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N a t u r a l  o c c u r r e n c e  o f  m y c o t o x i n s  { s e c o n d a r y  m e t a b o l i t e s  of  f u n g i }  
h a v e  b e e n  f o u n d  w o r l d w i d e  in  v a r i o u s  c r o p s .  T h e i r  i n g e s t i o n ,  a s  a 
r e s u l t  o f  t h e  c o n t a m i n a t e d  f o o d s t u f f ,  i s  s u s p e c t e d  to  be  r e s p o n s i b l e  
f o r  c a u s i n g  some  h u m a n  d i s e a s e ,  s u c h  a s  a f l a t o x i n  f o r  h u m a n  h e p a t i c  
c a n c e r  ( v a n  R e n b u r g  1977). R e c e n t l y ,  m u c h  a t t e n t i o n  h a s  b e e n  f o c u s -  
s e d  on  o c h r a t o x i n  A, a m e t a b o l i t e  o f  t h e  g e n e r a  Aspergi l lus  a n d  
PeniciIlium, a s  a c a u s a l  a g e n t  f o r  t h e  e n d e m i c  n e p h r o p a t h y  a n d  
u r i n a r y  t u m o r s  in  B a l k a n i c  a r e a s  ( Y u g o s l a v i a ,  R o u m a n i a  a n d  B u l g a r i a )  
( K r o g h  1972, Hu l t  e t  a l .  1982). S i n c e  t h e  Penici1Iium s p e c i e s  c a n  
p r o d u c e  t h e  t o x i n  e v e n  a t  5" C ( H a r w i g  a n d  C h e n ,  1974), t h e  n u m b e r  o f  
c o u n t r i e s  w h e r e  o c h r a t o x i n  A i s  p r e s e n t  a s  a c o n t a m i n a n t  o f  f o o d  a n d  
f e e d  m a y  b e  m u c h  h i g h e r  t h a n  in  t h e  l i t e r a t u r e .  

J a p a n  h a s  b e e n  i m p o r t i n g  m o r e  t h a n  h a l f  i t s  c e r e a l  f o r  f o o d  a n d  f e e d  
f r o m  v a r i o u s  c o u n t r i e s  w h e r e  a g r i c u l t u r a l  c o m m o d i t i e s  a r e  f o u n d  to  b e  
c o n t a m i n a t e d  w i th  t h e  t o x i n ,  b u t  t h e r e  h a s  b e e n  f ew  r e p o r t s  o n  t h e  
c o n t a m i n a n t  p r o b l e m .  S i n c e  c o n v e n t i o n a l  a n a l y t i c a l  m e t h o d s  a l w a y s  
i n v o l v e  l a b o r i o u s  m a n i p u l a t i o n  ( s o l v e n t  e x t r a c t i o n / a l k a l i n e  b a c k -  
e x t r a c t i o n  f o l l o w e d  b y  q u a n t i t a t i o n  a n d  c o n f i r m a t i o n } ,  a s i m p l e  a n d  
r e l i a b l e  m e t h o d  i s  r e q u i r e d  to  m o n i t o r  o c h r a t o x i n  A c o n t a m i n a t i o n  in  a 
v a r i e t y  o f  s a m p l e s .  We s u c c e s s f u l l y  a p p l i e d  t e m p e r a t u r e - c o n t r o l l e d  
m e t h y l  e s t e r i f i c a t i o n  o f  t h e  t o x i n  to  p r o v i d e  two  d i s t i n c t  p e a k s ,  f r e e  
a n d  m e t h y l a t e d  o c h r a t o x i n  A o n  t h e  s a m e  c h r o m a t o g r a m .  A s i m p l e  e x -  
t r a c t i o n  a n d  c l e a n u p  b y  C18 c a r t r i d g e  p r i o r  to  a l i q u i d  c h r o m a t o -  
g r a p h i c ( L C )  a n a l y s i s  c o u p l e d  w i t h  a c o n f i r m a t o r y  t e s t  i s  d e s c r i b e d  f o r  
t h e  d e t e r m i n a t i o n  of  o c h r a t o x i n  A (OA) in  p i g  s e r u m  w h i c h  h a s  b e e n  
r e g a r d e d  a s  a r e p r e s e n t a t i v e  s a m p l e  f o r  m o n i t o r i n g  o c h r a t o x i n  A in 
t h e  f e e d  (Hul t  a n d  F u c h s  1986). 

