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EFFECT OF ELUENT pH ON THE IONIC 
AND MOLECULAR FORMS OF THE 

NON-STERO I DAL ANTI4 N FLAMMATORY 
AGENTS IN REVERSED-PHASE 
H IG H-PERFORMANCE Ll QU I D 

CHROMATOGRAPHY 

E. NWAUD-GUERNET', M. GUERNET', 
D. LVANOVI~"*, AND M. MEDENICA~ 

'Labonuoire de Chimie Analytique et d 2lecrrochimie Organiques 
rueJ. B. C@ment 

92296 Chutenuy-Malab~y Ceder, France 
2Facul@ of Pharmacy 

Vivode Step 450 
Belgmde, Yugi.h9lavia 

High-performance l i q u i d  c h r o m a t o g r a p h i c  c o n d i t i o n s  f o r  t h e  

b e s t  s e p a r a t i o n  of some n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  agents 

were d e s c r i b e d .  The dependence  of e l u e n t  pH on t h e  i o n i c  

( p r o t o n a t e d )  and m o l e c u l a r  ( n o n - p r o t o n a t e d )  fo rms  of  a n a l y s e d  

compounds have been i n v e s t i g a t e d .  T h i s  p a p e r  is t h e  s t u d y  of t h e  

r e t e n t i o n  b e h a v i o r  of some a n t i - i n f l a m m a t o r y  a g e n t s  d e p e n d i n g  of  

t h e  e l u e n t  pH. 

Some d e r i v a t i v e s  o f  p h e n o l  ( ace t aminophen ,  a s p i r i n ,  

s a l i c y l a n i d e ,  p h e n a c e t i n  and s a l i c y l i c  a c i d ) ,  p y r a z o l i d i n e d i o n e  

( s u l f i n p y r a z o n e ,  oxyphenbutazone,  p h e n y l b u t a z o n e  and k e t a z o n e ) ,  

* To whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d .  
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2344 NIVAUD-OUERNET ET A L  

a m i n o - 2 - n i c o t i n i c  a c i d  ( n i x y l i c  and n i f  lumic  a c i d )  and 

amino-2-benzoio a c i d  (mefenamic and f l u f e n a m i c  a c i d )  were a n a l y s e d  

w i t h  t h e  i s o c r a t i c  RP-HPLC s e p a r a t i o n .  

The d i f f e r e n t  v a r i a t i o n s  of mobi le  p h a s e  methanol -water  v /v ,  

c o n t a i n i n g  1% a c e t i o  a c i d  were performed i n  o r d e r  t o  o b t a i n  t h e  

b e s t  c o n d i t i o n s  of  t h e  s e p a r a t i o n .  For  a l l  a n a l y s e d  s u b s t a n c e s  t h e  

p H ,  pKa and t h e  f i t t e d  pKa v a l u e s  were c a l c u l a t e d  i n  d i f f e r e n t  

m i x t u r e s  of methanol -water  u s i n g  t h e  g r a p h i o a l  method g i v e n  by 

G.Char lo t  and B . T r b i l l o n .  The c a p a c i t y  f a c t o r s  ( k’ ) and t h e  

s e p a r a t i o n  f a c t o r s  ( a ) were c a l c u l a t e d  f o r  a l l  of them. 

f” 

I n  t h i s  p a p e r  are  d e s c r i b e d  t h e  compounds from t h e  n o n - s t e r o i d a l  

a n t i - i n f l a m m a t o r y  d r u g s  (NSAIDs), a g e n t s  which pOSSeS5 a n a l g e s i c  

and a n t i - i n f l a m m a t o r y  p r o p e r t i e s  and o f t e n  a n t i p y r e t i c  p r o p e r t i e s .  

They are used i n  t h e  t r e a t m e n t  o f  r h e u m a t i c  d e s e a s e s .  

