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0 E R I VAT IZATl ON AND HPLC/F LOU R- 
ESCENCE QUANTITATION OF MADURAMICIN 

AMMONIUM IN FEED AND PREMIXES AT 
LEVELS DOWN TO 5 PPM 

A. Markantonatos 
American Cyanamid Company 
Agricultural Research Division 

P. 0. Box 400 
Princeton, New Jersey 08540 

ABSTRACT 

A r e v e r s e  phase HPLC method w i t h  f luorescence  d e t e c t i o n  and 
pre-column d e r i v a t i z a t i o n  is descr ibed  f o r  d e t e r m i n a t i o n  of  
maduramicin (and p o s s i b l y  o t h e r  non-f luor igenic  ionophores 
c o n t a i n i n g  a hemiketa l  r i n g )  i n  feeds ,  premixes, and t e c h n i c a l  
material. 
Sep-Pak clean-up is descr ibed .  I s o c r a t i c  HPLC w i t h  e x t e r n a l  
s tandard  is  used. Method development, s p e c i f i c i t y  and the  
chemis t ry  of d e r i v a t i z a t i o n  is  d iscussed .  

Dansyl hydraz ine  d e r i v a t i z a t i o n  t o g e t h e r  w i t h  F l o r i s i l  

INTRODUCTION 

Ionophores are  b i o l o g i c a l l y  a c t i v e  c a r b o x y l i c  a c i d  

Commercially s i g n i f i c a n t  a r e  Monensin ( I ) ,  Lasa loc id  p o l y e t h e r s .  

(11) and Maduramicin (111) which a r e  used i n  t h e  t rea tment  and 

prevent ion  of c o c c i d i o s i s  i n  p o u l t r y .  

i s  by i n g e s t i o n  from a premix-medicated p o u l t r y  feed. A premix is  

Normal a d m i n i s t r a t i o n  mode 
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818 MARKANTONATOS 

a f i n e l y  d iv ided  s o l i d  c o n t a i n i n g  a c t i v e  i n g r e d i e n t  a t  r e l a t i v e l y  

low c o n c e n t r a t i o n  and. i s  designed f o r  mixing wi th  feeds a t  t h e  

r a t e  of 0.5-10 k i l o s / t o n .  

Maduramicin i s  a po ten t  c o c c i d i o s t a t  and t rea tment  l e v e l  i n  

feed f o r  p o u l t r y  u s e ,  i s  only 5 ppm a c t i v e  m a t e r i a l .  An HPLC 

a n a l y t i c a l  procedure was r e q u i r e d  t o  q u a n t i t a t e  t h e  a c t i v e  

m a t e r i a l  i n  t h e  feed a t  t h i s  l e v e l .  Because t h e  method of  

Johnson(1) w a s  cons idered  t o o  e x o t i c  f o r  g e n e r a l  use  and because 

Maduramicin l a c k s  a p p r e c i a b l e  U.V.  and e lec t rochemica l  p r o p e r t i e s  

the f l u o r i g e n i c  l a b e l i n g  technique of F r e i  and Lawrence(2) was 

i n v e s t i g a t e d  i n  order  t o  achieve  nanogram l e v e l  q u a n t i t a t i o n  

without  pre-concent ra t ion .  T h e i r  technique i s  used f o r  t h e  

d e r i v a t i z a t i o n  of carbonyl  compounds wi th  dansyl  hydraz ine  t o  form 

t h e  dansyl  hydrazone i n  t h e  presence of  a c i d - c a t a l y s t  and hea t .  

The Maduramicin molecule c o n t a i n s  a hemiketal  a t  bo th  t h e  

A and F r i n g s  and a c i d  h y d r o l y s i s  could g e n e r a t e  the  carbonyl  

r a d i c a l  and hence t h e  dansyl  d e r i v a t i v e  somewhat analogous t o  t h e  

r e a c t i o n  of g lucose  w i t h  phenyl hydraz ine  t o  form the phenyl 

hydrazone. 

The F r e i  and Lawrence procedure w a s  modif ied t o  produce t h e  

dansyl  d e r i v a t i v e  almost i n s t a n t a n e o u s l y  without  t h e  use of h e a t  

and wi thout  an evapora t ion  s t e p  ( i n  order  t o  quench t h e  r e a c t i o n ) .  

