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Materials and methods. Because  of i ts  hyd r oph i l i c  na tu r e ,  
po lyox in  A was un l ike ly  to  p e n e t r a t e  insec t  cut ic le ;  we 
the re fo re  t e s t ed  for t ox i c i t y  b y  in j ec t ing  in to  t he  ab-  
d o m i n a l  cav i ty .  The  insec ts  used were 5 th  i n s t a r  n y m p h s  
of t he  g ra s shopper  Melanoplus sanguinipes. Polyox ins  
(samples  of Po lyox in  A a n d  D were gi f ts  f rom Dr  K. 
Isono) were in jec ted  in 2-10 [xl of w a t e r  us ing  a micro-  
m e t e r  syringe.  Cont ro l  groups  of insec ts  received in- 
j ec t ions  of wa te r  only.  M o r t a l i t y  coun t s  were m a d e  on  t he  
s e v e n t h  d a y  a f t e r  in jec t ion  and  resu l t s  sub jec t ed  to com- 
pu te r i zed  p r o b i t  ana lys i s  w i t h  a p p r o p r i a t e  cor rec t ion  for 
n a t u r a l  m o r t a l i t y .  
Results and discussion. F r o m  tox ic i ty  t r i a l s  w i t h  po lyox in  
A we o b t a i n e d  an  LDs0 of 1.26 • 0.20 ~xg pe r  insect .  A 
l imi ted  n u m b e r  of t r ia ls  w i t h  po lyoxin  D ind ica t ed  t h a t  
t he  l a t t e r  c o m p o u n d  was s o m e w h a t  less toxic.  Most  of t he  
d e a t h s  occur red  d u r i n g  the  m o l t i ng  process.  I t  s eemed  t h a t  
t he  newly  formed exoske le ton  did  no t  possess t he  s t r e n g t h  
r e q u i r e m e n t  to  w i t h s t a n d  t he  s tresses  i nvo lved  in ecdysis.  
I n v a r i a b l y ,  the  exoske le ton  spl i t  w i th  loss of h a e m o l y m p h  
a n d  des icca t ion  of t he  insect .  I n j ec t i on  of large doses of 
po lyox in  A (up to 50 t imes  LDs0 ) was t o t a l l y  w i t h o u t  el- 

fect  if appl ied  to a d u l t  insects,  a f ind ing  s t r e n g t h e n i n g  t he  
c o n t e n t i o n  t h a t  t o x i c i t y  was s t r i c t ly  due  to i nh ib i t i on  of 
c h i t i n  synthes is .  Po lyox in  A was no t  v e r y  toxic  when  ap-  
pl ied top ica l ly  to  las t  i n s t a r  n y m p h s .  Howeve r  i t  was  
possible  to  get  local ized effects f rom top ica l  appl ica t ions .  
A h igh  p e r c e n t a g e  of n y m p h s  t r e a t e d  top ica l ly  b y  depo-  
s i t ing  a 5qxl d rop  of a so lu t ion  of po lyox in  in w a t e r  (100 ~g 
pe r  insect)  u n d e r  t he  wing  pads,  deve loped  in to  a d u l t s  
w i t h  wing abe r ra t ions .  A l imi ted  n u m b e r  of t o x i c i t y  
t r ia l s  were done  w i t h  po lyoxin  A (injected) a n d  t he  mi-  
g r a t o r y  locus t  as t he  e x p e r i m e n t a l  an imal .  Tox ic i ty  a n d  
s y m p t o m s  of d e a t h  were s imi la r  to  w h a t  is descr ibed  
a b o v e  for t he  g rasshopper .  In  conclusion,  t he  r e su l t s  of 
th i s  s t u d y  showed t h a t  po lyox ins  can  be v e r y  effect ive  
insect ic ides  if i m m a t u r e  r a t h e r  t h a n  adu l t s  insec ts  are 
t rea ted ,  a n d  if t he  c o m p o u n d s  are in j ec ted  in to  t he  insec t  
r a t h e r  t h a n  app l ied  topica l ly .  The  s y m p t o m s  o b t a i n e d  
agree  w i th  a mode  of ac t ion  t h a t  invo lves  a d i s r u p t i o n  of 
t he  process  of ch i t i n  synthes is .  P e r h a p s  some p rac t i c a l  in- 
sect icides can  be based  on  the  po lyox in  s t r u c t u r e  if i t  is 
modif ied  so t h a t  the  c o m p o u n d s  become  l ipophi l ic  e n o u g h  
to ef f ic ient ly  p e n e t r a t e  insec t  i n t e g u m e n t .  

