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T h e  b rin e  sh rim p  A rtem ia , a n  excellen t live  food so u rce  in  a q u a c u ltu re , h a s  b een  s tu d ied  as  a  c a r r ie r  to 
d e liv er se lected  c h em o th e rap eu tic  ag en ts  to  fish fo r  p ro p h y lac tic  t re a tm e n t o f  in fec tious  d iseases. T o  m onito r 
th e  efficiency o f in co rp o ra tio n  o f trim e th o p rim  an d  su lfam ethoxazo le  in  A rtem ia  f ra n c isc a n a , a sensitive  an d  
specific ana ly tica l m eth o d  w as developed. I t  is based  on hom ogen ization  o f A rtem ia  n au p lii in m eth an o l, 
ex tra c tio n  o f  lipids w ith  h ex an e, so lid -phase  c lean u p  on  C 18 c a rtr id g e s , a n d  rev e rsed -p h ase  liqu id  ch ro m a to g ­
ra p h y  w ith  d etection  a t  2 10  nm . T he m ethod  is  sensitive  (detection  lim it, on  th e  o rd e r  o f 3 p g /g  w ith  a  sam ple  
q u a n tity  o f  30 m g [d ry  w eight]) a n d  rep ro d u c ib le  (coefficients o f  v a ria tio n , 2 .2  an d  1 .8 %  fo r  tr im e th o p rim  an d  
su lfam ethoxazo le  a t  levels o f 79 .6  an d  257 pg /g  o f  body w eigh t, respectively). P re lim in a ry  q u a n tita tiv e  d a ta  
in d ica ted  ex cellen t u p tak e  a n d  p ers is ten ce  o f  b o th  th e ra p e u tic  a g e n ts  in  A . fra n c isc a n a , w ith  levels o f  115 pg /g  
fo r  trim e th o p rim  an d  277 p g /g  fo r  sulfam ethoxazole .

T h e  w o r ld ’s su p p ly  o f  fish  an d  o th e r  a q u a tic  o rg an ism s is 
b e c o m in g  in cre a sin g ly  d e p e n d e n t  o n  a q u a c u ltu re  (17). H o w ­
e v e r , th e  s u c c e s s  o f  la rg e -sc a le  fish  a n d  sh rim p  fa rm in g  is 
co m m o n ly  je o p a rd iz e d  b y  th e  o c c u rre n c e  o f  in fec tio u s  d is ­
e a se s , o f te n  lead in g  to  high  m o rta litie s  a n d , h e n c e , se rio u s  
e c o n o m ic  lo ss e s  (1 , 2 , 17). S e v e ra l  re c e n t  rev ie w s  w e re  
c o n c e rn e d  w ith  th e  p a th o g e n e s is  o f  th e s e  d ise a se s  a n d  th e  
n a tu re  o f  th e  c a u sa tiv e  a g e n ts  (11, 17). T y p ic a l fish p a th o ­
g e n s  a re  m o stly  g ram  n e g a tiv e  an d  in c lu d e  v a rio u s  sp ec ie s  
b e lo n g in g  to  th e  g e n e ra  A e r o m o n a s , V ib rio , an d  P se u d o m o ­
na s  (11, 17).

P ro p h y la c t ic  t re a tm e n t o f  fish c u rre n tly  re lies  o n  the 
ad d itio n  o f  c h e m o th e ra p e u tic  a g e n ts  to  th e  fee d  (1, 19, 20). 
H o w e v e r,  th is  a p p ro a c h  is  p o o r ly  e ffec tiv e  an d  u n e c o n o m i­
c a l, an d  it h a rb o rs  r is k s  fo r  th e  e n v iro n m en t an d  pub lic  
h e a lth  (2). In  a d d itio n , fo rm u la te d  fee d s  a re  n o t read ily  
a c c e p te d  by  fish in th e  y o u n g e s t f ry  s ta g e s , an d  th e  drugs 
m ay  lea c h  o u t o f  th e  fee d  a n d /o r  d e c o m p o se . A  p ro m isin g  
n ew  a p p ro a c h  to  th e  su c ce ss fu l p re v e n tio n  o f  in fec tio u s  
d ise a se s  in fish an d  c ru s ta c e a n s  c o n s is ts  o f  u s in g  liv e  fo o d  
su p p le m e n te d  w ith  th e ra p e u tic  a g e n ts  by  a  te c h n iq u e  o f 
b io en c a p su la tio n . T h e  p re fe r re d  liv e  fo o d  fo r  la rv a l fish and  
sh rim p  a re  th e  nau p lii o f  th e  b r in e  sh rim p  A r te m ia  sp p . (6). 
T h e  a d v a n ta g e  o f  u s in g  th is  c ru s ta c e a n  a s  a  v e h ic le  fo r  
th e ra p e u tic  a g e n ts  w o u ld  b e  a  c o n tro lle d  d e liv e ry  to  th e  fish 
w ith  no  r isk  fo r  leach in g  o r  d e c o m p o s itio n  o f  th e  d ru g s  in to  
th e  e n v iro n m en t.

