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m e m b r a n e s  were p r e p a r e d  e i the r  accord ing  to AMSTeR- 
DAM et  al. ~ or KIRSCH~ER et  al. 5. I t  is un l ike ly  t h a t  these  
ac t iv i t i e s  are t he  resu l t  of t he  I l on -mi tochondr i a l  p a r o t i d  
g land  Ca s+ p u m p  descr ibed  b y  SELIN~XR 1~ because  our  
p r e p a r a t i o n  is de r ived  f rom a low speed (1000•  
c e n t r i f u g a t i o n  for 10 rain,  whereas  SELINGER'S p repa ra -  
t i on  was o b t a i n e d  b y  a 100,000 •  c e n t r i f u g a t i o n  of a 
p o s t m i t o c h o n d r i a l  (10,000 •  s u p e r n a t a n t .  

SCHRAMM a n d  DANON~I p rev ious ly  descr ibed  a Mg 2+- 
A T P a s e  a c t i v i t y  assoc ia ted  w i t h  zymogen  granules  and  
more  r ecen t l y  IStlIBA et  el. s r epo r t ed  a s imi la r  f inding.  
However ,  ISHIDA et  al. s were u n a b l e  to  d e m o n s t r a t e  
(Na+ + K+) -ATPase  ac t iv i ty .  P rev ious  workers  u t i l iz ing  
o the r  sys t ems  h a v e  sugges ted  t h a t  Mg~+-ATPase par t ic i -  
pa t e s  in t he  s t r u c t u r a l  change  of s y n a p t i c  vesicles 12 a n d  
c h r o m a f f i n  granules  ~3, b u t  ISHIDA et  al. 14 h a v e  d e m o n s t r a t -  
ed t h a t  t he re  is no  co r re la t ion  b e t w e e n  MgS+-ATPase of 
zymogen  granules  and  a s t r u c t u r a l  change  caus ing  release 
of amylase .  

(Na+ + K+) -ATPase  ha s  been  cor re la ted  w i t h  ac t ive  
Na+ and  K+ t r a n s p o r t  in  va r ious  t i ssues  15 a n d  m a y  be  
invo lved  w i t h  t he  ac t ive  t r a n s p o r t  of sod ium and  po tas -  
s ium across zymogen  granules .  

ISHIDA et  al. 2 h a v e  shown  a r e q u i r e m e n t  for ca lc ium in 
t h e  release of amylase  f rom granules ,  a n d  ~VVALLACI~ and  
SCHRAMM a h a v e  d e m o n s t r a t e d  t h a t  ca lc ium is secre ted in 
c o n j u n c t i o n  w i t h  e x p o r t a b l e  pro te in .  A l t h o u g h  WALLACH 
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The effect of calcium concentration on the activity of Ca~+-ATPase. 

a n d  SCI-IRAMM 3 h y p o t h e s i z e  t h a t  e x p o r t a b l e  p ro t e in  m a y  
be jo ined  to  ca lc ium on i ts  way  f rom r ibosomes  to  granules  
d u r i n g  syn thes i s  of secre tory  granules ,  t h e r e  is no  evi-  
dence  concern ing  t he  poss ib i l i ty  t h a t  ca lc ium m a y  be 
d i rec t ly  t a k e n  up  in to  t he  secre tory  granules .  WALLACtt 
a n d  SCI~RAMM 3 did  no t  f ind  a n y  s ign i f ican t  *sCa b i n d i n g  
to  t h e  secre tory  granules  w h e n  ~Ca  was a d d e d  to  t he  
homogen iz ing  med ium,  b u t  t h e i r  e x p e r i m e n t s  were 
car r ied  ou t  u n d e r  cond i t ions  t h a t  were n o t  o p t i m u m  to  
d e m o n s t r a t e  ac t ive  t r a n s p o r t  processes.  

Our  resu l t s  sugges t  t he  presence  of A T P a s e  a c t i v i t y  in  
zymogen  granu le  m e m b r a n e s .  Ca l c ium-ATPase  has  been  
l inked  to ac t ive  ca lc ium t r a n s p o r t  in  va r ious  t i ssues  1% 17, 
a n d  we pos tu l a t e  t h a t  t he  Ca2+-ATPase descr ibed  m a y  be  
i nvo lved  in the  u p t a k e  or p e r h a p s  release of ca lc ium in 
sec re to ry  granules .  