Lechat  (1) c l a s s i f i e d  a n a l g e s i c - a n t i p y r e t i c  a g e n t s  i n  two 

g r o u p s ,  which p o s s e s s e s  a n t i - i n f l a m m a t o r y  p r o p e r t i e s  and 

d o e s  n o t .  A n a l g e s i c - a n t i p y r e t i c s  which p o s s e s s  

a n t i - i n f l a m m a t o r y  p r o p e r t i e s  a re :  

- p h e n o l i c  d e r i v a t i v e s  

- pyrazo  1 i d  ined  i o n e  d e r i v a t i v e s  

- p r o p i o n i c  a c i d  d e r i v a t i v e s  

- a m i n o - 2 - n i c o t i n i c  a c i d  d e r i v a t i v e s  

- amino-2-benzoic a c i d  d e r i v a t i v e s  

The numbers of paper d e s c r i b e  t h e  high-performance 

which 

t h e  

1 i q u  i d  

c h r o m a t o g r a p h i c  method f o r  a s s a i n g  t h e  mentioned n o n - s t e r o i d a l  

a n t i - i n f l a m m a t o r y  a g e n t s .  Some p h e n o l i c  d e r i v a t i v e a  

(ace taminophen,  a s p i r i n ,  s a l i c y l a m i d e ,  p h e n a c e t i n  and s a l i c y l i c  

a c i d )  were d e t e r m i n e d  i n  d i f f e r e n t  p h a r m a c e u t i c a l  p r e p a r a t i o n s  
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NON-STEROIDAL ANTI-INFLAMMATORY AGENTS 2345 

(2,  3), in multicomponent analgesic tablets ( 4 ,  S), in elixir 

formulations (6 )  and in cough mixtures ( 7 ) .  A group of 

non-steroidal anti-inflammatory agents were analysed by thin-layer 

chromatography (8). Aspirin in analgesic tablets was determined by 

high-performance reversed-phase TLC ( 9 )  and using second 

derivative UV-spectrophotonetry (10). The simultaneous 

spectrophotometric assay of the active consituents of phenolic 

derivatives in multiccmponent analgesics, using Kalmanfiltering, 

(11) have been developed. The mixtures of certain phenolic and 

pyrazolidinedione derivatives were analysed by spectrophotometric 

method using the different coloured or complexometric reactions 

(12, 13). 

Pyrazolidinedione derivatives were separated and determined 

in bulk drug by HPLC and potentiometry ( 1 4 ) .  Stability control and 

determination of degradation products were performed in injectable 

formulations (15) by HPLC. The mentioned substances were 

determined in pharmaceutical preparations using the caracteristic 

reactions of functional groups by spectrophotometric method 

(16-18). Coulonetric titration, with potentiometric determination 

of the end point, was used for the determination of 

pyrazolidinedione derivatives (19). Oxyphenbutazone was determined 

in tablets and ophtalmic ointments using the biamperometric 

titration (20). Phenylbutazone in tablets was determined by 

nuclear magnetic resonance (21). 

The purity assay of amino-2-nicotinic acid derivatives have 

been devolped using HPLC method (22). 

Mefenamic acid from the amino-2-benzoic acid derivatives was 

analysed in different pharmaceutical mixtures by means of 

semimicro liguid chromatography (23), ion-pair partition 

chromatography (24 )  and spectrophotonetry ( 2 5 ,  26) .  Colorimetric 
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2346 NIVAUD-OUERNET ET AL. 

d e t e r m i n a t i o n  of two f e n a m a t e s  i n  a n t i r h e u m a t i c  d r u g s  have been 

developed  ( 2 7 - 3 0 ) .  

EXPERIHENTAL 

A l l  c h e m i c a l s  and r e a g e n t s  used  were o f  an a n a l y t i c a l  r e a g e n t  

g r a d e .  Methanol "Normapur" P r o l a b o  w a s  used  as e l u e n t .  A c e t i c  a c i d  

"Normapur" P r o l a b o  was added t o  e l u e n t .  The s o l v e n t s  were degased  

and a f t e r  mixing f i l t e r e d  t h r o u g h  a m i l l i p o r e  DA 0 . 6 5 ~ ~  f i l t e r .  