MATERIALS AND METHODS 

O c h r a t o x i n  A {Makor  C h e m i c a l s ,  J e r u s a l e m ,  I s r a e l }  5 mg w a s  d i s s o l v e d  
in  100 mL of  b e n z e n e / a c e t o n i t r i l e  (98:2) .  H P L C - g r a d e  m e t h a n o l  (MeOH}, 
a c e t o n i t r i l e  (ACN), t e t r a h y d r o f u r a n  (THF) a n d  a c e t o n e  {Wako P u r e  
C h e m i c a l s ,  J a p a n }  a n d  w a t e r  p u r i f i e d  b y  Mil l i -Q SP TOC {Mi l l ipo re ,  
U.S.A.)  w e r e  u s e d .  A S E P - P A K  C~s c a r t r i d g e  { Wa te r s  A s s o c . ,  U.S.A)  w a s  
u s e d  f o r  e x t r a c t i o n  a n d  c l e a n u p  o f  OA f r o m  p i g  s e r u m .  A S E P - P A K  

S e n d  r e p r i n t  r e q u e s t  t o  N. T a k e d a  a t  t h e  a b o v e  a d d r e s s .  
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s i l i c a  c a r t r i d g e  {Waters  Assoc . ,  U.S.A) was  u s e d  f o r  c l e a n u p  of  p i g  f e e d  
e x t r a c t .  MeOH h a v i n g  b e e n  d r i e d  o v e r  a n h y d r o u s  Na2SO4 w a s  u s e d  f o r  
m e t h y l  e s t e r i f i c a t i o n  of  s a m p l e s .  

P ig  b lood  i n  f o u r  d i s t i n c t  g r o u p s  was  o b t a i n e d  f r o m  a s l a u g h t e r  h o u s e  
in  t h e  c e n t r a l  p a r t  of  J a p a n  (Hyogo P r e f e c t u r e }  i n  S e p t e m b e r  a n d  
O c t o b e r  1990. S e r u m  was  s e p a r a t e d  a n d  s t o r e d  a t  -20  ~ C u n t i l  a n a l y z e d ,  
P ig  f e e d  was  o b t a i n e d  f rom two f a r m s .  

L i q u i d  c h r o m a t o g r a p h y  was  p e r f o r m e d  u s i n g  a p u m p  LC-6AD a n d  a 
f l u o r e s c e n c e  m o n i t o r  RF-535  ( S h i m a d z u  C o r p o r a t i o n ,  Kyoto ,  J a p a n }  
a n d  a LC c o l u m n  STR-ODS~ (4.6 mm x 15 cm, S h i m a d z u  T e c h n o -  
R e s e a r c h ,  I n c . ,  Kyoto ,  J a p a n } .  LC c o n d i t i o n s  w e r e  a s  fo l lows :  c o l u m n  
t e m p e r a t u r e  45 ~ C, f low r a t e  1 m L / m i n ,  mobi le  p h a s e  (30:15:55} 
THF/ACN/2% a c e t i c  ac id(HOAc) ,  i n j e c t i o n  v o l u m e  20 u l ,  f l u o r e s c e n t  
d e t e c t i o n  a t  e x c i t a t i o n  330 nm a n d  e m i s s i o n  460 nm.  

