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HPLC DETERMINATION OF LACTIC ACID 
IN MlLRlNONE INJECTION AND ORAL 

PREPARATION METHODS 
SOLUTION USING ION-EXCHANGE SAMPLE 

Terry D. Wilson 
Analytical Chemistry Department 
Sterling- Winthrop Research Institute 

Rensselaer, N e w  York 12144 

A i3 ST R ACT 

L a c t i c  a c i d  h a s  S e e n  m e a s u r e d  I n  M i l r i n m e  
I n j e c t i o n  a n d  Oral S o l u t i o n  by  HPLC u s i n g  a n  l o n -  
e x c l u s i o n  p o l y m e r i c  c o l u m n  c o u p l e d  w i t h  a3 re.Jersed- 
p h a s e  g u a r d  c o l u m n .  T h i s  d u a l - c o l u m n  c h r o m a t o -  
g r a p h y  was p r e c e d e d  b y  c l a s s i c a l  i o n - e x c h a n g e  s a m p l e  
p r e p a r a t i o n  t o  e l  i n i n a t e  i n t e r f e r i n g  e x c i p i e n t  c o m -  
p o n e n t s .  T h e  l a c t i c  a c i d  l a c t a t e  c o n t e n t  of USP 
l a c t i c  a c i d  was c o n v e r t e d  t o  l a c t i c  a c i d  i n  proces- 
s i n g .  I t  was  a l s o  f u r t h e r  c h a r a c t e r i z e d  u s i n g  
a TLC s e p a r a t i o n .  

INTRODUCTION 

L a c t i c  a c i d ,  C 3 H 6 0 3  ( ? - h y d r o x y p r o p a n o i c  a c i d ) ,  

i s  a p r o d u c t  o f  b a c t e r i a l  f e r m e n t a t i o n  of m i l k  d n d  

c e r t a i n  p l a n t  d e r i v a t i v e s ,  a p r o d u c t  of e n e r g y  p r o -  

d u c i n g  c a r b o h y d r a t e  metabolism a n d  o t h e r  n a t u r a l  
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1630 WILSON 

sources. Its pharmaceutical applications include 

acidification and salt formation with organic bases, 

use in physiological buffers and in biodegradable 

drug delivery systems. Milrinone (1.6-dihydro-2- 

methyl-G-oxo(3,4'-bipyridine)-S-carbonitrile), a 

potent new cardiotonic agent with inotropic activity, 

contains lactic acid as acidulant in both injection 

and oral solution !wincardinTM) dosaqe forms. 

Previous analytical nethods f o r  lactic acid 

inclide acid-base titratim (l), co:orimetry (21, 

infra-red spectroscopy ( 3 1 ,  iodimetric titration (4) 

and enzymatic analysis(5). Selective and sensitive 

chromatoqraot?ic methods have been applied to lactic 

acid including gas chromatography (6-91,  chiral 

(gas chromatography (131, GC-MS (11-13) and thir- 

layer chromatography(l4-16), A variety of column liquid 

chromatographic procedures are known for organic 

acids including lactic acid. Reversed-phase HPLC 

using U'J detection at 190 nm ( 1 7 )  or 210 nm (18-20) 

and post-column reaction detection of lactic acid 

enantiorners ( 2 1 )  have been reported. Other column 

chromatographic methods have included ion chromato- 

graphy with suppression (22-23) and without sup- 

pression (24-28). 

The advent of microparticulate polymeric strong 

cation-exchange HPLC columns has given a new dimen- 
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LACTIC ACID 1631 

sion to organic acid analysis. The separation mech- 

anism described as ion-exclusion (IE) or ion-moderated 

partition ( I M P )  was discussed early by Harlow and 

Morman ( 2 9 )  and reviewed by Wood, Cummings and Jupille 

(30). General descriptions of the capabilities of 

these columns have f3llowed (31-33). Their application 

to the separation of organic acids among bacterial 

metabolites as a means of monitoring fermentation (341, 

in urine as a metabolic disorder screen (35-36) and 

in certain foods ( 3 7 )  have been described. The 

present study concerns the application of such a 

polymeric organic acid column in 'conjunction with a 

reversed-phase guard column to the quantitation of 

lactic acid in Milrinone Oral Solution and Injection 

dosage forms. This method was used followinq a 

classical ion-exchange sample cleanup to eliminate 

interfering components from these formulations. 