D o u t l e  d i s t i l l e d  w a t e r  was u s e d .  A l l  i n v e s t i g a t e d  p h a r m a c e u t i c a l  

s u b s t a n c e s  were o b t a i n e d  from commercial  s o u r c e s .  T h e i r  i d e n t i t y  

was checked by  I R  and NMR spectra and t h e i r  p u r i t y  by TLC. 

BDParatus 

The chromatographic  system c o n s i s t e d  of a Shimadzu LC-6A pump, a 

Shimadzu SPD-6A d e t e c t o r  and Shimadzu C-R3A d a t a  h a n d l i n g  d e v i c e .  

S e p a r a t i o n s  were performed on L i c h r o s o r b  RP 18 column 250 x 4.6mn1, 

w i t h  p a r t i c l e s  of  7pm s i z e s  ( H i b a r ,  Herck ) .  Samples  were 

i n t r o d u c e d  t h r o u g h  a Rheodyne i n j e c t o r  v a l v e  w i t h  a 10111 sample  

l o o p .  A m i x t u r e  of methanol-water  c o n t a i n i n g  1% acetic a c i d  w a s  

used  as a m o b i l e  p h a s e  w i t h  f i x e d  f l o w  r a t e  l.Oml/min, a t  room 

temperature and w i t h  a d e t e c t i o n  wavelength  of 230 and 254nm. 

The s t a n d a r d  s u b s t a n c e s  were d i s s o l v e d  i n  s u c h  a way t h a t  l m l  of  

t h e  mobi le  p h a s e  c o n t a i n e d  0.05mg of a n a l y s e d  s u b s t a n c e .  

E leven  d i f f e r e n t  m i x t u r e s  of  m o b i l e  p h a s e  methanol /water  v/v 

s u c h  a s :  30/70; 35/65; 40/60; 45/55; 50/50; 55/45; 60/40; 65/35; 

70/30; 75/25 and 80/20 c o n t a i n i n g  1% a c e t i c  a c i d  were p r e p a r e d .  

The methanol -water  l e v e l s  c o n t a i n i n g  1% ace t i c  a c i d  were 

changed t o  o b t a i n  t h e  a c c e p t a b l e  s e p a r a t i o n s .  
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NON-STEROIDAL ANTI-INFLAMMATORY AGENTS 2347 

An i s o c r a t i c  e l u t i o n  was made a t  room tempera ture  wi th  a f low 

ra te  lml/min and 101.11 p o r t i o n s  of t h e  p r e p a r a t i o n s  were i n j e c t e d .  

The d e t e c t o r  wavelength was usua ly  set  up  a t  230nm. 

P y r a z o l i d i n e d i o n e  d e r i v a t i v e s  were d e t e c t e d  a t  254nm. 

RESULTSWDISCUSSION 

The ana lysed  n o n - s t e r o i d a l  an t i - inf lammatory  a g e n t s  i o n i z e  and can 

e x i s t  i n  a mobile phase i n  molecular  and i o n i c  forms. The i n c r e a s e  

i n  t h e  i o n i z a t i o n  of t h e  component causes  an i n c r e a s e  i n  

d i s s o l u t i o n  i n  t h e  water  phase and reduces  t h e  r e t e n t i o n  time. I n  

t h a t  c a s e  t h e  i o n i c  form of t h e  analysed subs tance  p a s s e s  through 

t h e  column wi thout  r e t a i n i n g .  For t h a t  reason ,  t h e  chromatogram 

may show t h a t  t h e  peak has  been coused t o  s p l i t .  

High-performance l i q u i d  chromatography a n a l y s i s  of 

h i d r o s o l u b l e  and i o n i z i n g  s u b s t a n c e s  r e q u i r e s  t h e  i o n i z a t i o n  of  

molecules  t o  be avoided .  Only i n  t h a t  case t h e  RP-HPLC method can 

be used i n  q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s e s .  