F o r  th e  first e x p e rim e n ta l t r ia l, trim e th o p rim  a n d  su lfa ­
m e th o x a z o le  w e re  se le c te d  a s  th e  th e ra p e u tic  a g e n ts  b e ­
c a u se  th is  co m b in a tio n  h as  a lre a d y  b e e n  p ro v en  to  b e  
e ffec tiv e  ag a in s t ty p ica l fish  p a th o g e n s  (1). B e c a u se , 'until 
re c e n tly  (8 ,1 0 ) ,  it w a s  n o t tec h n ic a lly  f e a s ib le  to  su p p le m e n t 
A r te m ia  fra n c is c a n a  w ith  th e s e  o r  o th e r  d ru g s , no  an a ly tica l 
m e th o d s  a re  a v a ila b le  to  m o n ito r  th e  in c o rp o ra tio n  effi­
c ie n c y . N o r  d o  h ig h -p re ssu re  liqu id  c h ro m a to g ra p h ic  
(H P L C ) m e th o d s  e x is t  fo r  th e  s im u lta n e o u s  d e te rm in a tio n  o f
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trim e th o p rim  a n d  s u lfa m e th o x a zo le  in fish , a s  o p p o s e d  to 
th a t  o f  th e  a n a lo g o u s  d ru g s  o rm e to p rim  a n d  su lfad im c th o x - 
ine  (19 , 20). T h e  la t te r  tw o  c o m p o u n d s  h a v e  re c e n tly  been  
d e te rm in e d  in A . fr a n c is c a n a  b y  a  c ru d e  m icro b io lo g ica l 
a s sa y  (10). T h e  m e th o d  d e s c r ib e d  in th is  p a p e r  fo r  A. 
f r a n c is c a n a  u s e s  so lid -p h ase  e x tra c tio n  w ith  rev e rse d -p h a se  
liqu id  c h ro m a to g ra p h y  a n d  d e te c t io n  a t  210 nm .

M A T E R IA L S  A N D M E T H O D S

C hem icals an d  rea g e n ts . T r im e th o p rim , su lfa m e th o x a zo le , 
an d  su lf iso x azo le  w e re  p u rc h a s e d  f ro m  S ig m a  C h em ica l Co. 
(S t. L o u is ,  M o .) . O rm e to p r im  an d  te tro x o p rim  w e re  gifts 
f ro m  H o ffm a n n -L a  R o c h e  (B a se l,  S w itz e rlan d ). B o n d  E lu t 
C lg e x tra c tio n  c o lu m n s  (500 m g, 2 .8  m l) w e re  from  A naly t- 
ich e m  (H a rb o r  C ity , C alif.) . A c e to n itr ile , H P L C  g rad e , w as 
f ro m  R O M IL  (L o u g h b o ro u g h , U n ited  K in g d o m ). A ll o th e r  
c h e m ic a ls  a n d  rea g e n ts  w e re  an a ly tic a l g rad e  an d  cam e 
fro m  E . M e rc k  (D a rm s ta d t ,  G e rm a n y )  o r  J a n ss e n  C h im ica  
(B e e rse , B elg ium ).

A nim als. A . fr a n c is c a n a  n aup lii (E G  g rad e  G re a t  S a lt 
L a k e  s tra in ;  b a tc h  07 .32603), w h ic h  w e re  p ro d u c e d  a t  the  
A r te m ia  R e fe re n c e  C e n te r  b y  s ta n d a rd  p ro c e d u re s  (15), 
w e re  b io e n c a p su la te d  w ith  tr im e th o p rim  an d  s u lfa m e th o x ­
a z o le  b y  in cu b a tin g  th e m  fo r  6 h  in th e  p re se n c e  o f  an 
e x p e rim e n ta l fo rm u la tio n  (m e d ica te d  S e lc o ;  A rtem ia  S y s­
tem s  N V , G h e n t,  B elg ium ) co n ta in in g  b o th  th e ra p e u tic  
a g e n ts  (7 , 8).