EXPERIMENTAL 

Chemicals and Reaqents 

L a c t i c  a c l d  (USP) ,  acetic acid and sodium chloride 

reagent were from J.T. Baker (Phillipsburg, NJ). Pyruvic 

acid (Fisher Scientific, Fairlawn, NJ), sulfuric acid 

(Corco Chemical, Fairless Hills, PA) and sodium 
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1632 WILSON 

h y d r o x i d e  (MCB R e a g e n t s ,  C i n c i n n a t i ,  O H )  were r e a g e n t  

g r a d e .  Water was N a n o p u r e  ( S y b r o n / B a r n s t e a d ,  B o s t o n ,  

M A ) .  T h e  a n i o n - e x c h a n g e  r e s i n  u s e d  was AG 1-X2, 50-  

100 mesh,  3.5 m e q / d r y  g ,  a n d  t h e  c a t i o n - e x c h a n g e  r e s i n  

u s e d  was AG 59W-X2, 50-100 m e s h ,  5.2 m e q / d r y  g ,  b o t h  

f r o m  Bio-Rad ( R i c h m o n d ,  CA). 

A p p a r a t u s  

A m o d u l a r  HPLC s y s t e m  was u s e d  a t  a m b i e n t  t e m -  

p e r a t u r e  c o n s i s t i n g  of a Waters 600014 s o l v e n t  d e l i v e r y  

pump (‘Jiaters Associates, M i l f o r d ,  M A )  o p e r a t e d  a t  

1.0 mL/min, a Krdtos SF770R v a r i a b l e  w a v e l e n g t h  UV- 

v i s i b l e  d e t e c t o r  se t  a t  2 1 0  nm (Kratos I n c . ,  Wes twood ,  

N J ) ,  a Rheodyne  7 1 2 5  m a n u a l  i n j e c t i o n  v a l v e  e q u i p p e d  

w i t h  a 2 0 ~ L  l o o p  ( R h e o d y n e ,  C o t a t i ,  C A I  a n d  a Series 

5 0 0 0  F i s h e r  R e c o r d a l l  ( F i s h e r  S c i e n t i f i c ,  S p r i n g f i e l d ,  

N J ) .  T h e  a n a l y t i c a l  c o l u m n  u s e d  was a 9~ 3 0 0 ~ 7 . 8  

mm Aminex HPX-87H o r g a n i c  a c i d  i o n - e x c l u s i o n  c o l u m n  

(B io -Rad  L a b s ,  R ichmond ,  C A I .  T h e  g u a r d  c o l u m n  u s e d  

was  a 5 u  30x4.6 mm RP-18 S p h e r i - 5  c a r t r i d g e  i n  a 

B r o w n l e e  MPLC 3 c m  g u a r d  c o l u m n  h o l d e r  ( B r o w n l e e  L a b s ,  

Santa  C l a r a ,  CAI. T h e  l a b  a u t o m a t i o n  s y s t e m  u s e d  was 

a HP 3354  f rom H e w l e t t - P a c k a r d  ( A v o n d a l e ,  PA).  

T h e  mobile p h a s e  u s e d  i n  t h e  s e p a r a t i o n  was 0 .0045  N 

s u l f u r i c  a c i d  w i t h  a pH o f  2.3. 
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P r e p a r a t i o n  of I o n - E x c h a n g e  R e s i n  

A n i o n - E x c h a n q e  R e s i n  f o r  S o l u t i o n  Dosaqe F o r m  

A 7 0  g p o r t i o n  of r e s i n  i n  t h e  C1- f o r m  was 

s l u r r i e d  w i t h  t w o  400 mL p o r t i o n s  o f  1 N KaOH a n d  

r i n s e d  w i t h  water u n t i l  t h 2  r i n s e  was n e u t r a l  t o  w i d e -  

r a n g e  pH i n d i c a t o r  p a p e r .  G l a s s  c o l u m n s  133 mm i o n g  

b y  9 mm ( 1 . D . )  e q u i p p e d  w i t t i  a 15  mL r e s e r v o i r  cln1-J 3 

stopcock were t h e n  f i l l e d  w i t h  t h e  r e s i n .  

-- C a t i o n - E x c h a n q e  R s s i n  f o r  I n j e c t i o n  D o s a q e  Form 

A 7 2  g p o r t i o n  o f  r e s i n  i n  t h e  H+ f o r m  was 

s l u r r i e d  w i t h  t w o  (100 n;L. p o r t i o n s  o f  1 N HC1 anc! 

r i n s e d  w i t h  w a t e r  u n t i l  t h e  r i n s e  was n e u t r a l  t c  

w i d e - r a n g e  pH i n d i c a t o r  p a p e r .  G l a s s  c o l u m n s  were 

t h e n  f i l l e d  w i t h  r e s i n  a s  a b o v e .  

