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Zusammen/assung. Es wird gezeigt, dass die e lektronen-  
opaken  Matr izen der  adrenergen  Vesikel nach  I n k u b a t i o n  
mi t  A T P  und  Magnes ium gut  e rha l ten  sind, und zwar 

t r o t z d e m  der  GehMt an K a t e c h o l a m i n  bis zu 75% ver- 
loren ging. Die E lek t ronend ich t e  kann  mi t  Urany laze ta t -  
f i irbung geste iger t  werden.  
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A Study  on A m i n o  Ac ids  in the  Gastr ic  M u c o s a  D u r i n g  Di f ferent ia t ion  and the ir  S ign i f i cance .  II 

As a means  of isolat ing the  epithel ial  cells of ' the muco-  
sa, the  33% alcohol immers ion  m e t h o d  is well known.  
FUjIE 1 has succeeded in ex t r ac t ing  some con ten t s  in t he  
surface epithel ial  cells of the  ra t  gastr ic  mucosa  by  th is  
me thod ,  and  has  p roved  by  the  amino acids analyzer  t h a t  
dozens of amino  acids and several  k inds  of re la ted  com- 
pounds  exis t  in the  alcohol. MABUCHI 2 p roved  experi-  
men ta l ly  t h a t  lysine, hist idine,  arginine and tyros ine  have  
the  effect of p romot ing  p roduc t ion  of secre tory  granules in 
t he  gastr ic  chief cells of rats.  

The au thor  * r epor ted  in a previous  paper  t h a t  the  
a m o u n t  of amino acids in the  d i f fe ren t ia t ing  gastr ic  mu-  
cosa is ve ry  small ;  in t he  developing mucosa  it increases 
regular ly  day  by  day,  b u t  the  increase of the  res t r ic ted  
amino  acids - lysine, hist idine,  arginine, ty ros ine  and iso- 
Ieucine - is delayed more  t h a n  t h a t  of others ,  and  the  be- 
ginning of th is  increase coincides w i th  the  first  appearance  
of r ich secre tory  granules in the  gastr ic  chief ceils. 

To inves t iga te  fu r the r  t he  effect  of lysine, his t idine,  ar- 
ginine, ty ros ine  and isoleucine, the  au thor  examined  the i r  
influence on the  embryos  when  p r e g n a n t  ra t s  were given 
wi th  these  amino acids. 

Table I. Dose and kind of amino acids and related compounds 
injected into pregnant rats 

Substance Group A Group B 

Tryptophan 0.2 
Lysine 1.6 
Histidine 0.4 
Arginine 0.7 
Cysteic acid 1.5 
Taurine 23.7 
Aspartie acid 2.9 
Threonine 2.8 
Serine 4.9 
Glutamic acid 16.9 
Proline 2.0 
Glycine 9.8 
Alanine 7.8 
Valine 1.4 
Cystine 0.7 
Methionine 0.6 
Isoleucine 0.7 
Leueine 1.7 
Tyrosine 0.8 
Phenylalanine 0.8 

Dose injected is • 10 ~M of the value ascertained from 1 g-stomach 
of adult rats fasting for 24 h. 

Materials and methods. Wis ta r  ra ts  weight ing  200-250 g 
were used for the  exper iment .  The estrus  female ra t  was 
kept  in a wire cage wi th  a male  for a night .  The n e x t  day  
was calcula ted as the  1st day  of p regnancy .  P r e g n a n t  
ra ts  were classified in to  A, B and  C groups.  They  were 
in jec ted  wi th  amino  acids, as shown in Table  I, t h roughou t  
pregnancy .  C-group ra ts  were kep t  as controls.  

