
15. 11. 1969 Specialia 1159 

t h a l a m u s ,  as well  as t h e  absence  of response  in those  
i m p l a n t e d  in t h e  a n t e r i o r  a m y g d a l o i d  a rea  a n d  pos te r io r  
h y p o t h a l a m u s  suggests  t h a t  t h e  d rug  ha s  a specific a n d  
sho r t - l a s t i ng  effect  b y  b lock ing  t he  chol inergic  m e c h a n i s m s  
re l a t ed  to t he  release of t he  o v u l a t o r y  q u o t a  of gonado-  
t roph ins .  T h e  decrease  of t he  o v a r i a n  we igh t  as well  as 
t he  i n h i b i t i o n  of c o m p e n s a t o r y  h y p e r t r o p h y  a f t e r  
un i l a t e r a l  c a s t r a t i o n  b y  h y p o t h a l a m i c  i m p l a n t s  of 
a t r o p i n e  (unpub l i shed  observa t ions )  would  sugges t  t he  
b lockade  of t h e  fo l l icu lo t rophic  h o r m o n e s  as a whole  
( F S H - L H ) .  

Rdsumd. Des i m p l a n t a t i o n s  d ' a t r o p i n e  dans  l ' hypo-  
t h a l a m u s  an t6 r i eu r  et  l a t6ra l  de la r a t e  p r o v o q u e n t  u n  
d ies t rus  pro long6 e t  une  d i m i n u t i o n  du  poids  de l ' ova i re  
sans  r @ o n s e  u t6 r ine  au  d6c iduome t r a u m a t i q u e .  On 

conc lu t  que  1 'a t ropine  ag i t  sur  des votes co l in6rg iques  en 
r e l a t ion  avec  la  s6cr6t ion des gonado t roph ines .  
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Do the Products of Messenger RNA Hydrolysis Cause 'Cloudy Swelling' ? 
The  a c c u m u l a t i o n  of in t ra -ce l lu la r  w a t e r  b y  cells 

sub jec t ed  to  tox ic  s t resses  was f i rs t  n o t e d  b y  VIRC~OW 1 
who t e r m e d  t h e  process  ' c loudy  swell ing '  a n d  be l ieved  i t  
to  be  one of t h e  p r i m a r y  causes of cell dea th .  I t s  p a t h o -  
genesis is s t i l l  n o t  ful ly  u n d e r s t o o d  2. However ,  i t  is c lear  
t h a t  i t  invo lves  a fa i lure  of t h e  cel lular  osmot ic  con t ro l  
m e c h a n i s m s  a. D u r i n g  r e c e n t  e x p e r i m e n t s  on  R N A  
s t ab i l i t y  in  Tetrahymena we no t i ced  t h a t  these  c i l ia ted 
p ro tozoons  were subj  ect  to  s l ight  h y d r o p i c  changes  d u r i n g  
per iods  of increased  R N A  hydro lys i s  caused  b y  syn-  
ch ron iz ing  hea t - sh i f t s .  These  cells are qu i t e  v iab le  a t  
s y n c h r o n i z i n g  t e m p e r a t u r e s  p r o v i d e d  t he  d u r a t i o n  of 
exposure  is l im i t ed  4. I f  A c t i n o m y c i n  D (ActD) is added  
to  t h e  m e d i u m  d u r i n g  these  t e m p e r a t u r e  shi f t s  a more  
pe rcep t ib l e  increase  in cell size is cons i s t en t l y  noted .  W e  
h a v e  e x a m i n e d  th i s  swell ing p h e n o m e n o n  in some detai l .  
The  resu l t s  sugges t  t h a t  i t  is a resu l t  of net hydro lys i s  of 
u n s t a b l e  RNA.  If  t he  hydro lys i s  is a l lowed to p roceed  a t  a 
r ap id  r a t e  a n d  to  a suff ic ient  degree t h e  cells will die of 
severe  h y d r o p i c  degenera t ion .  T he  cyto logica l  changes  
seen in such  cells are  v i r t u a l l y  iden t i ca l  to  those  found  in 
classical  ' c loudy  swell ing' .  Since t h e  effects of A c t D  and  
t e m p e r a t u r e  are  synerg i s t i c  a n d  b o t h  are k n o w n  to induce  
ne t  R N A  d e g r a d a t i o n  i t  appea r s  t h a t  t h e  e d e m a  m a y  be  
i n i t i a t e d  b y  t he  R N A  hydro lys i s  p roduc t s .  

