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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION 

OF NEOMYCIN IN MILK USING 
A HISEP COLUMN 

VIPIN K. AGARWAL 

P .  0. Box I106 
The Connecticut Agricultural Experinletit Statioti 

New Haven, Cotirtecticiit 06504 

ABSTRACT 

A high performance l i q u i d  chromatographic (HPLC) method f o r  t h e  
de t e rmina t ion  of neomycin i n  mi lk  i s  desc r ibed .  Milk i s  passed d i r e c t l y  
through an a m b e r l i t e  CG50 i o n  exchange r e s i n  column, and t h e  neomycin 
which is r e t a i n e d  on t h e  column is  d e r i v a t i z e d  with or tho-phthalaldehyde 
(OPA) r eagen t .  The d e r i v a t i z e d  neomycin is e l u t e d  from the column w i t h  
potassium b o r a t e  buffer /methanol  and analyzed by HPLC. A HISEP W K  
column wi th  f l u o r o m e t r i c  d e t e c t i o n  was used. Recoveries  ranged from 94 
t o  102% i n  samples f o r t i f i e d  between 0.1 t o  5ppm l e v e l s .  The d e t e c t i o n  
l i m i t  is 50ppb. 

INTRODUCTION 

Neomycin is a widely used broad spectrum aminoglycoside a n t i b i o t i c  

t h a t  i n h i b i t s  t h e  growth of bo th  gram p o s i t i v e  and gram nega t ive  

b a c t e r i a  ( 1 ) .  It has  a narrow t h e r a p e u t i c  r ange ,  i s  p o t e n t i a l l y  t o x i c  

l i k e  o t h e r  aminoglycosides,  and may cause  o t o t o x i c i t y  and n e p h r o t o x i c i t y  

i n  case of overdosing ( 2 , 3 ) .  A n t i b i o t i c  u s e  f o r  t h e  t r ea tmen t  -of 
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2416 AGARWAL 

mastitis i n  cows may be a p o t e n t i a l  hazard t o  consumers due t o  

p e r s i s t e n c e  of r e s i d u e s  i n  t h e  milk ( 4 ) .  Although, neomycin is no t  

approved f o r  use i n  l a c t a t i n g  cows, i l l e g a l  u se  can r e s u l t  i n  t h e  

presence of r e s i d u e s  of t h i s  a n t i b i o t i c  i n  milk.  The Food and Drug 

Adminis t ra t ion (FDA) has  set a t o l e r a n c e  l i m i t  of 0.15 ppm of  neomycin 

i n  milk (5). 

Microbiological  methods have been used f o r  t h e  d e t e c t i o n  of 

neomycin and o t h e r  aminoglycosides i n  food p roduc t s  of animal  o r i g i n  

(6,7-9). These methods, however, l a c k  s p e c i f i c i t y  (10). HPLC has  become 

t h e  a n a l y t i c a l  method of cho ice  and h a s  been s u c c e s s f u l l y  a p p l i e d  t o  t h e  

de t e rmina t ion  of aminoglycosides i n  b i o l o g i c a l  f l u i d s  (11). The only 

HPLC method for  t h e  de t e rmina t ion  of neomycin i n  milk,  r e p o r t e d  by 

Shaikh et  a l ,  i n v o l v e s  postcolumn d e r i v a t i z a t i o n  w i t h  OPA r e a g e n t  ( 4 ) .  

T h i s  paper d e s c r i b e s  t h e  development of an  a n a l y t i c a l  method for 

t h e  de t e rmina t ion  of neomycin i n  milk and i n v o l v e s  precolumn 

d e r i v a t i z a t i o n  with OPA followed by HPLC a n a l y s i s .  

METHOD 

Reagents and s tandards:  

a.) Chemicals.- Neomycin s u l f a t e ,  2-mercaptoethanol and 0- 

phthalaldehyde (Sigma Chemical CO., S t .  Louis,  MO); sodium c h l o r i d e ,  

b o r i c  a c i d ,  potassium hydroxide,  potassium t e t r a b o r a t e  and HPLC grade 

methanol (F i she r  Chemical Co., Fair lawn,  N J ) ;  ethylenediamine- 

tetraacetic a c i d ,  t r i p o t a s s i u m  sa l t ,  and a m b e r l i t e  CG-50 ion exchange 

r e s i n  (Aldrich Chemical Co., Milwaukee, WIS.) 