This  paper d e a l s  wi th  the  development, v a l i d a t i o n  and 

chemistry of the  d e r i v a t i z a t i o n  of maduramicin f o r  f luorescence  

d e t e c t i o n  by HPLC q u a n t i t a t i o n  i n  f e e d s ,  premixes and t e c h n i c a l  

m a t e r i a l .  With m o d i f i c a t i o n ,  t h e  procedures  are a p p l i c a b l e  t o  

Monensin ( I )  and N i g e r i c i n  (IV) and o t h e r  molecules  and ionophores  

c o n t a i n i n g  a c y c l i c  hemiketa l  or r e a c t i v e  carbonyl  group. The 

quenching f o r  t h e s e  needs t o  be reso lved .  

EXPE R I  MENTAL 

Reagents 

Maduramicin a n a l y t i c a l  s tandard  from American Cyanamid 

Company ( P r i n c e t o n ,  N J ) ;  dansyl  hydraz ine  and tetrabutylammonium 
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C o m m e r c i a l  Polyethers 
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'CH, ' 

MONENSIN (I) 

'CH3 

LASALOCID (11) 

MADURAMICIN (111) 

N I G E R I C I N ,  SODIUM (IV) 
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MARKANTON ATOS 880 

hydrogen s u l f a t e  from Regis  Chemical Company (Morton Grove, IL); 

a c e t o n i t r i l e ,  HPLC grade from J. T. Baker Chemical Company 

( P h i l l i p s b u r g ,  NJ) ; F l o r i s i l  Sep-Pak C a r t r i d g e s  from Waters 

A s s o c i a t e s  ( M i l l f o r d ,  MA); and de ionized  water  w a s  put  through a 

M i l l i - Q  U l t r a p u r e  Water System from M i l l i p o r e  Corpora t ion  

(Bedford,  MA). A l l  o ther  chemicals were reagent  grade. 

Apparatus 

The f luorescence  d e t e c t o r  was a model FS970 s p e c t r o -  

f luoromonitor  and w a s  equipped wi th  o p t i o n a l  au tomat ic  over load  

r e s e t  (from Kra tos  Ins t rument  Company, Ramsey, NJ). The l i q u i d  

chromatograph c o n s i s t e d  of an i s o c r a t i c  DuPont 870 t r i p l e  p i s t o n  

pump, a Varian 8000 Autosampler, a Valco ACGW Valve w i t h  60 pL 

loop and an IBM 5 pm c18 Mini Column ( 5  cm x 4.6 am) held  a t  

ambien t temperature .  

S tandard  and Recovery S o l u t i o n s  

Stock s o l u t i o n  of maduramicin a t  1 m g f d  was prepared i n  HPLC 

grade a c e t o n i t r i l e .  T h i s  was d i l u t e d  t o  50 m c g / d  and f u r t h e r  

d i l u t e d  t o  1-3 mcg/utL. Spik ing  w a s  not made d i r e c t l y  o n t o  feed ,  

b u t  i n t o  the a p p r o p r i a t e  volume of e x t r a c t i o n  s o l v e n t  

( a c e t o n i t r i l e )  c o v e r i n g  t h e  feed.  

Liquid  Chromatography 

I s o c r a t i c  c o n d i t i o n s  with an I B M  C-18, 50 mm s t a n d a r d  column 

and 25/75 w a t e r f a c e t o n i t r i l e  modif ied with 0.25 g t e t r a b u t y l -  

ammonium hydrogen s u l f a t e  per  l i t e r  ( 2 5 1 7 5 )  a t  a f low r a t e  of 

2.0 mL/min a r e  used (pH-3.5). Q u a n t i t a t i o n  i s  performed a t  

1-3 mcg/mL us ing  60 mcL loop and f luorescence  d e t e c t o r  u s i n g  a n  
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MADURAMICIN AMMONIUM IN FEED 88 1 

e x c i t a t i o n  wavelength of 210 nm and 320 nm c u t o f f  f i l t e r  a t  t h e  

p h o t o m u l t i p l i e r  tube.  