Neona tes  of A, B or C group were classified in t he  same 
way  into A, B or C groups,  and  mater ia l s  were t aken  f rom 
the  neonates  on the  1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21 and 
23 pos tna t a l  day.  To t ake  mater ia ls ,  the  neona tes  were 
separa ted  f rom thei r  mo the r s  for more  t h a n  6 h, while the  
in fan t  ra t s  were no t  given food for more  t h a n  12 h. Af ter  
weighing, the  t h o rax  and the  ab d o men  were opened under  
deep e ther  narcosis,  and Luna ' s  l iquid was in jec ted  in to  
the  a r t e ry  f rom the  left  hea r t  vent r ic le  for the  vi tal  
f ixat ion.  Small  pieces t aken  f rom the  s t o mach  (glandular 
por t ion,  if dis t inguishable)  were  pu t  into Zenker ' s  or 
IKolster's f ixa t ive  for the  pos t  f ixat ion.  Paraf f in  sect ions 
of 7 txm were cut  f rom the  mater ia l  f ixed by  the  former  
f ixa t ive  and  s ta ined by  hematoxy l in -eos in  for histological  
observa t ion ;  4 vm sections,  on the  o ther  hand,  were cut  
f rom the  s tomach  f ixed by  the  la t t e r  f ixa t ive  and s ta ined 
by  He idenha in ' s  i ron h e m a t o x y l i n  for cytological  obser- 
va t ion  of the  chief cells. 

Observations. The b o d y  weight  of the  neona tes  and the  
in fan t  ra t s  is shown in Table  II .  All the  neonates ,  regard-  
less of grouping, are covered wi th  shor t  whi te  hai r  on the  
7 t h - 9 t h  pos tna t a l  day,  the i r  eyes open on the  13 th -15 th  
pos tna t a l  day  period.  

1. Histological observation. The gastr ic  mucosa  on the  
1st pos tna t a l  day  is qui te  s imilar  to  t h a t  of the  control  
rats,  i.e. the  mucosa  forms very  small  plicae and acidophil  
cells can be d is t inguished  in t he  epi thel ium.  On the  3rd 
pos tna t a l  day,  cell prol i fera t ion  and  pi t  fo rmat ion  at  the  
basal  p a r t  of the  plicae can be observed.  This  m a y  be 
in t e rp re t ed  as a t e n d e n c y  towards  fo rmat ion  of the  tubu la r  
glands.  At  th is  stage, th is  t en d en cy  seems more  pronounc-  
ed in ra t s  of A group t h a n  in those  of B and C groups. In  
t he  5th pos tna t a l  day,  the  mucosal  deve lopmen t  is the  
same in the  3 groups. Thus,  it  m a y  be p re sumed  t h a t  the  
deve lopmen t  f rom the  3rd to  5th pos tna t a l  day  in B or C 
group ra ts  m a y  have  a l ready begun dur ing  the  l s t - 3 r d  
pos tna t a l  day  per iod in A group. The mucosa  of A, B and 
C group ra ts  on the  7, 9, 11, 13, 15, 17, 19, 21 and  23 

1 K. FUjIE, T. KOIKE and Y. MABUCHI, Arehum histol, jap. 27, 247 
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pos tna t a l  days  shows a s imilar  deve lopment ,  regardless  
of t he  expe r imen ta l  condi t ions .  

The d i f fe ren t ia t ion  of t he  gastr ic  gland seems to  be 
f inished dur ing  13 pos tna t a l  days,  t h e n c e f o r t h  the  
deve lopmen t  seems to  begin. The d is tance  be tween  the  
surface of t he  mucosa  and  the  lamina  muscular is  mucosae,  
measured  by  the  same m e t h o d  as descr ibed in t he  previous  
paper ,  will show these  proceedings  (Table I I I ) .  

2. Gastr ic  chief  cells. As descr ibed in t he  histological  
observat ions ,  the  ep i the l ium of t he  mucosa  consists  of 
s imilar  co lumnar  ceils regardless  of t he  apex  and  the  basis 
of the  plicae and  also of some acidophil ic cells differen- 
t i a t ed  f rom these  on the  1st pos tna t a l  day.  Cell prolifera-  
t ion  and pi t  fo rma t ion  can be seen ad jacen t  to  the  base 
of t he  plice on the  3rd pos tna t a l  day.  At  th is  stage, t he  
surface epi thel ia l  cells are co lumnar  w i th  oval nuclei  and  
differ f rom the  ad jacen t  cells pro l i fera ted  at  the  basis of 
the  plica, which la t t e r  are cuboidal  w i th  big round  nuclei. 
The au tho r  considered the  la t te r  cells m a y  be the  dif- 
f e ren t ia t ing  cells of the  chief ceils. The cells con ta in  
granular ,  shor t  rod- and long rod- shaped  mi tochondr ia .  In  
B and  C group ra ts  t he  cells show no great  change unt i l  
the  13th pos tna t a l  day,  excep t  t h a t  some en la rgement  of 
the  cell can be seen and  t h a t  big granular  mi tochondr i a  
are sca t te red  in the  cy top lasm of t he  9 th -13 th  pos tna t a l  
day  rats.  In  A group rats ,  however ,  mos t  of t he  chief 
cells con ta in  secre tory  granules on the  3rd pos tna t a l  day.  
Secre tory  granules increase in t he  ceils on the  5th day. 
Thence fo r th  the  secre tory  granules r ich cells are p resen t  
a t  all t imes  in t he  gland. On the  l l t h  pos tna t a l  day  and  
thereaf ter ,  corpu len t  secre tory  granules  can be also seen. 