I n  our  experiments  of HPLC a n a l y s i s  t h e  an t i - inf lammatory  

a g e n t s  which be longs  t o  a c i d i c  s u b s t a n c e s ,  such as p h e n o l i c ,  

p y r a z o l i d i n e d i o n e ,  amino-2-nicot inic  a c i d  and amino-2-benzoic a c i d  

d e r i v a t i v e s ,  have been i n v e s t i g a t e d  There is no a c i d i c  f u n c t i o n a l  

group i n  molecul of phenace t in ,  bu t  it was analysed i n  combination 

w i t h  s u b s t a n c e s  from p h e n o l i c  d e r i v a t i v e s  because of t h e  

s t r u c t u r a l  s i m i l a r i t y  w i t h  aminophenazone. The i o n i z a t i o n  has been 

avoided by t h e  a d d i t i o n  of a c e t i c  a c i d .  An a c e t i c  a c i d  belongs t o  

t h e  HA/A- type  of ac id /base  p a i r .  

Eleven m i x t u r e s  of methanol and water i n  v a r i o u s  r a t i o s  

c o n t a i n i n g  1 X  a c e t i c  a c i d  were ana lysed .  The C h a r l o t - T r b i l l o n  

g r a p h i c a l  method (31) was used t o  de te rmine  t h e  pKa v a l u e s  of 

a c e t i c  a c i d  i n  v a r i o u s  p r o p o r t i o n s  of methanol and water ,  which a r e  
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2348 NIVAUD-GUERNET ET AL. 

TABLE I .  pH mbile phase 

MOBILE PHASE * P- A pKa PH 
c v/v> C corrected) CPKaCO,, - PKa) 
30/70 5.20 0.45 2.98 
35/65 5.30 0.55 3.02 
40/60 5.40 0.65 3.08 
45/55 5.50 0.75 3.12 
50/50 5.55 0.80 3.15 
55/45 5.65 0.90 3.20 
60/40 5.85 1.10 3.30 
65/’35 6.00 1.25 3.37 
70/30 6.25 1.50 3.50 
75/25 6.60 1.85 3.68 
80/20 6.80 2.05 3.78 

* mobi le  phase  c o n t a i n i n g  1% ace t i c  a c i d  

pKaoceLic acid = 4.75 ( i n  water) 

n e c e s s a r y  for t h e  c a l c u l a t i o n  of  pH e l u a n t s  ( F i g u r e  1 and T a b l e  I ) .  

T h i s  g r a p h i c a l  method g i v e s  t h e  r e l a t i o n  of  pKa i n  t h e  f u n c t i o n  of  

l/r ( E - d i e l e c t r i c  c o n s t a n t  of mobi le  p h a s e  > .  The v a l u e s  of  pKa 

of acet ic  a c i d  i n  p u r e  methanol  and water are  9.7 and 4.75 

r e s p e c t i v e l y .  T h a t  makes p o s s i b l e  t h e  d e t e r m i n a t i o n  of  t h e  pKa of 

a c e t i c  a c i d  i n  t h e  mobi le  p h a s e s  ( pKa c o r r e c t e d  > .  For  example,  

f o r  t h e  m o b i l e  p h a s e  60/40 v/v. pKa c o r r e c t e d  f o r  ace t i c  a c i d  i s  

5.85 ( A p K a  = 5.85 .- 4.75 = 1.10 ) .  For  a l l  v a r i a t i o n s  of mobi le  

p h a s e s ,  it have been c a l c u l a t e d  t h e  ApKa v a l u e s  and t h o s e  v a l u e  

f a c t o r s  were used  f o r  t h e  c a l c u l a t i o n s  of pH ( T a b l e  I ) f rom t h e  

e q u a t i o n :  pH = 1/2 pKa - 1/2 l o g  c .  

