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a n d  appl ied  to 4 p r e p a r a t i v e  p la t e s  for  TLC. T h e  green  
f luorescen t  b a n d  (RI 0.47) c o n t a i n i n g  pur i f ied  OTc was 
sc raped  f rom the  deve loped  p la t e s  a n d  Muted w i th  
m e t h a n o l .  50 m g  of OTe was recovered  a f te r  t he  m e t h a n o l  
was  evapora t ed .  

O c h r a t o x i n  TA was p r e p a r e d  b y  a lka l ine  hydro lys i s  of 
OTe. 6/10 ml  of 1 N N a O H  was a d d e d  to  a n  OTc so lu t ion  
(20 m g  in 1.2 ml  E t O H ,  t he  so lu t ion  t u r n e d  f rom a l igh t  

p i n k  to a f a in t  yel low upon  a d d i t i o n  of NaOH) .  U p o n  
d i lu t ion  w i t h  dis t i l led water ,  acidif ied w i t h  1 N HC1, t he  
m i x t u r e  was e x t r a c t e d  e x h a u s t i v e l y  w i t h  e thy l  e ther ,  
evapora t ed ,  a n d  t h e n  app l ied  to  four  p r e p a r a t i v e  TLC 
pla tes .  Af te r  developing,  t h e  p la tes  showed  two f luorescen t  
bands ,  one a t  t he  or ig in  (blue) and  t he  o the r  w i t h  an  Rf  
of 0.26 (greenish).  T he  l a t t e r  b a n d  was sc raped  f rom t h e  
plates ,  and  t h e n  Muted  w i t h  m e t h a n o l .  14 m g  of OTA was 
o b t a i n e d  a f te r  t he  M e O H  was evapora t ed .  

Results and discussion. C h a r a c t e r i z a t i o n  of OTe a n d  
O T , .  T h i n  layer  c h r o m a t o g r a p h y  of t h e  pur i f ied  ana logs  
a t  10 ~tg pe r  spo t  revea led  on ly  I r o u n d  green  f luorescen t  
spo t  a t  an  Rf  va lue  of 0.47 for OTc and  i of 0.26 for OT , .  
The  Rf  va lue  for  OA s t a n d a r d  was found  to  be  0.57 u n d e r  
t he  same  condi t ions .  Tyros ine  was t he  on ly  amino  acid 
de t ec t ed  ( B e c k m a n  S p i n c o  Model  12013 a m i n o  acid 
analyzer)  a f t e r  hydro lys i s  in  6 N HC1 a t  110 ~ for  48 h. 
O c h r a t o x i n  T ,  was  r ead i ly  c o n v e r t e d  b a c k  to OTc upon  
es te r i f ica t ion  w i t h  E t O H  in B F  3. A l t h o u g h  mass  spec t ra l  
ana lys i s  (Associa ted Elec t r ica l  Indus t r i e s ,  Ltd .  M-9 mass  
spec t romete r )  for OTA was unsuccessful  because  of t he  
low vo la t i l i t y  of t h e  p roduc t ,  exce l len t  mass  spec t ra l  
resu l t s  for OTc were o b t a i n e d  (Figure).  T he  presence  of 
ha l ide  (cfllorine) ion in t he  molecule  was ev i den t  f rom the  
a b s o r p t i o n  in tens i t i e s  of a n u m b e r  of ion peak  pairs,  such  
as a t  m/e 447 a n d  449, 402 and  404, 374 and  376, 239 (base 
peak)  and  241, h a v i n g  a r a t io  of a p p r o x i m a t e l y  3 to  1. The  
molecu la r  we igh t  of OTc as d e t e r m i n e d  b y  t h e  mass  
spec t rome t r i c a l  m e t h o d  was found  to  be  447 (requires  
447). The  a b s o r p t i o n  m a x i m a  of OTc a b o v e  300 n m  
resembled  those  of OA (Z m a x i m a  a t  330 n m  a n d  380 rim), 
and  were  f u r t h e r  found  to  be  d e p e n d e n t  u p o n  p H  a n d  
e n v i r o n m e n t a l  cond i t ions  5. Molar  abso rp t iv i t i e s  e (calcu- 
l a t ed  on  t he  basis  of t y ros ine  con ten t )  for OTe a t  330 n m  
and  380 n m  were f o u n d  to  be  2610 and  9660 in  E t O H ,  a n d  
7570 a n d  200 in acidic E t O H  (2 ml  E t O H  a n d  1 ml  

