
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Ion Interaction Chromatography of Clavulanic Acid on a Poly(Styrene-
Dinvinylbenzene) Adsorbent in the Presence of Tetrabutylammonium Salts
Francisco Saltoa; Ma Teresa Alemanya

a Cátedra de Química, Facultades de Biología y Veterinaria, Universidad de León, LEON, Spain

To cite this Article Salto, Francisco and Alemany, Ma Teresa(1984) 'Ion Interaction Chromatography of Clavulanic Acid
on a Poly(Styrene-Dinvinylbenzene) Adsorbent in the Presence of Tetrabutylammonium Salts', Journal of Liquid
Chromatography & Related Technologies, 7: 7, 1477 — 1487
To link to this Article: DOI: 10.1080/01483918408074059
URL: http://dx.doi.org/10.1080/01483918408074059

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918408074059
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 7(7), 1477-1487 (1984) 

ION INTERBCTION CHROMATOGWHY OF CJAWLANIC ACID 

IN THE PRESENCE OF TETRABUTYWONIUM SALTS 
ON A POLY( STYRENE-DIVINYLBENZENE) ADSORBENT 

Francisco Salto and Me Teresa Alemany 
CBtedra de Quimica. Facultades de Biologia y Veterinaria 

Universidad de Lebn 
LEON, Spain 

ABSTRACT 

The effect of tetrabutylammonium, inorganic coanions, and 
inert electrolytes, on the clavulanic anion retention on PRP-1 
column, formed with 10 m spherical uniform particles from a 

face area, is studied. The results obtained are applied to the 
chromatographic separation o f  clavulanic acid from p-lactamic 
antibiotics and to the determination of clavulanate anion in 
fermentation broths. 

polystyrene-divinylbenz f ne with high pore volume and large sur- 

INTRODUCTION 

Clamlanic acid (CA) is 2-( 2Ft,5R) -3( 2-hydroxyethylidene) 
-7-oxo-4-oxa-l-azabicylo( 3,2,0)-heptane-2-carboxylic acid (1). 

It is a potent inhibitor of p-lactamases (2) which is used 

mixed with 

against hydrolysis by the enzyme. 

-1actamase sensitive penicillins to protect. them P 
Iodometric and hydroxamic methods frequently used for 

lactamic antibiotic titration are not appropriate for olavul- 

anic acid quantitative analysis ( 3 ) .  
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1478 SALT0 AND ALEMANY 

Some recent works describ’ing the clavulanic acid spectro- 

photometric t i t r a t i o n  by react ion with imidazole (4) have been 

issued, a s  well  a s  the determination by HPLC of the der ivat ive 

obtained ( 5 ) .  
I n  the present work we have studied the e f f e c t  of t e t r a -  

butylammonium (TBA) s a l t s ,  inorganic coanions, mixed solvents,  

and addi t ion of i n e r t  e lec t ro ly tes ,  on the clavulanic anion 

re ten t ion  on PRP-1 column. The PRP-1 column is  prepared from 

polystyrene-divinylbenzene r e s i n  i n  the form of 10 

i c a l  uniform p a r t i c l e s  with high pore volume and la rge  surface 

area. 

m spher- y1 

MATERIALS AND METHODS 

Reagents 

Amoxicillin, Cephalexin, and Sodium Ampicillin, were 

g i f t s  by Antibibt icos ,  S.A. (Nadrid, Spain),  and they were 

used as supplied. 

Sodium clavulanate was extracted from a pharmaceutical 

preparation (llAugmentin”, Beecham Research Labs., England) . 
Tablets,  f i n e l y  pulverized, were resuspended i n  cool water 

and then f i l t e r e d .  The f i l t r a t e  was extracted a t  pH 2.5 with 

n-butanol. The organic phase was extracted again with water, 

adjust ing the mixture t o  pH 7. The aqueous phase was lyophil- 

ized. A l l  these operations were car r ied  out a t  low temper- 

a ture  ( 5 9  C )  and as rapidly as possible  to  avoid the clavul- 

anic  acid decomposition. The nature of the product obtained 

was checked on I R ,  W and nmr. 