A SEP-PAK C~8 c a r t r i d g e  was  c o n d i t i o n e d  wi th  10 mL of  MeOH fo l lowed  
b y  10 mL of  w a t e r ,  a n d  t h e n  5 mL of 0.05M HC1 c o n t a i n i n g  0.1M MgCI2 
(HC1/MgC12}. A 1-mL a l i q u o t  of s e r u m  was  mixed w i t h  5 mL of HC1/MgCI2 
a n d  p u t  i n t o  a 10-mL s y r i n g e  c o n n e c t e d  w i t h  t h e  c a r t r i d g e .  The  s a m p l e  
s o l u t i o n  was  p a s s e d  t h r o u g h  a t  a slow, d r o p w i s e  r a t e  a n d  t h e  c a r t -  
r i d g e  was  w a s h e d  w i t h  10 mL of w a t e r ,  a n d  t h e n  2.5 mL of 20% THF. The  
t ox in  was  e l u t e d  f rom t h e  c a r t r i d g e  w i th  3 mL of  MeOH i n t o  a 10 mL-  
t u b e .  The  c a r t r i d g e  was  r e c o n d i t i o n e d  wi th  MeOH a n d  w a t e r  f o r  r e u s e  
a t  t h e  n e x t  s t e p .  

A f r e s h  e s t e r i f i c a t i o n  r e a g e n t ,  p r e p a r e d  b y  m i x i n g  0.2 mL of H2SO4 a n d  
10 mL of MeOH, was  cooled  to room t e m p e r a t u r e .  The  e l u a t e  f rom t h e  
c a r t r i d g e  was  e v a p o r a t e d  to  d r y n e s s  a t  40 ~ C u n d e r  r e d u c e d  p r e s s u r e .  
T h e  r e s i d u u m  was  d i s s o l v e d  in  1 mL of t h e  r e a g e n t ,  t h e n  p l a c e d  i n  a 
w a t e r  b a t h  (15 ~ C, COOLNICS Model CTR-120,  K o m a t s u - Y a m a t o ,  J a p a n }  
fo r  30 rain. A f t e r  a d d i t i o n  of 10 mL of w a t e r ,  t h e  m i x t u r e  w a s  p a s s e d  
t h r o u g h  t h e  same c a r t r i d g e  u s e d  f o r  t h e  e x t r a c t i o n ,  a n d  t h e  c a r t r i d g e  
was  w a s h e d  wi th  10 mL of w a t e r .  OA a n d  i t s  m e t h y l  e s t e r  {OA-Me} w e r e  
e l u t e d  wi th  3 mL of MeOH. The  e l u a t e  wa s  e v a p o r a t e d  to  d r y n e s s .  J u s t  
b e f o r e  i n j e c t i o n  i n t o  t h e  c o l u m n ,  t h e  r e s i d u u m  was  d i s s o l v e d  i n  200 u] 
of t h e  mobi le  p h a s e  a n d  c e n t r i f u g e d  a t  15,000 r p m  f o r  2 rain. F l u o -  
r e s c e n t  p e a k  h e i g h t  of OA was  u s e d  f o r  q u a n t i t a t i o n ,  a n d  t h e  r a t i o  of 
OA/OA-Me was  u s e d  fo r  c o n f i r m a t i o n  of o c h r a t o x i n  A. A u t h e n t i c  OA 
s a m p l e s  w e r e  a l so  r u n  wi th  e a c h  s a m p l e  s e t  of t h e  s e r u m .  

P ig  f e e d  (10 g) was  e x t r a c t e d  tw ice  fo r  30 min  w i t h  c o n s t a n t  s h a k i n g  i n  
a 100-mL s e p a r a t o r y  f u n n e l  w i t h  50 mL of e t h y l  a c e t a t e ,  20 mL of w a t e r  
s a t u r a t e d  w i t h  KC1, a n d  1 mL of 20% HC1 (Nakaza to  e t  al .  1984}. T h e  
c o m b i n e d  o r g a n i c  l a y e r  was  b a c k - e x t r a c t e d  t w i c e  w i t h  30 mL of 2% 
NaHCO3. The  a l k a l i n e  l a y e r  w a s  w a s h e d  w i t h  50 mL of i s o o c t a n e ,  a n d  
t h e n  a c i d i f i e d  w i t h  2 mL of 20% HC1. The  t o x i n  was  f i n a l l y  e x t r a c t e d  
tw ice  w i th  30 mL of  c h l o r o f o r m  (CHC13). The  e x t r a c t  was  e v a p o r a t e d  to 
ca.  10 mL a n d  p u t  i n t o  a SEP-PAK s i l i c a  c a r t r i d g e  a n d  e l u t e d  w i t h  10 
mL of (9:1) CHCIJHOAc.  A f t e r  b e i n g  e v a p o r a t e d  to d r y n e s s ,  t h e  
r e s i d u u m  was  d i s s o l v e d  in  I mL of t h e  mobi le  p h a s e ,  a n d  20 u l  w a s  
i n j e c t e d  fo r  LC. 
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RESULTS AND DISCUSSION 

