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the  secretory granules in the  zymogen cells d i f ferent ia ted  
at  the  same stage. Using the  l ight  microscope, no ceils 
such as the  chief cells (pepsine secreting cell) can be seen in 
19-20-day-old ra t  embryos,  and of course no secretory 
granules of the chief cells. Before the  morphological  
different iat ion of the  chief cells, somet imes m a n y  secretory 
granule-l ike granules can be observed in the  apical par t  
or in the  supranuclear  por t ion  of the  epi thel ial  cells 
(where i t  coincides wi th  the  mucous  par t  of the  surface 
epithelial  cells of adul t  rats). However ,  the  au thor  has no 
evidence to prove  tha t  these granules m a y  be the  pept ic  
granules. W i t h  the  l ight  microscope, i t  is difficult  to 
relate  the  pept ic  ac t iv i ty  wi th  the  morphological  source. 

Zusammen[assung. Lysin,  Hist idin,  Arginin,  Tyrosin 
und Isoleucin wurde schwangeren R a t t e n  t~glich injiziert .  
In  den yon den inj izier ten Tieren geborenen 1Ratten t r i I t  
die Sekretgranula  in den Hauptze l len  ca. 2 Wochen  fri iher 
aui  als in den Kontrol len.  
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The Effect of Diphtheria  T o x i n  on P r i m a r y  Cell Cultures of the Adult  H u m a n  Liver 

The human  l iver  is seriously damaged dur ing d iph ther ia  
and, under  this pathological  condit ion,  c loudy swelling, 
cytoplasmic  vacuolat ion,  f a t ty  degenera t ion  and, finally, 
necrosis of the  hepatocytes  occur. ~([oreover, d iphther ia  
tox in  induces considerable mi tochondr ia l  swelling in 
guinea-pig hepatocytes ,  followed by lesions which are 
very  similar  to those observed in the  human  l iver  1, ~ 

Nevertheless,  i t  is ve ry  difficult  to ascribe some of these 
effects to the  tox in  per se ra ther  than  to pos t -mor ta l  
degenerat ion and to remarkable  c i rcula tory modif icat ions 
causing anoxia.  

The effect of d iph ther ia  tox in  was also s tudied on the  
human  l iver  cell cultures of the  Chang's  strain, which 
const i tu te  a biological substra te  free f rom hormonic,  
nervous,  c i rcula tory and immunologica l  influences. At  
the  concent ra t ion  of 0.005 M L D / m l  d iphther ia  tox in  
causes, in these cell cultures, cytoplasmic  vacuolat ion,  
f a t ty  degenerat ion,  d isappearance of mitosis  and dea th  
of the  cells 3. Unfor tuna te ly ,  the  Chang's  s t rain is a ve ry  
dedifferent ia ted cell line, which has lost most  of l iver  
cells morphological  and biochemical  characteris t ics  4. The 
cy topa th ic  effect obta ined in these cells by  t r e a t m e n t  
wi th  d iphther ia  tox in  is, therefore,  qui te  similar  to t h a t  
observed in o ther  cell s trains der ived f rom human  and 
animal  tissues different  f rom the  l iver  5, 6. 

P r ima ry  adul t  h u m a n  l iver  cell cul tures were success- 
fully obta ined not  long ago 7 bu t  ac tual ly  they  can be 
considered as a sui table exper imenta l  substra te  which 
demons t ra te  the  morphological  features tha t  are character-  
istic of l iver  parenchimal  ceils. In  this  paper  we have  

studied the  effect of different  concentra t ions  of purified 
d iph ther ia  toxin  on human  hepatocytes  cul tured in v i t ro  
in order to ga ther  fur ther  informat ion  on the  relat ion-  
ships be tween  d iph ther ia  and hepat ic  lesions in the  man.  

Materials and methods, Cell cultures. Adul t  human  l iver  
cell cultures were prepared by the  me thod  of ZUCI~ERMAN 
et  al. s. L iver  tissue was obta ined by surgical biopsies 
from pat ien ts  hospital ized for pept ic  ulcer. L iver  cells 
were grown in Eagle ' s  med ium (Difco) containing 50 ~g/ 
ml of cephaloridine and supplemented  wi th  20% of fetal  
calf serum (Microbiological Associates) on polyth  ene discs 

"placed into  glass cups conta ining 1.0 ml  of nu t r ien t  
med ium and incubated at  35~ in air a tmosphere  
enriched wi th  5% CO 2. After  about  2 weeks, a sui table 
layer of cells was obta ined and the  cultures were then  
ut i l ized for the  experiments .  

Reagents. Highly  purified d iphther ia  toxin  (kindly 
suppl ied by the El i  Lilly, Indianapolis ,  U.S.A.) lot. 00098, 
containing 600 L i / m l  was used. This  tox in  was di luted in 
the nu t r i en t  med ium to obta in  a final  concent ra t ion  of 
0.1 and 1.0 Lf /ml  respect ively.  The  final  p H  was 7.3. 
Ana tox in  was obta ined in our l abora to ry  f rom this same 
toxin  by rout ine procedure.  An t i tox in  (horse serum, 
supplied by the  Sclavo Ins t i tu te ,  Siena, I ta ly)  conta ining 
500 A U / m l  was used. 