S o l u t i o n  D o s a q e  Form 

S t a n d a r d  P r e p a r a t i o n  

A s t a n d a r d  l a c t i c  a c i d  s o l u t i o n  of a b o u t  1 .ng/mL 

< C 3 H 6 0 3 )  a s  d e t e r m i n e d  b y  USP t i t r a t i o n  ( 1 )  was 

p r e p a r e d .  T h e  ?H of 10.0 mL of t h i s  s o l - l t i o n  was 

a d j u s t e d  t o  4.5 w i t h  0 .1  N NaOH a n d  it- was t r a n s f e r r e d  

q u a n t i t . a t i v e l y  t o  a n  a n i o n - e x c h a n g e  c o l u m n  p r e p a r e d  

a b o v e .  T h i s  s o l u t i o n  was d r a i n e d  t h r o u g h  t h e  c o l u m n  

a t  1-2 mL/min a n d  t h e  e l u a t e  was d i s c a r d e d .  T h e  b e a k e r  

c o n t a i n i n g  t h e  o r i g i n a l  s o l u t i o n  was w a s h e d  w i t h  t w o  
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1634 WILSON 

10 mL p o r t i o n s  o f  w a t e r  w h i c h  were p a s s e d  t h r o u g h  t h e  

c o l u m n  a n d  d i s c a r d e d .  F o l l o w i n g  t k i s  t h e  beaker  was 

w a s h e d  w i t h  t w o  5 rnL p o r t i o n s  o f  2.5 N NaOH w h i c h  were 

p a s s e d  t h r o u g h  t h e  c o l u m n  a n d  c o l l e c t e d  i n  a 50 rnL 

v o l u m e t r i c  f l a s k .  T h e  b e a k e r  was f u r t h e r  wasp led  w i t h  

t w o  10 mL p o r t i o n s  c f  1 N NaCl w h i c h  were passed 

t 5 r o u g h  t h e  c o l u m n  a n d  co l lec ted  i n  t h e  same f l a s k .  

T h e  s o l u t i o n  i n  tPe f l a s k  was a c i d i f i e d  w l t h  7 IJ 

H2S04, c o o l e d  t o  room t e m p e r a t u r e  a n d  d i l u t e d  t 3  

v o l u m e  w i t h  w a t e r  g i v i n g  a b o u t  0.?1 rng/mL C3t i603.  

S a m p l e  P r e p a r a t i o n  

T h e  pH of 10.3 mL s a m p l e  i n  a 50 mL b e a k e r  was 

a d j u s t e d  t o  4 .5  w i t h  8.1 N NaOti. T h e  m e t h o d  for- 

s t a n d a r 3  c r e p a r l t i o n  w r l s  t h e n  f o l l o w e d  b e g i n n i n g  w i t h  

t h e  q u a n t i t a t i v e  t r a n s f e r  t o  a p r e p a r e d  a n i o r , -  

e x c h a n g e  c o l u m n .  

I n j c - ? c t i c n  Dosaqe Form 

S t a n d a r d  P r e p a r a t i o n  

A s t a n d a r d  l a c t i c  a c i d  s o l u t i o n  o f  a b o u t  2.3 mq/ 

mL C 3 H 6 0 3  was p r e p a r e d ,  a n  a l i q u o t  WBS t r a n s f e r r e d  

to  a 50 rnL b e a k e r  a n d  a c i d i f i e d  w i t h  1 N H2S04. T h i s  

s o l u t i o n  was q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a p r e p a r e d  

c a t i o n - e x c h a n g e  c o l u m n ,  was a l l o w e d  t o  p a s s  t h r o u g h  

a t  a r a t e  of 1-2  mL/min a n d  was c o l l e c t e d  i n  a 5 0  
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LACTIC ACID 1635 

mL v o l u m e t r i c  f l a s k .  T h e  b e a k e r  was t h e n  r i n s e d  w i t h  

f o u r  5 mL portions of water  t r a n s f e r r i n g  e a c h  t o  t h e  

c o l u m n  wher, t h e  l a s t  h a d  d r a i n e d  to  t h e  t o p  o f  t h e  

r e s i n .  T h e  e l u a t e  f r o m  a l l  r i n s e s  were ccl lected i n  

t h e  same v o l u m e t r i c  f l a s k .  T h e  s o l u t i o n  i n  t h e  f l a s k  

was t h e n  hydrolyzed w i t h  1 N NaOH f o r  10 m i n  a t  

room t . e m p e r a t u r e ,  n e u t r a l i z e d  w i t h  1 N H2S04 a n d  

d i l u t e d  t o  t h e  m a r k  w i t h  w a t e r  t o  g i v e  a b o u t  0 .23  

mg/mL C3H603. 