0.1 N HC1), whi le  those  for  OTA were found  to be  9770 
in E t O t I  (380 nm)  a n d  7770 in acidic  E t O H  (330 rim). 
S p e c t r o p h o t o m e t r i c a l  t i t r a t i o n  ~ revea led  t h a t  the  dissoci- 
a t ion  c o n s t a n t s  for t he  phenol ic  h y d r o x y l  g roup  in the  
i socoumar in  r ing  of OTc and  O T ,  were 6.41 and  7.09 
(compared  to va lues  of 7.14 for OC n a d  7.05 for OA; ref. 
5) respect ive ly .  [e]~5 for OTe a n d  OTA in E t O H  were 
found  to be  - -41.2 (c. 0.28) and  - -141 (c. 1.3). 

Chicken  e m b r y o  assay.  The  toxic i t ies  of OTe a n d  O T ,  
were t e s t ed  b y  ch icken  e m b r y o  assay  as p rev ious ly  descr ib-  
ed, and  t h e  resu l t s  are shown  in t he  Table .  O c h r a t o x i n  
Tc was f o u n d  to be  s l ight ly  more  tox ic  t h a n  OA, b u t  OTA 
is s l igh t ly  less tox ic  t h a n  e i t he r  of these  5. Since OTe h a s  a 
lower p K  for t he  phenol ic  h y d r o x y l  g roup  t h a n  does OA, 
whereas  OTA has  a h ighe r  p K  va lue  t h a n  OA, these  resul t s  
s u p p o r t  our  p rev ious  p o s t u l a t i o n  r ega rd ing  t he  i m p o r t a n c e  
of t he  d issoc ia t ion  of the  phenol ic  h y d r o x y l  g roup  in 
o c h r a t o x i n  for in tox ica t ion .  Never the less ,  s tudies  on 
o the r  a n i m a l  sys t ems  will h a v e  to  be  car r ied  ou t  to  pin-  
p o i n t  t he  lesions on t a r g e t  organs  or t i ssues  before  a n y  
conclusions  can  be  m a d e  concern ing  t he  mode  of ac t ion  
of these  new ana logs  9. 

Tes t ing  of cu l tu re  f i l t r a tes  of Aspergillus ochraceus a n d  
Penicillium viridicatum. I n  a n  a t t e m p t  to  f ind  w h e t h e r  
some o c h r a t o x i n - p r o d u c i n g  fungi  m i g h t  p roduce  OTc a n d  
OTA, c rude  ex t r ac t s  o b t a i n e d  f rom rice in  wh ich  A. 
ochraceus 3174 and  P. viridicatum were g rown for 1 week  
a t  room t e m p e r a t u r e  were ana lyzed  b y  TLC me thod .  No 
f luorescence spots  h a v i n g  Rf  va lues  r e sembl ing  those  of 
OTe and  O T ,  were de tec ted .  I t  was  the re fo re  conc luded  
t h a t  these  2 cul tures ,  a t  least ,  do no t  p roduce  these  
ana logs  in n a t u r e  u n d e r  t he  cond i t ions  descr ibed.  W h e t h e r  
o the r  o c h r a t o x i n  p roducer s  syn thes ize  these  analogs,  a n d  
w h e t h e r  t h e  same  o rgan i sms  we t e s t ed  p roduce  these  
ana logs  w h e n  i n c u b a t e d  u n d e r  o the r  condi t ions ,  are  two 
ques t ions  which  r e m a i n  to  be  i nves t i ga t ed  19 

Zusammen/assung. Zwei Ochra tox inana loge ,  Ochra-  
t ox in  TA (OTA) u n d  Te  (OTc) w u r d e n  aus  Ochra tox in -~  
chemisch  s y n t h e t i s i e r t  i n d e m  P h e n y l a l a n i n  u n d  sein 
A t h y l e s t e r  im 1Kolekiil d u r c h  Ty ros in  u n d  Tyros in-  
g t h y l e s t e r  s u b s t i t u i e r t  wurden .  Der  H t i h n e r e m b r y o n e n -  
t e s t  ergab,  dass  OTe e twas  tox i sehe r  u n d  OTA e twas  weni-  
ger  tox i sch  is t  als O c h r a t o x i n  A (OA). 