P re p a ra tio n  o f s ta n d a rd s . F o r  s ta n d a rd iz a tio n , s to c k  so lu ­
t io n s  o f  trim e th o p rim  a n d  s u lfa m e th o x a zo le  w e re  p rep a re d  
in  m e th a n o l. A p p ro x im a te  c o n c e n tra t io n s  w e re  20  p g /m l for 
tr im e th o p rim  a n d  107 p g /m l fo r  su lfa m e th o x a zo le . T h e  e x ac t 
c o n c e n tra t io n s  w e re  d e te rm in e d  s p e c tro p h o to m e tr ic a l ly  as 
fo llo w s. O n e  m illilite r o f  th e  trim e th o p rim  s to c k  so lu tio n  w as 
d ilu ted  to  10 m l w ith  1.5 m l o f  e th a n o l an d  7.5 m l o f  0 .4%  
(w t/v o l)  so d iu m  h y d ro x id e . T h e  a b so rp tio n  w as m ea su red  at 
287 n m  (e =  7 .4  X IO3 M ~ ! c m - 1 ) (9). F o r  s u lfa m e th o x a zo le , 
1 m l o f  th e  s to c k  so lu tio n  w a s  d ilu ted  w ith  9 m l o f  0 .1  M 
p h o sp h a te  b u ffe r  (p H  7 .5 ). T h e  w a v e len g th  w as 257 n m , and
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th e  m o la r  a b so rp tio n  co effic ien t w as 1 .72  x  IO4 M 1 c m -1 
(13). T h e  c o n c e n tra t io n s  o f  th e  re s p e c tiv e  in te rn a l s ta n d a rd s  
( te tro x o p rim  a n d  su lf iso x azo le)  w e re  37 an d  81 p-g/ml, re ­
sp e c tiv e ly .

S am ple  p re tre a t in e n t .  A b o u t 300 m g (w e t w eight) o f  nauplii 
w as h o m o g en iz e d  in 1.5 ml o f  m eth a n o l b y  u s in g  a  P o tte r-  
E lv e h je m  a p p a ra tu s  (all g lass) . A fte r  cen tr ifu g a tio n  a t  1,500 
x  g ,  th e  s u p e rn a ta n t  w as iso la te d . T h e  e x tra c tio n  w as 
re p e a te d  tw ice  a n d  all su p e rn a ta n ts  w e re  co m b in e d  in a 
20-m l s c re w -c a p  tu b e . T h e  so lid  re s id u e  w as sa v ed  fo r 
p ro te in  d e te rm in a tio n . T h e  tw o  in te rn a l s ta n d a rd s  (50 p.1 o f 
te tro x o p rim  a n d  100 |xl o f  su lf iso x azo le  d isso lv e d  in m e th a ­
nol) w e re  a d d e d  to g e th e r  w ith  1 m l o f  0 .1  M  sodium  
p h o sp h a te  b u ffe r  (p H  7). L ip id s  a n d  p ig m en ts  w e re  ex tra c te d  
tw ic e  w ith  5 m l o f  h e x a n e , an d  th e  h e x a n e  lay e r w as 
d isc a rd ed . T h e  m e th a n o l w a s  rem o v e d  from  th e  sem iaque- 
o u s  lo w e r  la y e r  by  a p p ly in g  v a c u u m  (w a te r  a sp ira tio n )  w ith  
c o n tin u o u s  v o r te x in g  o f  th e  tu b e s  (R o ta ry  E v ap o -M ix ; 
B tic h le r  In s tru m e n ts ,  F o r t  L e e ,  N .J .) .  T o  th e  a q u e o u s  res i­
d u e  w a s  ad d e d  0.075 m l o f  1 M  p h o sp h o ric  ac id  an d  0.5 m l o f
0 .5  M  so d iu m  p h o sp h a te  b u ffe r  (p H  4 .85). T h e  resu ltin g  
so lu tio n  w a s  ap p lied  o n  to p  o f  a  B o n d  E lu t C 18 e x tra c tio n  
c a rtr id g e , p re c o n d itio n e d  su c ce ss iv e ly  w ith  m eth a n o l, w a­
te r , a n d  0 .15  M  am m o n iu m  p h o sp h a te ,  co n ta in in g  0.12%  
trie th y la m in e  (p H  4 .85). A f te r  sam p le  a p p lic a tio n , th e  c o l­
u m n  w as w a sh e d  w ith  1 m l o f  0 .15  M  a m m o n iu m  p h o sp h a te  
c o n ta in in g  0 .12%  tr ie th y la m in e  a n d  w as e lu te d  w ith  3 m l o f 
a c e to n itr ile -0 .1 5  M a m m o n iu m  p h o s p h a te  (35:65; vol/vol) 
c o n ta in in g  0 .12%  trie th y la m in e  (p H  4 .8 5 ). T h e  a c e to n itr ile  
w as re m o v e d  u n d e r  v a c u u m  (E v a p o -M ix ), an d  a  50- to  
100-p.l a liq u o t w a s  in je c te d  o n to  th e  liq u id  c h ro m a to g ra p h ic  
co lu m n .

