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Fig. 1. Sedimentation profiles from the postmitoehondrial supernatant 
of rat brain homogenates. A) normal rat; B) CC14-treated rat; C) 
CCIaBr-treated rat. Top of the gradiellt is to the left. 
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Fig. 2. Sedimentation profiles from the postmitoehondriaI super- 
natant of rat brain homogenates. A) CC14-treated rat; B) CClaBr- 
treated rat; C) PB + CCI4-treated rat; D) PB + CClat3r-treated rat. 
Top of the gradient is to the left. 
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Fig. 3. Sedimentation profiles from the postmitoehondrial super- 
natant of rat liver homogenates. A) normal rat; B) CC14-treated rat; 
C) CC13Br-treated rat. Top of the gradient is to the left. 

g r a d i e n t  a n d  cen t r i fuged  a t  200,000 •  for  40 ra in  in  a 
Spinco SW50 ro to r  a t  0~ ~ The  e x t i n c t i o n  prof i les  a t  
260 n m  were recorded  as p rev ious ly  descr ibed.  

Results. After  2 h of i n t o x i c a t i o n  w i t h  CC14, as well  as 
w i t h  t he  more  tox ic  CCI~Br ~, t he  b r a i n  po ly soma l  prof i le  
was  no t  d i f fe ren t  f rom t h a t  of t he  con t ro l  g roup  (Figure 1). 
I n  addi t ion ,  these  h a l o m e t h a n e s  fa i led to  mod i fy  t h e  
po lysomal  p a t t e r n  in t he  b r a i n  of a n i m a l s  p r e t r e a t e d  w i t h  
P B  (Figure 2). On t he  o the r  hand ,  as expec ted ,  CC14 and  
CCI~Br p roduce  po ly soma l  b r e a k d o w n  in t he  l iver,  b o t h  in 
n o r m a l  r a t s  a n d  in P B - t r e a t e d  r a t s  (Figure  3). 

Our  d a t a  show t h a t  CCI~ a n d  CCI~Br n o t  cause  in  t h e  
b r a i n  one of t he  v e r y  t yp i ca l  a l t e r a t i o n  wh ich  t h e y  
p roduce  in t he  l iver,  t h a t  is po ly soma l  d issocia t ion. '  
This  o b s e r v a t i o n  can  be exp la ined  w i t h  t h e  absence  in  
b r a i n  t i ssue  of a m i c r o s o m a l  s y s t e m  capab le  of me tabo l i z -  
ing foreign drugs.  Conversely,  s ince CC14 reaches ,  in  
bra in ,  a c o n c e n t r a t i o n  h ighe r  t h a n  in liver~, a n d  since 
po lysomal  b r e a k d o w n  is a sens i t ive  i ndex  of t h e  t o x i c i t y  
b y  free radicals ,  ou r  d a t a  p rov ide  s t rong  ev idence  t h a t  
D M E S  is no t  p r e s e n t  in  t h e  r a t  b ra in .  F ina l ly ,  our  resu l t s  
ind ica te  t h a t  n e i t h e r  CCI~ no r  CC13Br i n h i b i t  p r o t e i n  
syn thes i s  pe r  se. 

Riassunto. L a  d i saggregaz ione  dei po l i somi  di fegato  di  
r a t t o  t r a t t a t o  con  CC14 o CClaBr non  6 r ip roduc ib i l e  net  
po l i somi  di  cervello,  n e p p u r e  in an ima l i  p r e t r a t t a t i  con 
fenobarb i t a l .  

F. P. CORONGIU, S. DESSl, A. SANNA and 
L. CONGIU 

Institute o/General Pathology, 
University o/Cagliari, Via Pomell ,t, 1-09700 (Italy), 
2 Apr i l  1973. 

7 W. F. VON 0ETTINGEN, in The Halogenated Hydrocarbons o] Indu- 
strial and Toxicological Importance (Elsevier Publishing. Co., 
Amsterdam 1964), p. 142. 