Experiments. The nu t r i en t  m e d i u m  was e l imina ted  
from the  glass cups and subs t i tu ted  wi th  1.0 ml  of tox in  
dilutions. The cell cul tures were then  placed in a 35~ 
incubator .  Af ter  3, 6, 12, 24 and 48 h the cultures were 
ex t rac ted  from each glass cup, twice washed wi th  Eagle ' s  
med ium at  + 4 ~ fixed and stain ed as repor ted  elsewhere 9. 
These specimens were examined  under  a Lei tz  Or thoplan  
phase-cont ras t  microscope. Fluorescence microscopy was 
carried out  by f ixing some specimens in e thanol  for 
10 min and staining wi th  acridine orange (Merck) 1 : 2000 
in Michaelis buffer, p H  3.5. A number  of prepara t ions  
were also stained by Herxhe imer ' s  me thod  to demons t ra te  

Fig. 1. Two normal liver cells in culture. Note the large nuclei and 
the numerous round mitoehondria scattered in the cytoplasm. 
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lipids. Contro ls  were car r ied  ou t  b y  s u b s t i t u t i n g  p la in  
n u t r i e n t  m e d i u m  or a n a t o x i n  a t  t h e  same c o n c e n t r a t i o n  of 
d i p h t h e r i a  t o x i n  or, f inal ly,  a n t i t o x i n - t o x i n  m i x t u r e  in  
neu t r a l i z i ng  ra t io  for d i p h t h e r i a  t o x i n  di lu t ions .  

Results. Our  resu l t s  d e m o n s t r a t e  t h a t  d i p h t h e r i a  t o x i n  
induces  a r e m a r k a b l e  c y t o p a t h i c  effect  in  h u m a n  hep a t o -  
cytes  cu l tu red  in v i t ro .  Fo l lowing  c o n t a c t  w i t h  t h e  
h ighes t  dose of tox in ,  t h e  h e p a t o c y t e s  lose t h e i r  n o r m a l  
a p p e a r a n c e  w i t h i n  3 h whi le  a h igh  degree of f a t t y  
d e g e n e r a t i o n  is p r e sen t  a f t e r  12 h. As t h e  dose of t o x i n  is 
reduced,  some differences  in  a p p e a r a n c e  of t he  cyto-  
p a t h i c  effect  were  obse rved  : w i t h  t he  lowest  dose of tox in ,  
in  fact ,  a f t e r  3 h of i n c u b a t i o n  a m o d e r a t e  degree of 
v a c u o l a r  degene ra t i on  and  some fa t  d rops  in t he  c y t o p l a s m  
can  be observed ,  whi le  t he  mos t  i m p o r t a n t  morpho log ica l  
changes  occur  a f te r  24-48 h of i ncuba t i on .  I n  cell cu l tu res  
t r e a t e d  w i t h  b o t h  c o n c e n t r a t i o n s  of tox in ,  vacuoles  
c o n t a i n i n g  inclus ion bodies  a p p e a r  in t he  c y t o p l a s m  of t h e  
hepatoCytes .  These  vacuoles  are sca t t e r ed  in t he  c y t o p l a s m  
are 1-2 in n u m b e r  pe r  ceil, are r ough ly  spher ica l  a n d  
op t i ca l ly  i n h o m o g e n e o u s  a n d  r ange  in size f rom 1.5 to 
4.0 ~m (Figure  3). The  dense  bodies  c o n t a i n e d  w i t h i n  t h e  
vacuoles  are no t  s t a ined  w i t h  t he  Sudan  I V  and  are n o t  
f luorescen t  in t he  spec imens  s t a ined  w i t h  acr id ine  orange.  
As for t he i r  size a n d  genera l  charac te r i s t ics ,  these  
vacuoles  m a y  be  r ega rded  as p i n o c y t o t i c  vesicles which  
h a v e  engul fed  foreign ma te r i a l .  

D i p h t h e r i a  t ox in  does no t  induce  any  mod i f i ca t ion  in 
t he  vo lume  or size of t he  m i t o c h o n d r i a  of these  cells (Figure 

2). I n  the  l a t e s t  phase  of in tox ica t ion ,  t h e  m i t o c h o n d r i a  
a lmos t  comple te ly  d i s appea r  a s  n u m e r o u s  vacuoles  of 
d i f fe ren t  size become  vis ible  in the  c y t o p l a s m  (Figure 3). 
The  obse rva t ions  car r ied  ou t  b y  f luorescence mic roscopy  
e x h i b i t  a r ap id  decay  of b r ick- red  cy top la smic  f luorescence 
which  d i m i n i s h e d  in i n t e n s i t y  w i t h  t h e  s i m u l t a n e o u s  
a p p e a r a n c e  of cy top la smic  vacuo la t ion ,  an d  nea r ly  
d i sappears  a f te r  12 h, us ing  t h e  lowest  t o x i n  concen t r a t i on ,  
an d  a f te r  3 -6  h us ing  t h e  h ighes t .  