T o x i c  s u b s t a n c e s  p r o d u c e d  b y  F u s a r i u m  V I .  
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Summary. Anti-Fusarium o~;ysporum f. sp. carthami a c t i v i t y  of 2 , 2 ' , 4 - t r i - h y d r o x y b e n z o p h e n o n e  was eva lua ted .  Pre-  
t r e a t m e n t  w i th  the  b e n z o p h e n o n e  offered comple te  p ro t ec t i on  to saff lower seeds a n d  seedlings,  a n d  recovery  of t h e  
l a t t e r  f rom the  fungal  infect ion.  

Phenol ic  subs t ances  h a v e  been  repor ted  to be respons ib le  
for the  genera l  res i s tance  which  h igher  p l a n t s  show to-  
wa rds  pa ras i t i c  bac t e r i a  and  fungi  2. On the  basis  of these  
repor t s ,  we had  i nves t i ga t ed  and  r ecen t l y  r epo r t ed  a the  
a n t i f u n g a l  a c t i v i t y  of mangi fer in ,  a n a t u r a l l y  occur r ing  
xan thone-C-g lucos ide  f rom Canscora decussata Schu l t  
(Gent ianaceae) ,  aga i n s t  Fusarium oxysporum Schl. f. 
carthami Klisiewicz and  Hous ton .  T h e  fungus  is the  
causa l  a g e n t  of wil t  of saff lower a. H y d r o x y b e n z o p h e n o n e s ,  
wh ich  are regarded  as i n t e r m e d i a t e s  to  p o l y o x y g e n a t e d  
x a n t h o n e s  (e.g. mangi fer in) ,  were expec t ed  to p roduce  
s t ronge r  i n t e r a c t i o n s  w i t h  p a t h o g e n i c  fungi  because  of 
the  f lex ib i l i ty  of t he i r  2 a ry l  rings.  This  poss ib i l i ty  was 
t e s t ed  w i t h  a n u m b e r  of s y n t h e t i c  h y d r o x y b e n z o p h e n o n e s  
aga in s t  F. oxysporum I. sp. carthami. The  p r e s e n t  com- 
m u n i c a t i o n  descr ibes  t he  a n t i f u n g a l  a c t i v i t y  of the  mos t  
p o t e n t  a m o n g  these  compounds ,  viz., 2 ,2" ,4- t r ihydroxy-  
benzophenone .  The  c o m p o u n d  was syn thes i zed  as previ -  
ous ly  descr ibed s. 
Aqueous  sod ium c a r b o n a t e  so lu t ion  (1%) of 2,2",4-tri- 
h y d r o x y b e n z o p h e n o n e ,  in 3 d i f fe ren t  c o n c e n t r a t i o n s  
( 1 •  -5, 1 •  -4 and  1 •  -a M), was  used for de te r -  
m i n i n g  t he  a n t i f u n g a l  ac t iv i ty .  Unless  s t a t e d  otherwise ,  
t he  d a t a  g iven  ind ica te  the  effect  of t he  b e n z o p h e n o n e  
a t  a c o n c e n t r a t i o n  of 1 x 10 -4 M. In all  seed t r e a t m e n t  
expe r imen t s ,  100 seeds (10 seeds in each  ba t ch )  were used 
for  t he  con t ro l  and  t he  b e n z o p h e n o n e - t r e a t e d  groups ,  t he  
fo rmer  receiving on ly  the  vehic le  (1% aqueous  sod ium 
c a r b o n a t e  solut ion) .  