Zusammen]assung. M e m b r a n e n  sekre to r i scher  G r a n u l e  
w u r d e n  yon  der  Ohrspeicheldr i i se  (Parot is)  der  R a t t e  
isol ier t  u n d  auf  K a l z i u m - A T P a s e - A k t i v i t ~ t  (Ca2+-ATPase) 
u n t e r s u c h t  u n d  pos tu l ie r t ,  dass  die ge fundene  Ca2+-ATPase 
eine Rolle  in  de r  A u f n a h m e  u n d  A b g a b e  yon  K a l z i u m  in 
sekre to r i schen  G r a n u l a  spielt .  
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Activation of Succinate Dehydrogenase and the Effect of Cyanide 

Severa l  agen t s  ( subs t ra te ,  c o m p e t i t i v e  inh ib i to r s ,  
nucleot ides ,  an ions  etc.) 1 increase  t he  ca t a ly t i c  cen t re  
a c t i v i t y  of m e m b r a n e - b o u n d  a n d  soluble  suec ina te  
d e h y d r o g e n a s e  (succ ina te :  [acceptor  I ox idoreduc tase ,  
EC 1.3. 99.1). A c o n f o r m a t i o n a l  change  in  t he  p r o t e in  ha s  
been  sugges ted  b y  JS~EARNEY 2 to  Occur in  t he  t r a n s i t i o n  to 
t he  a c t i v a t e d  s ta te .  Var ious  schemes  for t h i s  a c t i v a t i o n  
process  h a v e  been  p roposed  s-5, w h i c h  p o s t u l a t e  a 
revers ib le  cycle a m o n g  d i f fe ren t  fo rms  of t he  enzyme.  

I n  our  s tud ies  on  t he  i n t e r ac t i ons  of succ ina te  dehyd ro -  
genase  w i t h  cyan ide  6, we m a d e  t he  fol lowing obgervat ions ,  
wh ich  are r e l a t ed  to t he  a c t i v a t i o n  p h e n o m e n o n .  D u r i n g  
so lub i l iza t ion  of m e m b r a n e - b o u n d  succ ina te  dehydroge-  
nase  b y  KCN, a d i s c r epancy  was found  b e t w e e n  t he  
a m o u n t  of p e p t i d e - b o u n d  f l av in  e x t r a c t e d  a n d  i nac t i va -  
t ion  of s u c c i n a t e : 2 , 6 - d i c h l o r o p h e n o l i n d o p h e n o l  (DCIP) 
r educ ta se  ac t iv i ty .  F u r t h e r m o r e ,  e i t he r  t he  e n z y m e  
solubi l ized by  cyan ide  or  b y  b u t a n o l  a n d  t r e a t e d  w i t h  
KCN show a lower  degree of deac t iva t ion .  

I n  th i s  p a p e r  we i n t e r p r e t  t h e s e a t a t a  as a consequence  
of a p re fe ren t i a l  i n t e r a c t i o n  of cyan ide  an ion  w i t h  a free, 
a c t i v a t e d  fo rm of succ ina te  dehydrogenase .  A c t i v a t i o n  is 
t h u s  sugges ted  to mod i fy  t he  access ib i l i ty  of t he  non-  
h a e m  i ron  group.  

Materials and methods. All chemica ls  were ana ly t i ca l  
grade  f rom Merck  or S igma  Chemica l  Co. The  cond i t ions  
for a c t i v i t y  m e a s u r e m e n t s  were as descr ibed  e lsewhere  6. 
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Table I. Solubilizatiou of suceinate dehydrogenase by KCN: Comparison between extracted PBF and succinate-DCIP reduetase inactivation 

Incubation time (min) Extracted PBF (%)" Succinate-DCI P reductase inactivation (%) 

Activation + Activation 

0 0 0 0 
10 - -  6 30 
15 42 16 42 
30 --  52 66 
45 70 71 81 

Conditions as in the Figure. ~ Total PBF in particles (%). 

