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t r a n s m i s s i o n  va lues  (ca lcu la ted  f rom m i c r o p h o t o m e t e r  
r ead ings  a n d  g iven  on  t he  lef t  side of t he  spec t r a  in t h e  
Figure)  give us an  idea  of t he  r e l a t ive  a m o u n t s  p resen t ,  
t h e  two  be ing  inve r se ly  p r o p o r t i o n a l  to  each  o ther .  

T h e  in s ign i f i can t  c h a n g e  in ionized ca lc ium in t he  
r e s i s t a n t  p l a n t s  fol lowing infec t ion ,  as aga in s t  t h e  m a r k e d  
one  in in fec ted  suscep t ib le  p lan t s ,  falls in  l ine w i t h  t h e  
t r e n d  in  genera l  ionic  p a t t e r n  r e p o r t e d  ear l ie r  ~. I t  was  
n o t e d  t h a t  a cons ide rab le  loss of p o t a s s i u m ,  a n d  a n  in-  
crease  in t he  a m o u n t s  of o t h e r  m e t a l s  genera l ly ,  b r o u g h t  
a b o u t  a n  ionic i m b a l a n c e  in t he  in fec ted  suscep t ib le  
p lan t s ,  whe reas  t he  ionic r a t i o s  in t he  r e s i s t a n t  p l a n t s  
r e m a i n e d  l i t t le  affected.  As was o b s e r v e d  in the  case of 
m a g n e s i u m  a n d  manganese ,  t he  s t r o n g e s t  l ines for ionized 
ca lc ium also were  in t he  in fec ted  suscep t ib le  p l a n t s  looking  
h e a l t h y  (non-wil t ing) .  A l t h o u g h  a t  p re sen t  i t  is n o t  
possible  ca tegor ica l ly  to  s t a t e  t he  reasons  for these  in vivo 
ionic  changes ,  a few possibi l i t ies  are  suggested.  

Two groups  of s u b s t a n c e s  imp l i ca t ed  in m a n y  v a s c u l a r  
wi l ts  are ex t r ace l lu l a r  t o x i n s  a n d  enzymes  p roduced  b y  
t he  p a t h o g e n s  concerned .  In  t he  Fusarium wil t  of co t ton ,  
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b o t h  t h e  p h y t o t o x i n  fusar ic  acid a n d  pec t ic  e n z y m e s  are 
cons ide red  to p l ay  a s ign i f i can t  role 3. 

One of the  poss ib i l i t ies  sugges ted  here  is t h a t  the  e x t r a  
ca lc ium m a y  be t r a n s p o r t e d  a long  t h e  c o n d u c t i o n  s t r e a m  
b y  fusar ic  acid as a complex  to  t h e  leaves  where  i t  m a y  
d issoc ia te  re leas ing  t h e  meta l ,  as p roposed  for i ron  in 
wi l t ing  t o m a t o  p l a n t s  b y  GXUMANN et  al.  4. T h e  second is 
t h a t  t h e  d i s i n t e g r a t i o n  of t h e  midd le  l ame l l a  b y  fnnga l  
pec t ic  e n z y m e s  m a y  release t h e  me ta l l i c  ions. I t  is well  
k n o w n  t h a t  pec t ic  m a t e r i a l s  in t h e  midd le  l amel la  occur  
m o s t l y  as  ca l c ium a n d  m a g n e s i u m  pec ta te s .  S t u d y i n g  t h e  
pec t ic  e n z y m e  c o n t e n t s  in leaves  of t h e  s ame  var ie t i e s  of 
c o t t o n  p lan t s ,  SUBRAMANIAN 5 found  t h a t  t h e  r e s i s t a n t  
p l a n t s  n o r m a l l y  c o n t a i n e d  more  of these  e n z y m e s  t h a n  t h e  
suscep t ib le  (note t h e  s t r o n g e r  l ines for ionized ca l c ium in 
these) ,  a n d  t h a t  the  fo rmer  did  n o t  show m u c h  c h a n g e  on  
in fec t ion  while  the  l a t t e r  showed  increased  a m o u n t s  of 
enzymes .  

A p o i n t  to  be no t ed  here  is t h a t  i t  is t h e  in fec ted  b u t  
non -wi l t i ng  suscep t ib le  p l a n t s  t h a t  revea l  t h e  h i g h es t  
a m o u n t s  of ionized ca lc ium (Figure) .  W h a t  s tage  these  
p l a n t s  r ep re sen t  d u r i n g  th i s  wil t  p a t h o g en es i s  r e m a i n s  to  
be  a sce r t a ined .  I t  is obv ious  f rom the i r  ionic i m b a l a n c e  e 
t h a t  t h e y  are on ly  a p p a r e n t l y  h e a l t h y  (on t h e  18th  d a y  
a f t e r  inocu la t ion)  b u t  no t  rea l ly  so, I t  is l ikely t h a t  these  
h a v e  ou t l i ved  t he i r  c o n t e m p o r a r y  wi l t ing  p l a n t s  on ly  
because  of a s lower  progress  of pa thogenes i s ,  a n d  t h e y  
offer  i n t e r e s t i n g  m a t e r i a l  for f u r t h e r  i n v es t i g a t i o n s  ". 