The  a n t i f u n g a l  a c t i v i t y  of t he  b e n z o p h e n o n e  aga in s t  3 
s t r a in s  of the  p a t h o g e n  (IMI-186539, IMI-186543,  and  

IMI-186544) was eva lua ted .  In  the  i n t e r ac t i on  of the  3 
s t r a ins  of the  fungus  and  the  benzophenone ,  no q u a l i t a t i v e  
difference was observed .  The  resul t s  r epor t ed  here  were 
those  o b t a i n e d  b y  us ing  the  mos t  v i ru l en t  s t r a i n  ( IMI-  
186539). 
The  effect  of the  b e n z o p h e n o n e  aga ins t  the  fungal  invas ion  
of t he  seeds a n d  seedl ings of saff lower  was de t e rmined .  
Surface-s ter i l ized seeds were soaked (12 h) in t he  vehic le  
or in the  b e n z o p h e n o n e  solut ion.  The  so lu t ion  was wiped 
f rom the  ou te r  surface  of the  seeds and  these  were p laced  
on t he  fungal  m a t  g rown on a p o t a t o  dex t rose  aga r  (PDA) 
med ium.  Af ter  24 h, t he  seeds were p icked  up,  w a s h e d  
successively w i t h  aqueous  mercu r i c  chlor ide (0.1%) a n d  
steri le dis t i l led water ,  and  aga in  p laced  on  P D A  p la tes  for 
i n c u b a t i o n  a t  21 ~ W i t h i n  96 h, the  fungus  a p p e a r e d  
on  t he  surface  of all  t h e  con t ro l  seeds whi le  t he  benzo-  
p h e n o n e - t r e a t e d  seeds r e m a i n e d  comple t e ly  unaf fec ted .  
In  a n o t h e r  e x p e r i m e n t ,  saff lower  seeds soaked in t h e  
b e n z o p h e n o n e  so lu t ion  were sown in infes ted  p o t t i n g  soil 
(5 g of t h e  inoculum,  g rown in R i c h a r d ' s  med ium,  was 
added  to 1 kg g a r d e n  soil). Typ ica l  disease s y m p t o m s  ap-  
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pea red  in all  t h e  seedl ings of t he  con t ro l  group;  In  case 
of t he  b e n z o p h e n o n e - t r e a t e d  group,  h e a l t h y  s e e d l i n g s  
emerged  and  no disease s y m p t o m s  appeared ,  also the re -  
af ter ,  
The  effect  of t he  b e n z o p h e n 0 n e  on t he  fungal  h y p h a e  vcas 
examined .  The  fungus  was grown (78 h) in s ter i l ized 
R i c h a r d ' s  m e d i u m  (150 ml) to  Which t he  b e n z o p h e n o n e  
was a d d e d  in 3 d i f fe ren t  concen t r a t i ons .  T he  e x t e n t  of t he  
myce l ia l  g rowth  in t he  con t ro l  a n d  b e n z o p h e n o n e - t r e a t e d  
groups  was q u a n t i t a t e d  as follows. The  m i x t u r e s  were 
i n c u b a t e d  a t  21 ~ for 7 days.  Subsequen t ly ,  t h e  d r y  
we igh t  of t he  m a t  g rown  in t he  con t ro l  a n d  t h e  benzo-  
p h e n o n e - t r e a t e d  g roups  was recorded.  Lysis  of t he  h y p h a l  
cells was  obse rved  w i t h i n  72 h of t he  b e n z o p h e n o n e  t r e a t -  
men t ,  t he  m y c e l i u m  b e c a m e  black,  and  p r o t op l a s t s  were 
d i s in tegra ted .  S h r i n k a g e  of t he  cell well  was  fol lowed b y  
the  d issolut ion of t h e  cell wal l  in some of the  hyphae .  The  
m a j o r  po r t i ons  of t he  m y e e l i u m  was n o t  s t a ined  w h e n  
l ac topheno t  c o t t o n  b lue  was appl ied.  A t  t he  lowest  con-  
c e n t r a t i o n  (1 • 10 -s M), however ,  t he  b e n z o p h e n o n e  ap-  
pea red  to p r o m o t e  g r o w t h  of t he  myce l ium,  while  a t  t he  
h ighes t  c o n c e n t r a t i o n  (1 • 10-s M), i t  s ign i f ican t ly  r e t a r d e d  
t he  myce l ia l  g rowth .  T he  mycel ia l  g rowth  (in g • SEM) 
in t he  con t ro l  and  t he  b e n z o p h e n o n e - t r e a t e d  (1 x 10-~ M) 
groups  were 0.422 4-0.0023 a n d  0.118 :k0.002, r espec t ive ly  
(p<0 .01 ) .  
