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CHROMATOGRAPHIC DETE 7 3  MINATION 
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AND STEVEN A. BARKER 
Departnteitt o f  Veterirtary Pliysiology, 

Pharnracology arid Toxicology 
School o f Veterinary Medicine 

Louisiana State University 
Baton Rouge, Loiiisiarra 70803 

ABSTRACT 

A m u l t i r e s i d u e  method f o r  t h e  i s o l a t i o n  and h i g h  performance 
1 i q u i d  chromatographic (photodiode array, UV 270nm) determinat ion 
o f  su l  f a t h i  azole, s u l f  i soxazole, sul  f amerazine, su l  f amethazine, 
su l  famethoxazole, sul  fi soxazol e and sul fadimethoxine i n  a m i  1 k -  
based i n f a n t  formula i s  presented. Blank o r  sulfonamide spiked 
i n f a n t  formula samples were blended w i t h  o c t a d e c y l s i l y l  de r i va -  
t i z e d  s i l i c a  (C-18) packing m a t e r i a l .  A column made from t h e  
C - l 8 / i n f a n t  formula ma t r i x  was f i r s t  washed w i t h  hexane f o l l o w i n g  
which the sulfonamides were e lu ted  w i t h  methylene ch lo r i de .  The 
e l u a t e  contained sulfonamide analates which were f r e e  from i n t e r -  
f e r i n g  compounds when analyzed by l i q u i d  chromatography. T h i s  
r e s u l t e d  i n  c o r r e l a t i o n  c o e f f i c i e n t s  (0.9973 t 0.0016 t o  0.9992 t 
0.0006), recovery percentages (75.91 t 1 1 . 1 2 r t o  112.01 t 8 . 1 5 q  
and i n t e r -  (5.51 2 1.74% t o  15.27 K14X) and in t ra -assay  (1.71 
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1602 LONG ET AL. 

to 8.89%) variabilities for individual sulfonamides, over the 
concentration range (62.5 to 2000 ng/mL) examined, that are 
indicative of a useful method for the rnultiresidue analysis of 
milk-based infant formula for the presence of sulfonamides. 

INTRODUCTION 

cal, 
Nutrient requirements for normal newborn infants are criti- 
since the rate of growth is most rapid in the first year of 

life. Thus, infants require a well balanced formula with the 
proper ratios of fat, protein and carbohydrates and other essen- 
tial nutrients. These levels have been established by the Infant 
Formula Act of 1980 (1). The history of infant formulas, outlin- 
ing nutrient concerns and trends, has been published (2). 

The digestion and absorption of food components and el imina- 
tion of waste products are governed by the development of the 
gastrointestinal and renal systems. Infants are especially sus- 
ceptible to conditions which upset the function and/or the normal 
development of these systems. The introduction of microbial con- 
tamination via unsterilized formula can result in diarrhea and 
subsequent fluid and electrolyte imbal antes. Fortunately, due to 
strict manufacturing guidelines, commercial products are sterile 
and pose little microbiological threat to infants, if handled 
properly. 

Another, perhaps more important, concern is the introduction 
of non-therapeutic chemicals which can be harmful to or cause 
gastrointestinal imbalances in infants. The alteration of normal 
gastrointestinal microflora as a result of the introduction of 
antibiotics can result in a disruption of normal digestive pro- 
cesses and lead to diarrhea and associated problems of electro- 
lyte imbalances. Antibiotic compounds can be circuitously intro- 
duced to infants from milk based infant formulas and/or infant 
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MULTIRESIDUE METHOD FOR SULFONAMIDES 1603 

meat puree foods. Th is  can occur when t h e  food produc ing  animal 
has been t r e a t e d  w i t h  a n t i b i o t i c s  and t h e  r e s u l t a n t  m i l k  o r  meat 
ob ta ined  i s  then fed t o  i n f a n t s  v i a  prepared i n f a n t  foods. 

Sulfonamides are broad spectrum a n t i b i o t i c s  used w i d e l y  i n  
t h e  1 i v e s t o c k  produc ing  i n d u s t r y .  A1 though w i thdrawal  p e r i o d s  

and maximal r e s i d u e  l i m i t s  have been e s t a b l i s h e d  f o r  animals 
t r e a t e d  w i t h  these drugs, i t  i s  u n r e a l i s t i c  t o  assume t h a t  no 

animal de r i ved  food produc ts  c o n t a i n i n g  res idues  w i l l  reach t h e  

market p lace .  Recent evidence i m p l i c a t i n g  su l famethaz ine  as a 
p o s s i b l e  carcinogen ( 3 )  makes t h i s  i ssue  even more c r i t i c a l  when 

c o n s i d e r i n g  t h e  p o s s i b i l i t y  o f  sul fonamides be ing  present  i n  
i n f a n t  foods, e s p e c i a l l y  mi lk -based i n f a n t  fo rmulas .  Thus, t h e  
m o n i t o r i n g  o f  sul fonamide res idue  l e v e l s  i n  m i l k  and mi lk -based 

i n f a n t  formul as i s  needed. 