Inh ib i t ion  of P h o s p h o d i e s t e r a s e  by  D i h y d r o e r g o t a m i n e  and H y d e r g i n e  in V a r i o u s  
O r g a n s  of the  Cat in v i tro  

The  classical  p h o s p h o d i e s t e r a s e  i n h i b i t o r s  (PEase- I ) ,  
caffeine and theophylline, are roughly equipotent when 
tested in 'vitro on homogenates of various organs I-~. 
However, this is not the case with all substances which 
reduce phosphodiesterase (PEase) activity. 

Lately, numerous papers have appeared reporting 
different levels of inhibitory activity or organ-specific 
activity for apom orphine i, papaverine 1,4,5 3,4-dihydroxy- 
phenyl-acetic acid I, quazodine 0, a pyrazolo-pyridine 
derivative2 and the broneh0dilator 3-acetamido-6- 
methyl-8-n-propyl-5-triazolo-4, 3-pyrazineL PICI:IARD et 
al. s recently demonstrated in human tissues that the 
coronary vasodilator dipyridamol inhibits blood platelet 
PEase 4.5 times more efficiently than the brain enzyme. 
These authors found that the situation was reversed with 
tricyclic antidepressants, e.g. nortriptyline, these com- 
pounds i n h i b i t i n g  t he  P E a s e  a c t i v i t y  of t h e  b r a i n  3 t i m e s  
more  s t rong ly  t h a n  t h a t  of t h e  b lood  p la te le t s .  All  these  
f ind ings  sugges t  t h a t  a r e l a t i onsh ip  exis ts  b e t w e e n  in- 
h i b i t i o n  of t h e  specific P E a s e  of an  organ  and  pha r m aco lo -  
gical  effect  on  t h e  o rgan  in  ques t ion .  

Some  e rgo t  a lka lo ids  a n d  lysergic  acid de r i va t i ve s  are  
k n o w n  as P E a s e - i n h i b i t o r s .  Thus ,  KUKOVETZ and  P6cH 9 
showed  t h a t  b r o m o - L S D  reduces  m y o c a r d i a l  P E a s e  

activity. WARD and FAIN I~ have demonstrated that 
dihydroergotamine (DHE) inhibits PEase in adipose 
tissue. We ~, 11 noted PEase inhibition in cerebral grey 
matter with ])HE and a large group of analogous com- 
pounds. DHE and Hydergine | (an equimolecular mixture 
of dlhydroergocornine, dihydroergocristine and dihydro- 
ergokryptine - PEase-I belonging to the group of coin- 
pounds mentioned) exert pharmacological effects on the 

1 H. SHEPPARD and G. WIGOAN, Biochem. Pharmae. 20, 2128 (1971). 
2 M. CHAS1N, D. N. HARRIS, M. B. PHILLIPS and S. M. HEss, Biochem. 

Pharmae. 27, 2443 (1972). 
a p. IWANOOFE and A. E~z, Epxerientia 27, 1258 (1971). 
4 G. POeH and W. R. •UKOVETZ, Life Sci. 70, I, 133 (1971). 
5 G. P6cH, Naunyn-Sehmiedebergs Arch. Pharmak. 268, 272 (1971). 
0 M. S. A~ER, P. H. BROWDER, Exp1 Biol. Med. 136, 750 (1971). 

G. E. DAVIES, F. L. ROSE and A. R. SOMM~RVlLLE, Nature New 
Biol. 234, 50 (1971). 

8 A. L. PICHARD, J. HANOUNE and J. C. t{APLAN, Bioehim. biophys. 
Acta 279, 217 (1972). 

9 G. P6CH, W. R. KUKONETZ, Naunyn-Schmiedebergs Arch. Phar- 
mak. 263, 244 (1969). 

10 W. F. WARD and J. N. FAIN, Bioehim. biophys. Acta 237, 387 
(1971). 

11 p. IWANOOFF and A. ENz, Agents Actions 2, 223 (1972). 
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Effect of Hydergine and dihydroergotamine on the phosphodiesterase activity of holnogeilates of various cat organs in vitro 

Organ Inhibitor Basic value % inhibition at a concentration of 
([xmol/30 rain • 100 mg 10 -~ 10 -~ 10 -a 
fresh tissue • SD) 