b.) Mobile phase f o r  LC.- So lven t  A - ethylenediamine-tetraacetic 

a c i d ,  t r i p o t a s s i u m  sa l t  (2.0 gm) was d i s so lved  i n  one l i ter  of d i s t i l l e d  

water: methanol,  (300:700): Solven t  B - methanol. 
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NEOMYCIN IN MILK 2477 

c.) Alka l ine  buffer.-  Potassium t e t r a b o r a t e  (76 gm) was d i s so lved  i n  

400 m l  d i s t i l l e d ,  pH a d j u s t e d  t o  11 wi th  potassium hydroxide and f i n a l  

volume made t o  500 m l  with d i s t i l l e d  water. 

d.) Neomycin s t anda rd  so lu t ions . -  Two s t anda rd  s o l u t i o n s  were 

prepared. Standard A: Neomycin s u l f a t e  (100 mg) was d i s s o l v e d  i n  1000 m l  

d i s t i l l e d  water. Standard B: 10 m l  s t anda rd  A was d i l u t e d  t o  100 m l  w i th  

d i s t i l l e d  water. Both t h e  s t a n d a r d s  were s t o r e d  i n  t h e  r e f r i g e r a t o r  i n  

polypropylene b o t t l e s .  Milk samples were f o r t i f i e d  using t h e s e  

s t anda rds .  

e.) Potassium b o r a t e  buffer.-Boric a c i d  (3.1 gm) was d i s s o l v e d  i n  100 

m l  d i s t i l l e d  water, pH a d j u s t e d  t o  10.5 with 50% potassium hydroxide 

s o l u t i o n ,  and f i n a l  volume made t o  125 m l  w i t h  d i s t i l l e d  water. 

f . )  OPA reagent.-  0-phthalaldehyde (100 mg) was d i s s o l v e d  i n  1 m l  

methanol and 200 ul of 2-mercaptoethanol and 10 m l  potassium b o r a t e  

b u f f e r  were added t o  i t .  Th i s  r e a g e n t  was s t o r e d  r e f r i g e r a t e d  i n  an  

amber g l a s s  capped v i a l .  The r e a g e n t  may be used f o r  a week. 

Apparatus: 

a.) Liquid chromatograph.- LDC/Milton Roy (R iv ie ra  Beach, FL) 

ConstaMetric I11 pumps were used f o r  s o l v e n t  de l ive ry .  A Grad ien t  Master 

(LDC/Milton Roy) was used t o  c o n t r o l  g r a d i e n t  flow. A Lee mixer (The Lee 

Co., Westbrook, CT) wi th  a mixing volume of 200 u l  was used f o r  mixing 

t h e  so lven t .  A FS-970 LC Fluorometer (Kratos A n a l y t i c a l  In s t rumen t s ,  

Westwood, N J )  was used as t h e  d e t e c t o r .  

b.) LC Column.- HISEP, 15cm X 4.6 am, 5 um p a r t i c l e  s ize  (Supelco, 

Inc. ,  B e l l e f o n t e ,  PA 16823-0048). 
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2478 AGARWAL 

F o r t i f i c a t i o n  of mi lk  samples:  Milk samples  were f o r t i f i e d  u s i n g  

s t a n d a r d s  A and B. A 50 ul, 100 ul, and 250 ul a l i q u o t s  o f  s t a n d a r d  A 

were t r a n s f e r r e d  t o  15 m l  po lypropylene  tubes .  Appropr i a t e  a l i q u o t s  of  

mi lk  were added t o  t h e s e  polypropylene  t u b e s  t o  g i v e  a t o t a l  volume of 5 

m l ,  r e s u l t i n g  i n  milk samples f o r t i f i e d  a t  1, 2, and 5 ppm l e v e l s  of  

neomycin. S i m i l a r l y ,  50 u l ,  100 u l ,  and 250 ul of  s t a n d a r d  B were 

t r a n s f e r r e d  t o  polypropylene  t u b e s  and made up to 5 m l  w i t h  milk t o  

o b t a i n  mi lk  samples  f o r t i f i e d  a t  0.1, 0.2, and  0.5 ppm l e v e l s .  

P r e p a r a t i o n  of s t a n d a r d s  f o r  c a l i b r a t i o n  curve :  S t anda rd  s o l u t i o n s  A and  

B were used t o  p repa re  s o l u t i o n s  of neomycin i n  water r ang ing  from 0.1 

ppm t o  5 ppm l e v e l s .  