TabIe II. The body weight of the neonates and the infants (g) 

Postnatal day Group A Group B Group C 

1 6.6 4- 0.4 7.6 4- 0.5 5.9 _____ 0.4 
3 4.4 4- 0.3 7.3 4- 0.7 8.3 4- 0.6 
5 10.3 4- 0.7 10.1 4- 0.7 12.0 4- 0.7 
7 11.5 :d_ 1.0 15.1 ::~ 1.2 14.2 4- 0.7 
9 18.1 -b 0.8 16.2 4- 2.1 18.1 4- 1.5 

11 17.8 4- 1.5 17.5 4- 0.6 17.8 4- 0.8 
13 24.9 -b 2.8 25.9 4- 0.9 21.2 4- 0.7 
15 23.9 4-4- 4.0 23.6 4- 1.2 22.1 4- 1.6 
17 24.6 ~ 4.4 24.6 4- 2.8 26.6 • 0.9 
19 33.8 4- 5.4 25.2 4- 3.9 36.9 • 3.9 
21 36.2 ~= 1.8 23.8 4- 1.7 31.6 4- 3.1 
23 41.5 :j: 1.4 39.9 4- 3.0 35.7 4- 5.2 

Table III. Distance between the surface and the lamina muscularis 
mucosae of the gastric mucosa (ram) 

Postnatal day Group A Group B Group C 

1 4.1 4- 0.7 4.2 d= 0.5 4.4 -b 0.3 
3 5.3 :j_ 0.8 4.6 j= 0.7 4.3 ::z 0.5 
5 5.5 4- 0.7 5.6 :L 0.5 6.0 4- 0.6 
7 5.9 4- 1.3 5.7 :[_ 0.3 5.5 :z 0.5 
9 5.9 4- 0.2 5.6 :j_ 0.2 5.7 4- 0.5 

11 6.3 4- 1.0 6.4 4- 0.8 5.6 4- 0.5 
13 6.7 4- 0.5 6.8 4- 0.4 6.4 4- 0.5 
15 8.2 4- 1.8 8.1 4- 0.7 7.6 4- 1.0 
17 9.7 4- 0.8 9.2 4- 0.6 9.1 4- 1.0 
19 9.5 4- 1.3 8.8 4- 0.5 11.3 i 0.5 
21 10.8 :J_ 0.2 10.6 d: 0.5 11.1 4- 1.4 
23 11.2 4- 0.3 1,1.4 ! 1.5 11.8 4- 0.5 

D i s c u s s i o n .  In  a previous  paper  a, it  was observed t h a t  
the  morphological  d i f fe ren t ia t ion  of the  gastr ic  chief cells 
could be no ted  f rom the  3 rd -5 t h  pos tna t a l  day,  bu t  the  
in i t ia t ion of the  funct ion  (appearance  of the  r ich secre tory  
granules) was f rom the  15 th-17 th  pos tna t a l  day,  and  
lysine, his t idine,  arginine, ty ros ine  and  isoleucine in the  
gastr ic  mucosa  increased f rom the  15 th -17 th  pos tna t a l  
day,  coinciding wi th  the  appearance  of r ich secre tory  
granules in the  chief cells. This l a t t e r  fact  seems to  suggest  
t h a t  t he  presence  of these  amino  acids m a y  have  some 
connect ion  wi th  the  func t ion  of the  chief cells. Thus  the  
au thor  a t t e m p t e d  to s t u d y  the  effect  of lysine, his t idine,  
arginine,  ty ros ine  and  isoleucine given to the  ra t  embryos  
on the  secre tory  ac t iv i ty  of the  embryonic  chief cells. In  
the  amino acids and  the  re la ted  compounds  shown in the  
gastr ic  mucosa,  the  au thor  puts  lysine, his t idine,  arginine,  
ty ros ine  and  isoleucine in to  A group and  the  others  in to  
B group. P r e g n a n t  ra ts  were in jec ted  wi th  the  amino acids 
of A or B group f rom the  1st day  of the  pregnancy .  Thus  
A or B group ra ts  were made.  