Zusammen/assung. B l a t t a n a l y s e n  v o n  18 Tage  a l t en ,  
gegen den  \Velkepi lz  Fusarium vasinfectum w i d e r s t a n d s -  
f~ihlgen ode r  anf/ i l l igen B a u m w o l l p f l a n z e n  ze ig ten  e inen  
e r h 6 h t e n  G e h a l t  a n  C a l c i u m - I o n e n  in d en  inf iz ie r ten ,  an -  
f~tlligen P f l a n z e n ;  a m  s tRrks ten  w a r  de r  E f f e k t  in  den -  
j en igen  anf/ i l l igen Pf lanzen ,  die inf iz ier t  w o r d e n  waren ,  
a b e r  ke ine  \ V e l k e s y m p t o m e  zeigten.  Die S t e ige rung  
k o m m t  m6gl icherweise  d u t c h  d en  Zerfal l  v o n  Tox in -  
M e t a l l - K o m p l e x e n  oder  d u t c h  den  e n z y m a t i s c h e n  A b b a u  
yon  P e k t i n s t o f f e n  zus tande .  
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Effect of Metabol ic  Inhibi tors  on the Release  of  
H i s t a m i n e  by Anaphy la tox in  and by Ant igen  

i n  v i t ro  

Prev ious  resu l t s  o b t a i n e d  in t h i s  l a b o r a t o r y  1, d e m o n -  
s t r a t e d  t h a t  m a s t  cell a l t e r a t i o n s  a n d  h i s t a m i n e  release 
caused  b y  c o m p o u n d  48/80 ~ in  r a t  t i ssue  in vitro, are  
r ead i ly  i n h i b i t e d  b y  agen t s  (d in i t rophenol ,  sa l icyla te ,  th io -  
pen ta l ,  anoxia ,  cyanide ,  etc.),  wh ich  in te r fe re  w i t h  oxi- 
d a t i v e  p h o s p h o r y l a t i o n  or  Krebs  cycle ox ida t ions .  Th e  
ac t ion  of these  i n h i b i t o r s  was  s h o w n  to be  m a r k e d l y  
r educed  b y  the p resence  of glucose in t he  i n c u b a t i o n  
med ium.  Th i s  i nd i ca t ed  t h a t  t h i s  s u b s t r a t e  was  able  to  
s u p p l y  t he  m e t a b o l i t e s  needed  b y  t he  h i s t amine - r e l ea s in g  

process,  even  u n d e r  cond i t i ons  in  wh ich  ae rob ic  e n e r g y  
m e t a b o l i s m  is fully b locked.  A s imi la r  effect  of glucose h a s  
been  descr ibed  for the  ac t ion  of c o m p o u n d  48/80 on  c a t  
t i s sue  k e p t  u n d e r  a n o x i a  3, as well  as for  t h e  a c t i o n  of 
severa l  n a t u r a l l y  occu r r i ng  h i s t a m i n e  l i be ra to r s  a c t i n g  
on  r a t  t i ssue  4,~. T h e  p r e s e n t  r e p o r t  e x t e n d s  these  obser -  
v a t i o n s  to  cond i t ions  of h i s t a m i n e  release b y  e n d o g e n o u s  

1 A. M. ROTHSCHILD, I. VUGMAN, and M. ROCHA E SILVA, Biochem. 
Pharmacol. 7, 248 (1961). 
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Tab. I. Release of histamine from sensitized rat and guinea-pig Tab. II. Release of histamine from guinea-pig lung slices by aria- 
tissue by antigen in z,qtro phylatoxin 

Histamine release (%) Histamine release (%) 

Incubation Rat diaphragm Guinea-pig lung Incubation conditions Mean 4- S.E. P 
conditions Mean -4- S.E. pa  Mean ~ S.E. P~ 

Controls 9,9 4- 3.6 (6)b 
NaCN, 1 mM 3,9 :t: 0.9(6) 
NaCN + glucose c, 7.3 4- 1.6 (6) 
NaCN (no antigen) 3.8 :t: 1.3 (6) 
Controls 

DNP, 0.3 mM 
DNP -t- glucose, 
DNP (no antigen) 
Controls (aerobic) 

Anoxia 

s.2 4- 1,~ (7) 

4.7 -F 0.8 (7) 
13.1 :t: 1.6 (7) 
4.2 -F 0.9 

Anoxia + glucose, 
Anoxia (no antigen) 