Discussion. These  resul t s  show t h a t  the  p r i m a r y  cell 
cu l tu res  f rom a d u l t  h u m a n  l iver  are h igh ly  suscep t ib le  to  
d i p h t h e r i a  t o x i n  wh ich  induces  in  these  ceils a b o u t  t h e  
same  morpholog ica l  changes  (cy top lasmic  v a c u o l a t i o n  
a n d  f a t t y  degenera t ion)  wh ich  are cha rac te r i s t i c  of l iver  
cells of sub jec t s  who  died  f rom d i p h t h e r i a ,  a n d  of l iver  
cells of d i p h t h e r i a  t o x i n - i n t o x i c a t e d  guinea-pigs .  Cyto-  
p lasmic  v acu o l a t i o n  can, then ,  be  due  to t h e  ac t ion  of 
d i p h t h e r i a  t o x i n  pe r  se a n d  n o t  on ly  to  t h e  a n o x i a  or to  
p o s t - m o r t a l  p h e n o m e n a .  F a t t y  d eg en e ra t i o n  is a cha rac t e r -  
ist ic cy top la smic  d a m a g e  induced  b y  d i p h t h e r i a  toxin ,  
cor re la ted  to  t h e  i n h i b i t i o n  of p ro t e i n  syn thes i s  caused  b y  
t o x i n  ~0, n.  

The  u p t a k e  of t o x i n  b y  h e p a t o c y t e s  occurs  p r o b a b l y  
b y  p inocytos is ,  m a i n l y  t h r o u g h  t h e  large vesicles con- 
t a i n i n g  dense  bodies  wh ich  r ap i d l y  a p p e a r  in  t h e i r  
cy top lasm.  S imi la r  i nco rpo ra t ion  of d i f f e ren t  p ro t e in s  
in to  h e p a t o c y t e s  h a s  been  descr ibed  in  m a n  in some 
pa tho log ica l  12 an d  e x p e r i m e n t a l  cond i t ions  ~, 74 

Our  resu l t s  ind ica te  f u r t h e r  t h a t  in h e p a t o c y t e s  
cu l tu red  in v i t ro  d i p h t h e r i a  t o x i n  p e n e t r a t e s  in to  t h e  cells 
b y  a n  ac t ive  u p t a k e  m e c h a n i s m ,  v e r y  s imi la r  to  t h a t  of t he  
cells wh ich  posses as specific p inocy to t i c  ac t iv i ty ,  as 
gu inea-p ig  l eukocy tes  15. F ina l ly ,  d i p h t h e r i a  t ox in  induces  
r e m a r k a b l e  m i t o c h o n d r i a l  swell ing in h e p a t o c y t e s  of 
i n t o x i c a t e d  guinea-pigs  an d  also in d i f fe ren t  k inds  of cell 
cu l tures  ~, 2,16. On t h e  con t ra ry ,  a n y  m i t o c h o n d r i a l  
change  appea r s  in  h e p a t o c y t e  cu l tu res  in  our  e x p e r i m e n t a l  
condi t ions .  W e  are unab le ,  a t  p resen t ,  to  exp la in  t h i s  
difference in t h e  response  of h e p a t o c y t e s  in v ivo  an d  in 
vi t ro .  

Fig. 2. Liver celI culture treated with 0.1 Lf/ml of diphtheria toxin 
for 3 h. Some vacuoles appear in the cytoplasm (arrows). 

Riassunto. Gli Au to r i  h a n n o  s t u d i a t o  l ' e f fe t to  del la  
tos s ina  d i f te r ica  su cu l ture  p r imar i e  di cellule di  fegato  
u m a n o  adul to .  La  toss ina ,  a s s u n t a  p r o b a b i h n e n t e  pe r  
pinoci tosi ,  d e t e r m i n a  negl i  epa toc i t i  a l t e raz ion i  assai  
s imil i  a quelle p re sen t i  nelle cellule epa t i che  di sogge t t i  
decedu t i  pe r  d i f t e r i t e  e nel  fegato  della c a r l a  i n tos s i ca t a  
con toss ina  dif ter ica.  Essa  n o n  d e t e r m i n a  invece  r igon-  
f i a m e n t o  mi tocondr i a l e  quale  ~ s t a to  r i l eva to  in a l t r i  
t i p i  di  cul ture  cel lular i  nelle stesse condiz ioni  spe r imenta l i .  
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Fig. 3. Liver cell culture treated with 0.1 Lf/ml of diphtheria toxin for 
12 h. Some inclusion bodies (IB) appear in the cytoplasm containing 
several vacuoles (V). 
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