S a m p l e  P r e p a r a t i o n  

T e r  mL o f  s a m p l e  was p i p e t t e d  i n t o  a 50 mL b e a k e r ,  

a c i d i f i e d  w i t h  1 N H2S04 a n d  t r a n s f e r r e d  q u a n t i t a t i v e l y  

t o  a p r e p a r e d  c a t i o n - e x c h a n g e  c o l u m n .  S u b s e q u e n t l y  

t h e  m e t h o d  f o r  t h e  s t a n d a r d  p r e p a r a t i o r ,  above was 

f o l l o w e d .  

V a l i d a t i o n  o f  M e t h o d  a n d  Minimum Detectable  L i m i t  

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

was d e t e r m i n e d  b y  a d d i n g  l a c t i c  a c i d  to p l a c e b o s  a t  

0 ,  80,  1 0 0  a n d  170% o f  t h e  t h e o r e t i c a l  v a l u e  i n  d u p -  

l i c a t e  f o r  e a c h  d o s a g e  f o r m .  T h e s e  were t h e n  p r o c e s -  

s e d  b y  t h e  r e s p e c t i v e  p r o c e d u r e s  o u t l i n e d  above. 

T h e  p r o c e s s e d  s t a n d a r d  f o r  t h e  i n j e c t i o n  d o s a g e  

f o r m  was d i l u t e d  s e r i a l l y  w i t h  water g i v i n g  t h e  f o l -  

l o w i n g  c o n c e n t r a t i o n s :  0 .23 ,  0 . 1 1 5 ,  0.023, 0 . 0 1 1 5 ,  
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1636 WILSON 

0.0023,  O.OC115 a n d  0 . 0 0 0 7 3  mg/mL C3H603 w h i c h  were 

t h e n  c h r o m a t o g r a p h e d .  

S e p a r a t i o n  o f  S t r u c t u r a l  A n a l o g s - R e s o l u t i o n  F a c t o r  

A m i x e d  s t a n d a r d  s o l u t i o n  was p r e p a r e d  b y  

h y d r o l y z i n g  10 mg o f  USP l a c t i c  a c i d  i n  a 50 rnL 

v o l u m e t r i c  f l a s k  w i t h  1 N NaOH a n d  n e u t r a l i z i n g  w i t h  

1 N H?S04. 

ace t i c  a c i d  g i v i n g  f i n a l  c o n c e n t r a i t o n s  of 0.1 mg/ 

T o  t h i s  was a d d e d  p y r u v i c  a c i d  a n d  

mL a n d  0.16 mg/mL r e s p e c t i v e l y  f o r  t h e  l a t t e r  t w o  

when d i l u t e d  t o  v o l u m e  w i t h  w a t e r .  T h e  r e s o l u t i o n  

f a c t o r  was d e t e r m i n e d  b e t w e e n  l i ic t ic  a c i d  a n d  ace t i c  

a c i d  u s i n g  t h e  r e l a t i o n s h i p :  

R =  3 (  t , - t l  1 

w2 + 1 

w h e r e  t 

a n d  w a n d  w1 t h e  r e s p e c t i v e  p e a k  w i d t h s  m e a s u r e d  a t  

t h e  bases  b y  e x t r a p o l a t i n g  t h e  s t r a i g h t  sides of 

t h e  p e a k s  t o  t h e  b a s e l i n e .  

S e p a r a t i o n  cf C o m p o n e n t s  i n  USP L a c t i c  Ac id  

a n d  t l  a r e  t h e  r e s p e c t i v e  r e t e n t i o n  times 2 

2 

A 50 mL s a m p l e  of USP l a c t i c  a c i d  was d i s t i l l e d  

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

w i t h  t h e  b o i l i n g  r a n g e s :  60-90° a n d  30-120°. T h e s e  

a l o n g  w i t h  t h e  r e s i d u e  were e x a m i n e d  a f t e r  a p p r o p r i a t e  

d i l u t i o n  w i t h  water  b y  HPLC a n d  TLC. T h e  r e s i d u e  
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LACTIC ACID 1637 

f r a c t i o n  was d i s s o l v e d  i n i t i a l l y  i n  CH3CN:H 0 

( 1 : l )  because of l o w  s o l u b i l i t y  i n  water.  T h e  TLC 

s y s t e m  c o n s i s t e d  o f  c e l l u l o s e  F p r e c o a t e d  2 0 x 2 0  

crn p l a t e s  ( 0 . 1  rnrn t h i c k n e s s )  o b t a i n e d  f r o m  E. M e r c k  

w i t h  a mobile p h a s e  composed  of thi. o r g a n i c  I,?iy.;?r frorr 

t o l u e n e - p r o p i o n i c  a c i d - w a t e r  ( 4 5 : 4 5 : 5 )  m o d i f i e d  from 

M u n i e r ,  D r a p i e r  a n d  F a i v r e  ( 1 5 ) .  V i s u a l i z a t i o n  was 

b y  0.1% bromcresol g r e e n .  