10-aM 

Brain Hydergiile 39,05 =k 6.34 7.5 9.5 ~ 15.3 ~ 42.7 ~ 
Heart Hydergiile 15,15 ~= 4.02 3.5 -- 0.5 6.0 41.0 ~ 
Lung Hydergine 3,56 • 0.99 3.8 9.7 7.0 50.0 �9 
Liver Hydergine 15.30~: 2.61 -- 0.8 -- 2,3 -- 3.3 36.7 ~ 
Kidney Hydergine 20.11 :t= 3.99 11.2 ~ 1.0 -- 1.0 24.5 ~ 

Brain DHE 39.05 :k 6.34 5.2 12,2 16.2 43.7 ~ 
Heart DHE 15.15 :L 4.02 13.0~ 3.0 11.0 41.0~ 
Lung DHE 3.56~ 0.99 -- 7.8 -- 8.3 -- 3.0 55.0 ~ 
Liver DHE 15.30 ~= 2.61 4.0 ~ 2.7 4.3 44.7~ 
Kidney DHE 20.11 ~ 3.99 -- 0.5 0.5 1.7 22.0 ~ 

Control value for each organ homogenate = 100. a fl < 0.05 for 2 out of 3 experiments (see text). 

CNS. This led us to  compare  the  inh ib i to ry  ac t ion  of 
these  d ihyd rogena t ed  ergot  alkaloids on b ra in  P E a s e  
w i t h  t h a t  oI t he  P E a s e  of o the r  organs.  The p r ime  a im of 
t he  inves t iga t ion  was  to  ascer ta in  whe the r  P E a s e  inhibi-  
t ion  showed any  organ specificity.  

Cat organs (heart,  k idney,  l iver  and  brain) were 
r emoved  as quickly as p o s s i b l e  unde r  p e n t a b a r b i t a l  
anaes thes ia ,  frozen i m m e d i a t e l y  and  kep t  a t  - -20 ~ unt i l  
analysis.  The P E a s e  ac t iv i ty  of homogena te s  of these  
d i f fe rent  organs was de t e rmined  b y  the  m e t h o d  of 
SIJTHERLAZVI) ~2 as modif ied  b y  CHE~NG ~a. 

D H E  and  Hyderg ine  were added  to  t he  organ homo-  
genates  w i t h o u t  pr ior  incubat ion .  The concen t ra t ions  
added  were selected on the  basis  of an earl ier  s tudya  of 
the  dependence  of PEase - inh ib i t i on  wi th  D H E  on con- 
cent ra t ion .  Concen t ra t ions  ranging  f rom 10-6M to 
10-SM in powers  of 10 were employed  for b o t h  inh ib i tors  
in all organs.  

Tile results  were eva lua ted  by  means  of the  S tud en t  
t-test .  3 separa te  expe r imen t s  were carr ied out,  each 
compris ing  6 paral lel  de te rmina t ions .  A resuIt  was 
considered to  differ s ignif icant ly  f rom the  control ,  if for a t  
leas t  2 of t he  3 separa te  expe r imen t s  p was  < 0.05. In  t he  
Tabte  these  vatnes  are ind ica ted  w i t h  an  asterisk.  

[ ~  Brain 
I ~  Heart 

~6 ~ Lung 
Liver 
Kidney 

12 

x 

m 

Concentration 10-6M lo'sM 10-4M 10-3M 

Organ specificity of Hydergine inhibition of phosphodiesterase. 
Calculated additional rernainiilg amount of cAMP as a result of the 
in vitro PEase inhibition due to Hydergine in differeilt eat organs. 
The scale unit of the ordinate is b~mol/30 miI1 • 100 mg of fresh tissue 
:t=SD. The symbols shown under the abscissa represent values of less 
thar~ 0.1 unit. The results obtained with DHE are very similar and 
therefore not presented. 

