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On the  o ther  hand, when one considers the  inhibi t ion of 
the  peripheric  cholinergic effects of oxot remor ine  in 
mice, the  antagonist ic  ac t iv i ty  of d iazepam is only 10 
t imes  lower s t han  tha t  of atropine.  However ,  according 
to our exper imenta l  results the  I P S C  50 of a t ropine  is 
0.12 mg/kg, which means  t h a t  d iazepam has an anhydrot ic  
ac t iv i ty  43.4 t imes  lower than  atropine.  The most  ac t ive  
and the  least  ac t ive  benzodiazepines tes ted on PSC - 
n i t razepam and medazepam - are respect ive ly  31.8 and 
876 t imes  less act ive  than  atropine.  So the  hypothesis  of 
an ant icholinergic mechanism to expla in  the  ant isweat ing 
effect of benzodiazepines appears to be ruled out. Could 
this phenomenon  be a t t r ibu tab le  to the  m-adrenolytie 
ac t iv i ty  of benzodiazepinesS-L~ Indeed m-adrenolytics 
l ikewise present  an I P S  n. The I P S C  50 of moxisy ly te  
and hydergine  are respect ively  32.32 and 13.95 mg/kg  
and are therefore closer to those of benzodiazepines.  
Final ly ,  one mus t  not  discount  the  possibi l i ty t h a t  the  
I P S  of benzodiazepines originates centra l ly  on account  
of the  central  depressive ac t i v i t y  of these drugs. Indeed,  
hypnot ics  likewise present  an IPS.  The I P S C  50 of 
phenobarbi ta l ,  pen tobarb i t a l  and methaqua lone  are 
respect ively  53.71, 27.90 and 27.92 mg/kg  ~2. 

Rdsumd. Les benzodiaz6pines inhibent  la s6cr6tion 
pa lmaire  cutan6e chez la souris propor t ionnel lement  ~t la 
close administr6e.  Les diff6rents m6canismes (choli- 
nergique,  e-adr6nergique,  central) qui  peuven t  4tre en 
jeu sont  discut6s. 
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The  Effect of H y d r o c o r t i s o n e  on T e n s i o n  and Cycl ic  A M P  M e t a b o l i s m  in T r a c h e a l  S m o o t h  Musc l e  

The mode of act ion of cort icosteroids in t r e a t m e n t  of 
bronchial  a s thma  is obscure. I n  high concentrat ions,  
cort icosteroids increased the  fi-adrenoceptor response of 
isolated human  bronchial  muscle l, ~. The  re laxa t ion  
following s t imula t ion  of fi-adrenoceptors in bronchial  ~ 
as well as in vascular  4, ~ and intes t inal  5 smooth  muscles is 
p robably  media ted  by  cyclic AMP. The nucleot ide  
probably  induces re laxat ion  by  reducing the  free myo-  
plasmic Ca 2+ concent ra t ion  by  s t imula t ing  sequester ing 
of Ca ~+ to microsomal  f ract ions ~. This work  was perform- 
ed to inves t igate  if glucocorticoids had any re laxing 
act ion and whether  t hey  influenced the  cyclic AMP 
metabol i sm of t racheal  and bronchial  smooth  muscles. 

The act ion of hydrocor t i sone (Hydrokor t i sonsuccina t  | 
Roussel) was tes ted on human  bronchial ,  muscles t racheal  
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rings f rom guinea-pig and bovine  t rachea.  The prepara-  
t ions were suspended in Krebs  b icarbonate  buffer  aera ted 
wi th  95% O~ and 5% CO2 at  37 ~ The isometr ic  muscle 
tension was measured by Grass F T  03 t ransducers  and 
registered on a Grass po lygraph  Model 7. In  all these 
preparat ions,  the  effect of hydrocor t i sone was tes ted in a 
cohcent ra t ion  range of 5 •  -s M bo th  on 
spontaneous tension and on h is tamine  cont rac ted  muscles. 
The  h u m a n  bronchial  muscle was most  sensi t ive to 
hydrocor t i sone;  in a concent ra t ion  of 1.0 ~M a complete  
re laxat ion  was produced bo th  in muscles wi th  spontaneous  
tone (Figure 1) and in muscles cont rac ted  by  h is tamine  
(1 • 10 -5 g/ml). In  tests on bovine  and guinea-pig trachea,  
h igher  concentra t ions  of hydrocor t i sone were needed 
(Figure 1). If  the  prepara t ions  were pre t rea ted  .with the  
/~-adrenoceptor blocking agent  sotalol (1.2 • 10 -5 g/ml), 
the  re laxing effect of hydrocor t i sone was decreased by  
about  50%. The re laxing effect of isoprenaline on guinea- 
pig (Figure 2) and bovine  t racheal  muscle (Figure 3) was 
po ten t i a t ed  if the  muscles were pre t rea ted  wi th  hydro-  
cort isone in a concent ra t ion  of  6 • 10 -5 M. 

