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used an t i s ch i s to soma l  drugs,  n i r idazole  and  h y c a n t h o n e ,  
are m u t a g e n s  ~-~7 and,  as found  recent ly ,  are also carcino-  
genic in mice~S,~. F u r t h e r m o r e ,  an  an t i s ch i s t o s om a l  ni-  
t r o f u r a n  ( fu rapromid ium,  F-30066),  widely  used in China  
for t he  t r e a t m e n t  of p a t i e n t s  infected w i t h  S. ]aponicum ~o, 
has  a m u t a g e n i c  p o t e n c y  of t he  same order  of m a g n i t u d e  
as n i r idazole  21. W h e n  a h o s t - m e d i a t e d  assay  sys t em was 
used, some m u t a g e n i c  effects on  Salmonella s t r a in  TA-100 
were de t ec t ab le  w h e n  these  bac t e r i a  were in jec ted  i.p. 
2 h a f te r  t he  a d m i n i s t r a t i o n  of a dose of the  f o r m u l a t e d  
c o m p o u n d  exceeding  the  cu ra t i ve  dose b y  a fac to r  of 
25 (i.e. 250 mg/kg) .  6 h t h e r e a f t e r  t he  bac t e r i a  were 
washed  ou t  f rom the  pe r i tonea l  c a v i t y  and  p l a t e d  on a 
h i s t id ine -de f ic ien t  agar.  Since t h e  n u m b e r  of m u t a n t  
colonies was more  t h a n  twice  as g rea t  as t h a t  of t he  con-  
trols,  a m u t a g e n i c  m e t a b o l i t e  m u s t  h a v e  been  p roduced  in 
t he  host .  This  was conf i rmed  b y  t he  f ind ing  t h a t ,  fol lowing 
t he  oral  a d m i n i s t r a t i o n  of t he  f o r m u l a t e d  c o m p o u n d  to 
mice, one of several  u r i n a r y  m e t abo l i t e s  was found  to be 
m u t a g e n i e  for Salmonella s t r a in  TA-100;  none  was m u t a -  
genic for s t r a in  TA-98. A v e r y  m a r k e d  decrease  in th i s  
mu tagen i c  u r i n a r y  metabo l i t e ,  and  of t he  m u t a n t  col- 
onies found  in the  h o s t - m e d i a t e d  assay, was observed  
when  the  bac te r i a l  f lora of t he  h o s t ' s  in tes t ines  was 
reduced  b y  t he  oral  adm i n i s t r a t i on  of succ iny lsu l fa th ia -  

zole (1 g /kg once da i ly  for 3 successive days),  p reced ing  t he  
a d m i n i s t r a t i o n  of f o r m u l a t e d  CGP4540.  Th i s  f ind ing  
suggests  a role of i n t e s t i na l  b a c t e r i a  in t he  f o r m a t i o n  of a 
m u t a g e n i c  c o m p o u n d  f rom CGP4540.  P r e l i m i n a r y  resul t s  
ind ica te  t h a t  r educ t ion  of t he  i n t e s t i na l  bac t e r i a l  f lora b y  
t he  a d m i n i s t r a t i o n  of succ iny lsu l fa th iazo le  or of a m i x t u r e  
of an t ib io t i c s  does no t  e l imina te  t he  an t i s ch i s to soma l  
a c t i v i t y  of the  i so th iocyana t e  de r iva t ive ,  b u t  more  s tudies  
are requ i red  to d e t e r m i n e  w h e t h e r  t he  sch is tosomic ida l  
a c t i v i t y  of th i s  c o m p o u n d  can  be  d issocia ted  comple te ly  
f rom its m e t a b o l i s m  to a m u t a g e n .  
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Effec t s  of P h y s a l a e m i n ,  a V a s o - A c t i v e  P e p t i d e  f r o m  A m p h i b i a n  S k i n ,  on  the  E x c i t a b i l i t y  of  an I d e n t i -  
f iab le  M o l l u s c a n  G i a n t  N e u r o n e  of Achatina ]ulica F@russac  
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Summary. W e  e x a m i n e d  effects of severa l  vasoac t ive  pep t ides  ( subs tance  P, physa l aemin ,  neu ro tens in ,  b r a d y k i n i n ,  
ang io tens in  etc.) on the  exc i t ab i l i t y  of mol luscan  g i an t  neurones  ident i f ied  in the  subesophagea l  gangl ia  of Achatina 
/ulica Fdrussac. Of these  pept ides ,  on ly  p h y s a l a e m i n  showed a r e m a r k a b l e  e x c i t a t o r y  effect  on  a g i a n t  t on ica l ly  au to-  
ac t ive  neurone .  