The i s o l a t i o n  o f  sul fonamides f rom m i l k  i n v o l v e s  t h e i r  
e x t r a c t i o n  u t i l i z i n g  l a r g e  volumes o f  e x t r a c t i n g  so l ven ts ,  pH 
adjustments, c e n t r i  f u g a t  i ons, backwashi ng and t h e  evapora t i on  o f  

l a r g e  volunes o f  so l ven t  ( 4 ) .  Target res idues  may be l o s t  due t o  

t h e  m u l t i p l e  sample man ipu la t i ons  and/or l e s s  than i d e a l  so l ven t  
p a r t i t i o n i n g  o f  res idues  due t o  t h e  f o r m a t i o n  o f  emulsions. A 

s i m i l a r  i s o l a t i o n  scheme i s  used f o r  i n f a n t  fo rmulas .  A thorough 
r e v i e w  o f  a n a l y t i c a l  methods f o r  sul fonamides has been pub1 ished 

Recent ly  a method has been developed i n  t h i s  l a b o r a t o r y  f o r  
m u l t i r e s i d u e / m u l t i d r u g  c l a s s  i s o l a t i o n s  f rom b i o l o g i c a l  m a t r i c e s  

( 6 , 7 )  based on t h e  b lend ing  o f  t h e  sample m a t r i x  with an octade- 
c y l  s i  l y l  (ODs) d e r i v a t i z e d  so l  i d  suppor t  and appears t o  overcome 
many o f  t h e  comp l i ca t i ons  assoc ia ted  w i t h  c l a s s i c a l  i s o l a t i o n s  as 

o u t l i n e d  above. T h i s  approach, which we have named m a t r i x  s o l i d  

phase d i s p e r s i o n  (MSPD) , has a l so  been success fu l l y  app l i ed  t o  
sul fonamide de te rm ina t ions  i n  m i l k  ( 8 ) .  We r e p o r t  here  a f u r t h e r  

a p p l i c a t i o n  o f  t h i s  methodology f o r  t h e  i s o l a t i o n  and l i q u i d  
chromatograhic de te rm ina t ion  o f  sul fonamides i n  a m i l  k-based 
i n f  an t  fo rmul  a .  

(5) - 
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MATERIALS AND METHODS 

LONG ET AL. 

Chemical and Expendable Mater ia ls  

A l l  standard compounds and solvents were obtained a t  the 
highest pu r i t y  avai lab le from comnercial sources and used without 
f u r the r  pur i f i ca t ion .  Water f o r  HPLC analyses was t r i p l e - d i s t i l -  
l e d  water which was passed through a Modulab Polisher I (Conti- 
nental Water Systems Corp., San Antonio, TX) water p u r i f i c a t i o n  
system. Bulk C-18 (40 micron, 18% load, end capped: Analytichem 
Int., Harbor City, CA.) was cleaned by making a colunn (50 mL 
syringe ba r re l )  o f  the bulk  C-18 material (22 gm) and sequential- 
l y  washing wi th  2 column volumes each o f  hexane, methylene ch lo r -  
ide (DCM) and methanol. The washed C-18 was vacuum aspirated 
u n t i l  dry. Stock sulfonamide so lut ions (1000 pg/mL) were prepar- 
ed by d isso lv ing standard compounds w i th  HPLC grade methanol and 
d i l u t i n g  t o  the desired ug/mL leve ls  w i th  methanol. Ten mL 
syringe bar re ls  were thoroughly washed and dr ied  p r i o r  t o  use as 
columns f o r  sample extraction. 