Material and method. To follow t h e  r a t e  of d e g r a d a t i o n  
of u n s t a b l e  RNA,  t he  cells were s ynch r on i zed  a n d  re- 
su spended  in inorgan ic  m ed i um .  Th i s  fac i l i t a tes  r ap id  
R N A  labe l ing  a n d  ha s  no  effect  on  e i the r  cell v i ab i l i t y  or 
cell d iv i s ion  5. A t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  100 ~c 
of H a u r id ine  was  a d d e d  to  t i le  m e d i u m  a n d  t h e  cells 
were labe led  for  20 rain.  A c t D  (50 ~xg/ml) was  t h e n  a d d e d  
a n d  t he  cu l tu re  d iv ided  in to  3 pa r t s .  One p o r t i o n  was  
i n c u b a t e d  a t  29~ ( the o p t i m u m  g r o w t h  t e m p e r a t u r e ) ,  
one  a t  34~ a n d  one a t  37~ 6. T he  r a t e  of decay  of pre-  
labe led  R N A  was  fol lowed us ing  t h e  d i rec t  f i l ter  p a p e r  
disc p rocedure  ~. Af te r  60 m i n a  smal l  s ample  was r e m o v e d  
f rom each  cul ture ,  f ixed  w i t h  s a t u r a t e d  HgC12, a n d  p h o t o -  
g raphed .  Con t ro l  samples  l ack ing  A c t D  were also incu-  
b a t e d  a t  each  of t he  3 t e m p e r a t u r e s .  P rev ious  e x p e r i m e n t s  
h a v e  s h o w n  t h a t  t h e  u p t a k e  of exogenous  u r id ine  ceases 
a t  34 ~ ~. This  i n h i b i t i o n  of u r id ine  u p t a k e  is p r e s u m a b l y  
due  to  t h e  e x p a n s i o n  of in t r a -ce l lu la r  nuc leo t ide  pools  s. 

Results and discussion. T he  effect  of a d d i n g  A c t D  to  
t h e  m e d i u m  a f t e r  pulse  l abe l ing  w i t h  u r id ine  is seen in 
F igu re  1. A t  29 ~ t h e  u p t a k e  of labe l  slows a n d  decay  be-  
gins a f t e r  a s h o r t  delay.  A t  34 and" 37 ~ decay  beg ins  

a l m o s t  i m m e d i a t e l y  a n d  proceeds  a t  r a t e s  r ough ly  
p r o p o r t i o n a l  to  t h e  degree of t e m p e r a t u r e  e leva t ion:  The  
effects on  cel lular  m o r p h o l o g y  are seen in F igure  2. These  
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Fig. 1. Effect of temperature variation of the rate of decay of 
prelabeled RNA. Synchronized Tetrahymena pyri]ormis GL were 
labeled with H a uridine for 20 min as described in the text. Actino- 
mycin D was then added (50 txg/ml) and the culture divided into 
3 parts and incubated at the temperatures indicated. The rate of 
decay is roughly proportional to the temperature for values above 
the optimum growth temperature (29 ~ 