The neona tes  of A or B group ra ts  do no t  show any  
remarkab le  difference f rom the  contro l  ra t s  (C group) as 
regards  body  weight ,  da te  of eye-opening  and  histological  
d i f fe ren t ia t ion  and deve lopmen t  of the  gast r ic  mucosa.  
However ,  the  d i f fe ren t ia t ion  of the  mucosa  on the  3rd 
pos tna t a l  day  in A group neona tes  is ident ical  w i th  t h a t  
of the  5th pos tna t a l  day  in o ther  groups. This would 
seem to be indica t ive  of an early in i t ia t ion of the  differen- 
t i a t ion  stage in A group. In  the  gastr ic  chief cells s ta ined  
by  the  iron hematoxy l in ,  rich secre tory  granules can be 
observed  on the  3rd pos tna t a l  day  in A group neonates ,  
t hen  the  granules increase in the  cells f rom the  5 t h - 7 t h  
pos tna t a l  day  period.  However ,  in B group neonates ,  the  
secre tory  granules in the  chief cells appear ,  for the  f i rs t  
t ime,  on the  15th pos tna t a l  day.  This is qui te  s imilar  to  
w h a t  has been observed in the  case of control  neona tes  
(previously repor ted) .  Thus,  it  m a y  be wor th  no t ing  t h a t  
t he  d i f fe ren t ia t ion  of the  gastr ic  mucosa  in A group 
seemed to  be more  p ronounced  at  t he  3rd pos tna t a l  day  
t h a n  in o ther  groups.  

Lysine,  his t idine,  arginine, ty ros ine  and  isoleucine 
in jec ted  into p r e g n a n t  ra t s  seem to  p ro mo t e  the  differen- 
t i a t ion  of the  gastr ic  glands of the  embryos  and  to 
accelerate  the  in i t ia t ion  of t he  func t ion  in the  embryonic  
chief cells. W h e n  the  appearance  of ceils differing f rom the  
surface epithel ial  cells (cuboidal cells wi th  big round  
nuclei) is considered as the  morphological  d i f fe ren t ia t ion  
of the  chief cells, the  appearance  of r ich  secre tory  granules 
in these  ceils is t he  in i t ia t ion of the  secre tory  act iv i ty ,  i.e. 
the  funct ional  d i f fe ren t ia t ion ;  and the  la t te r  is abou t  10 
days  la ter  in the  normal  neonates .  Thus,  it  is p re sumed  
t h a t  in A group neonates  the  morphologica l  and  the  
funct ional  d i f fe ren t ia t ion  of t he  chief cells occurs a lmos t  
a t  t he  same t ime,  because lysine, his t idine,  arginine, 
tyros ine  and isoleucine in jec ted  in to  p r eg n an t  ra t s  ac t  
effect ively on the  accelerat ion of the  funct ional  different ia-  
t ion  of t he  chief ceils in the  embryos .  

Compared  wi th  the  resul ts  ob ta ined  by  MABUCHI 2, i~e. 
t h a t  lysine, hist idine,  arginine or ty ros ine  in jec ted  into 
adul t  fas t ing  ra ts  have  the  effect  of p romot ing  the  pro- 
duc t ion  of secre tory  granules in the  chief cells, there  
seems to be no discrepancy.  

According to HELANDER 4, pep t ic  ac t iv i ty  in the  homo-  
genated  ra t  embryona l  s tomach  can be de t e rmined  f rom 
the  19th day  of ges ta t ion  and increases thencefor th .  In  
fact,  he proves  by  means  of the  electron microscope t h a t  

a H. t?. HELANDIER, GastroenteroIogy 56, 53 (1969). 
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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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