3 

RESULTS A N C  SISCUSSION 

USF l a c t i c  a c i d  i s  d e s c r i b e d  a s  ' a  m i x t u r e  of 

l a c t i c  a c i d  ( C  H C) 1 a n d  l a c t i c  a c i d  l a c t a t e  

( C 6 H l o 0 5 )  e q u i v a l e n t  to  a t o t a l  of  n o t  less t h a n  

95.9 p e r c e n t  a n d  n o t  more t h a n  90.0 p e r c e n t ,  

b y  w e i g h t ,  of C3H603'(1). 

of l a c t i c  a c i d  i s  c l e a r l y  e . J i d e n t  i n  F i g u r e  1 A  

w h i c h  shows a 0.15 mg/inL s t a n d a r d  s o l u t i o n  d i l -  

u t e d  d i r e c t l y  f r o m  a USP s a m p l e  w i t h  water a n d  

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

a c i d  a t  t h e  same l e v e l  was h y d r o l y z e d  w i t h  1 N 

NaOH f o r  1 0  min a t  room t e m p e r a t u r e  a n d  t h e n  

n e u t r a l i z e d  w i t h  1 N H2S04 t h e  c h r o m a t o g r a m  shown 

i n  F i g u r e  13 was o b t a i n e d .  T h e  s e p a r a t i o n  f o u n d  

b e t w e e n  t h e  m a i n  p e a k  fo r  l a c t i c  a c i d  w i t h  a r e t e n t i o n  

t i m e  of 8 m i n  a n d  t h e  s e c o n d  p e a k  d e p e n d e d  o n  b o t h  

3 6 3  

T h i s  m i x e d  c h a r a c t e r  
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Figure 1. Chromatograms of USP lactic acid ( A )  and 
hydrolyzed USP lactic acid (B). Chroma- 
tographic conditions: column- Aminex HPX- 
87H 9,u 30 cm, guard column- Spheri-5 RP-18, 
mobile phase- 0.0045 N H SO flow rate- 
1.0 mL/min, detection- U3-2fb nm, sen- 
sitivity- 0.02 AUFS. 
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LACTIC ACID 1639 

t h e  mobile p h a s e  c o m p o s i t i o n  a n d  t h e  g u a r d  c o l u m n  

I l s e d .  W h i l e  t h e  m:,bile p h a s e  fo r  r e s i n - b a s e d  

m i c r o p a r t i c u l a t e  i o n - e x c l J s i o n  c o l u n n s  c a n  c o n t a i n  

a c e t o n i t r i l e ,  i t  was f o u n d  u n n e c e s s a r y  to  u s e  m i x e d  

s o l v e n t s  h e r e .  T h e  mobile p h a s e  pH, ? o w e v e r ,  was 

a d j u s t e d  i n  a n  e a r l y  a t t e m p t  t o  e l i m i n a t e  the s e c o n d  

l a c t i c  a c i d  p e a k .  S u l f u r i c  acid n o r m a l i t y  was v a r i e d  

f r o m  3.01?6 to  0.001. T h i s  r e s u l t e d  i n  l i t t l e  c h a n g e  

i n  r e t e n t i o n  t i m e  f o r  t h e  m a i n  p e a k  a l t h o u g h  k' of 

t h e  s e c o r l d  p e a k  d i d  c h a n g e  d r a m a t i c a l l y  as  s e e n  i n  

F i g J r e  2. T h e  r e t e n t i o n  time for t h e  second p e a k  

als:, d e p e n d e d  o n  t h e  p a r t i c u l a r  C18 g u a r d  c a r t r i d g e  

u s e d  w t t h  l i t t l e  r e l a t i o n s h i p  to a g e  or b a c k - p r e s s u r e  

f o u n d .  T h e  d e c r e a s e d  p l a r i t y  of t h 9  c o m p o n e n t  

at t h e  s e c o n d  p e a k ,  t h e  e s te r ,  was i n d i c a t e d  by  p l a c i n q  

two C g u a r d  c ~ l u m n s  u p s t r e a r .  t o  t h e  o r g a n i c  a c i d  

c o l u m n  w h i c h  ga.Jfz a n  i n c r e a s e d  r e t e n t i o n  time f o r  

t h i s  c o m p o n e n l  o n l y .  T h e  u s u a l  c o n f i g J r a t i o n  u t i l i z e d  

w i t h  o r g a n i c  a c i d  c o l u m n s  i s  a n  i o n - e x c l u s i o n  g u a r d  

c o l u m n  w i t h  t h e  a n a l y t i c a l  c o l u m n  c)f t h e  same p a c k -  

i n g  m a t e r i a l .  An a d d i t i o n a l  e l e m e n t  of s e l e c t i v i t y  

was u s e d  n e r e  b y  a d d i t i o n  o f  t h e  r e v e r s e d - p h a s e  g u a r d  

c o l u m n .  S u c h  d u a l - c o l u m n  HPLZ h a s  beer, d e s c r i b e d  

e a r l i e r  by B u c h a n a n  a n d  T h o e n e  w h e r e  a n  Aminex  HPX- 

