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DETERMINATION OF AMPICILLIN IN 
PLASMA BY PAIRED ION HIGH 

PERFORMANCE LIQUID CHROMATOGRAPHY 

A. H. Hikal and A. B. Jones 
School of Pharmacy 

University of Mississippi 
University, Mississippi 386 77 

ABSTRACT 

A new, a c c u r a t e ,  p r e c i s e ,  and s p e c i f i c  method h a s  been 
developed f o r  t h e  assay  of a m p i c i l l i n  i n  plasma. No e x t r a c t i o n  
of a m p i c i l l i n  from plasma is c a l l e d  f o r .  Plasma i s  t r e a t e d  with 
a c e t o n i t r i l e  conta in ing  propiophenone as t h e  i n t e r n a l  s t a n d a r d ,  
vor texed ,  c e n t r i f u g e d ,  and t h e  s u p e r n a t e  i s  i n j e c t e d .  A C 1 8  
r e v e r s e  phase column is  used. The mobile phase c o n s i s t e d  of a 
mixture  of methanol and 0.02M phosphate b u f f e r  of pH 6.00, and 
conta ined  alkyldimethylamine C10 as an ion p a i r  l i g a n d .  Detec t ion  
was by UV a t  220 nm. A l i n e a r  r e l a t i o n s h i p  between c o n c e n t r a t i o n  
and peak area r a t i o  was obta ined .  Recovery, day-to-day, and 
within-day v a r i a t i o n  were determined.  

INTRODUCTION 

Ampic i l l in  (D(-)-a-aminobenzyl p e n i c i l l i n )  is an  a n t i b i o t i c  

der ived  from 6-aminopenici l lanic  a c i d .  It  is  used t h e r a p e u t i c a l l y  

on a wide s c a l e  because of  good systemic a v a i l a b i l i t y ,  low tox- 

i c i t y ,  and broad spectrum of a c t i v i t y  a g a i n s t  Gram-positive and 

s e v e r a l  Gram-negative pathogens. O f f i c i a l  ( 1 )  methods f o r  assay-  
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1456 HIKAL AND JONES 

ing a m p i c i l l i n  c u r r e n t l y  c o n s i s t  o f :  (a) microbio logica l  a g a r  

d i f f u s i o n ,  (b)  iod ine  t i t r a t i o n ,  (c )  hydroxylamine co lor imet ry ,  

(d)  non-aqueous a c i d  t i t r a t i o n ,  and ( e )  non-aqueous base  t i t r a -  

t i o n .  Other methods which have beer. r e p o r t e d  inc lude  f luorometry 

(Z), high performance l i q u i d  chromatography (HPLC) (3-7), DC- 

polarography and spectrophotometry (a), and h igh  performance 

t h i n  l a y e r  chromatography (9 ) .  

Microbiological  techniques guarantee  the  de te rmina t ion  of 

microbio logica l ly  a c t i v e  p r i n c i p l e s ,  inc luding  a c t i v e  metabo- 

l i t e s .  However, t h e  long t i m e  requi red  f o r  t h e  a n a l y s i s ,  and 

t h e  l a c k  of s p e c i f i c i t y  are d e f i n i t e  d i sadvantages .  Chemical 

and spectrophotometr ic  methods depend on t h e  a v a i l a b i l i t y  of 

f u n c t i o n a l  groups which may occur i n  o t h e r  components of t h e  

sample. HPLC techniques are convenient ,  s p e c i f i c ,  and a c c u r a t e .  

Some HPLC methods c i t e d  previous ly  ( 3 , 5 , 6 )  have been a p p l i e d  t o  

the  de te rmina t ion  of a m p i c i l l i n  i n  pharmaceut ical  p r e p a r a t i o n s  (3)  

i n  u r i n e  (5), o r  i n  t h e  pure subs tance  ( 6 ) ,  whi le  another  

( 4 )  produced i n t e r f e r i n g  peaks when t r i e d  i n  o u r  l a b o r a t o r y .  The 

p r e s e n t  procedure is s p e c i f i c ,  a c c u r a t e ,  p r e c i s e ,  and r e q u i r e s  

no e x t r a c t i o n .  