Extract ion Procedure 

In fan t  formula (ready t o  use, milk-based EnFamil Lot- 
100CT89ACN00, Mead Johnson Nu t r i t i ona l  Div is ion,  Evansv i 11 e , IN. ) 
samples were obtained from a loca l  market. Two grams o f  C-18 
were placed i n t o  a glass mortar and an a l iquot  (0.5 mL) o f  i n fan t  
formula (IF) was placed d i r e c t l y  onto the C-18. Standard sulfon- 
amides (10 pL,3.125-100 pg/mL stock so lut ions)  and in te rna l  
standard sulfamerazine (10 pL, 10.0 pg/mL stock so lut ion)  were 
added t o  the I F  and the samples were allowed t o  stand f o r  1 min. 
Blank i n fan t  formula ( I F )  samples were prepared s i m i l a r l y  except 
t h a t  20 pL o f  methanol containing no sulfonamides were added t o  
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MULTIRESIDUE METHOD FOR SULFONAMIDES 1605 

the sample. The samples were then gently blended into the C-18 
with a glass pestle until the mixture was homogenous in appear- 
ance. A gentle c i rcular  motion w i t h  very l i t t l e  pressure was re- 
qui red to  obtain a homogenous mixture. The resultant C18/sarnple 
matrix was placed into a 10 mL plastic syringe barrel which was 
plugged with a f i l t e r  paper disc and the colunn contents were 
compressed to a final volume of 4.5 mL with a syringe plunger 
tha t  had the rubber end and pointed plastic portion removed. A 
pipette t i p  (100 pL) was placed on the column outlet  t o  increase 
residence time of the eluting solvents on the colunn. The 
resulting column was f i r s t  washed w i t h  8 m L  of HPLC grade hexane. 
Flow through the column was gravity controlled in a l l  cases. If 
the n i t i a l  flow through the column was hindered, positive pres- 
sure was applied t o  the column head (pipette bulb) t o  i n i t i a t e  
grav ty flow. When flow had ceased, excess hexane was removed 
from the column with positive pressure as  described above. The 
sulfonamides were then eluted w i t h  8 m L  o f  methylene chloride as 
described above for  hexane. The methylene chloride extract  was 
dried under a steady stream of dry nitrogen gas. To the dry res- 
idue were added 0.1 m L  of methanol and 0.4 mL of 0.05N H3P04. 
The sample was sonicated (5-10 min) t o  disperse the residue, 
which resulted i n  a suspension. This was transferred t o  a 
microcentrifuge tube and centrifuged (Fisher Microcentrifuge 
Model 235, Fisher Scientific,  P i t t s b u r g h ,  PA.) a t  10,000 x g for 
5 min. The resultant c l ea r  supernatant was f i l t e r e d  through a 
0.45 micron f i l t e r  (Prep-Disc, Bio-Rad, Richmond, CA.) and an 
aliquot (20uL) was analyzed by HPLC. 

HPLC Analysis 

Analysis of sample and standard sulfonamides were conducted 
ut i l iz ing a Hewlett Packard HP1090 HPLC ( H P  79994A HPLC Chemsta- 
t ion)  equipped with a photodiode array detector set a t  270 n m  
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1606 LONG ET AL. 

w i t h  a bandwidth o f  20 nm and a r e f e r e n c e  spec t run  range o f  
200-350 nm. The so l ven t  system was a 70:30 r a t i o  (V/V) o f  0.05N 

H3P04 t o  a c e t o n i t r i l e  a t  an i s o c r a t i c  f l o w  r a t e  o f  1 mL/min. 
A reversed phase, o c t a d e c y l s i l y l  (ODs) d e r i v a t i z e d  s i l i c a  column 
(Var ian  MCH-10, 10 micron, 30 cm x 4 mm i d ,  Varian, Sunnyvale, 
CA.) ma in ta ined a t  45C was u t i l i z e d  f o r  a l l  de te rm ina t ions .  

Peak area r a t i o  (PAR) curves of standards and samples were 
ob ta ined by p l o t t i n g  i n t e g r a t i o n  areas o f  generated peaks as a 
r a t i o  t o  t h e  area o f  t h e  i n t e r n a l  standard.  A comparison o f  
sp iked sample PARs t o  PARs o f  pure  standards analyzed under iden-  

t i c a l  c o n d i t i o n s  gave percent  recove r ies .  I n te rassay  v a r i a b i l i t y  
was determined as t h e  standard e r r o r  o f  t h e  mean o f  5 - s i x  p o i n t  
sample PAR curves. I n t ra -assay  v a r i a b i l i t y  was determined by  t h e  
standard e r r o r  o f  t h e  mean PARs o f  5 r e p l i c a t e s  o f  t h e  same 

samples. 

RESULTS 

Representa t ive  chromatograms o f  e x t r a c t e d  i n f a n t  fo rmula  
( I F )  b lank  and sul fonamide sp iked (250 ng/mL) I F  samples a re  

shown i n  F igures  1 A  and l B ,  r e s p e c t i v e l y .  Table 1 g i v e s  t h e  com- 
pound, concen t ra t i ons  examined, c o r r e l a t i o n  c o e f f i c i e n t s  (t o r  - 
standard d e v i a t i o n ) ,  percentage recovery ,  i n t e r -  and i n t r a - a s s a y  
v a r i a b i l i t y  o f  t h e  seven sul fonamides i s o l a t e d  from spiked i n f a n t  
fo rmula  samples. 