Toxicity of OT A and OT c to 8-day-old chicken embryos 

Analogs Amount Toxicity 
injected (No. dead/No, surviving embryos, 
(Dg/egg) 2 weeks after injections) 

RtJ-DONG WEI and  F. S. CHu 

Food Reserach Institute and Department o/Food Science, 
University o/Wisconsin, 220 Babcack Hall, 
Madison (Wisconsin 53706, USA), 17July 1973. 

OT e 28 3]3 
14 9/lo 
7 7/10 
3.5 1/10 

OT A 21 6/10 
10 1/10 
5 l/z0 
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Blockade of the Hydrosmotic Effect of Vasopressin by Cytochalasin B 

Cytocha la s in  B (CB) is a macro l ide  an t ib io t i c  inde-  
p e n d e n t l y  i so la ted  b y  TURNER in E n g l a n d  1 and  b y  
}~OTI-tWEILER and  TAMM 2 in Swi tzer land ,  u n d e r  t h e  n a m e  
of phomin .  Since t h e  r e p o r t  b y  CARTER in 1967 a, CB has  " 

been  i n t ens ive ly  i nves t i ga t ed  in m a n y  cell sys tems.  I t  
has  been  shown t h a t  th i s  s u b s t a n c e  i n t e r ac t s  w i t h  micro-  
f i l aments ,  d i sorgan iz ing  the  ec top lasmic  cell web 4, 5 a n d  
a l ters  severa l  cell funct ions ,  such  as cytokines is ,  mot i l i ty ,  
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endocytos is  and  cy toplasmic  s t reaming  1,s. Given the  
wide va r i e ty  of cell p h e n o m e n a  affected by  CB, we 
considered it po ten t ia l ly  in teres t ing  to inves t iga te  the  
effects of th is  compound  on sod ium and  wa te r  t r anspo r t  
in amph ib i an  epithelia,  par t icu lar ly  af ter  s t imula t ion  by  
neu rohypophysea l  hormones .  

Quar ter  b ladders  of toads  Bu/o marinus were m o u n t e d  
on glass chambers  designed for the  s tudy  of osmotic  
wa te r  flow, and exposed  to Ringer  solutions of s t anda rd  
compos i t ion  7. Measurements  were pe r fo rmed  wi th  an 
au tomat i c  optical  method ,  used previous ly  wi th  frog 
skin s. Taking  into account  t he  mechanica l  fragil i ty of 
toad  bladder ,  as compared  to  frog skin, and  the  possibi l i ty  
of damage  of the  ep i the l ium by  the  suppor t ing  nylon  
meshes,  p re l iminary  s tudies  were carried out  to  assess the  
sui tabi l i ty  of t he  m e t h o d  for toad  bladder .  As shown in 
Figure 1, the  b ladders  behaved  normal ly  under  the  
exper imenta l  condit ions,  al lowing for a small  basal  flow 
in the  absence of neu rohypophysea l  hormones  and 
reac t ing  p r o m p t l y  and  typica l ly  to  P i t ress in  w i th  a 
large increase in wa te r  flow. 

Addi t ion  of CB to the  ba th ing  Ringer  solutions 
resul ted in a s tr iking blockage of the  hydrosmot i c  effect  
of Pi t ress in  on toad  bladder .  This p h e n o m e n o n  is clearly 
i l lus t ra ted in Figtire 2 : 2  quar t e r  b ladders  exposed to CB 
showed no de tec tab le  increase in water  f low af ter  
add i t ion  of Pitressin,  whereas  a 3rd qua r t e r  f rom the  same 
b ladder  exh ib i t ed  the  usual  response to the  hormone.  

