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ma jo r i t y  of cases the  epi thel ia l  surface m a y  be devoid of 
ex t rud ing  cell d ischarges  and, t hough  some ext rus ions  are 
of ten  observed,  the i r  n u m b e r  is too small  to suggest  any  
significance in the  m a t t e r  of secre tory  ac t iv i ty ,  these  occur 
on top  of old worn  out  cells and appear  to represen t  ex- 
t rus ion  of old degenera t ing  cells. In  some normal ly  feeding 
forms, t h e y  m a y  be ent i re ly  absen t .  On the  o the r  hand,  in 
specimens  s t a rved  for long periods,  cell ex t rus ions  in the  
form of cy toplasmic  globules, separa ted  cell t ips,  burs t ing  
and  ex t rud ing  cells m a y  be in abundance .  These resul ts  
show t h a t  the  various cell ex t rus ions  of ten observed  in 
histological  p repara t ions  do no t  r epresen t  secre tory  ac- 
t iv i ty  and enzyme p roduc t ion  bu t  r epresen t  cellular 
degenerat ion.  

Zusammen/assung. Ein  Indiz ienbeweis  wird geliefert,  
wonach  die Zel lextrus ionen im Mi t t e lda rm m a n c h e r  In-  
sekten  n ich t  (Verdauungs-)  Sekrete  darstel len,  sondern  
du tch  Zel ldegenera t ion bed ing t  sind. 
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Mitochondrial Changes Induced by Diphtheria 
Toxin in Chicken Embryo Heart Cell Cultures 

The effects induced by  d iph the r ia  tox in  on the  mor-  
phology and metabo l i sm of various cell s t ra ins  have  been 
descr ibed by  several  au thors  1-6. Besides the  cy topa th i c  
effect ,  STRAUSS 7'8 and COLLIER and PAPPENHEIMER %10 
have  recent ly  indica ted  t h a t  the  oxidat ive  phosphory la -  
t ion is not  s ignif icant ly  affected by  d iph the r i a  tox in  
in H e L a  cells, while KATO et al.4 consider  this  effect as 
manifest .  

But  no s t u d y  has ye t  been  made  on the  act ion of d iph-  
ther ia  tox in  on tile mi tochondr i a  of l iving cells, a l though 
m a n y  uncoupl ing sub3tances are also wel l -known mito-  
chondr ia l  swelling agents.  A s tudy  of th is  kind, by  mor-  
phological  and biochemical  methods ,  has  recent ly  been 
carried out  by  KADIS 11 who used the  mur ine  plague toxin.  
This toxin  induces a clear swelling in isolated mi tochon-  
dria and at  the  same t ime a clear uncoupl ing  effect  on 
oxida t ive  phosphory la t ion .  The presen t  s t u d y  was under-  
t aken  to observe the  mi tochondr ia l  behav iour  under  
act ion of d iph the r ia  tox in  in chicken embryo  hear t  cells 
cul tured in vitro.  

Materials and methods. Cell cul tures:  P r i m a r y  fibro- 
blast ic  cell cul tures were ob ta ined  f rom the  hea r t s  of 
6-day-old chicken embryos .  The hear t s  were minced 
finely wi th  scissors and washed twice in 100 ml of Hanks  
ba lanced salt  solut ion (BSS) and the  cells dispersed by  
t ryps in iza t ion .  The dispersed cells were cent r i fuged in a 
conical g radua ted  tube  at  500 r p m  for 10 rain, suspended  
in 10 ml of ou tg rowth  med ium consis t ing of 10% inacti-  
va t ed  calf se rum and 0.5% lac ta lbumin  hydro lysa t e  in 
H a n k s  BSS,  and cent r i fuged again as descr ibed above.  
A 1 : 200 di lut ion of the  cell pack  was p repa red  in the  out-  
g rowth  medium.  This  suspension was then  p lan ted  in 
Le ighton  tubes  conta in ing  a cover glass in a Volume of 
2 ml and incuba ted  at  37 ~ 

Diph the r ia  toxin :  Crude lyophyl ized d iph the r i a  tox in  
(Sclavo) 1~ conta in ing  60 Lf /ml  and 13 DLM/Lf  was used. 
The d iph the r ia  tox in  was d i lu ted  wi th  H a n k s  BSS to 
ob ta in  the following concen t ra t ions :  0.6, 1.2, 6.0, and 
12.0 Lf/ml.  The final p H  of tox in  dilutions,  ad jus ted  wi th  
NaHCO a 1.4%, was 7.4. 