The  p o t e n t i a l i t y  of t he  b e n z o p h e n o n e  as a foliar  fungicide 
was examined .  The  b e n z o p h e n o n e  was sp rayed  on the  
co ty ledon  leaves of 2-day-old  seedlings showing  typ ica l  

s y m p t o m s  of the  infect ion.  R e m a r k a b l e  r ecovery  f rom the  
aff l ic t ion was obse rved  in t he  t r e a t e d  group.  The  f i rs t  
leaves  of t he  t r e a t e d  seedlings were n o r m a l  in  size a n d  
shape,  whi le  those  in the  con t ro l  g roup  showed typ ica l  
a b n o r m a l i t y  assoc ia ted  w i t h  the  infect ion.  
The  ab i l i t y  of t r a n s l o c a t i o n  of t he  b e n z o p h e n o n e  f rom 
leaves to  roots  of sa t f tower  was d e m o n s t r a t e d .  10-day-old 
seedl ings of safflower,  g rown on  s ter i l ized sand,  were 
sp rayed  4 t imes  on  t he  leaves w i t h  t he  b e n z o p h e n o n e  a t  
12-h- in tervals .  Af te r  24 h f rom the  l a s t  spray,  t he  seed- 
l ings were uproo ted ,  surface-s ter i l ized,  a n d  sect ions  of the  
leaves,  s tems,  a n d  roots  were cut .  These  were p laced  on  
P D A  p la tes  wh ich  were seeded wi th  the  p a t h o g e n  (spore 
suspens ion  ca. 1,000,000/ml). The  p la tes  were i n c u b a t e d  
a t  21 ~ for 48 h. A r o u n d  t he  sect ions  of the  leaves,  s t ems  
a n d  roo ts  of the  t r e a t e d  seedlings,  a clear  i nh ib i t i on  zone 
of t he  fungus  was observed .  The  m a x i m u m  inh ib i t i on  zone 
was obse rved ,  as expec ted ,  a r o u n d  t he  sect ions  of t he  
t r e a t e d  leaves  on  which  t he  b e n z o p h e n o n e  was sprayed .  
E a c h  of t he  roo t  sect ions  also showed  apprec iab le  in- 
h i b i t i o n  zone. 
The  a b o v e  resu l t s  sugges t  t h a t  2 ,2 ' 4 - t r i hyd roxybenzo-  
p h e n o n e  could be  used as a p ro t ec t i ve  a n d  a cu ra t i ve  a g e n t  
aga in s t  t he  saff lower  wilt.  Addi t iona l ly ,  i t  possesses the  
u n i q u e  p r o p e r t y  of t r a n s l o c a t i o n  f rom leaves to  roots  of 
safflower.  I t  has  t h u s  t he  p o t e n t i a l i t y  for use as a foliar  
fungic ide  aga ins t  th i s  pa thogen .  F u r t h e r  s tudies  a b o u t  
t he  p rac t i ca l  s ignif icance of these  resu l t s  are c u r r e n t l y  
u n d e r w a y .  