W e  a t t e m p t e d  to e luc ida te  effects of va so -ac t i ve  
pept ides ,  l i s ted in t he  Table ,  on  n e u r o n a l  exc i tab i l i ty ,  
us ing  2 s p o n t a n e o u s l y  f i r ing g i a n t  neurones  ( the TAN, 
ton ica l ly  a u t o a c t i v e  neu rone  and  t he  PON,  per iodica l ly  
osci l la t ing neurone)2 ident i f ied  in the  subesophagea lg  ang-  
lia of an  Afr ican  g i an t  snai l  (AchaXina /ulica F~russac).  
Of t he  e x a m i n e d  pept ides ,  on ly  p h y s a l a e m i n  ~, a hypo-  
t ens ive  pep t ide  e x t r a c t e d  f rom the  skin of a Sou th -  
Amer i can  a m p h i b i a n  ( Physalaemus /uscumaculatus) , 
showed a n y  effect  on  T A N  exci tab i l i ty .  All pep t ides  exa-  
mined  h a d  no effect  on P O N  exc i tab i l i ty .  

W e  i m p l a n t e d  a microe lec t rode  in to  the  cell b o d y  of t he  
ident i f ied  neurone ,  recorded  i ts  b i o p o t e n t i a l  w i t h  a pen-  
wr i t i ng  ga lvanome te r ,  a n d  coun t ed  t h e  n u m b e r  of i t s  
spike d ischarges  per  m in  w i t h  a spike counter .  W e  app l ied  
t he  pep t ides  to  be e x a m i n e d  in 2 ways  : a pep t ide  dissolved 
in t he  physiological  so lu t ion  4 was d i rec t ly  appl ied  to t he  
d issected  gangl ia  (ba th  app l i ca t ion) ;  or a mic rodrop  
(100 ~ 1 5 0  ~m diameter )  of a pep t ide  so lu t ion  was fo rmed  
a t  t he  t ip  of a m ic rop ipe t t e  c o n t a i n i n g  the  so lu t ion  b y  oil 
pressure,  and  placed j u s t  on t he  surface of t he  ident i f ied  
neu rone  (microdrop  appl ica t ion)  5. 

Vaso-active peptides examined in the present study 

No. Substance AmiI~o acid sequence 

i Substance P ~ 
2 Physalaelnin 
3 Eledoisin-related peptide 
4 Neurotensin 
5 Xenopsin 
6 Bradykinin �9 
7 Lys-Bradykinin 
8 Met-Lys-bradykinin ~ 
9 Angiotensin I 

10 Angiotensin II 
11 Hypertensin o 
12 Angiotensin III 

Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH 2 
Pyr-Ala-Asp-Pro-Asn-Lys-Phe-Tyr-Gly-Leu-Met-NH 2 
Lys-Phe-Ile-Gly-Leu-3/fet-NH 2 
Pyr-Le u-Tyr-Glu-Asn-Lys- Pro-Arg-Arg-Pro-Tyr-IIe-Leu 
Pyr-Gly-Lys-Arg-Pro-Trp-Ile-Leu-OH 
Arg-Pro-Pro-Oly-Phe-Ser-Pro-phe-Arg 
Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg 
I~Iet-Lys-Arg-Pro-Pro-Oly-Phe-Ser-Pro-Phe-Arg 
Asp-Arg-Val-Tyr- Ile-His-Pro-Phe-His-Leu 
Asp-Arg-Val-Tyr-Ile-His-Pro-Phe 
Asn-Arg-Val-Tyr-Val-His-Pro-Phe 
Arg-VaI-Tyr-Ile-His- Pro-Phe 

