h e  assay e l u t e d .  

The s t a n d a r d  s o l u t i o n  c o n t a i n e d  t h e  i d e n t i c a l  c o n c e n t r a t i o n s  of t h e  

d rug  and i n t e r n a l  s t a n d a r d  based on t h e  l a b e l  c l a i m .  

C a l c u l a t i o n s ;  S ince  p r e l i m i n a r y  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  t h e  

r a t i o  o f  peak h e i g h t s  ( d r u g / i n t e r n a l  s t a n d a r d )  were r e l a t e d  t o  t h e  

c o n c e n t r a t i o n s  o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e  ( range  t e s t e d  2.4 t o  

6.4 ug),  t h e  r e s u l t s  were c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e q u a t i o n :  

A 
- x 100 = P e r c e n t  o f  t h e  l a b e l  c l a i m  f o u n d  
S 

r P h  

rPh 

RESULTS AND DISCUSSION 

The r e s u l t s  ( T a b l e  2 )  i n d i c a t e  t h a t  p h e n y l e p h r i n e  h y d r o c h l o -  

r i d e  can be assayed i n  a v a r i e t y  o f  p h a r m a c e u t i c a l  p r o d u c t s  u s i n g  a 

r e v e r s e  phase h i g h  p r e s s u r e  l i q u i d  chromatography  w i t h o u t  t h e  a d d i -  

t i o n  o f  a c o u n t e r  i o n .  

w i t h  t h e  r e s u l t s  O f  a c o ~ o r i m e t r i c  me thod l  ( T a b l e  2 ) .  The r a t i o  

o f  t h e  peak h e i g h t s  ( d r u g / i n t e r n a l  s t a n d a r d )  were l i n e a r  between 

The r e s u l t s  were i n  agreement ( T a b l e  2 )  
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TABLE 2 

Assay R e s u l t s  

DAS G U P T A  A N D  P A R A S R A M P U R I A  

Number Name 
( T a b l e  1 )  ( T a b l e  1 )  

Pe rcen t  o f  t h e  L a b e l  
C l a i m  Found U s i n g  

HPLC C o l o r  i m e t r  i c 
Method Method 

E l  i x i r  

Eye d rops  

L i q u i d  

Nasal  d rops  114% 

Nasal d rops  112% 

E.C. n a s a l  s o l u t i o n  

T a b l e t s  ( b l u e )  

T a b l e t s  ( w h i t e  & y e l l o w )  

T a b l e t s  ( g r e e n )  

~ ~ ~~ ~~~~~~ 

100.7 

100.5 

100.0 

101.2 

100.6 

100.8 

98.8 

100.9 

99.3 

101.1 

100.8 

100.0 

101 .o 
100.1 

101 .o 
98.3 

100.5 

99.5 

2.4 t o  6.4 119 o f  p h e n y l e p h r i n e  h y d r o c h l o r i d e .  The p e r c e n t  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  based on 6 i n j e c t i o n s  was 0.54. A number o f  

o t h e r  i n g r e d i e n t s  such as a t r o p i  ne su 1 f a t e ,  brompheni ram i  ne ma1 ea te ,  

b o r i c  ac id ,  c h l o r p h e n i  rami  ne ma lea te ,  c o l o r s ,  hyoscyami ne s u l f a t e ,  

EDTA, g u a i f e n e s i n ,  parabens, pheny lp ropano lamine  h y d r o c h l o r i d e ,  

scopolamine hydrobromide, sodium b i s u l f i t e  and sodium benzoate  d i d  

n o t  i n t e r f e r e  w i t h  t h e  assay p rocedure  ( F i g u r e s  2 -3 ) .  The i n t e r n a l  

s t a n d a r d  was acetaminophen f o r  a l l  o f  t h e  dosage fo rms  s t u d i e d  

excep t  one wh ich  i t s e l f  c o n t a i n e d  acetaminophen (number 8, T a b l e  
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QUANTITATION OF PHENYLEPHRINE HYDROCHLORIDE 481 

MINUTES 

FIGURE 2 

C 

L 
0 

Sample chromatograms u s i n g  column with 10 micron s ize  par t ic les  and 
pH of the mobile phase was 5.9.  
acetaminophen dnd sodium benzoate, respectively.  A 1  1 the other 
peaks are from unidentified excipients.  
standard solution; B from an e l i x i r  (Table 1) and C from E.C. nasal 
solution (Table 1 ) .  For other chromatographic conditions, see 
tex t .  

Peaks 1-3 are from phenylephrine, 

Chromatogrdm A i s  from a 

1 ) .  For t h  s product, aspirin was used as the internal standard 

(Figure 3 C )  When aspirin was used as the internal standard, there 

was a small separate peak from s a l i c y l i c  dCid  (peak 5 ,  Figure 3 C )  

w h i c h  i s  usually present i n  aspir in .  