The effect of hydrocort isone,  o r  a combina t ion  of 
hydrocor t i sone and isoprenaline, was s tudied on cyclic 
AMP conten t  and tension of bovine  t racheal  muscles, 
which had been suspended for 60 min  in Krebs  buffer  
solution. The muscles were frozen in frigen 12 and solid 
CO 2 at f ixed t imes  after  adminis t ra t ion  of the  drugs. The 
frozen tissues were homogenized in 5% tr ichloroacet ic  
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Fig. 1. The relaxing effect of hydrocortisone on different smooth 
muscle preparations with spontaneous tone. a) Segmental bronchi 
from humans, b) Tracheal rings from guinea-pig, e) Bovine tracheal 
muscle, 
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acid a n d  cen t r i fuged  a t  6000 •  for 10 rain.  T he  super-  
n a t a n t s  were e x t r a c t e d  w i t h  e the r  to  r e m o v e  t he  t r i -  
ch loroace t ic  acid. Cyclic A M P  was d e t e r m i n e d  b y  the  
p ro t e in  b i n d i n g  t e c h n i q u e  s . I n  some e x p e r i m e n t s  t he  
t i ssue  e x t r a c t s  were c h r o m a t o g r a p h e d  on Dowex 5 0 W X 8  
before  t he  cyclic A M P  d e t e r m i n a t i o n s ,  to  con t ro l  t h a t  no  
o t h e r  nuc leo t ides  in f luenced  t he  b i n d i n g  assay.  

The  cyclic A M P  c o n c e n t r a t i o n  regu la r ly  increased  in 
t he  s p o n t a n e o u s l y  c o n t r a c t i n g  muscle  a f t e r  a d d i t i o n  of 
6 • 10 -5 M hydrocor t i sone ,  even  a f t e r  a per iod  as sho r t  
as I ra in  (Table).  I n  o rder  to  cor re la te  t he  r e l ax ing  ac t ion  
w i t h  the  cyclic A M P  changes ,  e x p e r i m e n t s  were pe r fo rmed  
on h i s t a m i n e  c o n t r a c t e d  muscles.  I n  t he  h i s t a m i n e -  
c o n t r a c t e d  p r epa ra t i ons ,  hyd r oco r t i s one  also increased  
t h e  cyclic A M P  con ten t .  B o t h  r e l a x a t i o n  a n d  t he  increase  
of t he  cyclic A M P  c o n t e n t  fol lowing i soprena l ine  were 
s ign i f i can t ly  increased  in t he  p r e p a r a t i o n s  p r e t r e a t e d  
w i t h  hyd roco r t i sone  in compar i son  w i t h  t he  u n t r e a t e d  
con t ro l s  (Figure  3). 

The  m e c h a n i s m  for  t he  cylic A M P  increas ing  ac t ion  of 
hyd roco r t i sone  m a y  invo lve  a n  i n h i b i t i o n  of t he  cyclic 
A M P  h y d r o l y z i n g  enzyme,  phosphod ie s t e r a se  (PDE) ,  or 
an  a c t i v a t i o n  of s y n t h e t i z i n g  e n z y m e  adeny l  cyclase. 
The  effect  of hyd r oco r t i s one  was t e s t ed  on  a c rude  
P D E  f rom b o v i n e  t r a c h e a l  muscle  accord ing  to t h e  
m e t h o d  of POc~Is. No effect, however ,  was found  on t he  
P D E  a c t i v i t y  d e t e r m i n e d  a t  a s u b s t r a t e  c o n c e n t r a t i o n  of 
1 • 10 -s M.  The  a c t i v i t y  in  con t ro l  t i ssue  was 1.05 • 0.1 
n m o l / m g  p r o t e i n / m i n  a n d  t h a t  a f t e r  t r e a t m e n t  w i t h  
hyd roco r t i sone  in t he  c o n c e n t r a t i o n  r ange  1 0 - L 1 0  -4 M 
was 1.06 • 0.1 n m o l / m g  p ro te in / r a in .  A d e n y l  cyclase 
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Fig. 2. Dose-response relationship for isoprenaline alone (~ -- ~) or in 
combination with 1.2 • 10 -5 g/ml sotaloI (A--A); with 6 • 10 -5 M 
hydrocortisone (�9 with hydrocortisone + sotalol (@--@) 
on guinea-pig tracheal rings. 
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Fig. 3. The effects of isoprenaIine alone ( [ ]  ) or in combination with 
6 x 10 -5 M hydroeortisone (HI) on cyclic AMP content and tension 
in bovine tracheal muscle. Mean ~ S.E. (n = 6). 