P e p t i d e - b o u n d  f l a v i n  w a s  d e t e r m i n e d  a c c o r d i n g  t o  
CERLETTI a n d  GIORDANOT; t h e  i n c u b a t i o n  m i x t u r e  w a s  
coo led  a n d  c e n t r i f u g e d  for  60 m i n  a t  3 2 , 0 0 0 •  A n  
a l i q u o t  of  t h e  s u p e r n a t a n t  w a s  p r e c i p i t a t e d  a t  6 5 %  
s a t u r a t i o n  of  (NHa)2SO 4 t o  r e m o v e  e x c e s s  c y a n i d e  a n d  t h e  
p r e c i p i t a t e  a n a l y z e d  as  u s u a l .  
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Inactivation of suecinate-DCIP reductase activity of Keilin-Hartree 
heart muscle preparations by KCN. The incubation of the particles 
(12.5 mg/m1-1) was performed with 60 m M  KCN (pH 7.4) at 30~ 
after a 15 rain preequilibration time at the same temperature. 
Activation was performed in 40 m M  suceinate (pH 7.4) for 20 rain at 
25~ O O, zlA ~00,m.min 1/50 ~ L 1 - 1  without activation. O--Q, 
zJA e00nm'Inin 1/50 ~x1-1 after succinate activation. 

Results and discussion. T h e  s o l u b i l i z a t i o n  of  m e m b r a n e -  
b o u n d  s u c c i n a t e  d e h y d r o g e n a s e  f r o m  K e i l i n - H a r t r e e  h e a r t  
m u s c l e  p r e p a r a t i o n s  b y  K C N  c a n  be  f o l l o w e d  b y  m e a s u r i n g  
t h e  d e c r e a s e  of  s u c c i n a t e - D C I P  r e d u c t a s e  a c t i v i t y  of  t h e  
p a r t i c l e s  ~. T h e  F i g u r e  s h o w s  t h e  t y p i c a l  p a t t e r n  of  t h e  
i n a c t i v a t i o n  r e a c t i o n .  D e p e n d i n g  o n  w h e t h e r  t h e  a c t i v i t y  
is m e a s u r e d  w i t h  ( u p p e r  c u r v e )  o r  w i t h o u t  ( lower  c u r v e )  
fu l l  a c t i v a t i o n  b y  s u c c i n a t e ,  a l a g  p e r i o d  is f o u n d  d u r i n g  
w h i c h  t h e  a c t i v i t y  r e m a i n s  a l m o s t  c o n s t a n t .  T h e  ha l f -  
t i m e s  of  b o t h  c u r v e s  a r e  t h e  s a m e ,  a p a r t  f r o m  t h e  l ag  
pe r iod ,  a s  d e p i c t e d  in  t h e  i n s e t  of  t h e  F i g u r e .  A q u e n c h i n g  
o f  t h e  i n a c t i v a t i o n  r e a c t i o n  d u e  to  a c t i v a t i o n  of s u c c i n a t e  
d e h y d r o g e n a s e  b y  a n i o n s  s c a n  be  r u l e d  ou t ,  a s  t h e  ion ic  
s t r e n g h t  of  t h e  m e d i u m  is a l r e a d y  h i g h  a n d  on  t h e  b a s i s  
of  c o n t r o l  e x p e r i m e n t s  w i t h  KC1. 

T h e  c o n c l u s i o n  t h a t  t h e  l ag  is o n l y  a p p a r e n t  a n d  t h e  
i n a c t i v a t i o n  r e a c t i o n  a c t u a l l y  p r o c e e d s  f r o m  K C N  a d d i t i o n ,  
is  s u p p o r t e d  p r i m a r i l y  b y  t h e  d i s a p p e a r a n c e  of  t h e  l ag  
w h e n  f u l l y  a c t i v a t e d  e n z y m e  is  m e a s u r e d .  F u r t h e r m o r e ,  
p e p t i d e - b o u n d  f l a v i n  ( P B F )  s o l u b i l i z e d  u n d e r  t h e  s a m e  
c o n d i t i o n s ,  a m o u n t s  a t  s h o r t  t i m e s  to  a p p r o x i m a t e l y  40 % 
( T a b l e  I).  T h i s  v a l u e  c o r r e s p o n d s  q u i t e  wel l  t o  t h e  p e r -  
c e n t a g e  of  i n a c t i v a t i o n  f o u n d  w h e n  t h e  e n z y m e  is m e a -  
s u r e d  a f t e r  fu l l  a c t i v a t i o n .  

