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HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC 
ASSAY FOR ALPHA-DIFLUOROMETHYLORNITHINE 

IN RODENT FEED 

Florence J. Reavis and John J. Contario 
MERRELL DOW RESEARCH INSTITUTE 

Cincinnati, Ohio 45215 

ABSTRACT 

A high performance liquid chromatographic method has been 
developed for the assay of alpha-difluoromethylornithine, an 
inhibitor of cell growth, in rodent feed at levels from 0.5 to 
50 mg/ml. The drug is leached from the feed with water, and a 
portion of the aqueous solution is passed through a cation 
exchange resin to remove some feed components which are 
simultaneously leached. The drug is removed from the resin column 
and derivatized with l-fluoro-2,4-dinitrobenzene to enhance its 
ultraviolet absorptivity. The derivative is isolated from the 
reaction mixture and chromatographed on a 25-cm LiChrosorb RP-18 
column equipped with a guard column, using a mobile phase of pH 
4.8 acetate buffer:tetrahydrofuran (80:ZO) and photometric 
detection at 360 nm. The method is also applicable f o r  the assay 
of feed preparations of other amino acids or similar non-UV 
absorbing materials which react with l-fluro-2,4-dinitrobenzene to 
give dinitrophenyl derivatives. 

INTRODUCTION 

Alpha-difluoromethylornithine (I) is an enzyme activated 

irreversible inhibitor of ornithine decarboxylase, the first 

enzyme in the polyamine biosynthetic pathway.(l) 

this enzyme by (I) has demonstrated significant antiproliferative 

effects in vitro and in vivo against a number of tumors and 

Inhibition of 
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2180 REAVIS AND CONTARIO 

p a r a s i t i c  protozoa.  ( 1 , 2 )  The compound i s  c u r r e n t l y  undergoing 

c l i n i c a l  s t u d i e s  i n  t h e  United S t a t e s  and i n  Europe. 

cHF2 0 
I II 

NH2 

H2N-CH2CH2CH2 - C - C -OH 
I 

The purpose of t h i s  work was t o  provide a n  a n a l y t i c a l  

procedure t o  i n s u r e  adequacy of mixing and s t a b i l i t y  wi th  t i m e  of 

t h e  drug i n  feed  as r e q u i r e d  f o r  t h e  t o x i c o l o g i c a l  t e s t i n g .  

Although a n  amino a c i d  a n a l y t i c a l  system had been developed f o r  

( I )  ( 3 ) ,  it was necessary  t o  d e v i s e  a new a n a l y t i c a l  procedure f o r  

t h i s  assay  s i n c e  n e i t h e r  a n  amino a c i d  a n a l y z e r  nor a f l u o r o m e t r i c  

d e t e c t o r  were a v a i l a b l e  i n  t h i s  l a b o r a t o r y .  

Reversed phase l i q u i d  chromatography has  been used 

s u c c e s s f u l l y  i n  t h e  p a s t ,  i n  t h i s  l a b o r a t o r y  and by o t h e r s  ( 4 - 9 ) ,  

t o  a s s a y  f o r  drugs i n  f e e d ,  and was considered t h e  method of 

choice  f o r  t h i s  assay .  The fo l lowing  d i f f i c u l t i e s  were 

encountered i n  t h e  development of a l i q u i d  chromatographic  method. 

Alpha-difluoromethylornithine has  t h e  c h a r a c t e r i s t i c a l l y  low UV 

absorbance of a l i p h a t i c  amino a c i d s  which i n i t i a l l y  n e c e s s i t a t e d  

t h e  d e t e c t i o n  of t h e  drug a t  210 nm. However, a t  low l e v e l s  of 

drug i n  f e e d ,  a l a r g e  sample was  r e q u i r e d  i n  o r d e r  t o  o b t a i n  a 

measurable amount of drug. Feeds such as Pur ina  Rodent Chow 
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ALPHA-DIFLUOROMETHYLORNITHINE 2181 

contain analogous amino acids such as lysine, arginine, etc., at 

concentrations of over ten times that of the drug in low dosage 

samples. As a result of this, large feed samples produced high 

background and interferences from co-leached feed components. 

These artifacts created difficulties in the ultimate quantitation 

of the drug despite an additional clean-up procedure. 