Analyte  response i s  measured by peak h e i g h t  of t h e  major 

peak which e l u t e s  l a s t  w h i l e  t h e  minor peak i s  not  s t a b i l i t y  

i n d i c a t i n g .  Related r e c o v e r i e s  and assays  a r e  c a l c u l a t e d  by 

comparison t o  e x t e r n a l  s tandard  response. S tandard  i n j e c t i o n s  

b r a c k e t  every  3-5 sample i n j e c t i o n s ,  t o  compensate for any 

response changes d u r i n g  m u l t i p l e  sample runs .  

Sample P r e p a r a t i o n  

Technica l  m a t e r i a l  i s  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  c o n t a i n  

about  1 m g / d  and d i l u t e d  t o  approximately 3 mcg/mL f o r  

d e r i v a t i z a t i o n  and q u a n t i t a t i o n .  

Premix ( u s u a l l l y  1% AI) i s  l ikewise d i l u t e d  t o  3 mcg/mL where 

0.25 g premix is  a s a t i s f a c t o r y  amount t o  d i s s o l v e  i n  a c e t o n i -  

t r i l e .  Sonic  b a t h  i s  used t o  ensure  d i s s o l u t i o n .  

Feeds a t  5 ppm a r e  e x t r a c t e d  wi th  a c e t o n i t r i l e  t o  produce an 

e x t r a c t  c o n t a i n i n g  1 mcg/mL (50  g /250  mL). T h i r t y  minute  shaking  

is  r e q u i r e d  f o r  e x t r a c t i o n s .  Feed r e c o v e r i e s  us ing  b lank  feed 

p lus  245 mL a c e t o n i t r i l e  and a 5 mL sp ike  of s tandard  s o l u t i o n  

(50 mcg/mL) are t r e a t e d  in a s imilar  manner. 

D e r i v a t i z a t i o n  

1. For Premixes and Technica l  M a t e r i a l s  

T r a n s f e r ,  in t h e  o r d e r  below, t he  fo l lowing  i n g r e d i e n t s  

t o  a 1 mL nominal Wheaton GC v i a l :  

carbonate ;  100 mcL dansyl  hydraz ine  (7.5 mgfmL i n  ACTN); 

1.0 mL of sample o r  st;andard s o l u t i o n  ( 3  mcg/mL); 100 mcL 

t r i c h l o r o a c e t i c  a c i d  (150 mg/mL i n  a c e t o n i t r i l e ) .  

30 mg (+3 mg) calcium 
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882 M ARKANTONATOS 

Cap the vial and shake vigorously by hand for exactly 

60 seconds. Centrifuge inmediately at high speed f o r  

1 minute. Inject immediately into HPLC (response not stable 

€or more than 10 minutes). A C . V .  of 0.83X can be expected 

i f  these conditions are met. 

Premix and technical samples in acetonitrile, deri- 

vatized by the above procedure should be compared to 

standards of similar concentration derivatized by the 

procedure given above. For Monensin and Nigericin, do not 

use calcium carbonate, and use greater ratio of acetonitrile 

in mobile phase. 

2. For Feed Samples 

Transfer 0.6 mL each of dansyl hydrazine and of 

trichloroacetic acid (concentration as above) to a 5 mL 
reaction vial (Teflon liner in cap). Transfer 2 mL of 

clarified sample extract, cap vial and shake by hand for 

10 seconds. Put vial contents through a Florisil Sep-Pak, 

dropwise at approximately 1 drop/second (+ 0.25 

drops/second). 