A p r e l i m i n a r y  LC a n a l y s i s  w i t h  50% ACN in  2% HOAc as  t h e  mob i l e  p h a s e  
s h o w e d  t h a t  t h e  C1B c a r t r i d g e  h a d  c o m p l e t e l y  e x t r a c t e d  t h e  t o x i n  
:(30ng) i n  3 mL of s e r u m ,  a n d  10% ACN w a s  f o u n d  to be  e f f e c t i v e  a s  a 
w a s h i n g  s o l u t i o n  f o r  r e m o v a l  of f l u o r e s c e n t  i n t e r f e r e n c e  m a t e r i a l s .  
The  u s e  of t h e  m e t h y l  e s t e r  d e r i v a t i v e  f o r  c o n f i r m a t i o n  of  OA i d e n t i t y  
i n  c h r o m a t o g r a p h i c  s y s t e m s  h a s  become  a s t a n d a r d  p r o c e d u r e  w h i c h  
i n v o l v e s  t h e  d i s a p p e a r a n c e  of OA p e a k  a n d  s u b s e q u e n t  s h i f t  of  t h e  
r e t e n t i o n  t ime to t h a t  of  t h e  m e t h y l a t e d  t o x i n  (OA-Me) t h r o u g h  t h e  
e s t e r  f o r m a t i o n .  T h i s  p r o c e d u r e ,  h o w e v e r ,  ha d  some d i s a d v a n t a g e s :  i t  
r e q u i r e d  p r e c o l l e c t i o n  of t h e  t h e  t o x i n - c o n t a i n i n g  f r a c t i o n  b y  LC o r  
TLC {Hult e t  al.  1982, M a r q u a r d t  e t  al .  1988), o r  a n  a d d i t i o n a l  
c h l o r o f o r m  e x t r a c t i o n  a f t e r  d e r i v a t i s a t i o n  ( T e r a d a  e t  al.  1986), a n d  a 
d u p l i c a t e  i n j e c t i o n  of m e t h y l a t e d  s a m p l e  f o r  LC. We c o n s i d e r e d  s u c h  
l a b o r i o u s  m a n i p u l a t i o n  a s  u n n e c e s s a r y ,  if  t h e  d e r i v a t i s a t i o n  r e a c t i o n  
c o u l d  be  c o r r e c t l y  c o n t r o l l e d .  B e c a u s e  t h e  e s t e r i f i c a t i o n  c a r e f u l l y  
t e r m i n a t e d  p r i o r  to c o m p l e t i o n  w o u l d  g i v e  a m i x t u r e  of OA a n d  OA-He 
w i t h  a c e r t a i n  r a t i o ,  t h e  two p e a k s  w o u l d  r e s u l t  o n  t h e  same 
c h r o m a t o g r a m .  T h i s  m e t h o d o l o g y  was  e x p e c t e d  to  a f f o r d  a n  e a s y  a n d  
t i m e - s a v i n g  c o n f i r m a t o r y  t e s t .  