C h ro m ato g rap h y . T h e  liqu id  c h ro m a to g ra p h  c o n s is te d  o f 
a n  L K B  2150 iso c ra tic  p u m p  (L K B , B ro m m a, S w ed e n ) , an 
N 6 0  v a lv e  in je c to r  (V a leo , H o u s to n , T e x .)  f itted  w ith  a 
100-p.l lo o p , a n  L C  95 v a ria b le -w a v e len g th  d e te c to r  se t at 
210 n m  (P e rk in -E lm c r, N o rw a lk , C o n n .) ,  an d  an  S P  4100 
in te g ra to r  (S p e c tra -P h y s ic s ,  S an  J o s e , C alif.) . T h e  co lu m n  
(15 b y  0 .4 6  cm ) w a s  p a c k ed  w ith  5 |xm H y p e rs il  O D S 
(S h a n d o n , R u n c o rn , U n ited  K in g d o m ) an d  w a s  e lu te d  w ith  
a c e to n itr ile -0 .1 5  M  am m o n iu m  p h o s p h a te  (15:85; vol/vol) 
co n ta in in g  0 .1 %  tr ie th y la m in e  ( th e  final p H  w as a d ju s te d  to 
4 .85  b y  u s in g  0 .15  M  p h o sp h o ric  a c id ). T h e  flow  ra te  w a s  1 
m l/m in , a n d  th e  te m p e ra tu re  w a s  a m b ie n t. T h e  a b so rp tio n  
sp e c tr a  o f  c h ro m a to g ra p h ic  p e a k s  w e re  re c o rd e d  w ith  the 
a id  o f  a n  H P  1040 p h o to d io d e  a rr a y  d e te c to r  eq u ip p e d  w ith  
an  H P  85 c o m p u te r ,  a n  H P  82901M  flex ib le  d isk  d r iv e , and  
an  H P  7470A  g rap h ic s  p lo t te r  (all f ro m  H e w le tt  P a c k a rd , 
P a lo  A lto , C alif.).

D e te rm in a tio n  o f  d r y  w eight an d  p ro te in s. T h e  w a te r  c o n ­
te n t  o f  th e  A .  fra n c is c a n a  nau p lii w a s  d e te rm in e d  by  w e ig h ­
ing  th re e  to  five 300-m g sa m p le s  b e fo re  an d  a fte r  d ry in g  
(60°C , 24 h). T h e s e  sa m p le s  w e re  ta k e n  s im u lta n e o u s ly  with 
th e  o n e s  to  b e  a n a ly z e d  by  H P L C , to  p re v e n t  d iffe re n c e s  in 
w a te r  c o n te n t  in th e  tw o  s e ts .  A lte rn a tiv e ly , p ro te in s  w ere  
d e te rm in e d  in  th e  so lid  re s id u e  th a t  rem a in e d  a f te r  e x tr a c ­
tio n  o f  th e  th e ra p e u tic  a g e n ts  by  a  m odified  L o w ry  p ro ce ­
d u re  (12). T h e  so lid  re s id u e  w as so lu b ilized  w ith  10 m l o f  5%  
so d iu m  d o d e c y l su lfa te  in  0 .5  M  so d iu m  h y d ro x id e  (3 h o f  
in cu b a tio n  a t  30°C). T h e  so lu tio n  w as q u a n tita tiv e ly  t ra n s ­
fe rre d  to  a  100-m l v o lu m e tric  f lask  a n d  b ro u g h t to  volum e 
w ith  d is til led  w a te r .  A f te r  cen trifu g a tio n  o f  th e  m ix tu re  a t 
1,500 x  g ,  a  c le a r  0 .5 -m l s a m p le  (ad ju s te d  to  1 m l w ith  0 .5%  
so d iu m  d o d e c y l su lfa te  in  0 .05  M  N a O H ) w as used  fo r 
p ro te in  d e te rm in a tio n  by  th e  m e th o d  o f  P e te rso n  (12). S ta n ­
d a rd iz a tio n  w as c a rr ie d  o u t w ith  b o v in e  se ru m  a lb u m in .
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FIG. 1. Chrom atogram s o f extracts o f A n em ia  nauplii (EG 
grade; batch 07.32603). (A) Blank A. franciscana; (B) A . fra n ­
ciscana supplemented with trimethoprim  and sulfamethoxazole. 
Peak identities were as follows: 1, trimethoprim; 2, tetroxoprim  
(internal standard for trimethoprim); 3, sulfisoxazole (internal stan­
dard for sulfamethoxazole); 4, sulfamethoxazole.