P r e p a r a t i o n  of a m b e r l i t e  CG 50 r e s i n  column; A s l u r r y  was made by 

shaking  a m b e r l i t e  CG 50 r e s i n  wi th  t h e  a l k a l i n e  b u f f e r  and e q u i l i b r a t e d  

f o r  abou t  two hours.  A column was p repa red  by p l a c i n g  g l a s s  wool i n  t h e  

bottom of a P a s t e u r  p i p e t  and f i l l e d  t o  a 3.5 cm h e i g h t  w i th  t h e  r e s i n  

s l u r r y .  The column was washed w i t h  d i s t i l l e d  water u n t i l  t h e  e l u e n t  was 

n e u t r a l .  

Sample p r e p a r a t i o n ;  A 40 m l  p o r t i o n  of  mi lk  was mixed w i t h  2 gm sodium 

c h l o r i d e ,  shaken w e l l  t o  d i s s o l v e  t h e  sodium c h l o r i d e ,  and f o r t i f i e d  

wi th  an a p p r o p r i a t e  amount of  s t a n d a r d  neomycin. Milk (5 ml), o r  t h e  

s t anda rd ,  was passed  through t h e  a m b e r l i t e  CG 50 r e s i n  column. For  mi lk  

samples f o r t i f i e d  a t  0.2 and 0.1 ppm l e v e l s ,  10 m l  mi lk  was passed  

through t h e  column. The column was then  washed w i t h  8 m l  o f  d i s t i l l e d  

water. OPA r e a g e n t  (0.6 m l )  w a s  l oaded  on t o  t h e  column and passed  

through. A f t e r  two minu tes  t h e  d e r i v a t i z e d  neomycin was e l u t e d  w i t h  3 m l  
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NEOMYCIN IN MILK 2479 

of a l k a l i n e  buffer /methanol  (20:80). The e l u e n t  was c o l l e c t e d  i n  a 

graduated v i a l  and f i n a l  volume made t o  4 m l  w i th  methanol. The sample 

v i a l  was covered wi th  aluminum f o i l ,  s t o r e d  i n  freezer ( & t o  - lO°C) ,  

and analyzed by HPLC a f t e r  f i f t e e n  minutes.  

Liquid Chromatography: 

The fo l lowing  ope ra t ing  c o n d i t i o n s  were used. A l i n e a r  g r a d i e n t  

s t a r t i n g  wi th  0% s o l v e n t  B a t  z e r o  time t o  60% s o l v e n t  B i n  15 minutes  

on cu rve  4 and maintaining a flow rate of 1.7 ml/minute was used. Curve 

4 was t h e  concave cu rve  on LDC g r a d i e n t  master which h o l d s  t h e  i n i t i a l  

s o l v e n t  g r a d i e n t  f o r  about  6 minutes.  The peaks were q u a n t i t a t e d  based 

on peak he igh t s .  An e x c i t a t i o n  wavelength o f  340nm with a KV 418 

emission f i l t e r  was used. The d e t e c t o r  was set a t  0.5 uA range and t h e  

s e n s i t i v i t y  was reduced i f  t h e  c o n c e n t r a t i o n  of neomycin was g r e a t e r  

t han  2ppm. The i n j e c t i o n  volume w a s  from 10 u l  t o  20 u l .  

RESULTS 

F igure  1, a r e p r e s e n t a t i v e  chromatogram of t h e  OPA d e r i v a t i v e  of  

s t anda rd  neomycin, shows two peaks with r e t e n t i o n  times of  8.2 and 19.8 

minutes.  The c a l i b r a t i o n  cu rve  f o r  t h e  OPA d e r i v a t i v e  of neomycin 

s t anda rd  was obtained by p l o t t i n g  t h e  peak h e i g h t s  of t h e  sum of t h e  two 

peaks (peak 1 and 2, Figure  1) ve r sus  t h e  neomycin c o n c e n t r a t i o n  i n  t h e  

0.1 t o  5 ppm range. To o b t a i n  t h e  c a l i b r a t i o n  cu rve ,  a l l  t h e  s t a n d a r d s  

were passed through t h e  a m b e r l i t e  CG 50 r e s i n  column, d e r i v a t i z e d  on t h e  

column, and e l u t e d  with a l k a l i n e  buffer /methanol .  The c u r v e  w a s  l i n e a r  

w i th  a c o r r e l a t i o n  c o e f f i c i e n t  of 0.989. 
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Figure  1. Chromatogram of t h e  OPA d e r i v a t i v e  of 

s t anda rd  neomycin a t  2 ppm l e v e l .  