A u t h e n t i c  s t a n d a r d  (10 ng )  was  m e t h y l a t e d  fo r  30 rain a t  15, 20 a n d  
25 ~ C. T h e s e  t e m p e r a t u r e s  a r e  m u c h  l ow e r  t h a n  t h o s e  u s e d  b y  T e r a d a  
e t  al .  {1986), b u t  a p r e c i s e  r e g u l a t i o n  of t h e  r e a c t i o n  had  b e e n  d i f f i c u l t  
u n d e r  h i g h e r  t e m p e r a t u r e s  w i t h  s h o r t e r  p e r i o d s .  LC a n a l y s i s  of t h e  
r e a c t i o n  m i x t u r e  g a v e  OA p e a k  a t  a r e t e n t i o n  t ime 6.7 rain a n d  t h e  
m e t h y l  e s t e r  (OA-Me) a t  r e t e n t i o n  t ime  14.6 min  w i t h  p e a k  h e i g h t  r a t i o  
(OA-Me/OA) of 0.3 at 15 ~ C (CV 6.9%), 0.5 at 20 ~ C (CV 2.9%) and 1.1 at 
25 ~ C (CV 3.7%). Conversion rate of OA to the methyl ester was 46.2, 62.8 
and 73.8%, respectively (Table 1). These results showed that the 
derivatisation can be precisely controlled in such a lower temperature 
range and affords desirable peak height ratio by regulating the 
temperature. The peak height was used for the quantitation of OA and 
the ratio (OA-Me/OA) for the confirmation of OA identity. As OA-Me 
gave chromatographically lower peak height than that of equivalents 
of OA did, actual serum samples were methylated at 15~ for the 
required sensitivity. The calibration curves were linear over a range 

T a b l e  1. E f f e c t  of  i n c u b a t i o n  t e m p e r a t u r e  o n  e s t e r i f i c a t i o n  of 
o c h r a t o x i n  A 

T e m p e r a t u r e  P e r c e n t  C o n v e r s i o n  
(~ C) Mean _+ S.D. CV% 

Peak height ratio{OA-Me/OA) 
Mean +- S.D. CV% 

15 _+ 0.I 46.2 _+I.0 2.2 0.29 -+ 0.02 6.0 
20 -+ 0.1 62.8 +_5.7 9.1 0.52 _+ 0.02 2.9 
25 _+ 0.I 73.8 _+0.9 1.2 1.08_+ 0.04 3.7 

V a l u e s  a r e  t h e  m e a n  of f i v e  d e t e r m i n a t i o n s .  S.D. d e n o t e s  s t a n d a r d  
d e v i a t i o n  a n d  CV% d e n o t e s  t h e  c o e f f i c i e n t  of v a r i a t i o n .  LC mobi l e  
p h a s e :  50% ACN i n  2% HOAc a t  a f low r a t e  1 m L / m i n  a t  40 ~ C. F l u o r e s c e n t  
d e t e c t i o n :  e x c i t a t i o n  330 nm,  e m i s s i o n  460 nm. 
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of 0.25 to 10 n g / m l  a t  i n c u b a t i o n  t e m p e r a t u r e  15 ~ C. 