I t  will be  seen f rom the  Table  t h a t  only  h igh  unphysiolo-  
gical concen t ra t ions  (10-3M) p roduce  un i form pronounc-  
ed inh ib i t ion  of P E a s e  in all organs.  Lower  concent ra -  
t ions,  ly ing near  the  physiological  region (10 s to  10-SM), 
reduce P E a s e  ac t iv i ty  only  in bra in  homogena te ,  t he  
degree of inh ib i t ion  being roughly  equal  for D H E  and  
Hyderg ine .  This  resul t  is in good ag reemen t  w i th  t he  
f indings  of our previous  s t u d y  11, in which  the  s e p a r a t e  
c o m p o n e n t s  of Hyde rg ine  were compared  wi th  D H E .  The 
degree of inh ib i t ion  wi th  Hyderg ine  is s l ight ly  less t h a n  
the  mean  value for its separa te  componen t s .  

Ignor ing  the  effect  ot h igher  cAMP concen t ra t ions  as a 
consequence  of t he  law of mass  action,  t he  concen t ra t ions  
of in t ac t  cAMP per  uni t  weigh t  of f resh t issue resul t ing 
f rom inhib i t ion  clearly show (Figure) t h a t  a t  physiological  
dose levels D H E  and Hyderg ine  induce  an accumula t ion  
of cAMP only in b ra in  homogena te .  The rise in concent ra-  
t ion  of the  second messenger  ac t iva tes  the  cor responding  
p ro te in  kinases  (PKase),  i.e. the  in fo rma t ion  t r a n s m i t t e d  
by  cAMP should be re inforced b y  PEase - I .  I n  cyto-  
chemical  and  electron microscopic  s tudies  Greengard  
et  al. 14-t6 have  d e m o n s t r a t e d  t h a t  b ra in  P E a s e  is to  be 
found  ma in ly  in p o s t s y n a p t i c  ne rve  endings.  Since these  
s t ruc tu res  also con ta in  large a m o u n t s  of adenylcyc lase  
and PKase ,  it  is h igh ly  p robab le  t h a t  the  cAMP sys t em 
p lays  a p a r t  in synap t i c  t r ansmiss ion  b rough t  abou t  b y  
noradrena l ine  and  dopamine .  H o w  the  in fo rma t ion  is 
passed  on to  nerve  t issue by  P K a s e s  is still  largely 
unknown.  

The  organ-specif ic  inh ib i t ion  of P E a s e  by  ] ) H E  and  
Hyderg ine  no ted  in th is  s t u d y  could be due to  a d i f fe rent  
i soenzyme p a t t e r n  in bra in  tissue. This  ques t ion  has  been  
inves t iga ted  by  MONN and  C~RISTIA~CSEN ~7 and  b y  
CAMPBELL ~s using special  e lec t rophore t ic  methods .  B o t h  
au thors  r epor ted  the  presence  of specific P E a s e  iso- 
enzymes  occurr ing exclus ively  in the  CNS. CI~EUNG TM ~0 

12 R. W. BUTCIIER, 15;. W. SUTHERLAND, J. biol. Chem. 237, 1244 
(1962). 

is W. Y. CI~EUNG Bioehim. biophys. Aeta 242, 395 (1971). 
ta N. T. FLORENDO, R .  J .  BARNETT and P. GREENC-ARD, Science 173, 

745 (1971). 
15 j .  W. KEBA~IAN and P. GREENOARD, Science t74, 1346 (1971). 
is D. A. McAE~E, P. GREENGARD, Science 178, 312 (1972). 
17 I5;. MONN and R. A. CHRISTIANSEN, Science 773, 540 (1971). 
18 M. T. CAMPBELL and I. T. OLIVER, Europ. J. Biochem. 28, 30 

(1972). 
1~ W. Y. CIIEUgG, Biochemistry 6, 1079 (1967). 
20 W. Y. CIIEUNG, Bioehem. Biophys. Res. Commun. 38, 533 (1970). 
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found  t h a t  b r a i n  P E a s e  differs  f rom P E a s e  of o the r  
o rgans  in t h a t  a cons iderab le  f r ac t ion  is insoluble .  Th i s  
f r ac t ion  can  be  r ende red  soluble  b y  t r e a t m e n t  w i t h  
T r i t o n  X-100. One poss ible  e x p l a n a t i o n  of our  f ind ings  
is t h a t  P E a s e - i n h i b i t i o n  has  a n  effect  on  t h i s  inso luble  
e n z y m e  or i n t e r a c t s  w i t h  t he  p ro te in I ike  i n h i b i t o r  
r epo r t ed  b y  CHEUNG2~. 