Ini t ia l  expe r imen t s  were pe r fo rmed  wi th  bo th  surfaces 
of the  b ladder  exposed to 10 b~g/ml of CB for 3 h. Sub- 
sequent ly ,  only the  serosal surface was exposed to t he  
drug, while the  concen t ra t ion  and t ime of exposure  were 
reduced  to  1 btg/ml and 30 min respect ively.  In  30 experi-  
men t s  wi th  CB, a to ta l  block of the  wa te r  f low was ob- 
served and in 3 o ther  expe r imen t s  the  inhib i t ion  ranged  
f rom 80 to  95%. As C13 was dissolved in d imethylsu l f -  
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Fig. 1. Automatic recording of water flow (Jnzo) with an optical 
method 8. Upper half: direct recording ol the displacement of the 
meniscus inside the pipette. Lower half: conversion to flow units. 
Osmotic gradient established at time 0 : serosal side - normaI Ringer 
solution; mueosal side - Ringer solution diluted 10 times. 

oxide (DMSO), addi t iona l  s tudies  were carried out  to  
exclude an effect  of t he  solvent .  No anomaly  in the  
response  to Pi t ress in  was found in the  presence of DMSO 
wi th in  the  range of concen t ra t ions  used in these  studies,  
i.e., 0.01 to  1% of DMSO in Ringer  solution. Fur the rmore ,  
i t  was also observed t h a t  CB blocked t ransep i the l ia l  
wa te r  t r a n s p o r t  when  given to m e m b r a n e s  w i th  ve ry  
high ra tes  of wa te r  flow by  previous  s t imula t ion  wi th  
Pi t ressin.  

In  con t ras t  wi th  t he  blockage of the  hydrosmot i c  
effect  of Pi tressin,  CB did not  p r ev en t  the  abi l i ty  of the  
h o rmo n e  to s t imula te  sod ium t r a n s p o r t  in t oad  bladder .  
This  can be seen in t he  lower hal f  of Figure 3, showing 
the  results  ob ta ined  in a 4th qua r t e r  of t he  same b ladder  
used in the  wa te r  flow exper iments  of Figure 2. In  a to- 
ta l  of 10 pai red exper iments ,  the  increase in sodium 
t ranspor t ,  t aken  as the  increase in shor t  circuit  current ,  
was 23.1 • 5.36 btA/cm 2 (Mean • S.E.) in the  presence  
of CB and 23.0 • 5.29 vA/cm 2 in the  absence  of the  
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Fig. 2. Inhibition by cytochalasin ]3 of the osmotic flow induced by 
Pitressin on toad bladder. The drug was added to the internal 
(serosal) side at time 0. RN, normal Ringer on both sides of the blad- 
der. R.N./10, osmotic gradient as described in Figure i. Water 
:[lows (JH20) were determined in 3 independent quarters of the same 
bladder. 
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macrol ide .  I n  a n o t h e r  se t  of e x p e r i m e n t s ,  effects  of CB 
on s o d i u m  t r a n s p o r t  were s t ud i ed  in a d i f fe ren t  a m p h i b i a n  
ep i the l ium,  t h e  v e n t r a l  sk in  of f rogs Rana ridibunda. 
As s h o w n  in t h e  u p p e r  ha l f  of F igu re  3, CB did n o t  
block t h e  na t r i fe r ic  effect  of o x y t o c i n  on frog skin,  a 
r e su l t  c o n s i s t e n t  w i t h  t he  o b s e r v a t i o n s  m a d e  on  t o a d  
b l add e r  9 

Th e  s tud ie s  r epor t ed  here  d e m o n s t r a t e  t h a t  in t he  
p resence  of CB a s t r i k ing  d i ssoc ia t ion  of t h e  h y d r o s m o t i c  
a n d  na t r i f e r i c  effects  of P i t r e s s in  can  be obse rved  in 
t oad  b ladder .  F u r t h e r  e x p e r i m e n t s  are  needed  to  def ine  
the  s i te  a n d  m o d e  of ac t ion  of t he  ant ib io t ic .  Two m a j o r  
possibi l i t ies  ex is t :  1. C]3 af fec ts  p r ima r i l y  t h e  pe rmeab i l -  
i t y  to  w a t e r  of t h e  apical  m e m b r a n e  of ep i the l ia l  cells; 
a n d  2. CB d i s r u p t s  m i c r o f i l a m e n t s  wh ich  p l ay  a role in 
t he  s t im u lu s - e f f ec t  coup l ing  of n e u r o h y p o p h y s e a l  hor-  
mones .  