EXPERIMENTAL 

Chemicals And Reagents 

Ampic i l l in  sodium (Omnipen-N, Wyeth L a b o r a t o r i e s  Inc .  , 
Pennsylvania) ,  ADMA C10 (Alkyldimethylamine, Ethyl  Corporat ion,  

Louis iana)  was  used as t h e  l i g a n d ;  propiophenone ( P i e r c e  Chemical 

Co., I l l i n o i s )  was t h e  i n t e r n a l  s tandard ;  methanol and ace toni -  

t r i l e  (Burdick and Jackson Labora tor ies ,  Inc . ,  Michigan) were 

" d i s t i l l e d  i n  g lass"  q u a l i t y ;  and water w a s  a l s o  d i s t i l l e d  i n  

g l a s s .  

Ins t rumenta t ion  

The instrument  used c o n s i s t e d  of a s o l v e n t  d e l i v e r y  system 

(Model 6000A), an i n j e c t o r  (Model U6K,  b o t h  Waters Assoc ia tes ,  
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AMPICILLIN IN PLASMA 1457 

Massachuse t t s ) ,  a v a r i a b l e  wavelength d e t e c t o r  (Tracor  970, 

Tracor Inc . ,  Texas) and an i n t e g r a t o r  (model 3380A, H e w l e t t  

Packard, Pennsylvania) .  The column was 30 cm x 4 mm. i d .  r e v e r s e  

phase (p Bondapak C18, Waters A s s o c i a t e s ) .  A guard column 

(50 mm x 4 mm i . d . )  packed with 

Assoc ia tes )  was a t t a c h e d  t o  t h e  i n l e t  of t h e  a n a l y t i c a l  column. 

The mobile phase c o n s i s t e d  of 200 m l  methanol, 250 m l  0.02M 

phcsphate  b u f f e r  of pH 6.00 f 0.05, and 0.25 m l  ADMA C10. 

Bondapak C18 C o r a s i l  (Waters 

Condi t ions For Quan t i t a  t i o n  

The a n a l y s i s  w a s  conducted a t  ambient temperature .  Solvent  

flow rate was 1.0 ml/min. Wavelength f o r  d e t e c t i o n  w a s  set a t  

220 nm; d e t e c t o r  s e n s i t i v i t y  w a s  set a t  01 wi th  t h e  a t t e n u a t i o n  

of t h e  i n t e g r a t o r  set a t  2, 4 ,  o r  8 depending on t h e  concen- 

t r a t i o n ;  c h a r t  speed was  0.5 cm/min. Peak area r a t i o  ( a m p i c i l l i n  

t o  i n t e r n a l  s tandard)  was used f o r  q u a n t i t a t i o n .  

The mobile phase w a s  degassed under vacuum f o r  a minimum of 

30 min. 

through i t  a t  2 ml/min f o r  30 min b e f o r e  s t a r t i n g  t h e  i n j e c t i o n s ,  

and w a s  washed wi th  a 50:50 methanol-water mixture  f o r  30 min 

a t  2 ml/min a t  t h e  end of each day. 

The column was condi t ioned  by pass ing  mobile phase 

Ampic i l l in  S o l u t i o n s  

An a c c u r a t e l y  weighed amount (30-50 mg) of a m p i c i l l i n  ( a s  

t h e  sodium s a l t )  was disso lved  i n  0.02M phosphate b u f f e r  of pH 

6 .0  t o  reach a c o n c e n t r a t i o n  of 10.0 mg/ml. This  s tock  s o l u t i o n  

was then  used t o  prepare  a series of f i v e  s tandard  s o l u t i o n s  

covering t h e  range 50-1000 pg/ml. 

I n t e r n a l  Standard S o l u t i o n  

Propiophenone was a c c u r a t e l y  weighed and d i s s o l v e d  i n  

a c e t o n i t r i l e  t o  a c o n c e n t r a t i o n  of 100 pg/ml. 