Experiments. After  20 h of incuba t ion  the  ou tg rowth  
med ium  was e l iminated  f rom the  Le igh ton  tubes,  the  
cell culture was washed  twice wi th  Hanks  BSS  (pre- 
viously hea ted  to 37 ~ and the  med ium was subs t i t u t ed  

wi th  d iph the r i a  tox in  diht t ions.  Af ter  15, 30, 60, and  120 
min f rom toxin  inoculum, the  cover  glasses were ex- 
t r ac t ed  f rom the  Le igh ton  tubes,  p laced in a perfus ion 
ch amb e r  conta in ing  the  same tox in  di lu t ion and observed  
under  a phase  con t r a s t  microscope (Leitz Or tho lux  wi th  
a • 70 f luori te  immers ion  object ive) .  Some spec imens  
were f ixed in g lu ta ra ldehyde  (Fluka) 0.25% in p h o s p h a t e  
buffer  (pH 7.4), d e h y d r a t e d  wi th  e thy l  alcohol and  
s ta ined wi th  urani l  ace ta te  (0.95% in e thy l  alcohol) and 
wi th  phospho tungs t i c  acid (1% in absolute  e thy l  alco- 
hol) 12. These p e r m a n e n t  specimens  were also observed  

Fig. 1. A normal chicken enlbryo heart cell. M, mitochondria. Phase 
contrast microscope, x 1000. 
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u n d e r  phase  c o n t r a s t  microscope.  I n  t he  con t ro l  cu l tu res  
t he  m e d i u m  was s u b s t i t u t e d  w i t h  2 ml  of H a n k s  B S S  a t  
t he  same t e m p e r a t u r e  and  p H  b u t  w i t h o u t  d i p h t h e r i a  
toxin .  

Results. T h e  lower d i p h t h e r i a  t o x i n  c o n c e n t r a t i o n s  (0.6 
Lf /ml)  were u n a b l e  to  p roduce  a n y  effect  on  t he  cells. 

The  cells t r e a t e d  for 15 m i n  w i t h  1.2 L f /ml  t o x i n  con- 
c e n t r a t i o n  show a m i t o c h o n d r i a l  ' t h i c k e n i n g '  (Figure 2). 
The  mi tochondr i a ,  on  t he  o t h e r  h a n d ,  do n o t  show a n y  
difference of op t ica l  d e n s i t y  in  t he i r  s t ruc tu re .  W i t h  th i s  

Fig. 2. A chicken embryo heart cell 15 min after the inoculum with 
diphtheria toxin (1.2 Lf/ml). Note the 'thickened' mitoehondria (sm). 

Phase contrast microscope. • 1000. 

t ox in  concen t r a t i on ,  t h e  f i rs t  genera l ized  cel lular  i n j u r y  
develops  on ly  a f t e r  120 mi n  a f t e r  t o x i n  i nocu lum as a 
v a c u o l a r  degenera t ion .  T h e  h ighe r  c o n c e n t r a t i o n s  of tox in  
(6.0 a n d  12.0) h a v e  a s imi lar  ac t ion  b u t  t h e i r  swell ing 
effect  is more  ev iden t ,  w i t h  c lear  differences  in  op t ica l  
d en s i t y  of swollen mi tochondr i a .  Owing to these  dilu- 
t ions ,  t h e  ' t h i c k e n i n g '  a n d  swell ing effect  is a l r e ad y  com- 
p le ted  15 mi n  a f t e r  t o x i n  inoculum.  F u r t h e r  o b s e r v a t i o n s  
(30, 60, an d  120 rain) do no t  show a n  increas ing  swell ing 
effect. 