Wash Sep-Pak with 3 x 5 mL aliquots of acetonitrile 
( 1  drop/second). Purge Sep-Pak with air to remove occluded 

solvent. Elute Sep-Pak with 10% water in acetonitrile 

collectin2 5 mL of eluate, Mix eluate and transfer to 

autosampler vial for injection (response f o r  this procedure 

is stable for 24 hours). A l l  feed samples should be compared 

to standards derivatized in similar manner. For Monensin and 

Nigericin, Sep-Pak clean-up and quenching has not been 

optimized so that little, if any response is obtained if 
quenched in this manner. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MADURAMICIN AMMONIUM IN FEED 

RESULTS AND DISCUSSION 
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1. D e r i v a t i z a t i o n  and Quenching 

The procedure of F r e i  and Lawrence f o r  t h e  d e r i v a -  

t i z a t i o n  of  carbonyl  compounds wi th  dansyl  hydraz ine  i n  t h e  

presence of g l a c i a l  a c e t i c  a c i d ,  r e q u i r e s  h e a t i n g  t o  7OoC f o r  

approximately 15 minutes .  The a c e t i c  a c i d  i s  evapora ted  o f f  

on a Rinco t o  quench t h e  r e a c t i o n  and t h e  d e r i v a t i v e  i s  

u s u a l l y  d i s s o l v e d  i n  to luene  f o r  normal phase HPLC i n j e c t i o n .  

Because t h e  monitor ing HPLC system of choice  then,  was a 

reversed  phase system which B a r b a t ~ c h i ( ~ )  had developed wi th  

a c e t o n i t r i l e / p h o s p h a t e  b u f f e r  (pH 6 . 5 )  a s  mobile phase and 

U.V. d e t e c t i o n  a t  254 nm t h e  Maduramicin r e a c t i o n  mixture  ( i n  

a c e t o n i t r i l e )  was cooled down t o  RT and quenched by d i r e c t  

i n j e c t i o n  i n t o  t h e  HPLC system. Remarkably, t h e  f i r s t  such 

t e s t  showed c l e a r l y  t h e  presence of a d e r i v a t i v e  peak s i n c e  a 

reagent  b lank  s i m i l a r l y  t r e a t e d ,  lacked t h i s  peak. Longer 

r e a c t i o n  times produced a l a r g e r  response and secondly,  t h e  

appearance of an e a r l i e r  e l u t i n g  minor peak. The swi tch  t o  

t r i c h l o r o a c e t i c  a c i d  ca t a lys t  produced major and minor peak 

even when h e a t i n g  time was reduced t o  zero .  C l e a r l y ,  

h e a t i n g  i s  not e s s e n t i a l  f o r  d e r i v a t i z a t i o n  when c a t a l y z e d  

by t r i c h l o r o a c e t i c  a c i d .  

L i n e a r i t y  of response was e v i d e n t  even under t h e  crude 

c o n d i t i o n s  above and improved a f t e r  c a t a l y s t l r e a g e n t  and 

reagent t sample  o p t i m i z a t i o n  was e f f e c t e d .  E x c e l l e n t  

r e p r o d u c i b i l i t y  and l i n e a r i t y  were obtained by p a r t i a l  

r e a c t i o n  quenching wi th  calcium carbonate  powder (good f o r  

about  10 minutes)  o r  complete quenching by pass ing  t h e  

r e a c t i o n  mixture  through a Sep-Pak F l o r i s i l  column b e f o r e  

i n j e c t i o n  (good f o r  24 hours ) .  

A loaner  f luorescence  d e t e c t o r  from Kratos  (FS970) 

revea led  t h e  f u l l  s e n s i t i v i t y  p r o t e n t i a l  of t h e  
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884 M ARKANTON ATOS 

simplifications (modifications) above. With excitation 

wavelength at 210 run excellent linearity of response ranged 

between 0.2 to 10.0 mcg/uiL with a correlation coefficient of 

0.99988 for derivatization followed by Sep-Pak clean-up. 

Other excitation wavelengths (260, 350 nm maxima) give lower 

(-50%) response than at 210 nm. 

2. Specificity 

A radio-tagged study using hot and cold Maduramicin and 

HPLC with fluorescence and radio flow monitors in series, 
showed that the ratio of the minor to the major peak is about 

equal by both detection systems with approximately a 40/60  

distribution between peaks. 

Derivatize I D erivatiz e i 

FIGURE 1. Radio monitor chromatograms. 
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MADURAMIClN AMMONIUM IN FEED 885 

Acid hydrolysis with trichloroacetic acid (TCA) shows 

degradation of parent which when followed by reaction with 

dansyl hydrazine, results in a decreased major peak 

indicating method specificity for parent. The minor peak 

does not always reflect parent degradation and is not used in 

quantitation. 

