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The t r i cho thecenes  are ex t remely  potent  t o x i n s  
produced by severa l  funga l  spec ies ,  i n c l u d i n g  
Fusarium, Stachybotrys, Myrothecium, and o thers  
(Bamburg and Strong 1971). Due to the f requent  
con tamina t ion  of  foods and feeds w i th  these t o x i n s ,  
ex tens i ve  research is  being performed in  severa l  
reg ions of the world on sub jec ts  such as a n a l y t i c a l  
methodology, taxonomy of  the t o x i g e n i c  funga l  spec ies,  
exper imenta l  t o x i c  e f f e c t s  and so on. Obv ious ly ,  f o r  
a l l  the l a b o r a t o r i e s  invo lved  in  t h i s  type of research 
the a v a i l a b i l i t y  of  e f f e c t i v e  methods f o r  
decontaminat ion of t o x i n  res idues is  a matter  of prime 
p r a c t i c a l  importance. 

A p rev ious  repor t  from Thompson and Wannemacher (1984) 
s ta ted  tha t  T-2 t o x i n  ( I ,  Fig i ) ,  one of  the most 
po ten t  t r i c h o t h e c e n e s ,  can be e f f e c t i v e l y  destroyed 
(nea r l y  100 ~ i n a c t i v a t i o n )  by t reatment w i t h  d i l u t e  
a l k a l i n e  h y p o c h l o r i t e  (0.25 ~ NaOC1 + 0.025 M NaOH) 
dur ing  4 hours.  These data were der ived from the loss 
of t o x i c  e f f e c t  i n  a p r o t e i n  syn thes i s  i n h i b i t i o n  
bioassay in v i t ro .  

However, i n  an attempt to apply the repor ted method to 
l a b o r a t o r y  glassware h i g h l y  contaminated w i th  T-2 
t o x i n ,  ~e found t ha t  at 4 hours a s i g n i f i c a n t  
p r o p o r t i o n  of the t o x i n  s t i l l  remained i n t a c t  (average 
4 ~) .  Moreover, a chemical a n a l y s i s  revealed tha t  the 
breakdown products  g ive  a p o s i t i v e  r e a c t i o n  w i t h  the 
4 - n i t r o b e n z y l  p y r i d i n e  (NBP) reagent ,  which has been 
used to c h a r a c t e r i z e  the 12,13-epoxy group of 
t r i cho thecene  mycotoxins ( T a k i t a n i  et  a l  1979). Th is  
suggested tha t  these breakdown products might r e t a i n  
some degree of  t o x i c i t y  (Wei  and McLaughl in 1974). 
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F i g u r e  I .  S t r u c t u r e  o f  T-2 and r e l a t e d  t r i c h o t h e c e n e s .  

MATERIALS AND METHODS 

T-2 t o x i n  was prepared in  our l a b o r a t o r y  by a 
m o d i f i c a t i o n  of  the method of  Burme is te r  (1974). I t  was 
cons ide red  t h a t ,  f o r  the purpose o f  the p resent  work, 
p a r t i a l l y  p u r i f i e d  t o x i n  was adequate.  The re fo re  
p r e p a r a t i o n s  o f  about 80-90 �88 p u r i t y  were used 
th roughou t .  

Concent ra ted sodium h y p o c h l o r i t e  s o l u t i o n s  (8 - 10 �88 
t e c h n i c a l  grade) were used f o r  p r e p a r i n g  the 
decon tam ina t i ng  m i x t u r e s .  The a c t u a l  c o n c e n t r a t i o n s  o f  
d i l u t e  h y p o c h l o r i t e  s o l u t i o n s  were checked by i o d i m e t r i c  
t i t r a t i o n  (Castegnaro 1980). 
4 - N i t r o b e n z y l  p y r i d i n e  (NBP) and t e t r a e t h y l e n e - p e n t a m i n e  
(TEPA) were purchased from A l d r i c h  Chemical Co., Wise.,  
USA. A l l  o t h e r  chemica ls  were of  AR grade.  