1 R. VIRCHOW, Cellular Pathology (R. M. De Witt, New York), 
English edm, p. 335. 

2 G. R. CAMERON, Pathology o/the Cell (Oliver & Boyd, London 1952), 
which presents a complete historical review of the subject of 
'cloudy swelling' and 'hydropic degeneration'. 
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cells are  n o r m a l l y  ell ipsoids w i t h  a m a r k e d  i n d e n t a t i o n  
t o w a r d s  t he  a n t e r i o r  end  where  t h e  ora l  a p p a r a t u s  is 
located.  Af te r  exposure  to  A c t D  a t  29 ~ for 60 m i n  t h e r e  
is a ba re ly  pe rcep t ib l e  cel lular  swell ing m o s t  m a r k e d  
an t e r io r ly  (Figure 2a). W h e n  t he  cells are  exposed  to 
34 ~ in t he  presence  of t he  a n t i b i o t i c  a more  m a r k e d  full- 
ness is seen (Figure  2b), a n d  o b s e r v a t i o n  of t he  l iv ing cells 
shows a n  increased  w a t e r  vacuo le  ac t iv i ty .  V iab i l i t y  (as 
d e t e r m i n e d  b y  ac t ive  swimming)  is m a i n t a i n e d  for a t  
leas t  60 m i n  a t  34 ~ u n d e r  these  c i rcumstances ,  fol lowed 
b y  cell dea th .  I f  t i le  t e m p e r a t u r e  e l eva t ion  is ra i sed  to 
37~ w a t e r  vacuole  f o r m a t i o n  becomes  s t r ik ing.  I n  
add i t ion ,  n o n - v a c u o l a r  e d e m a  becomes  a p p a r e n t  an d  
s tead i ly  progresses  to  cell d e a t h  w i t h  e x t r e m e  w a t e r  inhi -  
b i t i on  (Figure 2d). Obse rvab le  cell swell ing is also seen in 
ceils exposed  to  37 ~ w i t h o u t  t he  an t ib io t i c  b u t  i t  lags 
s ign i f i can t ly  b e h i n d  t h a t  found  w h e n  b o t h  R N A  de- 
po lymer i z ing  s t imul i  are  p r e s e n t  (Figure 2c). The  large 
in t ra -ce l lu la r  vacuoles  a n d  g r a n u l a r  cy top l a smic  precipi-  
t a t e s  which  occur  closely r e semble  VIRCHOW'S 1 or ig ina l  
desc r ip t ion  of ' c loudy  swell ing'  m a d e  on  u n s t a i n e d  
h u m a n  nec ropsy  mate r ia l .  

The  exac t  m e c h a n i s m  of th i s  swell ing ha s  n o t  as ye t  
been  e lucidated .  Severa l  possibi l i t ies  seem to be  exc luded  

on  a c i r c u m s t a n t i a l  basis.  Since i t  is n o t  r ep roduced  b y  
cycloheximide ,  t u r n o v e r  of a labi le  p ro t e in  needed  for 
m e m b r a n e  i n t e g r i t y  is unl ikely .  Similar ly ,  t h e  poss ib i l i ty  
t h a t  a specific n o n - t e m p l a t e  R N A  f rac t ion  is i nvo lved  
seems un l ike ly  since anc i l l a ry  s tud ies  h a v e  failed to  no t e  
a n y  v a r i a t i o n  in  t h e  r a t e  of decay  of u n s t a b l e  1RNA 
f rac t ions  9 a n d  the re  is no  ev idence  as y e t  for a s t r u c t u r a l  
role of R N A  in m e m b r a n e  s tab i l i ty .  Di rec t  i nh ib i t i on  of 
t h e  w a t e r  exc re to ry  m e c h a n i s m  b y  b o t h  h e a t  an d  A c t D  
is possible  b u t  t h e  w a t e r  vacuoles  are  in i t i a l ly  h igh ly  
ac t ive  sugges t ing  t h a t  these  m e c h a n i s m s  are in tac t .  The  
i m m e n s e  vacuoles  found  in dead  a n d  dy ing  cells the re fore  
p r o b a b l y  r ep re sen t  t e r m i n a l  failure.  E lsewhere  we h a v e  
p r e sen t ed  ev idence  t h a t  t h e  p r i m a r y  effect  of h e a t  a n d / o r  
A c t D  in these  fo rms  is n o t  a t  t h e  ene rgy  level  9, ~0 

R e c e n t l y  t h e r e  h a v e  been  severa l  o t h e r  r epor t s  in t he  
l i t e r a tu re  wh ich  in  aggrega te  imp ly  t h a t  a s igni f icant  l ink  
b e t w e e n  t h e  m e t a b o l i s m  of u n s t a b l e  R N A  a n d  t he  
m a i n t e n a n c e  of w a t e r  a n d  e lec t ro ly te  b a l an ce  m a y  exist .  

9 j. E. BYFIELD and O. H. SCHERBAIIM, Proc. natn. Acad. Sci. 
USA 57, 602 (1967). 

I0 J. ]~. BYFIELD and O. H. SCHERBAUM, Science 156, 1504 (1967). 