18 S7H c o l u m n  was u s e d  ~ l p s t r e a m  or d o w n s t r e a m  ta a C 

1 9  
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1640 WILSON 

0 MAIN PEAK 

0 SECOND PEAK 

k '  

2 .o 

1 .o 

n 
U 

4 .o 2 .o 3.0 
MOBILE PHASE pH 

F i g u r e  2. E f f e c t  o f  mobile phase  pH o n  c a p a c i t y  fac- 
tors o f  t w o  components of USP l a c t i c  a c i d .  

a n a l y t i c a l  c o l u m n  f o r  t h e  s e p a r a t i o n  of J r i n a r y  

o r g a n i c  a c i d s  (35). 

I n  order- tc # c i r c u m v e n t  t h e  p r o b l e m  3 f  t h e  s e c o n d  

p e a k  of l a c t i c  a c i d  m e a n s  were f m n d  to  e l i m i n a t e  i t .  

H y d r o l y s i s  of t h e  es te r  w i t 0  NaOH a n  a steam b a t h  was 

more s e v e r e  t h a n  n e c e s s a r y  s i n c e  t h i s  i s  e a s i l y  ac-  

c o m p l i s h e d  a t  t h e  c o n c e n t r a t i o n  of t h e  a s s a y  i n  10 

min  a t  room t e m p e r a t u r e .  T h i s  m e a n s  was u s e d  i n  t h e  

i n j e c t i o n  d o s a g e  form w h e r e a s  i n  t h e  o r a l  s o l u t i o n ,  

h y d r o l y s i s  o c c u r s  i n  p r o c e s s i n g  OR t h e  a n i o n - e x c h a n g e  

c o l u m n .  
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LACTIC ACID 1641 

T h e  s c h e m e  d e v e l o p e d  f c r  sample a n d  s t d n c i a r d  

p r e p a r a t i o n  was n e c e s s i t a t e d  b y  i n t e r f e r e n c e  from 

e x c i p i e n t s  a n d  d e c r e a s e d  r e c o v e r i e s  f o u n d  when more 

s t r a i g h t f o r w a r d  p r o c e d u r e s  were f o l l o w e d .  I n t e r f e r -  

e n c e  from alcohols p r e s e n t  i n  t h e  3 r a 1  s D l u t i o n  was 

e l i m i n a t e d  b y  u s e  of t h e  water w a s h  i n  t h e  a n i o n -  

e x c h a n g e  t r e a t m e n t .  L a c t i c  a c i d  a t  t h i s  t i m e  i s  

q u a n t i t a t i v e l y  a t t a c h e d  t o  t h e  r e s i n  d u e  to  t h e  

p r i o r  pH a e j u s t r n e c t .  T h e  2 . 5  N NaOH c o n v e r t s  a n y  

r e m a i n i n g  l a c t i c  a c i d  ester. t o  t h e  a c i d  s a l t  i i n , j  

e x c h a s g e s  f o r  i t  o n  t h e  r e s i n .  One  IJ X a C I  c o m p l e t e : ,  

t h i s  i j t t e r  process  w i k k .  a h i g h e r  z c l e c t i v i t y  f o r  tir 

s t r o n q l y  b a s i c  :3rn?onil~m s i t e s  01; t h e  a n i o n - e x c ~ a n y e r .  

A f i n a l  a c i d i f i c a t i o r -  was u s e d  t o  obta i r i  c n i f o r r r  

hyc!roger, j.afl c o n c e n t r a t i o n  a n d  i o n i r  s t r e n g t k . .  F i g u r e  

? s h c w s  c h r o m a t a g r a m s  cf a p r o c e s s e d  s t a n d a r d  (A), 

a 105% s p i k e d  p l a c e b o  ( 3 )  a n d  a placebo (C) for t h e  

o r a l  s o l u t i o n  d o s a g e  form w i t ? .  l a c t i c  acid e l u t i n r 3  a t  

e m i n .  T h e  l a r 3 e  s c l v e n t  f r o n t  p e a k  a t  4 m i n  i s  

d u e  to t h e  adrled H,S04. 