F o r  a l l  t h e  a n a l y s e d  s u b s t a n c e s ,  t h e  f i t t e d  pKa ( pKa 

c o r r e c t e d  ) i n  mobi le  p h a s e s  were c a l c u l a t e d  r e s p e c t i v e l y .  For  
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PKaz4.75 

5.85 

7 

pKaz9 .25  

pllaz9.7 
- 10 

pKa= 10.8 

0.0724 0.0185 0.0115 Y€ 
I I ' XCH,OH 
0 60 100 (I/") 

Figure 1. Graphical method Charlot-TrBmillon 
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Table 111. Eluent pH dependence on molecular form percent 

NOBILE PHASE C~THANOL/WATEIU 

X 30/70 35/65 40-0 45/55 50/50 55/45 60140 65/35 70-0 75/25 80/20 

pH 2.98 3.02 3.08 3.12 3.15 3.20 3.30 3.37 3.50 3.68 3.78 

SUBSTANCE MOLECULAR FORM IN PERCENT 

A 90 91 
B 74 77 
C 100 100 
D 100 100 
E 94 94 
F 99 99 
G 65 68 
H 99 99 
I 100 100 
J 100 100 
K 96 96 
L 98 98 

92 
79 
100 
100 
95 
100 
70 
100 
100 
100 
97 
98 

93 
81 
100 
100 
95 
100 
72 
100 
100 
100 
97 
88 

93 
82 
100 
100 
96 
100 
75 
100 
100 
100 
98 
99 

94 
83 
100 
100 
96 
100 
77 
100 
100 
100 
98 
99 

95 
86 
100 
100 
97 
100 
80 
100 
100 
100 
99 
99 

96 97 
88 91 
100 100 
100 100 
97 98 
100 100 
82 86 
100 100 
100 100 
100 100 
99 100 
99 99 

98 98 
94 95 
100 100 
100 100 
98 99 
100 100 
91 92 
100 100 
100 100 
100 100 
100 100 
100 100 

example: pKa fo r  a c e t y l s a l i c y l i c  a c i d  i n  water  is 3.5; i n  t h e  

mobile phase 60/40 pKa f i t t e d  is 3.5 + 1.1 = 4 . 6  ( Table I1 > .  
Acetaminophen be longs  t o  HB'type of a c i d s  and it does  n o t  

n e c e s s e r y  t o  c o r r e c t  t h e  pKa v a l u e .  

Using t h e  v a l u e s  of pKa f i t t e d  and t h e  pH c a l c u l a t e d ,  it was 

p o s s i b l e  t o  c a l c u l a t e  t h e  r a t i o  of t h e  lnolecular ( non-protonated ) 

and i o n i c  ( p r o t o n a t e d  ) p e r c e n t  of t h e  s u b s t a n c e s  ( Table  I11 ) 

from t h e  e q u a t i o n s :  

100 
X i o n i z a t i o n  = 

+ lo(~Ka - PH) 

100 
X i o n i z a t i o n  = 1 + ~O(PH - PKP) 

f o r  HA acids 

f o r  HB* acids 
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TABLE IV. HPLC separation factors 

SAMPLE A C n n i J  k' a 

1.94 
1.28 
1 . 4 5  
1.12 

Acetaminophen 230 486 1.65 
S a l  i c y  lam i d e  230 464 3.20 
A c e t y l s a l i c y l i c  a c i d  230 474 4.OB 
P h e n a c e t i n  230 473 5.94 

230 486 6.63 SalicYllc-Ecid ...................................................... 
Ketazone 254 472 3.17 
Oxyphenbutazone 254 492 4.79 
S u l f  i n p y r a z o n e  254 467 7.94 

254 471 14.57 P_he_r!Y Ib_u_t_Ez_Pr!e_ _-_______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _-_ ____-__ -___ 
Nif lumic a c i d  230 485 4.30 
4ixYlic-E"ld 230 491 9.00 

1.51 
1 . 6 6  
1.83 

2-09 
___________-__________-----_--- ----- - --------_ 

1.12 Plufenamic  a c i d  230 486 7.46 
Hefenamic a c i d  230 488 8.36 

k' - capacity f a c t o r  
a - s e p a r a t i o n  f a c t o r  
mobi le  p h a s e :  methanol /water  v/v c o n t a i n i n g  1% ace t i c  a c i d  
f l o w  ra te :  lml/min 