< 0 . 1  

.~ 0.01 

11.9 4- 2.5 (5) b Controls 10.6 4- 1.3 (5) b 
2.6 4- 0.6 (5) NaCN, t mM ~.0 :t: 0.3 (4) 

11.8 4- 2,4 (5) 0.02 NaCN -t- glucose, 4.5 mM 11.8 4- 3.7 (4) 0.025 
~.6 4- 0.4 (5) NaCN (no anaphylatoxin) 1.8 ~ 0.3 (3) 

11.9 4- 2.5 (5) Controls 10.6:1:1.3 (5) 

2.1 4- 0.7 (5) DNP, 0.3 mM 1.7 :j: 0.3 (5) 
4.6 4- 0.5 (5) <~ 0.01 DNP + glucose, 4.5 mM 8.7 :k 0.7 {5) 0.01 
2.6 4- 0.4 (5) DNP {no anaphylatoxin) 1.6 4- 0.4 (3) 

~0.2 4- 3.8 (8) Aerobic controls 10.6 7[: 1.3 (5) 

4.5 4- 0.6 (8) Anoxia 3.8 :~: 1.0 (4) 
12.4 4- 4.0 (8) 0,05 Anoxia q- glucose, 4.5 mM 13.2 4- 4.0 (4) 0.05 
2.8 4- 0.6 (12) Anoxia (no anaphylatoxin) 2.5 4- 0.9 (2) 

Significance ('t ' test) of the effect of glucose on the action of the ~ Significance ('t ' test) of the effect of glucose on the action of the 
inhibitor, b Number of experiments. ¢ 4.5 raM. inhibitor, b Nmnber of experiments. 

fac tors ,  e.g., in vitro a n a p h y l a x i s  in  t h e  r a t  a n d  gu inea -p ig  
a n d  a n a p h y l a t o x i n  a c t i o n  on  gu inea -p ig  l u n g  t issue.  

Methods. R a t s  were sens i t i zed  to  b o v i n e  s e r u m  a l b u m i n  
(BSA,  f r ac t i on  V, A r m o u r  Labora to r i e s )  b y  t h r e e  sub-  
c u t a n e o u s  in jec t ions  (of 10 m g  each)  of a l u m - p r e c i p i t a t e d  
B S A  g iven  on  a l t e r n a t e  d a y s ;  t h e  a n i m a l s  were  u sed  20 to  
30 d a y s  fol lowing t h e  l a s t  in jec t ion .  Gu inea -p igs  were  
sens i t i zed  b y  a s ingle  i n t r a p e r i t o n e a l  i n j e c t i o n  of 100 m g  
of  egg a l b u m i n ,  a n d  used  t w o  weeks  a f t e rwards .  R a t  
s e r u m  a n a p h y l a t o x i n  w as  p r e p a r e d  b y  i n c u b a t i o n  w i t h  
a g a r  (Difco), in  t h e  m a n n e r  desc r ibed  b y  ROTHSCHILD a n d  
ROCHA E SILVA ~. In  vitro a n a p h y l a x i s  in  r a t  t i ssue  was 
evoked  b y  a d d i n g  BSA,  (0.1%),  to  pieces of sens i t ized  r a t  
d i a p h r a g m  s u s p e n d e d  in  K r e b s - R i n g e r  p h o s p h a t e  buffer ,  
p H  7.3 a t  37°C. Gu inea -p ig  l ung  slices were  p r e p a r e d  
acco rd ing  to  UMBR~IT e t  a l .7;  a p p r o x i m a t e l y  100 m g  
samp le s  (5-8 slices), were a d d e d  to  each  i n c u b a t i o n  f lask;  
a n t i g e n  c o n c e n t r a t i o n  was  0 .1%.  I n  t he  a n a p h y l a t o x i n  
e x p e r i m e n t s ,  t h e  a c t i v a t e d  r a t  s e r u m  c o n t a i n i n g  t h i s  
p r inc ip le  was  p r e s e n t  a t  1 : 4 d i l u t i on  in  t h e  f ina l  i n c u b a t i o n  
mix tu re .  P r e - i n c u b a t i o n  per iods  ( w i t h o u t  a n t i g e n  or  ana -  
p h y l a t o x i n  b u t  w i t h  inh ib i to r )  were 20 m i n ;  fo l lowing t h e  
a d d i t i o n  of an t igen ,  i n c u b a t i o n s  were  c o n t i n u e d  for  
10 min .  De ta i l s  of t h e  i n c u b a t i o n  p rocedu re  a n d  h i s t a m i n e  
b io-assay  h a v e  been  descr ibed  L 