~Product of Protein Research Foundation, Osaka; bdonnated by ]~isai Co. Lid.l; ~donnated by Ciba-Geigy Ltd. 
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Figure 1 shows the  expe r imen ta l  results  of 3 pep t ides  
including physa l aemin  a t  2 • 10 -4 g/ml  (bath  applicat ion) 
wi th  respec t  to TAN exci tabi l i ty .  This  neurone  was 
exci ted b y  physa l aemin  in th is  concent ra t ion ,  and  the  
f requency  of its spike discharges increased to  more  t h a n  
twice t h a t  of the  physiological  s ta te .  Dur ing  the  excita-  
t ion caused by  the  b a t h  appl ica t ion  of th is  pept ide ,  no 
remarkable  synap t ic  influence on the  TAN biopoten t ia l  was 
observed.  The exc i t a to ry  effect  of physa laemin  on the  
TAN disappeared  wi th in  1 or 2 min af ter  washing  out  th is  
subs tance  wi th  the  physiological  solution. All pep t ides  
examined  o ther  t h a n  physa l aemin  (at 2 • 10-~ g/ml  in 
ba th  appl icat ion)  had  no effect  on the  TAN, and no 
pep t ide  examined ,  including physa laemin ,  had  any  effect  
on the  PON. 

Figure  2 shows effects of physa l aemin  on the  TAN 
biopotent ia l ,  when  th is  subs tance  was appl ied locally 
on the  TAN surface (the microdrop  appl icat ion,  to ta l ly  
3.5 ng). A b o u t  10 see a f te r  the  appl icat ion,  t he  TAN 
b iopoten t ia l  showed a sl ight  hyperpolar iza t ion ,  followed 
by  a r emarkab le  depolar izat ion.  Several  min  later,  even  

w i t h o u t  washing  out  the  substance ,  t he  b iopoten t ia l  re- 
t u rned  to  t he  norma!  s ta te .  Dur ing  the  b iopoten t ia l  change  
caused by  locally appl ied physa laemin ,  no notab le  syn-  
apt ic  influence on the  b iopoten t ia l  was observed.  We 
conclude f rom this  t h a t  th is  pep t ide  acts  d i rec t ly  on 
the  TAN neuromembrane ,  r a the r  t h a n  b y  way  of synap t i c  
influences. 

I n  the  case of the  microdrop  appl ica t ion  o f  this  pep-  
tide, 2 phases  of TAN biopoten t ia l  change were observed : 
the  ini t ial  hyperpola r iza t ion  and subsequen t  depolari-  
zation. We assume t h a t  exc i t a to ry  and  inh ib i to ry  re- 
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Fig. 1. Effects of some vaso-active 
peptides on TAN (tonically auto- 
active neurone of Achatina ]ulica) 
excitability (bath application). 
Ordinate, number of spike dis- 
charges per min. Abscissa, time 
course, each histogram is 1 rain. 
We applied physalaemin, eledoi- 
sin-related substance and angio- 
tensin I at 2 • 10 -4 g/ml. An excita- 
tory effect of physalaemin was 
observed. 
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]Fig. 2. ]Effects of physalaemin 
(mierodrop application) on TAN 
excitability. The upper trace is the 
fullspike recording by the pen- 
writing galvanometer. The lower 
trace is the high amplification 
recording of the same biopotential 
of the upper trace {The spike 
peaks have been cut off by an 
electronic voltage clipper). A 
inicrodrop (150 ~zm in diameter) of 
physalaemin solution (at 2 • 10 -a 
g/ml, totally 3.5 ng) was applied on 
TAN surface (arrow). Left bar (50 
mV) is the amplitude calibration 
for the upper trace. Right bar (20 
mV} is the amplitude caiibration 
for the lower trace. Note that a mi- 
crodrop of physalaemin produced a 
slight inhibition folIowed by a re- 
markable excitation of the TAN 
neuromembrane. 
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ceptors  of p h y s a l a e m i n  exis t  on t h e  T A N  n e u r o m e m b r a n e ,  
a n d  t h a t  t he  m a j o r i t y  of t he  i n h i b i t o r y  recep tors  i s 
s i t u a t e d  more  superf ic ia l ly  t h a n  t h e  e x c i t a t o r y  ones. The  
e x c i t a t o r y  effect  of p h y s a l a e m i n  is c lear ly  p r e d o m i n a n t  
to  t he  i n h i b i t o r y  effect. W e  bel ieve t h a t  t he  e x c i t a t o r y  
effect  masks  t he  i n h i b i t o r y  one, w h e n  p h y s a l a e m i n  pene-  
t r a t e s  in to  t he  d e p t h  of t he  gangl ia  and  ac ts  on t he  T A N  
e x c i t a t o r y  receptors .  Hence,  du r ing  b a t h  app l i ca t ion  of 
th i s  pept ide ,  we not ice  on ly  an  e x c i t a t o r y  effect. 