T a b l e  I V  p r e s e n t s  t h e  v a l u e s  of t h e  c a p a c i t y  f a c t o r  k' and 

s e p a r a t i o n  f a c t o r  a f o r  a l l  t h e  s u b s t a n c e s  i n  t h e  mobi le  phase  

which c o n s i s t s  methanol -water  i n  v a r i o u s  p r o p o r t i o n s  c o n t a i n i n g  1% 

a c e t i c  a c i d .  F o r  a l l  of t h e  a p p l i e d  m i x t u r e s  of  methanol-water  i n  

t h e  mobi le  p h a s e ,  s a l i c y l a m i d e ,  ace taminophen,  oxyphenbutazone,  

p h e n y l b u t a z o n e ,  n i f l u m i c  a c i d ,  n i x y l i c  a c i d  and mefenamic a c i d ,  

which pKa > 4.0, were i n  98-100% m o l e c u l a r  form.  These  

e x p e r i m e n t a l  c o n d i t i o n s  e n a b l e  a q u a n t i t a t i v e  HPLC s e p a r a t i o n .  

A c e t y l s a l i c y l i c  a c i d ,  k e t a z o n e  and f l u f e n a n i c  a c i d ,  which 

3.5 < pKa < 4 . 0 ,  e x i s t  i n  t h e  a p p l i e d  mobi le  p h a s e  i n  SO-100% 

m o l e c u l a r  form.  
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t ( h )  

Figure 2. Chrtomatogram of Acetaminophen (l), Salicylamide ( 2 > ,  
Acetylsalicylic acid ( 3 ) ,  Phenacetin (4) and 
Salicylic acid (5) 
mobile phase: methanol/water 45/55 v/v containing 

1% acetic acid 

1 2  3 

Figure 3. Chrtomatogram of Ketazone ( l ) ,  Oxyphenbutazone (Z), 
Sulfinpyrazone (3) and Phenylbutazone ( 4 )  
mobile phase: nethanol/water 50/50 v/v containing 

1% acetic acid 
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t(min) 

F i g u r e  4 .  Chrtonatogram o f  N i f l u m i c  a c i d  (1) and N i x y l i c  a c i d  (2 )  
m o b i l e  p h a s e :  methanol /water  70/30 v/v c o n t a i n i n g  

1% acet ic  a c i d  

For  t h e  s a l i c y l i c  a c i d  and s u l f i n p y r a z o n e ,  which pKa < 3.5 ,  

it is n e c e s s e r y  t o  i n c r e a s e  t h e  ace t ic  a c i d  p e r c e n t  ( > 1% ) t o  

g e t  t h e  a c c e p t a b l e  p e r c e n t  of  m o l e c u l a r  form. 

The c a p a c i t y  f a c t o r s ,  k' were c a l c u l a t e d  u s i n g  t h e  e q u a t i o n :  

k ' =  ( tR - to ) / to , where tR is t h e  r e t e n t i o n  time o f  t h e  

a n a l y t e  and to is t h e  r e t e n t i o n  time of t h e  n o n - r e t a i n e d  peak  

( t a k e n  as a f i r s t  d e v i a t i o n  of t h e  b a s e l i n e  f o l l o w i n g  t h e  

i n j e c t i o n  of  100 p 1  of methanol  ) .  

S e p a r a t i o n  f a c t o r s ,  a were c a l c u l a t e d  u s i n g  t h e  e q u a t i o n :  

a = k' z / k i .  
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1 2  

F i g u r e  5 .  Chromatogram of Flufenamic a c i d  (1) and Hefenamic 
a c i d  ( 2 )  
mobile  phase :  ne thanol /water  75/25 v/v c o n t a i n i n g  

1% a c e t i c  a c i d  

R e p r e s e n t a t i v e  chromatograms of a mixed s t a n d a r d  s o l u t i o n  

a r e  shown i n  F ig .  2-5. U V  d e t e c t i o n s  have been done a t  230 and 

254nm. The e l u e n t  c o n s i s t s  of methanol-water i n  v a r i o u s  

p r o p o r t i o n s  c o n t a i n i n g  1% acet ic  a c i d  w i t h  a f low r a t e  lml/min a t  

room tempera ture .  
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