About 400 pg o f  T-2 t o x i n  was used f o r  each e x p e r i m e n t a l  
c o n d i t i o n  t e s t e d .  The t o x i n  was d i s s o l v e d  in 200 pl  o f  
methanol and mixed w i th  9 ml o f  decon tam ina t i ng  
s o l u t i o n s  in  ground g l a s s - s t o p p e r e d  t e s t  tubes,  and l e f t  
a t  room tempera tu re .  A f t e r  the a p p r o p r i a t e  r e a c t i o n  
t imes,  the decon tam ina t i on  m ix tu res  were s a t u r a t e d  
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w i t h  sodium c h l o r i d e  and the r e s i d u a l  t o x i n  and /o r  i t s  
breakdown produc ts  were e x h a u s t i v e l y  e x t r a c t e d  by 
v i go rous  shaking w i t h  2 x 3 ml o f  e t h y l  a c e t a t e .  The 
o r g a n i c  phases were then t r a n s f e r r e d  to  smal l  g lass  
v i a l s  and evapora ted  to  dryness in  a vacuum oven a t  40 
~ The res idues  were r e d i s s o l v e d  in  100 ~l o f  methanol 
and used f o r  TLC a n a l y s i s .  

A l i q u o t s  ( 5 - 10 ~l ) o f  the me thano l i c  e x t r a c t s  were 
spo t t ed  on TLC p l a t e s  ( 0.25 mm S i l i c a g e l  60 p re -coa ted  
aluminum sheets ,  Merck, Darmstadt,  Germany, A r t . 5 5 5 3 ) .  
Deve lop ing s o l v e n t  was e t h y l  a c e t a t e /  t o l u e n e  ( 3 : 1 ) .  

The t o x i n  and breakdown produc ts  were v i s u a l i z e d  by 
means o f  the NBP/TEPA r e a c t i o n ,  as desc r ibed  by T a k i t a n i  
e t  a l  ( 1979 ).  Q u a n t i t a t i o n  was performed by v i s u a l  
comparison o f  the c o l o u r  i n t e n s i t y  o f  the sample spots  
w i th  those o f  s tandards  c o n t a i n i n g  known amounts o f  T-2 
t o x i n .  In separa te  exper iments  i t  was shown t h a t  w i th  
t h i s  procedure i t  i s  p o s s i b l e  to  d e t e c t  a t  l e a s t  0 .2  ~g 
o f  T-2 t o x i n ,  t h a t  i s ,  about 0.5 ~ o f  the i n i t i a l  
amounts used f o r  the decon tam ina t i on  t e s t s .  

RESULTS AND DISCUSSION 

In  p a r t i a l  a~reement w i th  the r e s u l t s  repo r ted  by 
Thompson & Wannemacher ( 1984 ) , we found t h a t  NaOC1 
a lone  was not very e f f e c t i v e  f o r  the d e s t r u c t i o n  o f  T-2 
t o x i n ,  s ince  as shown in  F i g .  2, even w i th  
c o n c e n t r a t i o n s  as h igh as 4 %, a t  l e a s t  48 hr  were 
r e q u i r e d  f o r  the removal o f  > 98 �88 o f  the t o x i n .  When 
d i l u t e  NaOH was inc luded  in  the r e a c t i o n  m i x t u r e ,  the 
r a t e  o f  T-2 d isappearance was g r e a t l y  a c c e l e r a t e d ,  but 
even so, we found t ha t  under the decon tam ina t i on  
c o n d i t i o n s  proposed by the above-ment ioned au thors  
(0.25~ NaOC1 + 0.025 M NaOH, 4 hou rs ) ,  s i g n i f i c a n t  
res idues  o f  i n t a c t  T-2 cou ld  be d e t e c t e d :  u s u a l l y  3 - 5 

o f  the i n i t i a l  amount but up to  15 ~ in  some 
i n d i v i d u a l  exper iments  (data not shown). The reason f o r  
t h i s  d isagreement  i s  unknown, but i t  must be taken in  
c o n s i d e r a t i o n  t h a t  d i f f e r e n t  methods o f  e v a l u a t i o n  were 
used, s ince  Thompson & Wannemacher o n l y  determined 
t o x i c i t y  in  a p r o t e i n  s y n t h e s i s  i n h i b i t i o n  b ioassay ,  
whereas in  the p resent  work a c t u a l  c o n c e n t r a t i o n s  o f  T-2 
t o x i n  were measured by TLC. 