R e c e n t  r epor t s  showing  t h a t  CB can  d i rec t ly  af fec t  
m e m b r a n e  t ranspor tS~ x~ s u p p o r t  t he  f i r s t  h y p o t h e s i s .  
Concern ing  t h e  second  hypo the s i s ,  two  a spec t s  of t o a d  
b l ad d e r  ep i the l ia l  ceils m u s t  be e m p h a s i z e d :  a) a conspi-  
cuous  cell web of m i c r o f i l a m e n t s  is p r e sen t  j u s t  b e n e a t h  t he  
apical  m em b ran e1 2 ;  and  b) t he  g r a n u l a r  cells exh ib i t  a 
g rea t  n u m b e r  of g ranu les ,  t he  c o n t e n t s  of wh ich  h a v e  
r ecen t ly  b een  imp l i ca t ed  in t he  h y d r o s m o t i c  effect  of 
va so p re s s in  ~3,~. The  i n t e r p l a y  be tween  CB, cell web 
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Fig. 3. Stimulation of short circuit current (SCC) by neurohypophys- 
eal hormones in the presence of eytoehalasin B added to the internal 
(serosal) side. Techniques for measuring SCC were described else- 
whereL Symbols on the upper half refer to 2 independent areas of 
the same skin. Lower half refers to the 4th quarter of the same 
bladder of Figure 2. 

a n d  secre t ion  of g ranu le s  h a s  been  e x t e n s i v e l y  s t u d i e d  in 
o ther  s y s t e m s  5, sugge s t i ng  t h a t  s imi la r  p h e n o m e n a  m i g h t  
occur  in t oa d  b l adde r  a nd  c o n t r i b u t e  to t he  c h a n g e s  in 
w a t e r  p e r m e a b i l i t y  descr ibed  in th i s  repor t .  G iven  t he  
wide  v a r i e t y  of cell p h e n o m e n a  a l t e red  by  CB ], 4, 6, i t  is 
conce ivable  t h a t  more  t h a n  one effect  is i nvo lve d  in t h e  
i nh ib i t i on  of osmot ic  f low across  t o a d  b ladder .  I n  fact,  
in add i t i on  to  a l te r  t he  p e r m e a b i l i t y  to  w a t e r  of t he  apical  
m e m b r a n e  of t he  epi thel ia l  cells, CB m a y  af fec t  o the r  
s t ruc tu re s ,  s u c h  as the  s u b m u e o s a l  s m o o t h  muscle ,  
w h ic h  is k n o w n  to inf luence  w a t e r  flow across  t he  b l adde r  
u n d e r  ce r ta in  e x p e r i m e n t a l  cond i t i ons  ~s. 

I n  a r e po r t  j u s t  pub l i shed ,  TAYLOR et  al. ~6 descr ibed  
effects  of CB on t oa d  b l adde r  v e r y  s imi la r  to  t hose  
r epor t ed  here,  d i f ferences  in  t he  degree  of i nh ib i t i on  be ing  
p r o b a b l y  a t t r i b u t a b l e  to  d i f ferences  in t h e  t e c h n i q u e s  
used  to  m e a s u r e  w a t e r  flow. These  a u t h o r s  also showed  
t h a t  CB inh ib i t s  t h e  h y d r o s m o t i c  effect  of cyclic A M P  17, is 
T h e  concep t  of a n  i n t e r r e l a t i onsh ip  b e t w e e n  c ha nge s  in  
m e m b r a n e  p e r m e a b i l i t y  a nd  secre t ion  of g ranu le s  b y  
epi the l ia l  cells deserves  f u r t h e r  a t t e n t i on ,  s ince it  m i g h t  
lead to new in s igh t  on t he  s t imu lus - e f f e c t  coup l ing  of 
n e u r o h y p o p h y s e a l  h o r m o n e s  a n d  on t he  role of micro-  
t u b u l e s  a n d  m i c r o f i l a m e n t s  on  t r a n se p i t he l i a l  t r ans -  
po r t  p rocesses  ~9, 20 

Rdsumd. L a  c y toc ha l a s ine  B dissocie les effets  hyd ros -  
m o t i q u e  et  na t r i f6 r ique  de la P i t r e s s ine  su r  la vess ie  de 
c r apaud ,  en b l o q u a n t  le t r a n s p o r t  d ' e a u  suns  pou r  a u t a n t  
modi f ie r  la  s t i m u l a t i o n  du  t r a n s p o r t  de sod ium.  Les  in te r -  
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et  les a l t6 ra t ions  de perm6abi l i t6  son t  discut6es.  
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