a c t i v i t y  was d e t e r m i n e d  as descr ibed  ear l ier  1% The  basa l  
a d e n y l  cyclase a c t i v i t y  of a h o m o g e n a t e  of t r a c h e a l  
muscle  was found  to  be 0.54 • 0.06 n m o l / m g  p ro te in /10  
rain.  Af te r  a d d i t i o n  of hyd roco r t i sone  (6 • 10 .6 2VI) to  t h e  
homogena t e ,  no s ign i f i can t  changes  of a d e n y l  cyclase 
a c t i v i t y  was obse rved  (0.56 :c 0.05 n m o l / m g  p ro t e in /10  
rain).  

The  effects of hyd roco r t i sone  on  t he  P D E  a n d  a d e n y l  
cyclase ac t iv i t i e s  of t he  h o m o g e n a t e  c a n n o t  exp la in  t he  
inc reas ing  ac t ion  of t he  d rug  on t h e  cyclic A M P  level  in 
t h e  i n t a c t  muscle.  The  reason  m a y  be  t h a t  t h e  h o r m o n e  
receptors  are labi le  to  homogen iza t ion ,  or t h a t  t he  h y d r o -  
co r t i sone- induced  increase  of t he  cyclic A M P  level  in  
i n t a c t  musc le  is m e d i a t e d  b y  an  inf luence  on some endo-  
genous subs tance .  

Since b lockade  of /3 -adrenocep tors  r educed  t he  r e l ax ing  
ac t ion  of hydrocor t i sone ,  some of i ts  effects m i g h t  e i the r  
depend  on  a release of ca t echo lan l ines  or r educed  in- 
a c t i v a t i o n  of adrenerg ic  t r a n s m i t t o r  subs tance .  I t  was 
r ecen t l y  shown  t h a t  hyd roco r t i sone  impeded  m o v e m e n t s  
of n o r a d r e n a l i n e  to t he  si tes of e n z y m a t i c  i n a c t i v a t i o n  in 
vascu la r  s m o o t h  muscle  11. 

I n  order  to  t e s t  if t h e  r e l ax ing  effect  of hyd roco r t i sone  
was d e p e n d e n t  on a n  increased  a m o u n t  of ad rene rg ic  
t r a n s m i t t o r  a t  t he  r ecep to r  sites, t he  r e l ax ing  effect  of 
hyd roco r t i sone  was t e s t ed  on  t r a c h e a l  p r e p a r a t i o n s  f rom 
reserp in ized  guinea-pigs  (5 m g / k g  Serpasi l  | 20 h before  
ki l l ing t he  animals) .  I n  these  p r e p a r a t i o n s  hyd roco r t i sone  
st i l l  p roduced  a weak  re laxa t ion .  Th i s  effect  was no t  
i n h i b i t e d  b y  adrenerg ic  f i-receptor b lock ing  agents .  To 
inves t i ga t e  t he  in t luence  of hyd roco r t i sone  on  t he  
p r o s t a g l a n d i n  (PG) me tabo l i sm,  t h e  r e l ax ing  effect  of 
hyd roco r t i sone  was t e s t ed  on t r a c h e a l  r ings  t r e a t e d  w i t h  
P G - s y n t h e s i s  i n h i b i t o r  i n d o m e t h a z i n  12 ( 3 •  .8 g/ml)  
for 60 rain.  I n  these  p r e p a r a t i o n s  t he  r e l ax ing  effect  of 
hyd roco r t i sone  was p o t e n t i a t e d .  

Cor t icos teroids  h a v e  been  found  to  h a v e  a pe rmiss ive  
effect  on the  g luconeogenic  response  of exogenous  cyclic 
A M P  in r a t  l iver  13. I t  was  the re fore  of in t e res t  to  e x a m i n e  
w h e t h e r  t he  s tero id  inf luenced  t he  response  of exogenous  
cyclic AMP.  Cyclic A M P  re laxed  t r achea l  r ings  f rom 
guinea-pigs  a t  a c o n c e n t r a t i o n  of 10 -~ M.  H y d r o -  
cor t i sone d id  no t  p o t e n t i a t e  th i s  effect  of t he  nucleot ide .  