A more  accu ra t e  i n s i gh t  in to  t he  causa l  r e l a t i onsh ips  
discussed in  th i s  p a p e r  wil t  emerge  f rom f u r t h e r  work  on  
i so la ted  i soenzymes  a n d  t o t a l  P E a s e  p r e p a r a t i o n s  f rom 
var ious  organs.  

H y d e r g i n  u n d  ] ) H E  wurde  in  v i t ro  b e s t i m m t .  I n  Kon-  
z e n t r a t i o n e n  y o n  10-~M bis  10-6M wurde  ein H e m m -  
effekt  n u r  i m  G e h i r n  b e o b a c h t e t .  Diese W i r k u n g  wi rd  
besonders  deut l ich ,  w e n n  m a n  das  infolge der  E n z y m -  
h e m m u n g  n i c h t  u m g e s e t z t e  c A M P  berechne t .  

P. IWANGOFF a n d  A. ENZ 

Medical Basic Research, Sandoz Ltd., CH-dO02 Basel 
(Switzerland), 27 March 7973. 

Zusammen/assung. ]Die H e m m u n g  der  c A M P - P h o s p h o -  
d ies te rase  in  v e r s c h i e d e n e n  O r g a n e n  der  K a t z e  d u t c h  2~ W. Y. CHEIJNG, Biochem. Biophys. Res. Commun. 46, 99 (1972). 

Ontogenetic Differences between Acetyl and Butyrylcholinesterase Isozymes in the Chick 
Embryo Cerebellum 

Mult ip le  fo rms  of ace ty lcho l ines te rase  (AchE:  E.C.3.1. 
1.7) a n d  b u t y r y l c h o l i n e s t e r a s e  ( B u c h E :  E.C.3.1.1.8) h a v e  
been  de tec ted  in neu ra l  t i ssue  a n d  t he  se rum of m a n y  
v e r t e b r a t e  species ~-s. To ta l  A c h E  syn thes i s  increases  
d u r i n g  per iods  of acce le ra ted  b r a i n  d e v e l o p m e n t  a, w i t h  
t he  a p p e a r a n c e  of s y n a p t i c  vesicles, a n d  w i t h  b ioelec t r ic  
a c t i v i t y  in  t i le  sp ina l  c o r d s  R a p i d  increases  of t o t a l  
A c h e  a n d  B u c h E  c o n t e n t  are  k n o w n  to occur  in  t h e  ch ick  
ce rebe l lum b e t w e e n  t h e  10 th  and  14 th  d a y  of i n c u b a t i o n  s. 
Th i s  i n t e r v a l  cor responds  to  t he  f i r s t  occur rence  of 
ex t ens ive  b o d y  m o v e m e n t s  b y  t he  ch ick  e m b r y o  9. I n  
Ambystoma punctatum s ign i f i can t  increases  ill A c h e  also 
f i rs t  occur  w i t h  mot i l e  b e h a v i o r  I0, n .  Thus ,  A c h e  a n d  
B u c h E  isozymes  h a v e  been  cons idered  as indices  of 
v e r t e b r a t e  neu ra l  and  n e u r a l m u s c u l a r  deve l opm en t .  Th i s  
r epo r t  descr ibes  changes  in A c h e  a n d  B u c h E  isozymes  
d u r i n g  th i s  pe r iod  of r a p i d  neu ra l  d e v e l o p m e n t  in  t h e  
ch ick  e m b r y o  ce rebe l lum b y  t h e  t e c h n i q u e s  of isoelectr ic  
focusing. 