L a c t i c  a c i d  i n  M i l r i n o n e  I n j e c t i o n  P r e s e n t e d  3 

somewha: less cc lmplex  p i c t L r e  t h a n  t h e  o r a l  soluti.or!. 

T h e  a n i o n - e x c h a n g e  p r o c e d u r e  c o l i l d  h a v e  beer, u s e d  

h e r e  as  w e l l ,  h o w e v e r  a s i m p l e r  a p p r o a c h  was followed 

S e c a u s e  of  t h e  a b s e n c e  o f  a l c o h o l s  from t h i s  f o r m u l a .  
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F i g u r e  3 .  C h r o m a t o g r a m s  of l a c t i c  ac id  i n  M i l r i n o n e  
O r a l  S o l u t i o n ,  p r o c e s s e d  s t a n d a r d  ( A ) ,  
100% s p i k e d  p l a c e b o  (B) a n d  p l a c e b o  (C). 
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  a s  i n  F i g u r e  
1 w i t h  s e n s i t i v i t y -  0.04 AUFS. 
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LACTIC ACID 1643 
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Figure 4. Chromatograms of lactic acid in Milrinone 
Injection, processed standard ( A ) ,  100% 
spiked placebo (B) and placebo (C). 
Chromatographic conditions as in Figure 3. 

H e r e  i t  was f o u n d  n e c e c s a r y  o r i l y  t o  r’?mov-f’ M i l r i n o n e  

f r o m  l d c t i c  a c i d  w h i c h  o c c u r s  i n  p a s s i n g  t h r o i . g k  t h e  

c a t i o n - e x c h a n g e  c o l u m n  a t  a c i d i r -  ? t i .  T h e  acid wds 

n d t u r a l l y  n o t  r e t a i n e d  by t h i s  r e s i n  arrd was o u a n t i -  

t a t i v e l y  e l u t e d  w i t h  w a t e r .  L a c t i c  a c i d  a t  t h i s  
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1644 WILSON 

p o i n t  s t i l l  c o n t a i n e d  t h e  ester r a t e r i a l  so  a h y d r o -  

l y s i s  s t e p  was n e e d e d  u s i n g  N a O H .  F i g u r e  4 A  is a 

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

t h i . s  p r o c e d u r e  w i t h  a r e t e n t i o n  t i m e  of $3 m i n ,  

w h i l e  4 8  i s  3 100% s p i k e d  p l a c e b o .  A b l a n k  i s  s e e n  

i n  F i g u r e  4 C  w i t h  t h e  n e g a t i v e / p o s i t i v e  p e a k  a t  5 

min d u e  to  d e x t r o s e  w h i c h  fo l lows  l a c t i c  d C i d  t h r o u g h  

t h e  p r o c e s s i n g .  

A c 5 r o m a t o g r a m  of a rr , ixed s t a n d a r d  c o n t a i n i n g  

p y r u v i c ,  l a c t i c  a n d  ace t i c  a c i d s  i s  shown  i n  F i g a r e  

5 .  T h e s e  c o m p o u n d s  a r e  w e l l  s e p a r a t e d  f r o m  e a c h  of-.l-,er 

a s  is ar? anknown c o m p o n e n t @  o r i g i n a t i n g  i n  th'e 

p y r u v i c  a c i d .  T h e  minimum a c c e p t a b l e  r - e s o l - J t i o n  

f a c t o r  b e t w e e n  l a c t i c  a n d  a c e t i c  a c i d s  was se t  a t  

1 .5 .  

L i n e a r i t y  of  r e c o v e r y  d a t a  i s  shown  i n  T a h l e s  

1 a n d  2 f o r  t h e  o r a l  s o l u t i o n  a n d  i n j e c t i o n  res- 

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

m e n t  a p p e a r e d  m o d e r a t e l y  more p r e c i s e  based o n  s t a n d a r d  

d e v i a t i o n s .  T h e  minimum q u a n t i f i a b l e  l i m i t  f o r -  

l a c t i c  a c i d  was 0.0023 m g / m L  a s  d e t e r m i n e d  b y  t h e  

s e r i a l  d i l u t i o n  s t u d y .  