In order to make UV detection easier, pre-column 

derivatization with a highly UV absorbant chromophore was 

explored. Since the detectability of the drug would be increased, 

a smaller feed sample could be used and lower background 

absorbance from co-leached feed components would be obtained as a 

result of detection at a higher wavelength. The reaction of 

l-fluoro-2,4-dinitrobenzene with amino acids is known to result in 

a highly absorbant dinitrophenyl derivative. 

formation of this derivative of (I) was chosen because the 

reaction is a fast and simple one, requiring only the mixing of 

the amino acid and reagent in basic solution to form the 

derivative, and because it allowed the use of the ubiquitous 

ultraviolet detector. The reaction of (I) with 

l-fluoro-2,4-dinitrobenzene was found to result in the formation 

of a dinitrophenyl derivative which exhibited the characteristic 

UV spectrum of dinitrophenyl amino acids, displaying a strong 

absorption band at 360 nm and a weaker band at 260 nm. 

preparation procedure was developed employing the dinitrophenyl 

derivative which would allow the accurate measurement of low 

levels of (I) in feed using UV detection at 360 nm. 

(10-12) The 

A sample 
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2182 REAVIS AND CONTARIO 

Chemicals 

G l a c i a l  acetic a c i d ,  hydrochlor ic  a c i d ,  methanol ,  sodium 

a c e t a t e ,  and e t h y l  e t h e r ,  a l l  reagent  grade ,  were purchased from 

J. T. Baker, Inc.  ( P h i l l i p s b u r g ,  N.J.). Ammonium hydroxide and 

sodium b i c a r b o n a t e ,  bo th  reagent  grade ,  were purchased from 

Matheson, Coleman and B e l l  (Norwood, OH.) .  Absolute e t h a n o l ,  USP 

grade  w a s  purchased from Aaper Alcohol and Chemical Co. 

( L o u i s v i l l e ,  KY.) .  Te t rahydrofuran ,  HPLC grade ,  w a s  purchased 

from Burdick and Jackson L a b o r a t o r i e s ,  Inc .  (Muskegon, MI.). The 

l-fluro-2,4-dinitrobenzene, 98%, was purchased from Afdr ich  

Chemical Co. (Milwaukee, W I . ) .  The c a t i o n  exchange r e s i n  w a s  

a n a l y t i c a l  g rade ,  AG 50-W-X2, 100-200 mesh, hydrogen form, 

purchased from Bio-Rad L a b o r a t o r i e s  (Richmond, CA.). The f e e d  

used was a c o n s t a n t - n u t r i e n t  rodent  feed formula t ion ,  C e r t i f i e d  

Rodent Chow 85002, from Rals ton  Pur ina  Co. ( S t .  Louis ,  MO.). 

Apparatus 

The h igh  performance l i q u i d  chromatographic system c o n s i s t e d  

of an Altex,  n o d e l  110 pump, Al tex  S c i e n t i f i c ,  Inc .  (Berkeley,  

CA.), a Vari-Chrom v a r i a b l e  wavelength d e t e c t o r ,  Varian 

Assoc ia tes ,  Inc. ( P a l o  A l t o ,  CA.), opera ted  a t  360 tun, a Rheodyne 

Model 70-10 i n j e c t o r ,  Rheodyne, Inc.  (Berke ley ,  CA.), and a 

r e c o r d e r ,  model 2528, from Linear  Ins t ruments  Corp. ( I r v i n r ,  

CA.). 
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Chromatographic C o n d i t i o n s  

The chromatography w a s  c a r r i e d  o u t  a t  ambient t empera tu re  on 

a r e v e r s e d  phase C18 column, L ich roso rb  RP-18, 25 c m  x 4 . 6  mm 

( I D ) ,  E. Merck (Darmstadt ,  Germany). The a n a l y t i c a l  column w a s  

a t t a c h e d  t o  a guard column c o n t a i n i n g  C18 pack ing ,  Bondapak 

C / C o r a s i l ,  37-50 mic rons ,  Waters A s s o c i a t e s ,  Inc . ,  ( M i l f o r d ,  

MA). The mobile  phase c o n s i s t e d  of pH 4.8 a c e t a t e  b u f f e r :  

t e t r a h y d r o f u r a n  (80:20) .  The f low rate  w a s  2 ml p e r  minute .  

18 

P r e p a r a t i o n  of t h e  Ion-Exchange Column 

The c a t i o n  exchange column was p repa red  t o  c o n t a i n  a n  

a p p r o p r i a t e  volume of r e s i n  i n  t h e  ammonium form co r re spond ing  t o  

v a r i o u s  l e v e l s  of drug i n  f eed  as l i s t e d  i n  Tab le  I. A s m a l l  

p l e d g e t  of g l a s s  wool w a s  i n s e r t e d  i n  t h e  column. The a p p r o p r i a t e  

volume of r e s i n  (hydrogen form) w a s  added as a s l u r r y  i n  w a t e r ,  

a l l owed  t o  s e t t l e ,  t h e n  capped w i t h  a n o t h e r  p l e d g e t  of g l a s s  wool. 