But t he re  i s  ano the r  p o i n t  which i s  perhaps o f  g r e a t e r  
s i g n i f i c a n c e .  The f a c t  t h a t  smal l  amounts o f  NaOH 
remarkably  inc rease  the r a t e  o f  T-2 t o x i n  d isappearance 
i n d i c a t e s  t h a t  t h i s  process may i n v o l v e  some degree o f  
h y d r o l y s i s  o f  the e s t e r  groups o f  T-2, such as the 
i s o v a l e r y l  a t  C8, or  the a c e t y l  a t  C4 and C15. Our 
p resen t  exper imen ts  suggest t h a t  a c t u a l l y  t h i s  might be 
the case, s ince  the d isappearance o f  T-2 t o x i n  
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F i g u r e  2. T-2 t o x i n  remain ing  (~ o f  i n i t i a l  amount) 
a f t e r  i n c u b a t i o n  w i t h  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  NaOC1 a lone ,  or  
NaOCI/NaOH. 

under the c o n d i t i o n s  ment ioned above, i s  accompanied by 
the appearance of  s e v e r a l  breakdown p r o d u c t s ,  which were 
g i v e n  the t r i v i a l  names A, B and C, w i t h  R f ' s  0 .60 ,  0.51 
and 0 .43 ,  r e s p e c t i v e l y ,  i n  the s o l v e n t  system e t h y l  
a c e t a t e / t o l u e n e  3 :1 .  U n f o r t u n a t e l y ,  due to the lack o f  
a u t h e n t i c  s tandards  these p roduc t s  cou ld  not be 
u n e q u i v o c a l l y  i d e n t i f i e d .  However, the f a c t  t h a t  these 
substances g i v e  a p o s i t i v e  r e a c t i o n  w i t h  the NBP/TEPA 
reagent  suggests  t h a t  they  may have an i n t a c t  12,13-  
epoxy t r i c h o t h e c e n e  nuc leus ,  as s t a t e d  by T a k i t a n i  e t  a l  
(1979) ,  i n d i c a t i n g  t h a t  they  may be T-2 t o x i n  h y d r o l y s i s  
p r o d u c t s ,  such as, f o r  i n s t a n c e ,  compounds I f ,  I l l ,  IV 
or  V (see F i g .  I ) .  F u r t h e r  suppor t  f o r  t h i s  h y p o t h e s i s  
d e r i v e s  from the f a c t  t h a t  a s h o r t  i n c u b a t i o n  of  T-2 
w i t h  d i l u t e  NaOH g i v e s  way to  breakdown p roduc ts  which 
have s i m i l a r  chromatograph ic  p r o p e r t i e s .  