Results. T h e  f i rs t  p a r t  of T a b l e  I shows t h a t  h i s t a m i n e  
release f rom sens i t ized  r a t  d i a p h r a g m  b y  an t igen ,  is ful ly 
b locked  b y  0,3 m M  d i n i t r o p h e n o l  (DNP)  or 1 m M  s o d i u m  
cyan ide .  However ,  w h e n  glucose is p r e s e n t  in  t he  m e d i u m ,  
D N P  ac t ion  is no  longer  a p p a r e n t ,  a n d  cyan i de  b lock  is 
also ex t ens ive ly  reversed .  These  resu l t s  are  iden t i ca l  w i t h  
t hose  descr ibed  for t h e  i n h i b i t i o n  of h i s t a m i n e  release b y  
c o m p o u n d  48/801, a n d  sugges t  t h a t  s imi la r  m e t a b o l i c  
p a t h w a y s  a re  fol lowed b y  t h e  cell i n  i t s  r e sponse  to  a n t i g e n  
a n d  t h e  s y n t h e t i c  h i s t a m i n e  l ibe ra to r ,  respec t ive ly .  

T h e  second  p a r t  of Tab le  I i nd ica t e s  t h a t  t he se  r e su l t s  
a re  also o b t a i n e d  in  e x p e r i m e n t s  on  gu inea-p ig  l u n g  ana.- 
phy lax i s .  Cyanide ,  D N P  a n d  a n o x i a  ( induced  b y  p lac ing  
t h e  i n c u b a t i o n  m i x t u r e  in  e v a c u a t e d  T h u n b e r g  t u b e s  a n d  
a d d i n g  a n t i g e n  f rom t h e  s ide-arm)  caused  Iul l  i n h i b i t i o n  of 
h i s t a m i n e  release.  These  effects  were s ign i f i can t ly  r eve r sed  
b y  glucose in  all  cases, a l t h o u g h  full  r e t u r n  to  c o n t r o l  
va lues  was  o n l y  o b t a i n e d  in t he  case of cyanide .  

I t  h a s  been  s h o w n  t h a t  bes ides  i t s  h i s t a m i n e  re leas ing  
c a p a c i t y  in vitro 8, a n a p h y l a t o x i n  causes  changes  in  
gu inea -p ig  m a s t  cells w h i c h  closely r e semble  t h o s e  i n d u c e d  
b y  a n t i g e n  0. T a b l e  I I  shows  t h a t  t h e  h i s t a m i n e  re leas ing  
a c t i o n  of a n a p h y l a t o x i n  is h i g h l y  suscep t ib l e  to  i n h i b i t i o n  
b y  D N P ,  N a C N  or anox ia ,  b u t  t h a t ,  l ike in  t he  e x p e r i m e n t s  
w i t h  an t igen ,  t h e  i n h i b i t i o n s  are  r ead i ly  r eve r sed  b y  
glucose. 

I n  v iew of t he se  resu l t s  i t  seems  w a r r a n t e d  to  p o s t u l a t e  
t h a t  t h e  h i s t a m i n e - r e l e a s i n g  ac t ions  of c o m p o u n d  48]80, 
of a n t i g e n  a n d  of a n a p h y l a t o x i n  d e p e n d  on  me tabo l i ca l l y  
ac t ive  m a s t  cells, a n d  f u r t h e r m o r e ,  t h a t  in  t h e  p resence  of 
glucose t h i s  a c t i v i t y  c an  t a k e  place  u n d e r  cond i t i ons  in  
w h i c h  ae rob ic  m e t a b o l i s m  is b locked .  I t  seems  p r o b a b l e  
t h a t  th i s  a c t i o n  of glucose is c o n n e c t e d  w i t h  t he  func t i on -  
ing  of t he  E m b d e n - M e y e r h o f  cycle;  f u r t h e r  work  will  how-  
eve r  be  r equ i r ed  .to def ine  t he  b iochemica l  t ie  b e t w e e n  
glucose m e t a b o l i s m  a n d  ce l lu lar  r e sponse  t o  h i s t a m i n e  
re leas ing  s t imul i .  S tud ies  o n  t h i s  r e l a t i o n s h i p  a re  a t  
p r e s e n t  u n d e r w a y  in  t h i s  l a b o r a t o r y .  

Zusammen/assung. Es  wi rd  d u r c h  in vitro-Anaphylaxie 
a n  R a t t e n z w e r c h f e l l  u n d  M e e r s c h w e i n c h e n l u n g e  gezeigt ,  
dass  die F r e i s e t zung  y o n  H i s t a m i n  d u t c h  D i n i t r o p h e n o l ,  
Cyan id  u n d  Sauers . toffmangel  g e h e m m t  wird .  Diese  H e m -  
m u n g  k a n n  a b e r  d u r c h  Zuff igen y o n  Glukose  d u r c h -  
b r o c h e n  werden .  Die a n a p h y l a k t i s c h e  F r e i s e t z u n g  y o n  
H i s t a m i n  is t  also a n  s to f fwechse l ak t ive  Mas t ze l l en  ge- 
b u n d e n .  
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