The  p r o p o s e d  m e t h o d  was  a p p l i e d  to  t h e  d e t e r m i n a t i o n  of OA c o n t a m i -  
n a t i o n  of p i g  s e r u m .  The  d e r i v a t i s a t i o n  of s e r u m  e x t r a c t ,  h o w e v e r ,  
g a v e  a l a r g e  i n t e r f e r i n g  p e a k  j u s t  b e f o r e  t h e  OA-Me p e a k  in  some 
s a m p l e s  ( F i g u r e  1A). The  c h r o m a t o g r a m  s h o w e d  t h a t  10% ACN w a s  n o t  
e f f e c t i v e  i n  e l i m i n a t i n g  t h e  i n t e r f e r e n c e s .  Also t h e  mobi le  p h a s e  (50% 
ACN in  2% HOAc) a p p e a r e d  n o t  to be  s u i t a b l e  fo r  t h e  a n a l y s i s  of 
s a m p l e s  w i th  a v e r y  smal l  a m o u n t  of OA, s i n c e  OA had  a r e t e n t i o n  t ime 
in  a n  a r e a  w h e r e  t h e r e  w e r e  a lo t  of  m i n o r  f l u r o r e s c e n t  i n t e r f e r e n c e s .  
T h e r e f o r e ,  we t r i e d  a g a i n  to r e m o v e  t h e  i n t e r f e r e n c e s  b y  c a r t r i d g e  
c l e a n u p  p r i o r  to LC a n d  to i m p r o v e  t h e  mobi le  p h a s e  f o r  m u c h  b e t t e r  
r e s o l u t i o n .  Some o r g a n i c  s o l v e n t s  (THF, hleOH, ACN a n d  a c e t o n e )  w e r e  
t e s t e d  w i t h  v a r y i n g  t h e  c o n c e n t r a t i o n .  Among  t h e  s o l v e n t s  t e s t e d ,  2.5 
mL of 20% THF as  a w a s h i n g  s o l v e n t  a n d  THF/ACN/2%HOAc (30:15:55) a s  
e mobi le  p h a s e  w e r e  f o u n d  to be  t h e  mos t  e f f e c t i v e  a n d  to g i v e  a 
c l e a n e r  c h r o m a t o g r a m  w i t h  a b a s e l i n e  s e p a r a t i o n  b e t w e e n  t he  
c o r r e s p o n d i n g  p e a k s  a n d  p e r m i t t e d  d e t e c t i o n  of b o t h  OA a n d  OA-Me a t  
l ower  l e v e l s  ( F i g u r e  1B). 
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F i g u r e  1. C h r o m a t o g r a m s  of n a t u r a l  o c c u r r e n c e  of o c h r a t o x i n  A in  p i g  
s e r u m ,  i l l u s t r a t i n g  c o n f i r m a t o r y  t e s t  a n d  e f f e c t s  of  w a s h i n g  a g e n t  a n d  
mobi le  p h a s e  (1 m L / m i n  a t  45 ~ C}. 
[ A ] w a s h i n g :  10% ACN 5 mL, mob i l e  p h a s e :  (1:1) ACN/2%HOAc. 
[ B ] w a s h i n g :  20% THF 2.5 mL, mobi le  p h a s e :  (30: t5 :55)  THF/ACN/2%HOAc. 

With a d e t e c t i o n  l imit  of 0.1 n g / m L ,  88% of 26 s e r u m  s a m p l e s  of 
s l a u g h t e r e d  p i g s  r a n d o m l y  c o l l e c t e d  f rom f o u r  h e r d s  d u r i n g  t h e  
s u m m e r  a n d  e a r l y  a u t u m n  of 1990 was  s h o w n  to  be  p o s i t i v e  f o r  OA wi th  
a r a n g e  of 0.10 - 21.6 n g / m L  (Tab le  2). As t he  p e a k  h e i g h t  r a t i o  of 
p o s i t i v e  s a m p l e s  (0.59 + 0.08, n=24) c o i n c i d e d  wi th  t h a t  of a u t h e n t i c  
s t a n d a r d  (0.6~ n : 4 ) ,  t he  f l u o r e s c e n t  p e a k  wi th  t h e  r e t e n t i o n  t ime of 6 
rain was  c o n s i d e r e d  to be  o c h r a t o x i n  A. K a w a m u r a  e t  al.  {1990} shouted  
t h a t  al l  of  t h e  19 p ig  s e r a  h a d  a m e a n  c o n c e n t r a t i o n  of 0.41 p p b  wi th  a 
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d e t e c t i o n  l imi t  of  0.1 p p b .  T h e  h i g h e r  i n c i d e n c e  o f  p i g  s e r u m  c o n t a m i -  
n a t i o n  w i t h  OA in  J a p a n  c o m p a r e d  to  t h o s e  in  E u r o p e a n  c o u n t r i e s  a n d  
C a n a d a  (Hul t  a n d  F u c h s  1986, M a r q u a r d t  e t  a l .  1988} m a y  b e  d u e  to  t h e  
l o w e r  d e t e c t i o n  l imi t  r e p o r t e d  h e r e .  