Aflatoxin  m e t a b o l i s m  and absence  of c y t o c h r o m e  P-450 in rat co lon t issue during 
v i tamin  A malnutr i t ion  1 
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Summary. H o m o g e n i z e d  mucosa l  l inings p r e p a r e d  f rom v i t a m i n  A a d e q u a t e  and  def ic ien t  male  r a t s  were used in 
me tabo l i c  s tud ies  of a f l a tox in  B 1 (AFB1). C y t o c h r o m e  P-420 was ident i f ied  in b o t h  g r o u p s  which  me tabo l i zed  AFB~ 
to  4 me tabo l i c  p r o d u c t s  in vi t ro .  The  impl i ca t ions  of th i s  o b s e r v a t i o n  are discussed in r e l a t ion  to colon ca rc inoma .  

Af la tox in  B 1 is a m e t a b o l i t e  of the  tox igenic  fungus  
Aspergillus flavus (L ink  ex Fries,  U.I.Sl), cu l tu res  of 
p a l m s a p  s a n d  severa l  ag r i cu l tu ra l  commodi t i e s  4 which,  
like m o s t  l ipophi l ic  organic  compounds ,  are k n o w n  to be  
me tabo l i zed  b y  the  c y t o c h r o m e  P-450 d e p e n d e n t  m o n o x y -  
genase sys t em p r e s e n t  in l iver  mic rosomes  ~. Recen t ly ,  i t  
was r epo r t ed  8 t h a t  d i e t a r y  v i t a m i n  A caused  a decl ine of 
d rug  m e t a b o l i s m  in r a t  l iver  a n d  a lowering of c y t o c h r o m e  
P-450. U n d e r  m a r g i n a l  v i t a m i n  A, a f l a tox in  was r epo r t ed  ~ 
to induce  colon ca rc inoma .  Since t he  Condit ion m a y  occur  
in man ,  th i s  r e p o r t  could  be  of f u r t h e r  b iochemica l  and  
n u t r i t i o n a l  in te res t .  Thus ,  i t  seemed to us necessa ry  to 
i nves t i ga t e  t he  mechan i s t i c  p a t t e r n  of A F B  1 m e t a b o l i s m  
in t he  colon u n d e r  t h i s  condi t ion .  
Materials and methods. For  p roduc ing  v i t a m i n  A def ic iency 
in t he  e x p e r i m e n t a l  an imals ,  ma le  weanl ing  Sprague-  
Dawley -de r ived  r a t s  (50-55 g) were fed for  45 days  on a 
co rn -based  d ie t  w i t h o u t  t he  v i t amin .  Cont ro l  an ima l s  
received a d ie t  s u p p l e m e n t e d  w i t h  v i t a m i n  A (5 mg  v i t a m i n  
A p a l m i t a t e  per  kg diet)  for t he  same period,  b o t h  groups  
receiving w a t e r  ad  l ib i tum.  The  r a t s  were t h e n  d e c a p i t a t e d  
and  t h e i r  colons were d issec ted  ou t  a n d  washed  free of 
fecal ma te r i a l s  w i t h  0 .9% saline.  The  mucosa l  l in ings  of 
t he  colon were scraped,  pooled  for each  group  and  s tored  

a t  0 ~ The  pooled samples  were minced  in 0.2 M phos-  
p h a t e  buffer ,  p H  7.4, and  homogen ized  in the  buf fe r  in a 
m o t o r - d r i v e n  P o t t e r - E l v e h j e m  Teflon-glass  homogen ize r  
(in an  iced ba th )  a t  600 r ev /min .  P r o t e i n  and  v i t a m i n  A 
were d e t e r m i n e d  b y  t e c h n i q u e  of Lowry  e t  al. s a n d  Neeld 
a n d  P e a r s o n  ~ respect ive ly .  Whi l e  we were  a t t e m p t i n g  to  
cha rac t e r i ze  c y t o c h r o m e  P-450 f rom th i s  p r e p a r a t i o n  b y  
the  m e t h o d  of O m u r a  a n d  Sato  10, we e n c o u n t e r e d  a pig- 
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