The chemicals were of the highest commercial grade avai l -  

able  and were used without fu r the r  purif icat ion.  Tetrabutylam- 
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CLAVULANIC ACID 1479 

monium chloride, acetate, formate, propionate, and perchlorate 

were prepared by passing the tetrabutylammonium bromide sol- 

ution through Amberlite resin IRB-400 of the forms of chloride, 

acetate, formate, propionate, and perchlorate, respectively. 

Instruments 

A l l  the chromatograms were obtained using a modular chrom- 

atograph equipped with a Model 6000 A pump, a U6K injector, a 

Model 441 W (220 nm) detector, and a strip-chart recorder. A l l  

of them manufactured by Waters A s s .  A 4.1 mm i.d. x 150 mm, 10 

ymPRP-1 (polystyrene-divinylbenzene copolymer) column supplied 

in a prepacked form by Hamilton Co. was also used. 

Chromatographic procedure 

The PRP-1 column was conditioned by passing a mobile phase 

containing tetrabutylammonium salt solution for 1 or 2 hours at 

1 ml/min flow rate. When a tetrabutylammonium salt is to be re- 

moved the column is first washed by passing al least 20 column 

volumes of a 5 6  water-acetonitryle solution through the column 
and then charged in the desired quaternary ammonium anionic 

form. 

Mixed solvents in the mobile phase are expressed as per- 

cent by volume. 

Basic mobile phases were prepared from phosphate salts and 

sodium hydroxide. Ionic strength was controlled when necessary 

by adding known amounts of inorganic electrolyte. 

Sodium clavulanate and amoxicillin were dissolved in the 

corresponding mobile phases used, injecting 10 1 of these 

solutions in most cases. The void volume, Vo, was determined 

from retention volumes found for several samples not retained 
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1480 SALT0 AND ALEMANY 

on PRP-1 column a t  the given e lu t ing  condition. Depending on 

these conditions, Vo was about 1.1 m l .  A l l  the  t e s t s  were per- 

formed a t  room temperature and a t  1 ml/min flow rate .  

RESULTS AND DISCUSSION 

The main mobile phase parameters influencing the analyte 

re ten t ion  a re  the nature of the quaternary ammonium s a l t  and 

i t s  concentration, the nature of the coanion, pH, type and 

concentration of mixed solvents,  and ion ic  strength.  Though 

these parameters are generally re la ted ,  the adjustment of the 

three  f i r s t  ones a re  usual ly  most c r i t i c .  I n  our case, the 

working pH has always been between 6 and 7 due t o  the insta-  

b i l i t y  of the clavulanic ac id  a t  pH d i f fe ren t  from neu t r a l i t y  

( 6 )  

Effect  of RAN& concentration 

I n  order t o  c a r q  out the present study, the  re ten t ion  

times of clavulanate and amoxicil l in on a PRP-1 column were 

measured using mobile phases formed by 0.001 M phosphate buf- 

fe r  a t  pH 6 and ace toni t ry le  (9-1 v/v) containing te t rabutyl-  

ammonium bromide a t  d i f f e ren t  concentrations. The r e s u l t s  ob- 

tained are  given i n  Fig. 1. 

I n  a system formed by a nonpolar phase of polystyrene- 

divinylbeneene copolymer, and mobile phases formed by solvents  

i n  which water predominates and which contains R4NC cat ions 

and the i r  corresponding coanions, the  procedure t h a t  deter-  

mines the chromatographic separation i s  probably based on a 

s e r i e s  of equ i l ib r i a  i n  which anion exchanges predominate. 