An u n f o r t i f i e d  milk sample was processed through t h e  complete 

c leanup and d e r i v a t i z a t i o n  procedure and examined by HPLC (F igure  2) .  No 

i n t e r f e r r i n g  peaks were p resen t  i n  t h e  chromatogram. The f o r t i f i e d  milk 

samples were then c a r r i e d  through t h e  complete c leanup and 

d e r i v a t i z a t i o n  procedure and examined by HPLC. F igu re  3 shows a 

r e p r e s e n t a t i v e  chromatogram of a milk sample f o r t i f i e d  a t  1 ppm l e v e l  of 

neomycin. The two peaks of t h e  OPA d e r i v a t i v e  of neomycin ( l a b e l e d  as  1 
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Figure  2. Chromatogram of u n f o r t i f i e d  milk sample. 

and 2) are w e l l  resolved.  F igu re  4 shows a chromatogram of  a milk sample 

f o r t i f i e d  a t  0.1 ppm l e v e l  and both t h e  peaks of OPA d e r i v a t i v e  of 

neomycin are a l s o  w e l l  resolved.  The r e c o v e r i e s  of neomycin from milk 

samples were c a l c u l a t e d  based on t h e  peak h e i g h t s  of sum of both peaks 

(peak 1 and 2) and ranged from 94 t o  102% i n  samples f o r t i f i e d  between 

0.1 t o  5 ppm l e v e l s  (Table 1). 

For ty  samples of raw milk from i n d i v i d u a l  producers  i n  c o n n e c t i c u t  

were t e s t e d  f o r  neomycin us ing  t h i s  method. None of t h e  samples 

con ta ined  a d e t e c t a b l e  amount of neomycin (DL=50 ppb). 
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Figure  3. Chromatogram of milk sample f o r t i f i e d  a t  

2ppm l e v e l  w i t h  neomycin. 

DISCUSSION 

The only HPLC method f o r  t h e  de t e rmina t ion  of neomycin r e s i d u e s  i n  

milk as r epor t ed  by Shaikh e t  a l ,  r e q u i r e s  d e f a t t i n g  and d e p r o t e i n a t i o n  

of milk as sample p re t r ea tmen t  s t e p s  b e f o r e  HPLC a n a l y s i s  ( 4 ) .  I n  t h e  

proposed method both s t e p s ,  d e f a t t i n g  and d e p r o t e i n a t i o n ,  were 

e l imina ted .  It was p o s s i b l e  t o  avoid t h e  d e p r o t e i n a t i o n  s t e p  p r i m a r i l y  

because of t h e  use of a HISEP column. Th i s  column h a s  been shown t o  work 

e f f e c t i v e l y  f o r  serum and plasma samples wi thou t  d e p r o t e i n a t i n g  t h e s e  
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5 10 15 2 0  25 
TIME ( M I N I  

Figure  4 .  Chromatogram of milk sample f o r t i f i e d  a t  0.1 

ppm l e v e l  w i t h  neomycin. 

samples. Th i s  HISEP column is  made of s i l ica  based material c o n t a i n i n g  

hydrophobic r e g i o n s  sh i e lded  by h y d r o p h i l i c  network (12) .  T h i s  

hydroph i l i c  network s h i e l d s  t h e  l a r g e  p r o t e i n  molecules  from c o n t a c t  

w i th  t h e  i n n e r  hydrophobic r e g i o n s ,  and t h u s  p r o t e i n  molecules  are 

passed un re t a ined  on t h e  column. Drugs and o t h e r  smaller m e t a b o l i t e s ,  

however, p e n e t r a t e  t h e  h y d r o p h i l i c  network and are r e t a i n e d  on t h e  

column. These compounds can then  be e l u t e d  by a d j u s t i n g  t h e  mobile 

phase. 
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Table I 

AGARWAL 

Recovery of neomycin from milk f o r t i f i e d  with neomycin between 0.1 t o  5 
ppm l e v e l s .  

I n  prel iminary experiments  milk samples were d e f a t t e d  by 

c e n t r i f u g a t i o n  a t  4'C.  When milk samples were used without  d e f a t t i n g  no 

change i n  r e c o v e r i e s  was observed and a l s o  t h e  chromatograms showed no 

i n t e r f e r r i n g  peaks. The re fo re  t h e  d e f a t t i n g  s t e p  was e l imina ted .  The use  

of sodium c h l o r i d e  was necessary as  poor r e c o v e r i e s  of neomycin were 

obtained i n  the  absence of sodium c h l o r i d e .  The c o n c e n t r a t i o n  of sodium 
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c h l o r i d e  a l s o  a f f e c t e d  t h e  r e c o v e r i e s  of neomycin and 5gm sodium 

c h l o r i d e  i n  l O O m l  milk gave t h e  maximum r e c o v e r i e s  (>95%). 