P r e p a r a t i o n  Of The C a l i b r a t i o n  Curve 

Blood w a s  obtained from r a b b i t s  and immediately c e n t r i f u g e d  

t o  s e p a r a t e  t h e  plasma. F ive  100-vl a l i q u o t s  of plasma were 
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1458 H K A L  a D  JONES 

p l a c e d  i n  small c e n t r i f u g e  t u b e s ,  and 10 p1 of a s t a n d a r d  

a m p i c i l l i n  s o l u t i o n  was added t o  each t u b e  and v o r t e x e d  f o r  

1 min. I b u s ,  t h e  c o n c e n t r a t i o n  of a m p i c i l l i n  sodium i n  t h e  

plasma was 5-100 ug/ml. To each tube  was added 100 p1 of 

a c e t o n i t r i l e  c o n t a i n i n g  t h e  i n t e r n a l  s t a n d a r d .  The t u b e s  were 

vor t exed  f o r  1 min and c e n t r i f u g e d  f o r  15 min. F i f t y  micro-  

l i t e rs  of t h e  s u p e r n a t e  was i n j e c t e d  i n t o  t h e  chromatograph.  The 

peak a r e a  r a t i o  of a m p i c i l l i n  t o  i n t e r n a l  s t a n d a r d  w a s  p l o t t e d  

a g a i n s t  t h e  c o n c e n t r a t i o n  i n  plasma. 

Test For Recovery Rate 

The expe r imen t s  d e s c r i b e d  above were r e p e a t e d  u s i n g  100 1~1 
of 0.02M phosphate  b u f f e r  i n  l i e u  of t h e  plasma. Peak area r a t i o s  

o b t a i n e d  were compared w i t h  t h o s e  o b t a i n e d  u s i n g  plasma.  

Between-Day And Within-Day V a r i a t i o n  

I n  o r d e r  t o  de t e rmine  t h e  day-to-day v a r i a t i o n  of  t h e  c a l i -  

b r a t i o n  c u r v e ,  t h e  p rev ious ly -desc r ibed  p rocedure  w a s  r e p e a t e d  on 

s i x  d i f f e r e n t  days,  and t h e  r e s u l t i n g  d a t a  were compared. Within-  

day v a r i a t i o n  w a s  de t e rmined  a t  two d i f f e r e n t  c o n c e n t r a t i o n s  as 

f o l l o w s .  Twelve 100 p1, a l i q u o t s  of plasma were p l a c e d  i n  s m a l l  

c e n t r i f u g e  tubes .  To each bf six t u b e s  was added 10 111 of 

s t a n d a r d  a m p i c i l l i n  s o l u t i o n  c o n t a i n i n g  50 ug/ml,  and t o  t h e  

remaining t u b e s ,  10 p1 of s t a n d a r d  a m p i c i l l i n  s o l u t i o n  c o n t a i n i n g  

1000 p g / d  w a s  added.  

v i o u s l y .  The c o e f f i c i e n t  of v a r i a t i o n  of t h e  peak a r e a  r a t i o s  

o b t a i n e d  f o r  each set  w a s  de t e rmined .  

A l l  t u b e s  were t r e a t e d  a s  d e s c r i b e d  p r e -  

RESULTS AND DISCUSSION 

F i g u r e  1 (A,B) show6 t h a t  a m p i c i l l i n  i s  w e l l  s e p a r a t e d  from 

o t h e r  endogenous c o n s t i t u e n t s  of plasma and from t h e  i n t e r n a l  

s t a n d a r d .  A m p i c i l l i n  h a s  a r e t e n t i o n  time of a b o u t  7.5 min. 

while t h e  i n t e r n a l  s t a n d a r d  peak a p p e a r s  a t  11 .2  min. The 

r e l a t i o n s h i p  between peak area r a t i o  and c o n c e n t r a t i o n  is l i n e a r  

w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  of b e t t e r  t han  0.99, and a Y 
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FIGURE 1A 

Chromatogram of blank plasma. Peak "2" i s  the  i n t e r n a l  s tandard .  
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FIGURE 1B 

Chromatogram of plasma sp iked  w i t h  20 pg/ml of a m p i c i l l i n .  
"I",  a m p i c i l l i n ;  peak "2", i n t e r n a l  s t a n d a r d .  