ISXAXDARINI and PIETRZYK ( 7 )  have deduced Equation 1 from the  

study of major equ i l ib r i a  t ha t  contribute to  an organic analyte 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



C L A W A N I C  ACID 
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2 '  

2 4 6 8 1 0  

[TBABI 10-3NI 

Figure 1. Effect of tetrabutylammonium bromide concentration 
on the capacity f ac to r  of sodium clavulanate ( 0 )  

and amoxicillin (I) on PRP-1 oolunan. Tho mobile 
phase conditions are l t 9  CH3CEJrH;rO 1.0 mM phosphate 
buffer  pH 6 and var%able concentrations. 

anion retent ion,  under conditions s imilar  t o  those experienced 

by us. Such equation expresses the capacity f ac to r s  i n  function 

of a s e r i e s  of parameters. 

where: k' i s  the capacity fac tor  f o r  a determined analyte. 
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1482 SALT0 AND ALEMANY 

b j m  are the concentrations f o r  the mobile 

ammonium s a l t ,  of coanion and of analyte phase of  quaternary 

anion, respectively.  ltqt' is the r a t i o  of s ta t ionary  phase volume 

t o  mobile phase volume. KO is  the sorpt ion capacity f o r  the 

s ta t ionary  phase and a measure of the number of s i t e s  t ha t  can 

be occupied i n  the re ten t ion  process, 

and K(RQCA) are  the re ten t ion  equilibrium K ( R 4 N W  8 

KR4V 

constants of R4NX and R4NC on the s ta t ionary  phase. X repre- 

sen ts  the ana ly t ic  anion and C t h e  R4N" coanion. 

i s  the equilibrium constant f o r  the anion exchange: 

We have experimentally found (Fig. 1) tha t  on increasing 

R4NC concentration the values of the  capacity f ac to r s  of the 

analyte anion a l so  increase,  reaching an optimum value from 

which they begin t o  increase. Equation 1 describes t h i s  phenomenon 

a t  l e a s t  qua l i ta t ive ly .  I n  f a c t ,  on increasing R4NC, i t s  coanion 

C- concentration a l so  increases  a t  a same ra t io .  The coanion exer t s  

a competitive ac t ion  with the  analyte anion adsorption, expressed 

i n  Equation 1 by the second number t o  be added. On increasing the 

coanion concentration, the  second number t o  be added predominates 

on the f i r s t  one i n  Equation 1; t h i s  j u s t i f i e s  the presence of a 

maximum i n  Fig. 1 

Effect  of RdNf coanion 

Few works have s tudied the e f f ec t  of the nature of anions i n  

so lu t ion  or accompanying the R 4 N ' s a 1 t  on the re ten t ion  of the  

organic anionic analytes. 

Table 1 shows k' values determined by amoxicil l in and clavu- 

l a n i c  acid re ten t ion  on PRP-1 column i n  the  presence of tetrabu- 
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CLAVULANIC ACID 1483 

TABLE 1 

Effect  of Tetrabutylammonium Coanions on Amoxicillin and Sodium 
Clavulanate Retention on PRP-1 Column. 

Capacity f ac to r s  k' 

Butyr' Prop' Acet- Form- ClO4-  a C1- Br- 

Clavulanate 3.5 5.1 12.4 6.4 0.54 3.6 4.7 5.7 
Amoxicillin 2.7 7.0 34.8 14.9 0.81 3.4 4.8 3.6 

--- -- __I - - 224- --- -- 

tylammonium and d i f f e ren t  types of coanicns, a t  an ion ic  s t rength 

of 0.01 completed with the sodium s a l t  of the corresponding co- 

anion, always at pH between 6 and 7. A t  t h i s  pH, both clavulanic 

acid and amoxicil l in a re  i n  the anion form. 

As i t  can be seen i n  Table 1, the nature of coanions exer t s  

a remarkable e f f e c t  on the clavulanate and amoxicil l in anion 

retent ion.  However, t h i s  e f f ec t  i s  not the same on amoxicil l in 

a s  on clavulanic acid. The order of the e f f ec t  of d i f fe ren t  co- 

anions, from maximum to  minimum retent ion f o r  amoxicil l in is as 

follows: 

Ac' )Form' )Prop' > C l -  >Br' )SO4= >Butyr' >C104- 

while the order f o r  clavulanate is: 

Ac- >Form' > Br- )Prop' > C1' > S O g  > Butyr' )cl04- 

Given the composition of the mobile phase used, i t  i s  

probable tha t  the  phenomenon which rules the clavulanate ion 

re ten t ion  w i l l  be an anion exchange. However, we must stand out 

t h a t  the experimental ve r i f i ca t ion  of Eq. 1 does not prove t h a t  

the process i s  necessar i ly  an anion exchange, since Equation 1 

can also be derived where only ion p a i r s  formation between RqN+ 

and the  different  anion is  considered. I n  the l a t t e r  case, the  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1484 SALT0 AND ALEMANY 