Q u a n tita tio n . F o r  s ta n d a rd iz a tio n , 300-m g sa m p le s  o f  
b lan k  nau p lii w e re  h o m o g en ized  a s  th e  u n k n o w n s . T h e  
h o m o g cn a te s  (4 .5  m l) w e re  su p p le m e n te d  w ith  k n o w n  
a m o u n ts  o f  trim e th o p rim  (1 to  8 p g ) a n d  su lfa m e th o x a zo le  
(2 .7  to  21 .4  fxg). A fte r  th e  a d d itio n  o f  th e  in te rn a l  s ta n d a rd s , 
th ey  w e re  a n a ly z e d  a s  th e  u n k n o w n s . S ta n d a rd  c u rv e s  w e re  
c o n s tru c te d  by  p lo ttin g  p e a k  h e ig h t ra t io s  ( tr im e th o p rim / 
te tro x o p rim  a n d  su ifam e th o x a zo le /su lfiso x a zo le )  v e rsu s  the  
re sp e c tiv e  a m o u n ts  o f  tr im e th o p rim  an d  s u lfa m e th o x a zo le  in 
ea ch  sam p le . T h e  a m o u n ts  o f  b o th  th e ra p e u tic  a g e n ts  in  th e  
u n k n o w n  sa m p le s  w e re  c a lc u la te d  b y  e x tra p o la t io n  fro m  th e  
s ta n d a rd  c u rv e s . R e su lts  w e re  e x p re s s e d  as  m ic ro g ram s o f  
trim e th o p rim  o r  su lfa m e th o x a zo le  p e r  g ra m  (d ry  w e ig h t)  o r  
p e r  m illig ram  o f  p ro te in . In  th e  la t te r  c a se , th e  c o n c e n tra ­
tio n s  co u ld  b e  e x tra p o la te d  to  d ry  w e ig h t b y  tak in g  in to  
ac c o u n t th e  av e ra g e  p ro te in  c o n te n t  o f  d ry  (ly o p h ilized ) A .  

fr a n c is c a n a  (E G  g ra d e ;  b a tc h  07.32603) (89 .8  ±  0 .6 % ; n  = 
3). H o w e v e r, th is  v a lu e  d iffe rs  fro m  s tra in  to  s tra in .