I t  i s  interest ing t o  point o u t  t h a t  the pH (between 5.9 t o  

6 .1)  and the columns (10 micron versus 5 micron s ize  p a r t i c l e s )  

affected the separations of ingredients. For example a t  pH 5 .9 ,  

phenylephrine and acetaminophen separated bet ter  (Figure 3 )  than a t  

pH 6.0 (F igure  4 ) .  Also w i t h  10 (micron s ize  p a r t i c l e s l z ,  one 
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' 8  

DAS GUPTA A N D  PARASRAMPURIA 

I- < 
W W 

0 z 

0 
W 

12 

e 
a 
a 

0 
W 
I- 
W n 

I- s 
2 I 

4 2 3 i 

- 
0 10 

MINUTES 

FIGURE 3 

Sample chromatograms u s i n g  column w i t h  5 m i c r o n  s i z e  p a r t i c l e s  and 
pH o f  t h e  m o b i l e  phase was 5.9.  Peaks 1 - 5  a r e  f r o m  p h e n y l e p h r i n e ,  
acetaminophen, a s p i r i n ,  sodium benzoate  and s a l i c y l i c  ac id ,  
r e s p e c t i v e l y .  A l l  t h e  o t h e r  peaks art? f r o m  u n i d e n t i f i e d  e x c i p i -  
e n t s .  Chromatogram A i s  f r o m  an e l i x i r ;  B f r o m  a s t a n d a r d  s o l u t i o n  
w i t h  a s p i r i n  as t h e  i n t e r n a l  s t a n d a r d  and C f r o m  a t a b l e t  (number 
8, T a b l e  1) which  c o n t a i n e d  l a r g e  q u a n t i t y  o f  acetaminophen. 

i n a c t i v e  i n g r e d i e n t  of an e l i x i r  (number one i n  T a b l e  1) d i d  n o t  

s e p a r a t e  c o m p l e t e l y  f r o m  p h e n y l e p h r i n e  ( F i g u r e  2 B ) .  

s i z e  P a r t i c l e s 1 3 ,  t h e  s e p a r a t i o n  was a lmos t  comp le te  ( F i g u r e  

3 A ) .  

sodium benzoate.  

M i t h  5 m i c r o n  

I n  t h i s  e l i x i r ,  peak 4 ( F i g u r e s  3-4)  was c o n f i r m e d  t o  be f r o m  

Fur thermore ,  i t  i s  i n t e r e s t i n g  t h a t  a t  pH 6 when t h e  same 

m o b i l e  phase, and same assay and s t a n d a r d  s o l u t i o n s  were ana lyzed  
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QUANTITATION OF PHENYLEPHRINE HYDROCHLORIDE 48 3 

W 
v) z 
0 n 
v) 
W 
U 
a P 
0 w + 
W 
0 

A 

t s I 1 

4 1  

I/ 2 
I 

1 

C 

I 1 I 1  I 1 I t  I 1 1 1  

1 4 8 1 0 0  4 8100  4 8 10 
MINUTES 

F I G U R E  4 

Sample chromatograms using same conditions as in Figure 3 except 
that the pH o f  the mobile phase was 6. Peaks 1-2 and 4 are from 
phenylephrine, acetaminophen and sodium benzoate, respectively. 
All the other peaks are from unidentified excipients. Chromatogram 
A is from a standard solution; B froin an elixir (Table 1) and C 
from a liquid (Table 1). 

using 10 micron size particles12 and the 5 micron size particles 

columns, the chromatograms were quite different. For example, one 

of the inactive ingredients (probably color) eluted before phenyle- 

phrine (Figure 48) when 5 micron size partic1esl3 were used. 

The same ingredient eluted after phenylephrine (Figure 56) when 10 

micron size particles1* were used. Since both columns were of 
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484 DAS G U P T A  AND P A R A S R A M P U R I A  

A 

\ I- s 
t 
1 

1 

I 
B 

;I 
I 1 1  I I I ]  

8 10 0 4 8 10 12 
MINUTES 

F I G U R E  5 

Sample chromatograms u s i n g  10 m i c r o n  s i z e  p a r t i c l e s  column and t h e  
m o b i l e  phase w i t h  pH 6.0. Peaks 1-2 and 4 a r e  same as i n  F i g u r e  4. 
Al l  t h e  o t h e r  peaks a r e  f r o m  u n i d e n t i f i e d  e x c i p i e n t s .  Chromatogram 
A i s  f r o m  a s t a n d a r d  s o l u t i o n  and B f rom an e l i x i r  ( T a b l e  1 ) .  

o c t a d e c y l  m a t e r i a l s ,  t h i s  b e h a v i o r  cannot  be e a s i l y  e x p l a i n e d .  

W i t h  1 0  m i c r o n  s i z e  p a r t i c l e s 1 *  a t  pH 6, sodium benzoate  (peak 

4, F i g u r e  58) d i d  n o t  s e p a r a t e  f rom p h e n y l e p h r i n e  h y d r o c h l o r i d e .  

W i t h  5 m i c r o n  s i z e  p a r t i c l e s 1 3 ,  t h i s  s e p a r a t i o n  was comp le te  

( F i g u r e  48, peak 4 ) .  F i n a l l y ,  a t  pH 6.1, u s i n g  5 m i c r o n  s i z e  
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QUANTITATION OF PHENYLEPHRINE HYDROCHLORIDE 48 5 

particles, the separation between phenylephrine (whose retention 

time had increased) and acetaminophen (the internal standard) was 

very poor. For best results, the authors recommend the use of pH 

between 5.9-6.0 for the mobile phase and 5 micron size particles 

column13. 

sodium hydroxidelsulfuric acid, did not show much decomposition. 

Only solution which was treated with sodium hydroxide l o s t  about 2% 

o f  the potency and showed very small new peaks in the chromatogram. 

Phenylephrine appears to be a very stable compound as has been 

reported earl ier in the 1 i terature6, 

The phenylephrine solutions which were treated with 
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