T a b l e  2. O c h r a t o x i n  l e v e l  in  s e r a  o f  s l a u g h t e r  p i g s  a n d  i n  f e e d s  

S a m p l i n g  No. o f  No. o f  R a n g e  F e e d  
F a r m s  Da ta  S a m p l e s  P o s i t i v e  ( n g / m L }  Mean-+S .D.  { u g / K g )  

S a m p l e s  

A S e p .  7 4 4 0 . 2 7 -  0.48 0.41--+0.08 0.5 
B S e p .  7 4 4 0 . 1 3 -  0.19 0.15_+0.03 - 
C S e p .  7 7 4 0 . 1 0 -  0.18 0.13_+0.03 - 
D Oct .17 11 11 8 .76 -  21.6 13.5-+4.4 15.2 

S i g n i f i c a n t l y  h i g h e r  OA l e v e l  w a s  d e t e c t e d  in  t h e  s e r u m  f r o m  F a r m - A  
c o m p a r e d  to  t h o s e  f r o m  F a r m s  B a n d  C, h o w e v e r ,  t h a t  f r o m  F a r m - D  
s h o w e d  o n e  o r  two  o r d e r  h i g h e r  o f  m a g n i t u d e  t h a n  o t h e r s  {Table  2).  
T h e  v a r i a t i o n  of  OA c o n t a m i n a t i o n  l e v e l  in  s e r u m  w a s  s m a l l  w i t h i n  t h e  
h e r d .  O n l y  two  l o t s  o f  c o m m e r c i a l  p i g  f e e d  w e r e  a v a i l a b l e  f o r  t h e  
a n a l y s i s ,  b u t  t h e  f e e d  f r o m  F a r m - D  d e t e c t e d  30 t i m e s  h i g h e r  OA l e v e l  
t h a n  t h a t  f r o m  F a r m - A  {Table  2). OA l e v e l s  in  s e r u m  a n d  in  f e e d  w e r e  
r o u g h l y  in  t h e  r a t i o  o f  1:1 in  b o t h  t h e  f a r m s .  T h e s e  r e s u l t s  s u p p o r t  t h e  
c o n c l u s i o n  o f  Hu l t  a n d  F u c h s  (1986) t h a t  OA l e v e l  in  p i g  b l o o d  i s  r a t h e r  
h o m o g e n e o u s  w i t h i n  t h e  s a m e  h e r d  a n d  r e f l e c t  t h e  c o n c e n t r a t i o n  of  t h e  
t o x i n  in  t h e  f e e d .  

A v e r y  r e c e n t  r e p o r t  d e m o n s t r a t e d  t h a t  25% of  143 h u m a n  s e r a  i n  
C z e c h o s l o v a k i a  c o n t a i n e d  o c h r a t o x i n  A a t  l e v e l  e x c e e d i n g  0.1 n g / m L ,  
w h e r e  a l e v e l  of  f ood  c o n t a m i n a t i o n  w i t h  t h e  t o x i n  h a d  b e e n  f o u n d  low 
( F u k a l  a n d  R e i s n e r o v a  1990} a n d  t r a c e  a m o u n t s  o f  OA h a v e  b e e n  f o u n d  
in  h u m a n  mi lk  in  G e r m a n y  ( G a r e i s  e t  a l .  1988). T h e  m y c o t o x i c  
h y p o t h e s i s  f o r  t h e  e t i o l o g y  o f  B a l k a n  e n d e m i c  n e p h r o p a t h y  b e g i n s  to  
b e  m o r e  a n d  m o r e  a c c e p t e d  (Hul t  a n d  F u c h s  1986}. A m o n i t o r i n g  o f  
o c h r a t o x i n  A l e v e l  in  h u m a n  a n d  in  food  s h o u l d  b e  c o n t i n u e d  f o r  
e l u c i d a t i n g  t h e  e f f e c t  o f  p r o l o n g e d  a n d  low l e v e l  e x p o s u r e  to  h u m a n  
h e a l t h .  

A c k n o w l e d g e m e n t .  We a r e  g r a t e f u l  to Dr. T. O h s u g i ,  t h e  h e a d  o f  t h e  
N i s h i h a r i m a  Mea t  I n s p e c t i o n  Of f i ce  o f  H y o g o  P r e f e c t u r e ,  f o r  h i s  
e n c o u r a g e m e n t  a n d  s u p p o r t  o n  t h i s  i n v e s t i g a t i o n .  
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