Precolumn d e r i v a t i z a t i o n  of primary amines wi th  OPA h a s  n o t  gained 

much success  due t o  t h e  u n s t a b l e  n a t u r e  of t h e  OPA d e r i v a t i v e s .  I n  t h i s  

r e p o r t ,  t h e  d e r i v a t i z a t i o n  c o n d i t i o n s  were opt imized t o  o b t a i n  OPA 

d e r i v a t i v e  of neomycin which were s t a b l e  a t  -8'to -1O'C f o r  a t  least 

f o u r  hours.  D e r i v a t i z a t i o n  wi th  OPA r e a g e n t  was done on t h e  a m b e r l i t e  CG 

50 r e s i n  column f o r  two minutes. Af t e r  e l u t i o n  of t h e  d e r i v a t i z e d  

neomycin from t h e  column, i t  was a l s o  necessary t o  l e a v e  t h e  d e r i v a t i z e d  

neomycin f o r  abou t  15 minutes i n  t h e  f r e e z e r  (-8'to -1O'C) i n  o r d e r  t o  

g e t  complete d e r i v a t i z a t i o n .  The peak h e i g h t s  were found t o  i n c r e a s e  

du r ing  t h e  first f i f t e e n  minutes  fol lowing t h e  e l u t i o n  from t h e  column 

and remained c o n s t a n t  f o r  atleast f o u r  hour s  when s t o r e d  a t  -8' to -1O'C. 

The use of a m b e r l i t e  CG 50 i o n  exchange r e s i n  w a s  chosen f o r  two 

reasons.  F i r s t ,  neomycin was s e l e c t i v e l y  r e t a i n e d  on t h e  column when 

milk was passed through t h e  column and o t h e r  i n t e r f e r e n c e s  p r e s e n t  i n  

t h e  milk were n o t  r e t a i n e d  on t h e  column. Second, t h e  d e r i v a t i z a t i o n  

wi th  OPA r e a g e n t  was c a r r i e d  o u t  e f f e c t i v e l y  and conven ien t ly  on t h e  

column. The OPA d e r i v a t i z e d  neomycin was then  e a s i l y  e l u t e d  wi th  

a l k a l i n e  buffer/methanol.  

The r e t e n t i o n  time of peak 1 (F igu re  4 )  w a s  c l o s e  t o  o t h e r  e l u t i n g  

peak p resen t  i n  t h e  milk sample and t h e r e f o r e  a t  lower f o r t i f i c a t i o n  

l e v e l s  (less than 0.5 ppm), t h i s  peak w a s  sometimes n o t  r e so lved  t o  t h e  

base l i n e .  I n  such cases i t  is recommended t o  reduce t h e  f low rate of 

t h e  mobile phase t o  1.5 ml/minute i n  o r d e r  t o  r e s o l v e  peak 1 b e t t e r  i f  

necessary.  S ince  an i n c r e s e  i n  t h e  peak h e i g h t s  of OPA d e r i v a t i v e  of 

neomycin was observed up t o  f i f t e e n  minutes,  i t  w a s  also impor t an t  t o  
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i n j e c t  t h e  sample i n t o  t h e  LC only a f t e r  s t o r i n g  f o r  t h a t  i n i t i a l  per iod 

of f i f t e e n  minutes i n  o rde r  t o  o b t a i n  q u a n t i t a t i v e  r e s u l t s .  

I n  conclusion,  t h i s  proposed method f o r  t h e  a n a l y s i s  of neomycin 

i n  milk i s  simple,  s e n s i t i v e  and q u a n t i t a t i v e .  This  method a l lows  t h e  

d e t e c t i o n  of neomycin i n  milk below t h e  t o l e r a n c e  l e v e l  of 0.15 ppm as 

s p e c i f i e d  by t h e  FDA. The use  of a HISEP column f o r  milk a n a l y s i s  

without  dep ro te ina t ion  has  s u c c e s s f u l l y  been demonstrated f o r  t h e  f i r s t  

time. The use of HISEP column f o r  t h e  a n a l y s i s  of o t h e r  d rug  r e s i d u e s  i n  

milk may a l s o  become important .  
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