The r e s i n  was t r e a t e d  w i t h  3 5  me thano l i c  ammonia u n t i l  t h e  column 

e f f l u e n t  w a s  b a s i c  u s i n g  Hydrion pH pape r ,  t h e n  washed w i t h  water 

u n t i l  t h e  e f f l u e n t  w a s  n e u t r a l .  

P r e p a r a t i o n  of t h e  Sample S o l u t i o n  

A 2-g sample of f e e d  was  used f o r  samples  hav ing  a 

c o n c e n t r a t i o n  of 0.5 mg of drug p e r  g of f e e d .  A 1-g  sample of 

f e e d  was used f o r  samples  hav ing  a c o n c e n t r a t i o n  g r e a t e r  t h a n  0.5 

mg of drug p e r  g of f e e d .  The a c c u r a t e l y  weighed f e e d  sample w a s  
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2184 REAVIS AND CONTARIO 

TABLE 1 

&riation of Ion-Exchange Resin Volume and Aliquot 
Volume With Sample Drug Concentrations 

Alpha-dif luo ro- 
methylornithine 

(mg per 9) 

Resin bed 
volume 
(ml) 

Aliquot of extract 
transferred to resin 

(ml) 

Dilution 
factor 

(F) 

0.5 
1.0 
2.0 
2.5 
4.0 
5.0 
10.0 
20.0 
25.0 
40.0 
50.0 

4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 

50 
50 
50 
40 
25 
20 
10 
5 
4 
3 
2 

0.040 
0.040 
0.080 
0.100 
0.160 
0.200 
0.400 
0.800 
1.00 
1.33 
2.00 

leached with 250.0 ml of water. 

allowed to settle and a portion of the remaining mixture was 

centrifuged. An aliquot of the supernatant solution containing 

0.4 mg of the drug was transferred to the ion-exchange resin 

column. Table 1 gives examples of aliquots used for various 

levels of drug in feed. The sample was drained into the resin bed 

and the column was washed with 10 ml of water, discarding the 

eluate. The drug was eluted from the column with 25 ml of 3fi 

methanolic ammonia and the eluate evaporated to dryness. The 

residue was dissolved in 1 ml of 2% sodium bicarbonate and mixed 

with 2 ml of l-fluoro-2,4-dinitrobenzene reagent, prepared by 

mixing 0.25 ml of l-fluoro-2,4-dinitrobenzene with 10 ml of 

absolute ethanol. The reaction mixture was protected from light 

and shaken for at least 30 minutes. 

The large particulate matter was 
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ALPHA-DIFLUOROMETHYLORNITHINE 2185 

The mixture w a s  t r e a t e d  w i t h  2 m l  of water  and e x t r a c t e d  

twice wi th  5 m l  of e t h e r ,  d i s c a r d i n g  t h e  e x t r a c t s .  The aqueous 

phase was a c i d i f i e d  w i t h  6b-f hydrochlor ic  a c i d  and e x t r a c t e d  twice 

w i t h  2 m l  of e t h e r ,  d i s c a r d i n g  t h e  e x t r a c t s .  The remaining 

aqueous 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 10-ml 

volumetr ic  f l a s k ,  and d i l u t e d  t o  volume wi th  mobile  phase. 

P r e p a r a t i o n  of t h e  Standard S o l u t i o n  

Approximately 25 mg of a s t a n d a r d  sample was a c c u r a t e l y  

weighed i n t o  a 25-ml volumetr ic  f l a s k .  The sample was d i s s o l v e d  

i n ,  and d i l u t e d  t o  volume w i t h  2% sodium bicarbonate  s o l u t i o n .  A 

1.0-ml a l i q u o t  of t h i s  s o l u t i o n  w a s  r e a c t e d  w i t h  2 m l  of 

l-fluoro-2,4-dinitrobenzene i n  t h e  dark ,  wi th  shaking f o r  a t  least  

30 minutes. The r e a c t i o n  mixture  was e x t r a c t e d  a s  descr ibed  under 

"Prepara t ion  of t h e  Sample Solut ion".  The remaining aqueous 

s o l u t i o n  w a s  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 25-ml volumetr ic  

f l a s k ,  and d i l u t e d  t o  volume wi th  mobile phase. This  s o l u t i o n  was 

used f o r  comparison with samples conta in ing  more than  1 mg of drug 

per  g of feed .  For samples c o n t a i n i n g  1 mg of drug per  g of f e e d  

o r  less, a 5.0 m l  a l i q u o t  of t h e  s o l u t i o n  was d i l u t e d  t o  10 m l  

b e f o r e  use.  