E m b r y o s  were o b t a i n e d  f rom a gene t i ca l ly  h o m o g e n o u s  
s t r a i n  of W h i t e  L e g h o r n  ch ickens  a n d  i n c u b a t e d  u n d e r  
s t a n d a r d  condi t ions .  Tissues  were col lected f rom 10- a n d  
14-day-old e m b r y o s  a n d  p r e p a r e d  for e n z y m e  ana lys i s  ~2, ~3. 
A 110 m l  isoelectr ic  focus ing  c o l u m n  was p r e p a r e d  accord-  
ing to  m a n u f a c t u r e r ' s  i n s t r uc t i ons  14. Twice t h e  recom-  
m e n d e d  a m o u n t  of A m p h o l y t e s  (pH 3-10) were used  to  
increase  p ro t e in  so lub i l i ty  w i t h  0.1 ml  of t he  s u p e r n a t a n t  
be ing  a d d e d  a f t e r  t he  c o l u m n  was  p a r t i a l l y  filled. Condi-  
t ions  of 4~ 600 V, a n d  10 m A  were m a i n t a i n e d  w i t h  t he  
c a t h o d e  a t  t he  t op  of t he  co lumn.  W h e n  t h e  c u r r e n t  
s t ab i l i zed  a t  1-2  m A  t he  co lumn  was e m p t i e d  in 40 d rop  
f ract ions .  The  p H  of each  f r ac t ion  was recorded  a n d  t h e n  
a d j u s t e d  to  p H  8.0 to  e l im ina t e  a n y  p H  effect  on  t h e  
e n z y m e  reac t ions .  S e p a r a t e  e x p e r i m e n t s  d e m o n s t r a t e d  
t h a t  A m p h o l y t e s  h a d  no  effect  on  t h e  bas ic  e n z y m e  reac-  
t i on  a n d  t h a t  d i f fe ren t  h o m o g e n i z i n g  m e d i a  1~ d id  n o t  
s ign i f i can t ly  a l t e r  t he  p H  grad ien t .  6 rep l ica tes  were 
ana lyzed  for  each  age. Compar i sons  were m a d e  b e t w e e n  
t he  isoelectr ic  p o i n t  of each  i sozyme w i t h i n  an  i sozyme 
complex  (e i ther  A c h e  a n d  B u c h E )  b y  F - r a t i6  ana lys i s  
a n d  ]DUNCAN'S mul t ip l e  r ange  t e s t  a n d  b e t w e e n  i sozyme 
complexes  ( A c h e  a n d  B u c h E )  w i t h  t h e  s t u d e n t  t- test .  

Three  i sozymes  were reso lved  for b o t h  A c h e  a n d  B u c h E  
in t i le 10-day-old ce rebe l lum (Figure  1). T he  ac t iv i t i e s  
b e t w e e n  each  i sozyme complex  were s ign i f i can t ly  d i f fe ren t  
( P  ~< 0.05). A c h e  isozymes h a d  isoelectr ic  po in t s  s imi la r  
to  those  of t he  ] auchE isozymes.  Ana lys i s  w i t h i n  i sozyme 
complexes  d e m o n s t r a t e d  t h a t  t he  isoelectr ic  p o i n t s  of t he  

d i f fe ren t  i sozymes  of each  e n z y m e  were s ign i f i can t ly  
d i f fe ren t  ( P  __< 0.001). 

F ive  i sozymes  of A c h e  a n d  B u c h E  were de t ec t ed  in t he  
l r  ce rebe l lum (Figure  2). E n z y m e s  ac t iv i t i e s  
were s ign i f i can t ly  d i f fe ren t  ( P  =< 0.05) b e t w e e n  A c h e  a n d  
B u c h E .  The  isoelectr ic  p o i n t s  b e t w e e n  A c h e  arid B u c h E  
isozymes I, II, a n d  I I I  were s ign i f i can t ly  d i f fe ren t  
( P  =< 0.01); A c h e  a n d  B u c h E  isozymes  I V  a n d  V h a d  

1 S. NIEMIERKO and S. LUBINSKA, J. Neurochem. 1g, 761 (1967). 
2 ]~. ]V[AYNARD, J. exp. Zool. 151, 319 (1966). 
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Fig. 1.10-day-old cerebellum isoelectrie focusing of Ache and BucbE 
isozymes. Key: Q, PH; A, AchE; and O, BuehE. 