Fig. 2. Cellular morphology during 
template hydrolysis. These photo- 
graphs (except c) were taken of cells 
treated with Actinomyein D for 60 min 
as indicated in Figure 1. Plate (a) shows 
cells treated for 60 rain at 29 ~ plate 
(b) at 34~ and plates (e) and (d) at 
37~ No Actinomycin D was added 
in the case of (c). A progressive in- 
crease in cell swelling and vacuole for- 
mation is seen as the temperature rises 
above 29~ This swelling is con- 
siderably less when the antibiotic is 
not present (Figure 2c). Both factors 
(Actinomycin D and temperatures 
above the growth optimum) serve to 
initiate net template RNA hydrolysis. 
All magnifications • 240. 
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B o t h  enuclea t ion  and  UV- i r rad ia t ion  have  been  shown to  
cause increased wa te r  vacuole  ac t iv i ty  in Ameba pro- 
teus 11, ~. The osmolar  c o n t e n t  of such vacuoles  is normal ,  
ver i fy ing increased ne t  wa te r  t r a n s p o r t  18. E i t he r  proce-  
dure  m i g h t  be  expec ted  to cause ne t  hydrolys is  of uns tab le  
R N A  th rough  phys ica l  r emova l  or inh ib i t ion  of R N A  
polymerase .  E x p o s u r e  of m a m m a l i a n  cells to  ampho-  
ter icin ]3 causes reduced  pro te in  and  nucleic acid syn thes i s  
in a m a n n e r  t h a t  has  been  re la ted  to ca t ion  t r a n s p o r t  ~4. 
The add i t ion  of glucose to the  m e d i u m  wilI par t ia l ly  
p ro t ec t  m a m m a l i a n  cells aga ins t  t he  act ion of Ac tD ~5, 
pe rhaps  on an osmot ic  basis. However ,  i t  r emains  to be 
p roven  t h a t  any  of these  p h e n o m e n a  are d i rec t ly  re la ted  
to  t he  osmot ic  effects  of accumula t ing  intra-cel lular  
nucleot ides.  Hydro lys i s  of large quan t i t i e s  of nucleic 
acids a lmos t  cer ta in ly  exposes  t he  cells to  s ignif icant  
ac id-base  changes.  Tetrahymena, like m a n y  cells, con ta in  
s igni f icant  quan t i t i e s  of b o u n d  K+~t  Release of K+ or 
o the r  cat ions  m a y  also p l ay  a role in p e r t u r b a t i o n  of t he  
wa te r  control l ing mechan i sms .  The  e lucidat ion of these  
effects  remains  an in t r iguing p rob lem for fu ture  invest i -  
gat ions.  

Rdsumd. L ' a c t i n o m y c i n  D et  les t emp6ra tu re s  d ' in-  
cuba t ion  d6passan t  l ' o p t i m u m  de croissance causen t  
i n d 6 p e n d a m m e n t  une d6grada t ion  de I ' A R N  ins table  

chez Tetrahymena pyri[ormis vivan t .  L 'ced6me cellulaire 
se p rodu i t  s imu l t an6men t  e t  il es t  p ropor t ionne l  au degr6 
de d@olym6r isa t ion .  Pu isque  les effets  de l ' an t ib io t ique  
et  les c h a n g e m e n t s  de t e m p 6 r a t u r e  son t  addit i f ,  ces 
observa t ions  sugg6rent  que les p rodu i t s  de hydro lyse  
p e u v e n t  about i r  ~ l ' accumula t ion  excessive de l 'eau darts 
la cellule. 
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Interactions Between Amphetamine and Reserpine in vitro 

The in vivo in te rac t ions  be tween  a m p h e t a m i n e  and  
reserpine  have  been  inves t iga ted  by  a n u m b e r  of 
workers  1-5. Con t ra ry  to  t he  expec ted  response,  adminis -  
t r a t i on  of reserpine  in an imals  p r e t r ea t ed  wi th  a m p h e t -  
amine  elicits a ma rked  and  pro longed presor  response.  This  
effect  appears  only  once. Repe t i t i on  of reserpine  fails to  
show any  response  s . The  blood pressure  increase is 
b locked and /o r  p r e v e n t e d  b y  a lpha-adrenerg ic  b locking 
agents ;  however ,  i t  is no t  modif ied  by  bi la tera l  adrenalec-  
tomy,  descent ra l iza t ion ,  gangl ion blocking agents,  anti~ 
h i s tamin ics  and  ant i sero tonin ics  4. 