Intact parent whether it be in the sodium or free acid 

form, or  its F-ring methyl ketal all show the same retention 

time as Maduramicin (the ammonium salt) and are not differ- 

entiated from parent. All other transformations of the 

rnolecule show altered retention time (e.g. decarboxylated 

A-ring, dehydrated B- or F-ring or combinations). The beta- 

isomer elutes at approximately 1 / 3  the retention of parent. 
Cyanamid's Gosport Laboratory has shown the feed method 

viable in the presence of 26 coccidiostats and antibiotics. 

(be 1 ow) 

Assay of Animal Feed Additives in Blank Broiler Ration* 

Additive 

F lavomyc in 
V irgi niamyc i n 
Ni trovin 
Furazol idone 
Nifursol 
Tylosin 
Avo par c i n 
Chlorotetracycline 
Sulphadimidine 
Procaine Penici 1 lin 
Zinc Bacitracin 
Olaquindox 
Sulphaquinoxaline 
Pyrimethamine 
Carbadox 

Inclusion Level Assay Equivalent 
( P P M )  (PPM) 

10 
10 
10 
10 
50 
100 
10 
165 
165 
82.5 
100 
15 
20 
10 
75 

Less than 0.5 
I1 

II 

11 

II 

II 

11 

II 

II 

11 

II 

II 

*I 

11 

11 

Note: 
"Cyanamid U.K. Data. 

Detection limit of Maduramicin in feed is 0.5 ppm. 
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886 MARKANTONATOS 

Assay of Coccidiostats in Blank Finisher Ration* 

Inclusion Level Assay Equivalent 
Coccidiostat (PPM) ( PPM) 

S a 1 i nomyc i n 
Monensin 
Lasalocid 
Narasin 
S tenerol 
Amprol ium 
Ethopobate 
Clopidol  
Robenidine 
Arprinocid 
Methyl Benzoquate 

60 
100 

90 
70 

3 
125 

8 
125 

33 
60 

100 

Less than 0 . 5  
11 

11 

II 

11 

II 

I f  

II 

11 

II 

11 

Note: 
"Cyanamid U.K. Data. 

Limit of detection of Maduramicin in feed is 0.5 ppm. 

The method has been successfully used t o  assay for 111 

in feeds originating from a large number of sources, including 

Brazil, Spain, South Africa, Israel and Great Britain. 

3 .  Chemistry of Derivatization 

Dansyl hydrazine reacts with the carbonyl group to 

produce the dansyl hydrazine derivative. 

Although the Maduramicin molecule (111) exhibits no 

carbonyl as such, the A- and F-rings are cyclic hemiketals 
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MADURAMICIN AMMONIUM IN FEED 

and produce t h e  f r e e  carbonyl  (below) under a c i d i c  

c o n d i t i o n s .  

The major peak i s  p o s t u l a t e d  t o  fo l low the  r e a c t i o n  

r o u t e  below through t h e  F k e t a l  r i n g :  

P o s t u l a t e d  React ion Mechanism f o r  Major Peak 

The i d e n t i t y  of the  d e r i v a t i v e  i s  supported by t h e  M.W. 

(1186 d a l t o n s )  ob ta ined  by d e s o r p t i o n  mass spec t romet ry  

performed on t h e  peak a f t e r  i s o l a t i o n  by HPLC, and by t h e  

absence of  a d e r i v a t i v e  when t h e  k e t a l  i s  absent  (e .g .  

l a s a l o c i d  d o e s  not  g ive  a d e r i v a t i v e  nor does dehydrated 

F-r ing) .  

S i m i l a r l y ,  t h e  minor peak i s  p o s t u l a t e d  t o  be t h e  

hydraz ine  d e r i v a t i v e  of t h e  A-ring k e t a l  s i n c e  i t s  M.W. i s  

a l s o  1186 d a l t o n s  and ionophores  with o n l y  one k e t a l  

(Monensin, N i g e r i c i n )  g i v e  only  one d e r i v a t i v e  peak i n  t h e  

HPLC, whereas Maduramicin, w i t h  two k e t a l  r i n g s ,  g i v e s  two 

d e r i v a t i v e s .  The g e n e r a t i o n  of two peaks a l s o  occurs  wi th  

r e l a t e d  (Maduramicin) compounds which c o n t a i n  two k e t a l  

r i n g s .  