C l a s s i c a l  res idue  i s o l a t i o n  techn iques  can i n c l u d e  t h e  mix -  

i n g  o r  homogenization o f  t h e  sample m a t r i x  i n t o  l a r g e  volumes o f  
e x t r a c t i n g  solvents,  pH adjustments, backwashing o f  t h e  r e s u l t a n t  
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(Figure 1A. I  

(Figure 16.) 

3 

7 

FIGURE 1. Representa t ive  chromatograms o f  t h e  methylene c h l o r -  
i d e  e x t r a c t  o f  b lank  i n f a n t  fo rmula  ( A )  and i n f a n t  
f o rmu la  sp iked w i th  standard sul fonamides (250 ng/mL) 
and i n t e r n a l  standard (200 ng/mL) su l fameraz ine  ( B ) .  
Order o f  e l u t i o n  i s  s u l f a t h i a z o l e  (1), s u l f a d i a z i n e  
( 2 ) ,  su l fameraz ine  ( 3 ) ,  su l famethaz ine  ( 4 ) ,  s u l f a -  
methoxazole (5 ) ,  s u l f i s o x a z o l e  (6)  and su l fad imethox-  
i n e  ( 7 ) .  
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MULTIRESIDUE METHOD FOR SULFONAMIDES 1609 

ex t rac t ,  add i t i ona l  pH adjustments and/or a d d i t i o n a l  so lvent  par-  

t i t i o n i n g .  These steps may a l low one t o  i s o l a t e ,  w i t h  va ry ing  
degrees o f  e f f i c i e n c y ,  targeted res idues f r e e  from i n t e r f e r i n g  

co-ext ractants .  These m u l t i - s t e p  procedures, i n  a d d i t i o n  t o  

being t ime consuming, may r e s u l t  i n  l ess  than idea l  recover ies,  
accuracy and/or prec is ion.  Add i t i ona l l y ,  m u l t i r e s i d u e  i s o l a t i o n s  

from a s i n g l e  sample, w i t h i n  a drug c lass,  may be negated due t o  

pH man i pul  a t  i ons and d i f f e r e n t  i a1 sol  vent p a r t  i t i oni  ng character  - 
i s t i c s  between t h e  residues. These sample p repara t i ve  steps are 
e s s e n t i a l  p r i o r  t o  analys is  u t i l i z i n g  soph is t i ca ted  a n a l y t i c a l  
procedures. Thus, the sample p repara t i ve  steps may be t h e  most 

c r i t i c a l  aspect o f  many res idue analyses. 
Resul ts from the  analyses presented here appear t o  i n d i c a t e  

t h a t  t he  present method overcomes some o f  t he  l i m i t a t i o n s  o f  t h e  

c l a s s i c a l  methods. The sample, i n  t h i s  case i n f a n t  formula (IF), 
was evenly d i s t r i b u t e d  on a s o l i d  ( C - 1 8 )  support, thereby g r e a t l y  
i nc reas ing  i t ' s  surface area and exposing t h e  e n t i r e  sample t o  

t h e  ex t rac t i on .  Hexane was used t o  e l u t e  l i p i d  ma te r ia l ,  wh i l e  
t h e  more po la r  sulfonamides remained on t h e  colunn. Methylene 

c h l o r i d e  (DCM) was then used t o  e l u t e  t h e  sulfonamides. The h i g h  

percentage recover ies and small v a r i a b i l i t i e s  (Table 1) are a 

r e s u l t  o f  what can be envis ioned as an exhaust ive e x t r a c t i o n  pro- 
cess whereby a l a rge  volume o f  so lvent  i s  passed over an extreme- 
l y  t h i n  l aye r  o f  IF. The exact d i s t r i b u t i o n  o f  t h e  IF components 
on t h e  C - 1 8  i s  not  c lea r  but  i t  may invo lve  an assoc ia t i on  o f  t h e  
l i p i d  component w i t h  the  l i p o p h i l i c  C - 1 8  polymer and a s imultan- 

eous d i s r u p t i o n  o f  p r o t e i n  and/or m i c e l l e  l aye rs  which a l i g n  

themselves w i t h  hydrophobic reg ions o r ien ted  toward t h e  l i p i d ,  
wh i l e  h y d r o p h i l i c  reg ions extend outward. The h y d r o p h i l i c  
reg ions  can then associate w i t h  the  water and o the r  more p o l a r  

cons t i t uen ts .  This alignment o f  IF components on t h e  C - 1 8  pack- 
i n g  i s  probably discont inuous i n  nature as we experienced no d i f -  
f i c u l t y  i n  removing l i p i d  m a t e r i a l  w i t h  t h e  hexane wash. The 
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t h e o r e t i c a l  aspects o f  t h i s  phenomena have been thoroughly  d i s -  
cussed i n  a previous r e p o r t  (6,7) and scanning and transmission 

e lec t ron  micrographs o f  uncoated and t i s s u e  coated C-18 beads 
support t h i s  hypothesis (unpublished observat ions) .  