RE S U L T S  AND D IS C U S S IO N

R e p re se n ta tiv e  c h ro m a to g ra m s  o f  b lan k  A . f r a n c is c a n a  
a n d  A . f r a n c is c a n a  su p p le m e n te d  w ith  tr im e th o p rim  an d  
su lfa m e th o x a zo le  th ro u g h  th e  e n r ic h m e n t p ro c e d u re  are  
s h o w n  in F ig . 1. T r im e th o p rim , s u lfa m e th o x a zo le , as  w ell as 
b o th  in te rn a l s ta n d a rd s  te tro x o p rim  a n d  su lf iso x azo le  all 
e lu te d  in b lan k  p o s itio n s . T h e ir  r e te n tio n  t im e s  w e re  4 .9 , 6 .0 , 
11.1, an d  14.0 m in , r e sp e c tiv e ly . O rm e to p r im , w h ich  w as 
in itia lly  u se d  as  an  in te rn a l s ta n d a rd  b u t w a s  l a te r  a b a n d o n ed  
in fa v o r  o f  te tro x o p r im , e lu te d  a f te r  6 .2  m in . F ig u re  2 
p re s e n ts  th e  s tru c tu ra l  fo rm u la e  o f  th e  five  c o m p o u n d s . 
Id en tifica tio n  o f  th e  trim e th o p rim  an d  su lfa m e th o x a zo le  
p e a k s  in  e x tra c ts  o f  A . fra n c is c a n a  e n ric h e d  in  b o th  th e ra ­
p e u tic  a g e n ts  w as b a sed  o n  a c o m p a riso n  o f  th e ir  re te n tio n  
tim es  an d  a b so rp tio n  s p e c tra  w ith  th o se  o f  a u th e n t ic  s ta n ­
d a rd s . R e te n tio n  tim e s  w e re  in c lo se  a g re e m e n t,  an d  the 
ab so rp tio n  s p e c t r a  (u n k n o w n  in re la tio n  to  th e  c o rre sp o n d ­
ing s ta n d a rd )  c o in c id e d  c o m p le te ly . T h e  e x p e rim e n ta lly  d e­
te rm in e d  a b so rp tio n  m ax im a  w e re  271 n m  fo r  trim e th o p rim  
a n d  269 nm  fo r  su lfa m e th o x a zo le .

M e th a n o l w as u se d  fo r th e  in itia l h o m o g en iz a tio n  o f  the  
A r te m ia  n au p lii b e c au se  it w as  c le a r ly  s u p e r io r  to  a q u e o u s
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FIG. 3. Relationship between levels o f trimethoprim (■) and 
sulfamethoxazole (®) in A nem ia  nauplii and dosage (concentra­
tions) o f  trimethoprim  and sulfamethoxazole in the enrichment 
formulation.

m e th o d  to  th e  a n a ly s is  o f  f ish  la rv a e  fed  on  A . f ra n c is c a n a  
lo ad e d  w ith  tr im e th o p rim  a n d  su lfa m e th o x a zo le .
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FIG. 2. Chemical slructures o f trimethoprim  (A), ormetoprim 
(B), tetroxoprim  (C), sulfamethoxazole (D), and sulfisoxazole (E).

so lv e n ts  in te rm s  o f  i ts  e x tra c tio n  e ffic iency  f o r  b o th  t rim e th ­
op rim  a n d  s u lfa m e th o x a zo le . H o w e v e r,  a  re la tiv e  d isa d v a n ­
tag e  o f  m eth a n o l w a s  its  ab ility  to  c o e x tr a c t  l ip id s, includ ing  
high  a m o u n ts  o f  c a ro te n o id  p ig m en ts. A  m a jo r  p a r t  o f  th e se  
lipoph ilic  c o n s ti tu e n ts  w a s  rem o v e d  b y  p a rtitio n in g  in h e x ­
a n e ,  w h ic h  e x tr a c te d  n e ith e r  trim e th o p rim  n o r  s u lfa m e th o x ­
a zo le . S till, th e  rem a in in g  e x tr a c t  h ad  to  be  su b s ta n tia lly  
p u rif ied , p a rticu la rly  in v iew  o f  th e  u s e  o f  a  n o n se lec tiv e  
d e te c tio n  w a v e len g th . T o  th is  e n d , d o u b le -p h a se  e x tra c tio n , 
w h ic h  h as  b e e n  u se d  in c o n n e c tio n  w ith  H P L C  d e te rm in a ­
tio n  o f  trim e th o p rim  an d  s u lfa m e th o x a zo le  in  p la sm a  (3, 4, 
16, 18) an d  trim e th o p rim  a lo n e  in fish (5), w a s  in itia lly  trie d . 
H o w e v e r,  th e  im p u re  n a tu re  o f  A r te m ia  e x tr a c ts  a s  w ell as 
th e  fa ilu re  o f  e th y l a c e ta te  to  effic ien tly  e x tr a c t  t r im e th o ­
p rim , u n lik e  s u lfa m e th o x a zo le , a t  a  p H  o f  < 7  led  to  the  
d ism issa l o f  th is  a p p ro a c h . A lk a lin e  co n d itio n s  in c re a se d  the 
e x tra c tio n  y ield  o f  tr im e th o p rim  b u t c a u se d  its  d e g ra d a tio n  
in th e  c o u rs e  o f  th e  e v a p o ra tio n  o f  th e  e th y l a c e ta te .  T h is  
p ro b lem  c o u ld  th e o re tic a lly  b e  o v e rc o m e  by  su b s titu tin g  
e th y l a c e ta te  w ith  d ic h lo ro m e th a n e  a n d  a d d in g  a  p o s itiv e  
c o u n te r  ion  to  th e  n e g a tiv e ly  c h a rg e d  su lfa m e th o x a zo le . T h e  
efficacy  o f  th is  a p p ro a c h  h a s  b e e n  d e m o n s tra te d  fo r  th e  
iso la tio n  o f  o rm e to p rim  an d  su lfa d im e th o x in e  f ro m  tissu e s