0 0.02 0.04 0.06 0.08 0.10 

Figure 2. Effect of ionic  strength on amoxicillin (x) and 
clavulanate ion  ( * )  retention. ~ o l m n t  FRP-1. 
Mobile phase: (1-9 v/v.) acetoni t ryle  1.0 I&! phos- 
phate buffer  pH 6, 3.0 mEx TBdB and var iable  ion ic  
s t rength (NaBr). 

equilibrium constant i n  Equation 1 would be the ion pa i r s  cons- 

tants .  We think ion p a i r s  formation w i l l  probably play a more 

important r o l e  f o r  mobile phases having a high organic solvent/ 

water r a t io ,  which does not occur i n  our case, 

Fffect  of  ionic  s t rength 

The ef fec t  o f  ionic  s t rength i n  m o b i l e  phase, on clavulanic 

acid and amoxicillin re ten t ion  on PRP-1 column, with a mobile 

phase formed by 0.001 M phosphate buffer, pH 6-acetonitryle (9-1 

v/v) which i s  a t  the same time 0.03 M i n  tetrabutylammonium 

bromide a t  an ion ic  s t rength between 0.01 and 0.1 set with NaBr, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CLAWLANIC ACID 
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4 

. . . . .  
0 4 8 12 1 6 m i n .  

Figure 3. Column, 150 x 4.1 mm i.d., 10 m PRP-1. The mobile 
phase conditions are 1-9 aceto r itrgle-l.0-&4 phos- 

Flow rate, 1.0 ml/min U.V. detec t" or at 230 nm. 
phate buffer  pH 6, 3.0 TBBB, .I 0.05 ( N a B r ) .  

1 h iox ic i l l i n ,  2 Sodium clavulanate, 3 Cephalexin, 
4 Sodium Ampicillin. 

is shown 5n Fig. 2. A s  the  ion ic  s t rength increases,  l/k' a l so  

increases,  r e su l t i ng  i n  a l i n e a r  r a t i o  as can be predicted from 

Equation 1. 

A l l  the  experimental r e s u l t s  seem t o  suggest t ha t  clavul- 

an ic  acid and amoxicil l in re ten t ion  on PRP-1 column, i n  the 

presence of tetrabutylammonium s a l t ,  i s  the r e s u l t s  o f  a com- 

plex set of equilibrium, taking place within a double layer  at 
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1486 SALT0 AND ALEMANY 

0 4 8 12 16 20 min. 

Figure 4. Column, 150 x 4.1 mm i .d . ,  10 p m  PRP-1. The mobile 
phase conditions are 1-9 acetonitryle-l.O-mBeI phos- 
phate buffer pB 6 ,  3.0 rd& TBBB. Flow rate, 1.0 ml/ 
lain. Sample: Streptomyces clavuligerus ATCC 27064 
fermentation broth. 

the stationary phase surface. The coanion and/or anion of the 

buffer would also contribute on the second layer and would be 

a part of a competitive equilibrium. 

Applications 

The above shown may be applied to the chromatographic 

separation of clavulanic acid in different mixtures. Thus, for 

example, Fig. 3 illustrates the separation of a mixture of 

clavulanic acid, amoxicillin, cephalexin, and ampicillin using 

a PRP-1 column and a mobile phase formed by (1-9 v/v) aceto- 
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CLAVULANIC ACID 1487 

nitryle-10 mwI phosphate, pH 6, i n  t h e  presence of 3.0 mM TBAB 

and ,&.- 0.05 ( N a B r ) .  

a Streptomyces c lavul igerus  ATCC 27064 fermentation broth,  

using a mobile phase (1-9 v/v) acetonitryle-1.0 mM phosphate 

solut ion,  pH 6, containing 3.0 mM TBAB. 

Fig. 4 shows an example of c lavulan ic  ac id  separa t ion  i n  
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