ERSPAMER et  a l )  r epo r t ed  t h a t  p h y s a t a e m i n  g rea t ly  
lowered t he  b lood pressure  of some m a m m a l s  w h e n  in- 
j ec ted  i.v. a n d  t h a t  th i s  pep t ide  s t i m u l a t e d  d i rec t ly  some 
m a m m a l i a n  s m o o t h  muscles  (large in t e s t ine  and  i leum),  
j u s t  like eledoisin G, a pep t ide  e x t r a c t e d  f rom the  pos te r ior  
s a l i va ry  g lands  of eledone. 

On t he  cen t r a l  ne r vous  sys tem,  KONISHI and  OTSUKA 7 
repor ted  t h a t  a change  of t he  v e n t r a l  roo t  p o t e n t i a l  (a 

mass  response  of neurones)  of t h e  bul l f rog sp ina l  cord  was 
s imi lar ly  caused  b y  t he  a d m i n i s t r a t i o n  of each  of t he  3 
h y p o t e n s i v e  pept ides ,  s u b s t a n c e  P, p h y s a l a e m i n  and  
eledoisin.  T h e y  a s s u m e d  t h a t  t he  c o m m o n  C- t e rmina l  
sequence  of these  t h r ee  pep t ides  r e m a r k a b l y  exci ted  sp ina l  
mo toneurones .  

W e  d e m o n s t r a t e d  in t he  p r e sen t  s t u d y  t h a t  physa l a -  
emin  h a d  effects on  t h e  exc i t ab i l i t y  of a mol luscan  g i a n t  
neurone ,  t he  TAN,  as well  as m a m m a l i a n  s m o o t h  muscles  
or a m p h i b i a n  sp ina l  cord neurones .  Of t he  vaso -ac t i ve  
pep t ides  examined ,  however ,  t he  T A N  n e u r o m e m b r a n e  
was se lect ively  sens i t ive  to  p h y s a l a e m i n e ,  unl ike  t h e  
mass  response  of t he  a m p h i b i a n  sp ina l  cord  neu rones  
obse rved  b y  KONISHI a n d  OTSUKA. 
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T o x i c  S u b s t a n c e s  P r o d u c e d  by Fusar ium.  III.  P r o d u c t i o n  and S c r e e n i n g  of P h y t o t o x i c  S u b s t a n c e s  
of  F. oxysporum f. sp.  car thami  R e s p o n s i b l e  for the  Wilt  D i s e a s e  of Sa f f lower  Car thamus  t inctor ius  
Linn.  
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Summary. Fusarium oxysporum f. sp. earthami, a causa t ive  a g e n t  for t he  wil t  disease of saff lower (Carthamus tinctorius 
Linn.) ,  has  been  shown to p roduce  d iace toxysc i rpenot ,  T-2 toxin ,  fusar ic  acid a n d  l y c o m a r a s m i n  in ar t i f ic ia l  media .  
These  subs t ances  p roduced  disease syndromes ,  s imi la r  to  those  seen a f t e r  t he  n a t u r a l  infect ion,  w h e n  a d m i n i s t e r e d  
in h e a l t h y  p lan ts .  Diace toxysc i rpeno l  and  T-2 t o x i n  h a v e  been  de t ec t ed  in diseased saff lower p l an t s  a f t e r  inocu la t ing  
w i t h  t he  wi l t  pa thogen .  This  s t u d y  is t he  f i rs t  d e m o n s t r a t i o n  of v i v o t o x i c i t y  of d iace toxysc i rpenol .  

Saff lower (Carthamus tinctorius Linn.)  is a n  i m p o r t a n t  
oil seed crop c u l t i v a t e d  in severa l  S ta t e s  of India .  The  
seeds are edible and  are used ill cu l ina ry  purposes  ; t h e  oil 
cake  is used as a ca t t l e  feed. Two new diseases, viz., wi l t  
a n d  d u m p i n g  off, of safflower, su rveyed  in t h e  V a r a n a s i  
and  Mi rzapur  Dis t r ic t s  of Ind ia ,  were r epo r t ed  r ecen t ly  2. 
Tile causa t ive  a g e n t  for t he  wi l t  disease was found  here  ~ 
a n d  elsewhere a to  be Fusarium oxysporum f. sp. carthami. 
The  n a t u r e  of s u b s t a n c e  or subs t ances  respons ib le  for t h e  
p h y t o t o x i c  effects ha s  n o t  been  e v a l u a t e d  u n t i l  t h i s  
inves t iga t ion .  Since food ma te r i a l s  in fec ted  w i t h  fusar ia  
h a v e  of ten  been  found  to  con t a i n  subs t ances  wh ich  pro-  
duce h igh  m a m m a l i a n  t ox i c i t y  ~, t he  presence  of t he  t i t l e  
trusarium species in  saff lower  is also i m p o r t a n t  f rom t h e  
publ ic  h e a l t h  aspect .  The  p re sen t  i nves t i ga t i on  was design- 
ed to  isola te  a n d  s t u d y  t he  p h y t o t o x i c  subs tances ,  pro-  
duced  b y  t he  fungus  in ar t i f ic ia l  med ia  a n d  in vivo,  and  
t h e i r  adver se  effects on  t he  hos t  t issues.  