(20). A lte rn a tiv e ly , so lid -p h ase  e x tra c tio n  on  S e p  P a k  C 18 
from  fish  h as  re c e n tly  b e e n  r e p o r te d  fo r  th is  co m b in a tio n  
(19). B y  th e  m e th o d  d e s c r ib e d  h e re , C l8 re v e rse d -p h a se  
c a rtr id g e s  w e re  a lso  u s e d  fo r  th e  final p u rif ica tio n  o f  th e  
e x tr a c ts  c o n ta in in g  trim e th o p rim  a n d  su lfa m e th o x a zo le . T he 
to ta l an a ly tic a l re c o v e ry  o f  b o th  c o m p o u n d s  from  A .  f r a n ­
c isc a n a  w as  81.3 ±  1 .9%  (x =  65 p g /g ; n  =  6) an d  79 .3  ±
1 .1%  (x =  357 p g /g ; n  =  6), re sp e c tiv e ly .

T h e  lin ea rity  o f  s ta n d a rd  c u rv e s  w as in v es tig a te d  in the  
ran g e  o f  1 to  8 p g  fo r tr im e th o p rim  an d  2 .7  to  21 .4  p g  for 
su lfa m e th o x a zo le  ( to ta l a m o u n ts  p e r  sa m p le ). T h is  c o rre ­
sp o n d s  t o  c o n c e n tra t io n s  o f  a p p ro x im a te ly  34 to  266 an d  99 
to  713 pg /g  (d ry  w e ig h t) , r e sp e c tiv e ly . E q u a tio n s  o f  s ta n d a rd  
c u rv e s  o b ta in e d  b y  a n a ly z in g  sp ik e d  s a m p le s  w e re  y  =  
0 .740x +  0 .02  ( r  =  0 .9999) fo r  tr im e th o p rim  an d  y  =  0 .136x 
+  0 .0 0  (r  =  0 .9999) f o r  s u lfa m e th o x a zo le . T h e  c o rre sp o n d in g  
e q u a tio n s  fo r  th e  s ta n d a rd  c u rv e s  o b ta in e d  by  d ire c t  in je c ­
t io n  o f  th e  a n a ly te s  p lu s  th e  in te rn a l s ta n d a rd s  (in th e  
c h ro m a to g ra p h ic  so lv e n t)  w e re  y  =  0 .704x +  0.06 ( r  =  
0 .9998) fo r  tr im e th o p rim  a n d  y  =  0.138x -  0 .00  (r  =  0 .9999) 
fo r  su lfa m e th o x a zo le . T h e  g o o d  a g re e m en t b e tw e en  the  
s lo p e s  o f  th e  tw o  s e ts  o f  s ta n d a rd  c u rv e s  su g g ests  a  s im ila r 
b e h a v io r  o f  th e  a n a ly te s  a n d  th e  in te rn a l s ta n d a rd s  in the  
c o u rs e  o f  th e  sam p le  p re tre a tm e n t a n d , a c c o rd in g ly , a lso  an 
efficien t c o m p e n sa tio n  by  th e  la t te r  fo r  a n a ly tic a l v a riab ility . 
T h is  r e s u l t  a s  w ell as  th e  d o c u m e n te d  sp ecif ic ity  o f  the  
m e th o d  (ab se n c e  o f  m a trix  in te rfe ren c e s )  su p p o rt  its  a c c u ­
r a c y  (14). T h e  u s e  o f  tw o  c lo se  s tru c tu ra l  an a lo g s  o f  the  
a n a ly te s  a s  in te rn a l  s ta n d a rd s  u n d o u b ted ly  c o n tr ib u te d  to 
th e  e x c e lle n t rep ro d u c ib ility  o f  th e  m e th o d . O th e r  m eth o d s  
e ith e r  d o  n o t u s e  an  in te rn a l s ta n d a rd  (20) o r  u s e  a  c o m p o u n d  
th a t  is  n o t  s tru c tu ra lly  re la te d  to  e ith e r  o f  th e  th e ra p e u tic  
a g e n ts  o f  in te re s t  (19). I n tra -a s sa y  co effic ien ts  o f  varia tio n  
w e re  2 .2 %  (x =  79 .6  p g /g ; n =  8) fo r  tr im e th o p rim  an d  1.9%  
(X =  257 p g /g ; n  =  8) fo r  su lfa m e th o x a zo le . W h en  th e  H P L C  
d e te rm in a tio n  w as co u p le d  w ith  th e  p ro te in  a s sa y , coeffi­
c ie n ts  o f  v a ria tio n  w e re  6 .3 %  (x  =  0.28 p g /m g  o f  p ro te in )  fo r  
t rim e th o p rim  an d  6 .8 %  (x  =  0 .58  p g /m g  o f  p ro te in )  for 
su lfa m e th o x a zo le . T h e  lim its  o f  d e te c tab ility  (ab so lu te  
a m o u n ts  o f  trim e th o p rim  an d  su lfa m e th o x a zo le  e x tra c te d  
fro m  27 m g o f  d ry  A . fr a n c is c a n a  in jec ted ) fo r  b o th  c o m ­
p o u n d s w e re  a b o u t  4 ng. T h is  c o rre sp o n d s  to  a  c o n c e n tra t io n  
o f  3 p g /g  (d ry  w eight).