The  resul t s  of t h i s  s t u d y  ind ica t e  t h a t  hyd roco r t i sone  
can  increase  the  level  of cyclic A M P  in t r a c h e a l  s m o o t h  
muscle.  I n  h u m a n  lymphocy te s ,  cor t icos te ro ids  h a v e  
ear l ier  been  shown  to p roduce  a s imi la r  effect  14. The  
m e c h a n i s m  b y  wh ich  hyd roco r t i sone  a l te rs  the  cyclic 
A M P  m e t a b o l i s m  and  improves  c a t e c h o l a m i n e  respon-  
s iveness  is no t  clear,  b u t  t h e / % a d r e n o c e p t o r s  are  p r o b a b l y  
p a r t l y  involved .  A d i rec t  effect  of hyd roco r t i sone  on  
cyclic nuc leo t ide  m e t a b o l i s m  is also p robab le ,  s ince t he  
effect  of t he  s te ro id  was st i l l  p r e sen t  a f t e r  b lockade  of 
/3-adrenoceptors,  as well  as in  reserp in ized  animals .  

I t  is possible  t h a t  t he  effect  of hyd roco r t i sone  on cyclic 
A M P  m e t a b o l i s m  is especial ly  va luab l e  in  t r e a t m e n t  fo 
b ronch i a l  a s t h m a ,  since i t  seems to be a r e l a t ionsh ip  
be tween  cyclic A M P  m e t a b o l i s m  a n d  a l t e red  s m o o t h  
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muscle func t ion  in th is  disease. SZIZNTIVANY115 has thus  
suggested t h a t  in bronchia l  a s t hma  there  is a r educ t ion  
of the  sens i t iv i ty  of f i-adrenoceptors.  I t  has  also been 
d e m o n s t r a t e d  t h a t  leukocytes  f rom pa t i en t s  w i th  bron-  
chial a s t h m a  have  a decreased cyclic AMP response  to  
f i -adrenoceptor  s t imula tors  ~ t  I t  is ev iden t  t h a t  mos t  of 
the  the rapeu t i c  agents  used in bronchia l  a s t h m a  act  via  
the  cyclic AMP sys tem.  This  applies to ca techolamines  5, 
ACTH ~v, as well as hydrocor t i sone  which  increase the  

Effect of hydrocortisone (6 • 10 ~ M) on cyclic AMP content in 
bovine tracheal smooth muscle 

Addition Cyclic AMP (pmol/mg) 

None (control) 0.85 :h 0.07 

Hydrocortisone 1 min 1.02 ~ 0.11 �9 

5 rain 0.97 • 0.10~ 

10 min 1.01 -h 0.11 �9 

Each value represents the mean i SEN[ of assays on 6 tissue samples. 
�9 Differed from the control (p < 0.05). 

cyclic AMP level in bronchia l  s mo o t h  muscle and  decrease 
broncho-cons t r ic t ion .  

Zusammen/assung. U n t e r s u c h u n g  des Wirkungsme-  
chanismus  yon  Hydrocor t i son  auf die Re laxa t ion  der  
T rachea lmusku la tu r  yon  K u h  und  Meerschweinchen,  
wobei  s te ts  eine Zunahme  des zykl ischen AMP-Geha l t s  
gefunden  wurde.  ]?;s wird  angenommen ,  dass sich dadurch  
die intrazellulXre Seques t r ie rung yon  Calcium erh6ht  und  
der Hydrocor t i sonef fek t  zum Teil yon  einer /~-Rezeptor- 
s t imula t ion  abh~ngig  ist. 
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Paracrystalline Inclusions in Mitochondria of Frog 