Chromatographic Procedure 

A s t a b l e  b a s e l i n e  w a s  e s t a b l i s h e d  w i t h  t h e  chromatograph 

o p e r a t i n g  under t h e  c o n d i t i o n s  descr ibed .  The d e t e c t o r  was 

opera ted  a t  0.05 AUFS f o r  samples conta in ing  1 mg of drug per  g of 

f e e d  o r  less, and a t  0.1 AUFS f o r  samples c o n t a i n i n g  more t h a n  1 
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2186 REAVIS AND CONTARIO 

mg of drug per g of feed. A 20-111 aliquot of the standard 

solution was injected and its chromatogram recorded. Similarly, a 

2O-pl aliquot of the sample solution was injected and its 

chromatogram recorded. Figure 1 illustrates the chromatograms 

obtained when this method was used to assay a sample prepared to 

contain 4 mg of drug per g of feed. 

Calculations 

For each injection, the area of the peak €or the 

dinitrophenyl derivative of  (I) was determined, and the assay was 

calculated as follows: 

- Au ws x F = mg of (I) per g of feed 
A s x  - wu 

where: Au = area of the dinitrophenyl derivative of 

(I) in the sample chromatogram. 

As = area of the dinitrophenyl derivative of 

(I) in the standard chromatogram. 

Ws = weight of the standard in mg. 

Wu = weight of the sample in g. 

F = dilution factor (obtained from Table 1). 

RESULTS AND DISCUSSION 

The major difficulty encountered in the method development 

was the low UV absorbance of (I). Detection had to be 

accomplished at 210 nm, which monitored the drug via its end 

absorption. Because a great number of compounds exhibit some 
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0 4 8 12 1 6 2 0  

MINUTES MINUTES 

FIGURE 1 - A - Typical chromatogram of the dinitrophenyl 
derivative of alpha-difluoromethylornithine from a 
standard solution. B - Typical chromatogram of the 
dinitrophenyl derivative of alpha-difluoromethyl- 
ornithine from a feed extract. Key: (1) 
dinitrophenyl derivative of alpha-difluoromethyl- 
ornithine leached from feed; (2) dinitrophenyl 
derivative of arginine leached from feed; ( 3 )  
dinitrophenyl derivative of unknown leached from 
feed. 

absorbance at 210 nm, the background absorbance from other 

co-leached feed components increased as the size of the feed 

sample increased, making quantitation impossible for low levels of 

drug in feed. 

A clean-up procedure was developed in which an ion-exchange 

resin was used to separate other feed components from (I). As 
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2188 REAVIS AND CONTARIO 

indicated in Table I, the resin bed volumes were increased when 

the concentration of drug in feed was low enough to require the 

treatment of more than 25-ml of feed extract. This was necessary 

to avoid l o s s  of (I) from an overloaded resin column. Although 

this procedure improved the quality of the chromatograms, the 

background absorbance remained high especially at low levels of 

drug in feed. 

In order to overcome this obstacle, a sample preparation 

procedure was developed which would allow the accurate measurement 

of the derivatized drug in feed at a detection wavelength of 

360 nm. By preparing the dinitrophenyl derivative of (I) leached 

from feed, a small amount of this normally low UV absorber could 

be easily detected. 

sample size, less background was obtained as a result of detection 

at 360 nm and the detector response was increased 140 times when 

compared to that which was previously obtained for underivatized 

(I) at 210 nm. The feed itself contains several other amino acids 

which could also react with the derivatizing reagent. Because of 

their structural composition, the derivatives of most of these are 

soluble in ether after acidification of the aqueous reaction 

mixture and are therefore eliminated with the ether extraction. 

Those which may remain in the aqueous phase are arginine, lysine, 

histidine, and threonine. Arginine has been identified as one of 

these amino acids which is co-leached from the feed, derivatized, 

and may subsequently appear in the sample chromatogram at a 

retention time of about 8 minutes. Another peak in the sample 

chromatogram at about 14.5 minutes is unidentified, however it has 

In addition to allowing the use of a smaller 
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ALPHA-DIFLUOROMETHYLORNITHINE 2189 

been shown not  t o  be any of t h e  o t h e r  amino a c i d s  l i s t e d  as 

present  i n  t h e  feed.  