W h en  a  10%  p re p a ra tio n  w a s  used  to  en ric h  A . f r a n ­
c isc a n a ,  i .e . ,  a n  em u ls io n  th eo re tic a lly  c o n ta in in g  a p p ro x i­
m ate ly  1.67%  trim e th o p rim  a n d  8 .33%  su lfa m e th o x a zo le  
(ra tio , 1:5), lev e ls  o f  u p  to  115 p g  o f  trim e th o p rim  p e r g  and  
277 p g  o f  s u lfa m e th o x a zo le  p e r  g  w e re  o b ta in e d . C o n c e n tra ­
tions e x p e rim e n ta lly  fo u n d  in th e  em u ls io n  w e re  1.4 and  
8 .1 % , r e s p e c tiv e ly  ( ra tio , 1 :5 .79). R e m a rk a b ly , in e n rich ed  
A . fr a n c is c a n a  th is  ra t io  w a s  red u c e d  to  1 :2.4. T h is  m ay 
in d ic a te  a  m o re  e fficien t u p ta k e  o f  tr im e th o p rim , a  s lo w er 
e lim in a tio n  a n d  m etab o lism  o f  tr im e th o p rim  c o m p a re d  with 
t h a t  o f  s u lfa m e th o x a zo le , o r  m o re  rap id  leach in g  o f  su lfa ­
m e th o x a z o le  f ro m  th e  fo rm u la tio n  in to  th e  a lk a lin e  w a te r  
u se d  fo r  c u ltu r in g  th e  A . fra n c is c a n a .  O n  th e  o th e r  h a n d , the  
u se  o f  en ric h in g  fo rm u la tio n s  o f  d iffe ren t s tre n g th s  (1 , 5 , and  
10%  o f  to ta l  th e ra p e u tic  a g e n ts )  led  to  a  lin e a r  in c re a se  o f 
tr im e th o p rim  a n d  su lfa m e th o x a zo le  lev e ls  in  th e  an im al (Fig. 
3).

O n  th e  b a s is  o f  th e  high  lev e ls  o f  bo th  th e ra p e u tic  a g e n ts  
o b se rv e d  in A r te m ia  n au p lii, o p tim is tic  p red ic tio n s  c a n  b e  
m ad e  w ith  reg a rd  to  th e  efficacy  o f  th e  b io en c a p su la tio n  
ap p ro a c h  as  a  to o l fo r  p ro p h y la c tic  c h e m o th e ra p y  in a q u a ­
c u ltu re . W o rk  is  in  p ro g re s s  to  e x te n d  th e  p re se n t  ana ly tica l