These resul ts  seem to indica te  t h a t  t he  blood pressure  
response  elici ted by  reserpine  is ma in ly  due  to a peri-  
phera l  adrenergic  mechan i sm.  In  order  to  get  some more  
in fo rma t ion  concerning the  m e c h a n i s m  involved in th is  
phenomenon ,  we t r ied  to  reproduce  i t  in v i t ro  using the  
isolated r a t  vas  deferens  p repara t ion ,  which  shows a 
dense s y m p a t h e t i c  inne rva t ion  6 and  a h igh  noradrena l ine  
con t en t  ~. The resul ts  ob ta ined  are r epor ted  ill th i s  paper .  

Material and methods. Male Wis t a r  ra t s  (180-220 g) 
have  been  used t h r o u g h o u t  all exper iments .  Animals  
were  killed by  a b low on the  head  and  b o t h  vasa  de- 
fe ren t ia  were r emoved  and  suspended  in Krebs  solut ion 
a i rea ted  wi th  a mix tu re  of 95% O 3 and  5% CO s. B a t h  
capac i ty :  10 ml. T e m p e r a t u r e  was kep t  c o n s t a n t  a t  31 ~ 
The con t rac t ions  were regis tered on a smoked  d r u m  by  
means  of a f ronta l  isotonic lever w i th  an 8-fold magnif ica-  
t ion.  The following subs tances  were used:  DL-amphet-  
amine  sulphate ,  which  in our expe r imen ta l  condi t ions  
shows the  same ac t iv i ty  as t he  opt ica l  isomers,  and 
reserpine  as a commerc ia l  p repa ra t ion  (Serpasol| Ciba). 
Solut ions were made  in isotonic saline 0.9%. Before add-  
ing any  drug the  p r epa ra t i on  was allowed to  stabil ize for 
30 rain. The sequence of each expe r imen t  was  as follows : 
(1) A m p h e t a m i n e  was added  to  t he  b a t h  and  the  response  
to  t h e  concen t ra t ion  used was  registered.  (2) Af ter  
wash ing  tlae p repara t ion ,  reserpine  was  added.  The t i m e  
be tw een  b o t h  drugs  differed f rom one expe r imen t  to  

another, since relaxation after- amphetamine is variable; 
however, it never exceeded 15 rain. Actually, this is not a 
critical point, since we have observed that even i h 
after addition of amphetamine, reserpine shows the same 
p a t t e r n  of ac t iv i ty .  

B o t h  drugs  were used only  once in each p r epa ra t i on  
and no o ther  subs tance  was employed  before  t he  sequence 
described.  The he igh t  of t he  con t rac t ion  was  measured  
in ram. 

Results and discussion. Reserpine,  in concen t ra t ions  up 
to  3 • 10 -4 g/ml,  does no t  elicit a n y  response;  however ,  

�9 when  added  af ter  a m p h e t a m i n e ,  unde r  our  expe r imen ta l  
condit ions,  it  p roduces  a sus ta ined  con t rac t ion  of s imilar  
charac te r  to  t h a t  de t e rmined  by  a m p h e t a m i n e ,  i.e. slow, 
c rena ted  and  i r regular .  The resul ts  are shown in t he  
Figure.  

Columns on the  left  side r ep resen t  the  m e a n  he igh t  of 
t he  con t rac t ions  ob ta ined  wi th  t he  3 concen t ra t ions  of 
a m p h e t a m i n e  used (2.5 • 10 -7, 5 • 10 -7 and  1 • 10 -6 g/m], 
expressed as a base), and  the  ver t ica l  bars  are t he  s t and-  
ard error of t he  mean.  E a c h  co lumn represen ts  the  m e a n  
of a t  least  40 exper iments .  

On the  r ight ,  t he  he igh t  of t he  con t rac t ions  is shown 
de t e rmined  by  various doses of reserpine  following 1 of 
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Th6r. 740, 581 (1962). 
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