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

d i s t i l l a t i o n  f r a c t i o n s  r e v e a l e d  l i t t l e  l a c t i c  a c i d  

a n d  n o  es te r  i n  t h e  60-90O r a n g e .  T h e  90 -120°  
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TABLE 1 

L a c t i c  A c i d  R e c o v e r y  f r o m  O r a l  S o l u t i o n  

K e a s u r e r n e n t  bv 
Peak H e i q h t  

m q  /mL m q  /mL % 
a d d e d  found r e c o v e 1  y 

0.259 0.848 93.7 
0.859 0.864 10C.6 
1.C7 1.08 109.9 
1.07 1 .07  100 .0  
1 .23  1.32 1 9 ? . 3  
1 .29  1 .33  i 0 3 . 3  

A v e r a g e  P e r c e n t  
R e c c v e r y  1 O G . 8  
Standard Deviation 
of Y .00816 
Correlation 
Coefficient .99938 

P e a k  Area 
rng /mL  % 
f o u n d  r e c o v e r y  

0 .845  98.4 
0.833 194.C 
1 .oo 191 .9  
1 . 0 8  100 .9  
1.28 3?.? 
1.32  102.3 

101 .1  

.0226 

.99457 

TABLE 2 

L a c t i c  .Acid  R e c o v e r y  from I n j e c t i o n .  

M e a s u r e r e n  t b y  
Peak H e i q h t  

0 1  '"9 /nL mg/mL 1 0  

added f c u n d  r e c o v e r y  

0.904 0.400 99.6 
0.904 0.902 99.P 
l . 1 3  1 .13  100.9 
1 .13  1.12 99 .1  
1 .36  1.34 98 .5  
1 .36  1.34 96 .5  

A v e r a g e  P e r c e n t  
Re c o v e  r y  99.2 
Standard Deviation 
of Y -00517 
Correlation Coefficient ,99973 

Peak  Area 
m g  /mL % 
f o u n d  r e c o v e r y  

0.905 100.1 
0.896 39.1 
1.16  15? .6  
1 . 1 3  139 .0  
1 . 3 7  1 0 0 . 7  
1 .35  109.0 

100 .4  

-0142 
.99812 
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F i g u r e  5. Chromatogram of mixed  s t a n d a r d  p r e p a r a t i o n  
i n c l u d i n g :  s o l v e n t  f r o n t  0, y r u v i c  a c i d  
@ unknown * l a c t i c  a c i d  &) a n d  
ace t ic  a c i d  8. 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  a s  i n  F i g u r e  3. 
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LACTIC ACID 1647 

f r a c t i o n  c o n t a i n e d  a b o u t  1 3  times more l a c t i c  a c i d  

t h a n  es ter  w h i l e  t h e  r e s i d u e  h a d  1 . 4  times mcre es ter  

c o n t e n t  t h a n  a c i d  a s  d e t e r m i n e d  b y  p e a k  h e i g h t  m e a s u r e -  

m e n t .  An u n h y d r o l y z e d  l a c t i c  a c i d  s t a n d a r d  b y  com- 

p a r i s o n  g i v e s  a p e a k  h e i g h t  r a t i o  of b e t w e e n  3 a n d  4 

t o  1 f o r  l a c t i c  a c i d  to  es te r  d e p e n d i n g  o n  r e l a t i v e  

r e t e n t i o n  times. T h i s  e n r i c h m e n t  o f  es ter  i n  t h e  

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

t o  p r o c e e d  a t  a s o m e w h a t  f a s t e r  r a t e  : ?  h o u r s )  t h a n  

o b s e r v e d  b y  A l g n  and S j g s t r & n  who o b t a i n e d  a r a t i o  

o f  2 . 2 / 1  f o r  l a c t i c  a c i d  t o  es te r  i n  6 l- .ours a t  130° 

a n d  1 a t m o s p h e r e ( 1 3 j .  R e : j u l t s  b y  TLC o n  cellulose 7 

s u p p o r t e d  t h e  HPLC f i n d i n g s  o n  s e p a r a t i o n  of d i s t i l -  

l a t i o r .  f i - a c t i o n s  w i t h  a n  R of 9.75 for l a c t i c  a r i d  f 

a n d  0.4P f o r  t h e  es te r .  T h i s  a g r e e s  w i t h  tbo w o r k  of 

M u n i e r ,  D r a p i e r  a n d  F a i v r c  ( 1 5 )  who c o r r e c t l y  s u q q e ? > -  

k e d  t h a t  t P - e  h i g h e r  R f  s p o t  was a n  e s t e r .  

T h e  n e w l y  d e v e l o p e d  m e t h o d  d e s c r i b e d  a b o v e  g i v e s  

p r e c i s e  a n d  a c c u r a t e  m e a s u r e m e n t  of l a c t i c  a c i d  i n  

t w o  l i q u i d  d o s a g e  f o r m s .  T h i s  o r  s l i g h t l y  mo!ified 

m e t h o d s  c o u l d  be a p p l i e d  t o  o t h e r  o r g a n i c  a c i d s  o r  

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

r e v e r s e d - p h a s e  c o l u m n s  e v e r :  w i t h  i o n i c  s u p p r e s s i o n .  

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

e s t e r i f i c a t i o n  e q u i l t b r i a .  
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