The  fungus  was col lected f rom V a r a n a s i  and  i ts  i d e n t i t y  
(IMI-166917) was conf i rmed  b y  t h e  C o m m o n w e a l t h  
Mycological  I n s t i t u t e ,  Kew, Eng land .  I t  was  g rown in 
R i c h a r d s  so lu t ion  (200 ml) in  st i l l  cu l tu re  f lasks (1 1) a t  
21~ for 21 days.  I n  a p r e l i m i n a r y  screening,  t he  effect  
of t he  cu l tu re  f i l t r a te  on saff lower seedlings was de t e rmin -  
ed. The  usua l  toxic  s y m p t o m s  p roduced  b y  t he  n a t u r a l  
in fec t ion  were man i f e s t ed  a f te r  a d m i n i s t r a t i o n  of t he  
cu l tu re  f i l t ra te .  The  p h y t o t o x i c  subs t ances  were ex t r ac t -  
ed f rom a larger  vo lume  of the  cu l tu re  f i l t r a te  (5 1) b y  
successive ex t r ac t i ons  w i t h  ch lo roform (3 1), e thy l  ace t a t e  
(3 1) and  n - b u t a n o l  (2 1). T he  res idue f rom the  ch lo roform 
ex t rac t ,  c o n t a i n i n g  severa l  t r i c h o t h e c e n e  de r iva t ives  ~, 
produced ,  in  h igh  di lut ions ,  toxic  s y m p t o m s  on safflower 
seedlings some of wh ich  were s imi lar  to  those  showed b y  

t he  cu l tu re  f i l t ra te .  Clearly, therefore ,  some more  con-  
s t i t u e n t s  in t h e  cu l tu re  f i l t r a t e  are respons ib le  for t h e  
t o t a l  toxic  s y m p t o m s .  The  search  for these  c o n s t i t u e n t s  
in t he  e t h y l  a ce t a t e  and  n - b u t a n o l  ex t r ac t s  resu l ted  in t he  
i so la t ion  of fusar ic  acid a n d  l y c o m a r a s m i n  f rom these  
ex t rac t s .  Addi t iona l ly ,  severa l  un iden t i f i ed  n i t rogenous  
c o m p o n e n t s  were de t ec t ed  in t he  l a t t e r  two  ex t rac t s .  The  
residue f rom the  E t O A c  ex t rac t ,  a pale  b r o w n  a m o r p h o u s  
solid (1.2 g), showed  3 m a j o r  n i n h y d r i n - p o s i t i v e  spots  on  
TLC (silica gel G, E. Merck, th ickness ,  0.4 mm)  a n d  P P C  
(~Vhatman No. 1) us ing  n - B u O H - A c O H - H , O  (4: 1:2) as 
t he  developer .  The  res idue was t r i t u r a t e d  w i t h  h o t  h e x a n e  
and  t h e  hexane-so tub le  p a r t  was f i l tered.  The  f i l t r a t e  was  
set  aside g iv ing  s t raw-co loured  c rys ta l s  (112 mg), m.p.  
101-102~ UV:  Im~x (E tOH)  230 (log e, 4.02), 272 n m  
(log e, 3.64); MS:  m/e 179 (M+), s ign i f ican t  f r a g m e n t  ion 
peaks  a t  m/e 135, 134, 122. These  p rope r t i e s  are  ind i s t in -  
gu ishable  f rom those  r epo r t ed  for fusar ic  acid 6. Process ing  
of t he  n - B u O H  e x t r a c t  a f forded a b r o w n  g u m  (0.8 g) 
wh ich  also showed  a n u m b e r  of p r o m i n e n t  a n d  dif fused 
n i n h y d r i n - p o s i t i v e  spots  on  TLC a n d  PPC.  The  res idue  
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