The s t r u c t u r e  proof of t h e  d e r i v a t i v e  was accomplished 

through e lementa l  a n a l y s i s  and pro ton  magnetic resonance 

spectroscopy.  The elemental  a n a l y s i s  was i n  agreement w i t h  t h e  

formula f o r  a mono-derivative. The spectroscopy confirmed t h i s ,  

and i n d i c a t e d  t h a t  t h e  d i n i t r o p h e n y l  chromophore w a s  a t t a c h e d  t o  

t h e  t e r m i n a l  amino group. 

amino group, under t h e  c o n d i t i o n s  of t h e  r e a c t i o n ,  may be due t o  

s ter ic  hindrance.  

The lack  of d e r i v a t i z a t i o n  a t  t h e  a lpha  

The optimum r e a c t i o n  c o n d i t i o n s  were determined by varying 

t h e  r e a c t i o n  time and temperature .  A r e a c t i o n  t i m e  of t h i r t y  

minutes a t  room temperature  was found t o  be optimum, a l though 

r e a c t i o n  times up through 2 hours gave similar r e s u l t s .  A t  t i m e s  

of 5 hours  and longer ,  t h e  d e r i v a t i v e  l e v e l  began t o  drop o f f .  

The l i n e a r i t y  of detectlor response w a s  determined f o r  peak 

areas column loading  from 0.2 t o  1.0 wg. The d e t e c t o r  response 

w a s  found t o  be l i n e a r  over t h e  range. 

i n  t h e  method c o n t a i n s  0.8 fig o r  0.4 pg of the  d i n i t r o p h e n y l  

d e r i v a t i v e  depending on t h e  l e v e l  of drug i n  f e e d  of t h e  sample 

being assayed. 

The 20-pl i n j e c t i o n  used 

To determine t h e  accuracy and p r e c i s i o n  of t h e  method, f i v e  

s y n t h e t i c  samples were prepared a t  t h e  0.5, 5, and 50 mg/g l e v e l s  

by adding known amounts of drug t o  blank feed  samples and assaying  

by t h e  method. Table 2 l i s t s  t h e  r e c o v e r i e s  ob ta ined  from 

s y n t h e t i c  samples. As can be noted from t h e  t a b l e ,  recovery 
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2190 REAVIS AND CONTARIO 

TABLE 2 

Recover i e s  of Alpha-difluoromethylornithine from S y n t h e t i c  
Samples a t  Three  L e v e l s  (% Recovery)  

0.5 mg/g 

93.5 
93.8 
97.5 
90.9 
85.6 

5 mglg 

95.9 
93.5 
94.4 
96.7 
98.0 

50 mglg 

100.0 
98.4 
96.1 
98.3 
96.2 

x = 92.1% 
s = + 4.3% - 

x = 95.7% 
s = 2 1.7% 

x = 97.8% 
s = 2 1.6% 

d e c r e a s e s  as t h e  amount of drug i n  t h e  sample d e c r e a s e s .  Th i s  

phenomenon i s  n o t  observed when b lank  f e e d  i s  l e a c h e d ,  and t h e  

r e s u l t i n g  s o l u t i o n  s p i k e d  w i t h  drug.  The d e c r e a s e  i n  r ecove ry  i s  

b e l i e v e d  t o  be caused by some type  of i r r e v e r s i b l e  b i n d i n g  of a 

small amount of (I)  t o  t h e  f e e d  m a t r i x  i t s e l f .  

CONCLUSIONS 

A pre-column d e r i v a t i z a i o n  p rocedure  h a s  been developed f o r  

t h e  p r e c i s e  a s s a y  of ( I ) ,  a l o w  U V  a b s o r b i n g  a l i p h a t i c  amino a c i d .  

By r e a c t i n g  w i t h  l-fluoro-2,4-dinitrobenzene, a h i g h l y  UV 

a b s o r b i n g  d i n i t r o p h e n y l  chromophore was a t t a c h e d ,  a l l o w i n g  

d e t e c t i o n  and a c c u r a t e  measurement of l o w  l e v e l s  of t h e  drug i n  

f e e d .  The r e a c t i o n  i s  s imple  and f a s t ,  and can  e a s i l y  be a d a p t e d  

t o  t h e  a s s a y  of o t h e r  non-UV a b s o r b i n g  compounds which may be 

fo rmula t ed  i n  f e e d  a t  l o w  l e v e l s .  
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