The f o r e g o i n g  c o n s i d e r a t i o n s  are i n  agreement w i t h  
p r e v i o u s  r e s u l t s  from Burrows and S z a f r a n i e c  (1986a,b ) ,  
who i n d i c a t e d  t h a t  v e r r u c a r o l  ( V I ) ,  which was taken as 
a s i m i l a r  but  s i m p l e r  p r o t o t y p e  f o r  T-2 t o x i n ,  was 
r e l a t i v e l y  r e s i s t a n t  to  concen t ra ted  a l k a l i n e  
h y p o c h l o r i t e  (8~ NaOC1/0.4 M NaOH), s i n c e  more than 20 
hours were r e q u i r e d  f o r  complete t r a n s f o r m a t i o n  i n t o  two 
s t a b l e  breakdown p roduc t s  which lacked the 12,13-epo• 
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group.  In  our  p resen t  exper iments  we f o l l o w e d  the 
d isappearance o f  a l l  the p roduc ts  capable of  g i v i n g  a 
p o s i t i v e  NBP/TEPA r e a c t i o n ,  as a f u n c t i o n  of  t ime o f  
i n c u b a t i o n  w i t h  0.25 �88 NaOC1/O.025 M NaOH. As shown i n  
F i g .  3, a t  l e a s t  48 hours were r e q u i r e d  f o r  more than 
98~ d e s t r u c t i o n  o f  a l l  these substances (measured i n  
terms o f  the i n i t i a l  amounts o f  T-2 t o x i n  added to  the 
sys tem) .  A t tempts  to  s h o r t e n  the t ime r e q u i r e d  f o r  t h i s  
process by i n c r e a s i n g  NaOC1/NaOH c o n c e n t r a t i o n  were 
r e l a t i v e l y  u n s u c c e s s f u l ,  s i nce  a f t e r  24 -h r  r e a c t i o n  w i t h  
i~  NaOC1/O.05 M NaOH the res idues  of  T-2 t o x i n  p l us  A,B 
and C breakdown p roduc ts  were not s i g n i f i c a n t l y  lower 
than those shown i n  F i g . 3 .  
A l though  we agree t h a t  T-2 h y d r o l y s i s  p r o d u c t s ,  perhaps 
w i t h  the e x c e p t i o n  o f  HT-2 t o x i n  ( I I ) ,  may have a low 
o rde r  o f  mammalian t o x i c i t y ,  we t h i n k  t h a t  the presence 
o f  an i n t a c t  12,13-epoxy t r i c h o t h e c e n e  nuc leus  might  
s t i l l  e n t a i l  a s i g n i f i c a n t  e n v i r o n m e n t a l  hazard ,  s i nce  
some l i v i n g  spec ies  might  be s e n s i t i v e  to  these 
subs tances .  Fur the rmore ,  the p o s s i b i l i t y  o f  b i o l o g i c a l  
e s t e r i f i c a t i o n s ,  to  r e c o n s t i t u t e  e i t h e r  the o r i g i n a l  
t o x i n  or  o t h e r  dangerous molecu les  cannot be exc luded 
w i t h  c e r t a i n t y  (Yoshizawa and Morooka 1975). 
A c c o r d i n g l y ,  i t  cou ld  be s t a t e d  t h a t ,  under the 
c o n d i t i o n s  desc r ibed  by Thompson & Wannemacher (1984),  
an a c t u a l  d e c o n t a m i n a t i o n  of  T-2 does not take p lace ,  
but  j u s t  a p a r t i a l  d e t o x i f i c a t i o n .  

Thus i t  i s  recommended t h a t ,  i n  o rde r  to  " e f f e c t i v e l y "  
decontaminate  T-2 t o x i n ,  a minimum i n c u b a t i o n  t ime o f  
48-72 hours w i t h  a l k a l i n e  h y p o c h l o r i t e  (0.25 
NaOC1/O.025 M NaOH or h i g h e r  c o n c e n t r a t i o n )  shou ld  be 
used as a r o u t i n e  p rocedure .  

On the o t h e r  hand, p r e l i m i n a r y  exper imen ts  w i t h  smal l  
amounts o f  d e o x y n i v a l e n o l  ( V I I ,  DON) i n d i c a t e d  t h a t  t h i s  
t o x i n  i s  r a p i d l y  des t royed  by a l k a l i n e  NaOC1 (data not 
shown).  Th is  i s  i n  agreement w i t h  p r e v i o u s  r e p o r t s  from 
Burrows and S z a f r a n i e c  (1987) ,  who found t h a t  o n l y  2-  
hour i n c u b a t i o n  w i t h  concen t ra ted  a l k a l i n e  NaOCI was 
r e q u i r e d  f o r  complete t r a n s f o r m a t i o n  of  DON i n t o  
u n s t a b l e  d e r i v a t i v e s ,  which on l onger  s t a n d i n g  gave low 
y i e l d s  o f  complex m i x t u r e s  o f  degraded p r o d u c t s .  Th is  
behav iou r  may be due, a t  l e a s t  i n  p a r t ,  to  the 
i n s t a b i l i t y  o f  the C8 keto group under a l k a l i n e  
c o n d i t i o n s  (Young et  a l .  1986). 

T h e r e f o r e ,  i t  would appear l i k e l y  t h a t  the t rea tmen t  
proposed above might  be e f f e c t i v e  f o r  decon tam ina t i on  
o f ,  a t  l e a s t ,  group A and B t r i c h o t h e c e n e s .  However, a 
d e f i n i t e  s ta tement  can not be made  u n t i l  these 
substances are i n d i v i d u a l l y  t e s t e d .  
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