Chromatograms o f  a blank I F  sample and a spiked I F  sample 
are shown i n  Figures 1 A  and 16, respec t i ve l y .  As can be seen i n  

F igure 1A t h e  blank I F  e x t r a c t  was r e l a t i v e l y  f r e e  o f  i n t e r f e r i n g  

compounds. A method blank contained no i n t e r f e r i n g  compounds. 
This can be explained by the  manner i n  which the  sulfonamides 
were e lu ted from the  column. The hexane wash removes l i p i d s  and 

o the r  compounds, perhaps neu t ra l  chromophores, which could other-  
wise i n t e r f e r e  w i t h  the  analys is .  Other more po la r  chromophores, 

which are not  so lub le i n  methylene ch lor ide,  remain on t h e  
column. Thus, one can s e l e c t i v e l y  e l u t e  t h e  compounds o f  i n t e r -  

e s t  whi le  e l i m i n a t i n g  p o t e n t i a l l y  i n t e r f e r i n g  compounds. 

As a r e s u l t  o f  the c lean l i ness  o f  t he  I F  e x t r a c t s  a scale-up 
o f  t h i s  procedure could a l low f o r  t h e  determinat ion o f  sul fona- 
mide l eve l s  i n  t h e  low ppb range and i s  presen t l y  being pursued. 

The minimal detectable l i m i t  f o r  t h e  compounds examined here, 
u t i l i z i n g  a photodioide a r ray  detector,  was approximately 1.25  ng 
on colunn, which r e f l e c t s  t h e  s e n s i t i v i t y  c h a r a c t e r i s t i c s  o f  t he  
de tec t i on  system u t i l i z e d  i n  t h i s  study f o r  these compounds. 
Because o f  the c lean l i ness  o f  t he  ex t rac t ,  an increase i n  sensi-  
t i v i t y  could be achieved by increas ing i n j e c t i o n  volume and/or 
d i s s o l v i n g  the e x t r a c t  res idue i n  a smal ler  f i n a l  volune. A d d i -  
t i o n a l l y ,  b y  extending the  t h e o r e t i c a l  aspects o f  t h i s  method, i t  
i s  l i k e l y  t h a t  mu l t i - res idue  sulfonamide determinat ions i n  o ther  
m i l k  based products o r  l i q u i d s ,  as w e l l  as t i ssues  or  blood com- 
ponents, could be achieved w i th  s i m i l a r  r e s u l t s .  

The savings i n  terms o f  t ime and solvent,  compared t o  c lass-  
i c a l  e x t r a c t i o n  techniques, such as t h e  method o f  T i s h l e r  ( 4 ) ,  
make t h i s  procedure a t t r a c t i v e .  For example, t he  T i s h l e r  method 
requ i res  5 h L  o f  m i l k  which i s  ext racted several  t imes r e s u l t i n g  
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i n  a minimum o f  600 mL o f  e x t r a c t i n g  s o l v e n t  t h a t  must be evapor-  
ated. A d d i t i o n a l  pH adjustments and washing i s  necessary b e f o r e  
t h e  sample i s  ready  f o r  a n a l y s i s .  The method presented  he re  

r e q u i r e s  a 0.5 mL sample, 8 mL o f  hexane and 8 mL o f  DCM and 
r e q u i r e s  no ex tens i ve  e x t r a c t  c lean-up s teps  o t h e r  than d r y i n g  

t h e  DCM, c e n t r i f u g a t i o n  and f i l t e r i n g  p r i o r  t o  a n a l y s i s .  Fur -  

thermore, use o f  t h i s  method as o u t l i n e d  here  cou ld  r e s u l t  i n  
e x t r a c t s  c o n t a i n i n g  ana la tes  r e l a t i v e l y  f r e e  f rom i n t e r f e r i n g  . 
c o - e x t r a c t a n t s  which would a i d  i n  t h e i r  d e t e c t i o n  b y  o t h e r  more 

s e n s i t i v e  means, such as immunoassay techniques, b y  e l i m i n a t i n g  
c r o s s - r e a c t i n g  compounds. 
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