M e m b r a n e - b o u n d  s u c c i n a t e  d e h y d r o g e n a s e  is c o n s i d -  
e r ed  to  e x i s t  in  e q u i l i b r i u m  b e t w e e n  a n  a c t i v a t e d  s t a t e  a n d  
a d e a c t i v a t e d  o n e  S,4. T h u s ,  t h e  a p p e a r a n c e  of  t h e  l a g  

P. CERLETTI and ~ .  G. GIORDANO, in Methods in E~czymology 
(Eds. D. B. McCoEMICI( and L. D. WEIGHT; Academic Press, 
New York 197J-), voI. 18, part B, p. 285. 
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Table II. Effect of KCN on the activity of soluble succinate dehydrogenase (SD) 

Incubation conditions Activity (%) 
KC1 

--  Activation 

KCN 

+ Activation Activation + Activation 

50 min, N2, 25 ~ 45 250 85 250 
100 min, N~, 25 ~ 30 245 62 210 

10 min, air, 25~ * 50 --  50 --  
40 min, air, 25~ * 15 75 35 75 
10 min, air, 22 ~ 140 45 120 
60 rain, air, 22 ~ 25 100 40 100 

120 min, air, 22 ~ 10 --  35 -- 
10 min, N2, 30 ~ 37 --  75 --  
30 rain, air, 30~ 12 50 25 50 

Each sample contained 5 mg/m1-1 SD at the gel eluate stage% in 50 m M  phosphate buffer (pH 7.4). KCN or KC1 were 50 mM, except for 
the second experiment *, in which the concentration was 20 mM. Activation was performed in 40 m M  succinale (pH 7.4) for 15 min at 25~ 
under N 2. 
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Table III. Solubilization of succinate dehydrogenase by KCN in the 
presence of various effectors 

Conditions Extracted PBF (%) 

No addition 100 
Suecinate, 40 mM 0 
NADtt, 5 mM 43 
IDP, 5 mM 21 

The Keilin-Hartree heart muscle preparations were pretreated with 
each effeetor for 15 rain at 30~ (in the samples with NADH and 
succinate, I mM KCN was also added). Other conditions as in the 
Figure. 

per iod  m a y  be in t e rp re t ed  as resul t ing f rom a preferent ia l  
in te rac t ion  of CN-  wi th  one of the  two forms of the  en- 
zyme.  

In  re la t ion to  these  f indings,  the  effect  of KCN on the  
butanol-solubi l ized  succinate  dehydrogenase  was invest i -  
gated.  The enzyme was incuba ted  wi th  KCN in var ious  
condi t ions  ; KC1 was added  to the  control  to yield the  same 
ionic s t reng th .  The ac t iv i ty  was measured  at  d i f fe rent  
t imes  w i t h o u t  and  wi th  full ac t iva t ion  by  succinate  
(Table II).  In  the  la t t e r  case, no subs tan t i a l  difference 
be tween  controls  and  KCN- t r ea t ed  samples  is observed,  
whe the r  incuba t ions  are carr ied out  under  n i t rogen  or in 
air. No p ro tec t ion  agains t  i r reversible  inac t iva t ion  is t hen  
af forded by  KCN. On the  o ther  hand,  if ac t iva t ion  by  
succinate  is no t  per formed,  the  ac t iv i ty  in the  KCN- 
t r e a t ed  samples  a lways remains  h igher  in the  var ious  
condi t ions  tes ted.  These resul ts  suggest  t h a t  KCN par t ia l ly  
p reserves  succinate  dehydrogenase  agains t  spon taneous  
deac t iva t ion .  We shall  recall t h a t  the  f lavopro te in  solu- 
bilized by  KCN 6 shows a lower degree of deac t iva t ion ,  as 
ac t iv i ty  r emains  cons t an t  w i th  t ime  and  succinate  
enhances  th is  ac t iv i ty  1.4 t imes  only. 

These da t a  suggest  a preferen t ia l  in te rac t ion  of C N -  
wi th  ac t iva t ed  succinate  dehydrogenase .  The lag per iod 

thus  describes a s i tua t ion  of s ta t ionary,  s t a t e  for the  
ac t iva ted  form, being the  solubilized enzyme replaced by  
convers ion of the  deac t i va t ed  one. However ,  effectors  
which  are well known for the i r  ac t iva t ing  act ion on the  
pa r t i cu la te  enzyme  1, p r e v e n t  to  d i f fe rent  ex t en t s  t h e  
resolut ion of succinate  dehydrogenase  f rom the  m e m b r a n e  
by  cyanide  (Table I I I ) .  