Peak 
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TABLE 1 

Day-to-Day V a r i a t i o n  o f  t h e  C a l i b r a t i o n  Curve 

f o r  A m p i c i l l i n  Assay 

I 

Conc . Peak Area R a t i o  

pg/ml.  1* 2 3 4 5 6 

5 0.180 

10 0.318 

20 0.666 

50 1.564 

100 2.680 

Y i n t e r c e p t  0.103 

s l o p e  0.027 

r 0.996 

0.158 

0.298 

0.606 

1.585 

3.175 

-0.016 

0.032 

0.999 

0.065 0.095 

0.237 0.200 

0.535 0.445 

1.395 0.963 

2.976 2.354 

.0.084 -0.056 

0.030 0.023 

0.999 0.996 

0.113 0.170 

0.174 0.315 

0.460 0.681 

1.186 1.528 

2.404 3.475 

-0.035 -0.043 

0.024 0.035 

0.999 0.998 

*Day 

i n t e r c e p t  of a lmos t  z e r o .  T a b l e  1 shows t h a t  t h i s  l i n e a r  

r e l a t i o n s h i p  between peak a r e a  r a t i o  and c o n c e n t r a t i o n  c o u l d  

c o n s i s t e n t l y  b e  ach ieved  from day t o  day.  

S i n c e  no  e x t r a c t i o n  i s  i n v o l v e d ,  r e c o v e r y  shou ld  b e  v i r t u a l l y  

comple t e .  Indeed ,  t h i s  was found t o  b e  t h e  c a s e .  When s p i k e d  

plasma w a s  compared wi th  s p i k e d  phospha te  b u f f e r ,  rate o f  r ecove ry  

was c a l c u l a t e d  t o  b e  a lmos t  100%. 

P r e c i s i o n  of t h e  p rocedure  w a s  t e s t e d  by s p i k i n g  6 plasma 

samples  w i t h  t h e  e q u i v a l e n t  of 5 pg/ml of a m p i c i l l i n ,  and 6 o t h e r  

s amples  w i t h  t h e  e q u i v a l e n t  of 100 pg/ml of a m p i c i l l i n .  

shows t h a t  t h e  p r e c i s i o n  of t h e  p r e s e n t  a s s a y  was 99.8 ? 5.65% 

(C.V.) a t  t h e  5 pg/ml l e v e l  and 99.8 ? 6.18% (C.V.) a t  the 100 

pg/ml l e v e l .  

T a b l e  2 

T h i s  p rocedure  i s  p r e s e n t l y  b e i n g  used  i n  a p h a r m a c o k i n e t i c  

i n v e s t i g a t i o n .  F i g u r e  2 shows a chromatogram o b t a i n e d  f rom a 
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FIGURE 2 

Chromatogram of plasma obtained from a rabbit that was given 
10 mg/Kg of ampic i l l in .  Peak assignments, same as  i n  previous 
f igure .  
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TABLE 2 

Within-Day V a r i a t i o n  o f  A m p i c i l l i n  Assay a t  Two 

C o n c e n t r a t i o n  L e v e l s  

5 p g / d  Added 100 pg/ml Added 

Run No. Peak Area C o n c e n t r a t i o n  Peak Area C o n c e n t r a t i o r  
R a t i o  Found R a t i o  Found 

1 0.133 5.03 3.359 97.2 

2 0.140 5.23 3.750 108.4 

3 0.143 5.31 3.531 102.1 

4 0.122 4 .71  3.168 91.7 

5 0.118 4.60 3.595 103.9 

6 0.134 5.06 3.298 95.5 

Mean 4.99 99.8 

C.V.% 25.65 2 6.18 

b lood  sample withdrawn from a r a b b i t  t h a t  was g i v e n  10 mg/kg of 

a m p i c i l l i n .  

The u s e  of p a i r e d  i o n  t e c h n i q u e  e n a b l e s  one t o  s e p a r a t e  

a m p i c i l l i n  peak from i n t e r f e r e n c e  by endogenous c o n s t i t u e n t s  of  

b i o l o g i c a l  f l u i d s .  By v a r y i n g  t h e  n a t u r e  and c o n c e n t r a t i o n  of 

t h e  l i g a n d  and t h e  r a t i o  of methanol  i n  t h e  mob i l e  phase ,  

r e l a t i v e  r e t e n t i o n  times may b e  v a r i e d  t o  r e a c h  optimum 

s e p a r a t i o n .  
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