Discussion. T h e  ear l ie r  effect  of d i p h t h e r i a  t o x i n  on  
ch icken  e m b r y o  h e a r t  cells cu l tu red  in v i t ro  is a mi to-  
chondr i a l  swelling. I t  is comple te  15 m i n  a f t e r  tox in  
i nocu lum:  th i s  effect  is n e v e r  c o m m o n  e i the r  to  all  cells 
or to  all  m i t o c h o n d r i a  of the  same  cell. T h e  swelling, once 
ev ident ,  does n o t  deve lop  a n y  f u r t h e r  w i t h  t ime :  i t  is t he  
same,  for  each  t o x i n  concen t r a t i on ,  a t  15 rain  as a t  2 h. 
The  m i t o c h o n d r i a l  swell ing is, w i t h i n  cer ta in  l imits,  sensi- 
t i ve  to  t o x i n  c o n c e n t r a t i o n s :  i t  is h i g h es t  for 6.0 an d  12.0 
L f /ml  t o x i n  concen t r a t i ons ,  w i t h o u t  differences b e t w een  
these  condi t ions .  The  c y t o p a t h i c  effect, wh ich  appea r s  
a f te r  1 h w i t h  h ighe r  t o x i n  concen t ra t ions ,  is c o m p a r a b l e  
to  t h a t  o b t a i n e d  b y  o t h e r  a u t h o r s  a in  t h e  H e L a  cells 
s t ra in .  

The  m i t o c h o n d r i a l  swell ing can  be  r e l a t ed  to a me ta -  
bolic lesion. Th i s  p h e n o m e n o n  is now u n d e r  s t u d y  f rom 
t h e  morpho log ica l  a n d  b iochemica l  v iewpoin t .  

Riassunto. L ' a u t o r e  h a  preso in  cons ideraz ione  l ' e f fe t to  
della tos s ina  d i f te r ica  in  var ie  concen t r az ion i  sulle cellule 
di cuore  di e m b r i o n e  di  pollo co l t iva te  in  vi t ro.  L ' e f fe t to  
sa l ien te  consis te  in  u n  effe t to  r igonf ian te ,  assai  precoce, 
sui mi tocondr i .  Ogni  a l t ro  effe t to  c i topa t ico  ~ p ih  t a rd ivo .  
L ' a u t o r e  p r o s p e t t a  l ' ipo tes i  che il r i gon f i amen to  mi to-  
condr ia le  sia cor re la to  a lesione b ioch imica  del  m e t a b o -  
l ismo energet ico.  

F.  PARADISI la 

Clinica delle Malattie In/ettive dell' Universith, Napoli 
(Italy), January 77, 7966. 

Fig. 3. A chicken embryo heart cell 30 min after inoculum with diph- 
theria toxin (6.0 Lf/ml). The swollen mitochondria (with clear dif- 
ferences in their optical density) are evident (sm, swollen mito- 

chondria). Phase contrast microscope, x 1000. 

13 Acknowledgment: I wish to express my gratitude to Prof, FAL- 
CHETTI of the Slavo Institute for the generous supply of diph- 
theria toxin and to Mr. RAFFAELE GENTILE for his valuable 
technical collaboration. 

Histochemical  Studies of Nucleolus and 
Nucleolar Extrusions in Insect Oogenesis  

Nucleo la r  ex t rus ions  in t he  c y t o p l a s m  h a v e  now been  
obse rved  in  d i f fe ren t  t y p e s  of cells of wide ly  d i f fe ren t  
g roups  of an imals ,  p a r t i c u l a r l y  in  oogenesis,  a n d  m o s t l y  
w i t h  l igh t  mic roscopy  l& R e c e n t  e l ec t ron  microscope 
s tud ies  ill oogenesisl  c o m b i n e d  w i t h  cy tochemica l  s tud ies  
of oocyte  organel les  w i t h  l igh t  microscopy,  h a v e  also m a d e  
Valuable  c o n t r i b u t i o n s  to  our  u n d e r s t a n d i n g  of the  f ine 
s t r u c t u r e  a n d  t he  chemica l  compos i t i on  of t he  emissions,  
a n d  t h e i r  role in  yo lk  format ion3 ,  4. 

Indeed ,  s t u d e n t s  of e lec t ron  mic roscopy  h a v e  shown  
the  a c t u a l  p a t h w a y s  in t he  nuc lea r  m e m b r a n e  t h r o u g h  

which  m u t u a l  exchange  of m a t e r i a l  t akes  place b e t w een  the  
nuc leus  an d  t h e  c y t o p l a s m  (see rev iew b y  WISCHNITZER 5). 

W i t h  t h e  discover ies  of CASPERSSON 6 an d  BRACHET ~, 
b y  two en t i r e ly  d i f fe ren t  t echn iques ,  t h a t  t h e  nucleolus  
is the  s i te  of R N A  in d i f fe ren t  t ypes  of cells an d  t h a t  R N A  
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