In  our previous  work  6 we have  shown t h a t  CN-  b inds  
to the  n o n -h aem iron of succinate  dehydrogenase .  We m a y  
thus  conclude t h a t  the  convers ion of the  enzyme  f rom a 
deac t iva t ed  in to  an ac t iva ted  s ta te  results  in an exposure  
of the  n o n -h aem iron-labile sulphide  chromophore .  Never-  
theless,  in te rac t ion  of the  enzyme wi th  effectors causes a 
h ind rance  a t  the  site of C N -  b i n d i n g  As to  t he  mechan i sm 
of ac t iva t ion ,  t he  p resen t  d a t a  are more  cons i s t en t  w i t h  
the  scheme proposed  by  McDONALD-GIBsON and  THORN 4 
which  includes a free equi l ibr ium be tween  a deac t iva ted  
and an ac t iva ted  form of succinate  dehydrogenase ,  i.e. 
t he  process of ac t iva t ion  does no t  necessar i ly  occur 
t h ro u g h  the  b ind ing  of an ac t iva to r  10 

Riassunto. Anal izzando l ' e f fe t to  del c ianuro sulla 
Succinato  Deidrogenasi ,  si conclude che si ha  una  in tera-  
zione preferenziale  del CN-con  la forma a t t iva ta ,  l ibera  
del l 'enzima.  L ' a t t i vaz ione  modi f icherebbe  percib l 'accessi-  
bil i t~ del g ruppo  ferro non  eme. 
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Effects of Te trahydrocannabino l s  on Cyclic A M P  Levels  in Rat Brain Areas  

The role of adenosine  3 ' 5 ' - m o n o p h o s p h a t e  (cyclic 
AMP) as an in t racel lu lar  med ia to r  of ho rmone  ac t ion  has  
been well established1.  GOLDBElaG ~ had  previous ly  
r epor ted  t h a t  d i b u t y r y l  cyclic AMP p o t e n t i a t e d  the  end 

Table I. Effects of z]S-THC and ZI~ on cyclic AMP levels in rat 
brain areas 

Brain area Cyclic AMP 

Control AJS-THC Ag-THC 

Cortex 0.17 -~ 0.08 0.29 -t- 0.04 0.14 ~_ 0.09 
Hypothalamus 2.39 • 0.65 2.19 4- 0.33 2.26 ~ 0.27 
Cerebellum 1.18 i 0.16 1.08 i 0.05 1.17 4- 0.21 
Medulla 1.25 • 0.30 1.03 ~ 0.08 1.20 -4- 0.12 
Midbrain 0.84 4- 0.17 1.29 ~ 0.17 ~ 0.88 -V 0.09 

1 h after receiving either 10 mg/kg of the THC or 4% Tween 80-saline 
i.v. brain areas from rats were assayed for the level of cyclic AMP 
(pmole/mg wet tissue). Each value represents the mean (•  S.E.) of 
8 determinations. ~ Significantly different from the vehicle control, 
p <  0.05. 

p la te  po ten t i a l  in isolated ra t  d i a p h r a g m  by  a p p a r e n t l y  
fac i l i ta t ing the  release of acetylchol ine.  Trans-(--)-A s- 
T e t r ah y d ro ean n ab i n o l  (AS-THC) has  been  shown to  have  
an effect  s imilar  to  t h a t  of ant ichol inergic  agents  in 
abol ishing the  behaviora l  inh ib i t ion  of h a b i t u a t i n g  
exper iences  in mice 3. In  a previous  paper  we repor ted  
decreases  in r a t  b ra in  acety lchol ine  levels af ter  in jec t ion  
of A s- and A~ ~. Therefore,  we t h o u g h t  t h a t  t he  
ac t ion  of the  THC's  on the  cholinergic sys t em could 
poss ibly  be med i a t ed  by  cyclic AMP. This  repor t  descr ibes  
t he  effect  of the  THC's  on the  concen t r a t ion  of ra t  b ra in  
cyclic AMP.  

Methods. Male Sprague-Dawley  ra ts  in groups  of 4 were 
in jec ted  i.v. w i th  10 mg/kg  of Ag-THC or AS-THC in 4% 
Tween-80-sal ine and sacrificed af ter  1 h. Animals  used in 
t he  d e t e rmi n a t i o n  of cyclic AMP levels were sacrif iced in a 
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