The main  fea ture  of amph ib i an  oogenesis is cer ta in ly  
the  fo rmat ion  of yolk  platelets .  In  var ious  amphib ians ,  
e.g. Triturus virideseens, Rana temporaria, Rana esculenta 
and  Triturus vulgaris, the  yolk p la te le t  precursors  are re- 
p resen ted  by  mul t ives icular  bodies which  are as a rule 
fo rmed th rough  coalescense of p inocy to t i c  vesicles~ -a. 
Al though  i t  could be clear ly d e m o n s t r a t e d  t h a t  t he  
ma jo r i t y  of vesicles incorpora ted  in to  the  yolk  precursors  
is general ly der ived t h rough  p inocy to t ic  act ivi t ies ,  for 
mos t  cases a pa r t i c ipa t ion  of in t raoocyt ic  m e m b r a n e  
sys tems  in the  fo rma t ion  of yolk  could no t  be ruled out  
conclusively.  Most  u l t r a s t ruc tu ra l  inves t iga t ions  on am- 
ph ib i an  oogenesis have  been  able clearly to  d e m o n s t r a t e  
two or more  d i f ferent  ways  for the  fo rmat ion  of yolk. In  the  
case of Xenopus laevis, for instance,  we too were able to  
d e m o n s t r a t e  a dual  mode  of yolk  fo rma t ion  ~. One mode  
is represen ted  by  the  t r an s fo rma t ion  of mi tochondr i a  
which comprises  the  d i s in tegra t ion  of i n t r ami tochondr i a l  
membranes ,  the  up take  of a large n u m b e r  of vesicles f rom 
various sources, and the  fo rma t ion  of a paracrys ta l l ine  
lat t ice,  resul t ing in yolk  p la te le t s  whose mi tochondr ia l  
origin is no longer deplorable.  In  con t ras t  to  the  forma-  
t ion of a paracrys ta l l ine  la t t ice  subsequen t  to  the  t rans -  
fo rmat ion  of mi tochondr ia ,  it  is t he  di rect  i n t r ami tochon-  
drial  fo rma t ion  of paracrys ta l l ine  la t t ices  which  is t he  
subjec t  of our p resen t  s tudy  carried out  on a to ta l  of 10 
d i f ferent  anu ran  species. (Rana erythrea, R. graeca, R. 
adspersa, t?. cyanophlictis, R. esculenta, R. temporaria, 
Rhacophorus maculatus, Hyla arbores, Bu]o bu/o, Bombina 
bombina). 

I n t r a m i t o c h o n d r i a l  paracrys ta l l ine  inclusion bodies  
(ICIB) were f i rs t  descr ibed in 1958 by  LANZAVECCHIA and  
LE COULTRE5 in a s tudy  of embryogenes i s  in Rana eseu- 
lenta. During  the  course of our inves t iga t ion  we were able 
to de tec t  I C l B  in 6 of t he  10 species used. W i t h  respec t  to  
bo th  the  in t r ami tochondr i a l  local izat ion and the  cent re  to 
cent re  d is tance  of t he  crysta l l ine  lat t ice,  we were able to  
d i s t inguish  2 d i f ferent  t ypes  of ICIBs.  The main  type  of 

Oocytes 

ICIB,  occurr ing in all 6 species, is e i ther  formed in the  
in t racr i s ta l  or i n t e r m e m b r a n e  space and  has a centre  to 
cent re  d is tance  of the  crysta l l ine  la t t ice  which  varies be- 
tween  85 and 100 A. In  5 of t he  6 species ment ioned ,  we 
were only able to  observe  the  fo rma t ion  of ICIB ' s  in the  
in t racr is ta l  space. In  Rana erythrea oocytes,  the  fo rmat ion  
of ICIBs  in the  i n t e r m e m b r a n e  space could, however ,  
f r equen t ly  be detec ted .  On the  basis  of the i r  morphology,  
t h a t  is the  centre  to centre  spacing of the  crys ta l l ine  
la t t ice  and  the i r  size and  shape,  we were no t  able to 
de tec t  any  differences be tween  the  ICIBs  t h a t  were formed 
in the  in t racr is ta l  space and  those  t h a t  were formed in the  
i n t e r m e m b r a n e  space. Great  differences were, however ,  
found  wi th  respect  to  t he  largest  crys ta ls  p resen t  in t he  
d i f ferent  species. The size ranged  be tween  0.2 ~xm x 0.5 ~m 
in Rana ad.spersa and 1.5 [xm • 5.0 ~m in Rana erythrea. 
Al though  a large va r i e ty  of d i f fe rent  shapes  of the  ICIBs  
could be found even wi th in  t he  same oocyte,  we were able 
to  observe,  in each of t he  6 c rys ta l - forming  species, a 
crys ta l  shape  which  appeared  to be typ ica l  for the  indivi-  
dual  species, as can be seen in t he  Figure.  Thus  we found 
in Rana adspersa a large n u m b e r  of round  to  oval inclu- 
sions, in Rana graeca rectangular ,  in Rana esculenta and 
temporaria hexagonal ,  and in Rana erythrea mos t  of the  
crys ta ls  were po lymorphous .  Quite ou t s t and ing  were the  
crysta ls  found  in the  in t racr i s ta l  space of Rhacophorus 
maculatus, and somet imes  in Rana eseulenta and  tempora- 
ria, because of the i r  rod-l ike shape.  In  Rana temporaria 
and  Rana esculenta, as well as in Rhacophorus maeulatus, 
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