4 .  Recoveries  

S i x  r e c o v e r i e s  on each of  t h r e e  s e p a r a t e  days were run ,  

a s  descr ibed  under "Standard and Recovery S o l u t i o n s , "  on 
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P o s t u l a t e d  React ion Mechanism f o r  Minor Peak 

hooNH4 

H+ , 

hOOH 

Dansvl > 
Hydrazine +H20 

Maduramicin Recoveries  from Feed a t  3-11 PPM 

PPM theory  Day 1 
( nomina 1) x 

1 3 83.3 
2 3 103.1 
3 5 94.4 
4 5 103.0 
5 10 110.0 
6 10 112.9 

Day 2 
x 

96 .8  
74.8 
97.7 
92.0 

102.2 
97.8 

Day 3 
x - 

99.7 
92.7 
93.9 
95.2 

105.6 
108.5  

Mean 
Std  Dev 

101.1 97.3 99.3 
10.9 10.6 6.5 

f e e d s  over  the nominal range 3, 5 and 10 ppm and processed  as 

f o r  sample. Recoveries  ranged between 74.3 and 112.9% w i t h  

mean o f  98.0% and c o e f f i c i e n t  of v a r i a t i o n  of  9.2%. 

These s t a t i s t i c s  a g r e e  w i t h  t h o s e  t o  be  expec ted(4)  a t  

ppm a n a l y t e  concent ra t ions .  I n  a s i n g l e  experiment ,  f e e d s  

which were dry-spiked w i t h  premix (1:2000 d i l u t i o n )  y i e l d e d  

an average recovery of  102% and agreed w e l l  w i t h i n  

exper imenta l  e r r o r .  Recovery from s tandard  s p i k i n g  s o l u t i o n  

onto  d r y  feed was  99% (immediate e x t r a c t i o n  a f t e r  s p i k i n g )  

and 95% ( e x t r a c t e d  1 hour a f t e r  s p i k i n g ,  d u p l i c a t e  

de te rmina t ions) .  
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FIGURE 2 .  HPLC chromatograms. 

No t e c h n i c a l  or premix r e c o v e r i e s  have been run  t o  d a t e .  

However, t h e  method descr ibed  above has  always g iven  

e x c e l l e n t  agreement w i t h  t h e  premix method ( r e f r a c t i v e  index 

d e t e c t i o n ) ,  which has  been subjec ted  t o  a r i g o r o u s  v a l i d a t i o n  

s tudy .  Typica l  chromatograms f o r  t h e  feed method a r e  shown 

below. 

ACKNOWLEDGEMENTS 

The a u t h o r  wishes t o  thank B i l l  Lampert f o r  h e l p  i n  s l i d e  

p r e p a r a t i o n ,  J i m  McGarren for t h e  Maduramicin analogs,  Fred 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



890 MARKANTONATOS 

Barbatschi for his HPLC system, Bob Maxwell ex-Kratos for a loaner 

FS970 fluorescence detector and W. C. Groth for his faith and 

confidence assigning this problem to me. 

REFE RENCE S 

1. 

2.  

3 .  

4 .  

Johnson,  N. A,, The Quantitation of  Madurarnicin, Monensin, 
Nigericin and Lasalocid at the Nanogram Leva1 using HPLC 
Atomic Absorption Spectroscopy. Paper No 1130, Pittsburgh 
Conference, 1985. 

Frei, R. W. and Lawrence, J. F., Fluorigenic Labeling in 
High-speed Liquid Chromatography. 
Vol 83, 321, 1973. 

Barbatschi, F., Interim HPLC Process Control Procedure for 
Madurarnicin. Private Communication. 

Journal of Chromatography, 

Horwitz, W., Kamps, L. R. and Boyer, K. W., Quality Assurance 
in the Analysis of Foods €or Trace Constituents. J. Assoc. 
Off. Anal. Chem., Vol 63, No. 6 ,  1980. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


