
15.5. 1973 Specialia 545 

C a u s e s  of Zona l  D i s t r i b u t i o n  of G l y c o g e n  in the  Liver  A c i n u s  After  a F a t - R i c h  Diet  

Dif fe ren t  ac ina r  g lycogen p a t t e r n s  are  obse rved  in r a t  
l iver  a f te r  d i f fe ren t  d ie ts  1. These  p a t t e r n s  are  i n d e p e n d e n t  
of t he  d i rec t ion  of t h e  ac ina r  b lood  f low 2. Th i s  p a p e r  
shows t h a t  t h e  p resence  of g lycogen in zone 1 of R a p p a -  
p o r t ' s  l ive r  ac inus  a f t e r  a f a t - r i ch  d ie t  is due  to  (a) t h e  
d i s a p p e a r a n c e  of g lycogen-syn thes iz ing  enzymes  in zones 
2 a n d  3, a n d  (b) t h e  physio logica l  r egene ra t i on  in zone 1. 

Methods.  Male W i s t a r  W U  ra t s  (275-325 g) were k e p t  
on  a f a t - r i ch  d ie t  (fat) or a c a r b o h y d r a t e - r i c h  d ie t  (bread) 
for va r ious  per iods  (see Resul ts ) .  L ivers  were excised 
u n d e r  e t h e r  narcosis .  R N A  was s t a i ned  w i t h  m e t h y l  
g r een - th ion ine  (ROQUE et  al.3). F r o z e n  sec t ions  were 
s t a ined  w i t h  S u d a n  I I I - S c h a r l a c h  Red.  Tissue  f ixed in 
Ca rnoy ' s  l iqu id  was e m b e d d e d  in cel loidin for s t a in ing  of 
g lycogen w i t h  c a r m i n e  (Chroma  Gesellschaft) .  F a t t y  acids 
were d e t e r m i n e d  t i t r i m e t r i c a l l y  a f t e r  s apon i f i c a t i on  4, a n d  
g lycogen was  m e a s u r e d  accord ing  to t he  pheno l - su lphur i c  
acid m e t h o d  ~. E a c h  resu l t  decs r ibed  in  t h i s  p a p e r  was 
s tud ied  on  6 an imals .  

Resul ts  and  discussion.  Afte r  a 6 days '  f a t - r i ch  d ie t  
R N A  is m a i n l y  local ized in zone 1. A s imi la r  loca l iza t ion  
was  obse rved  for g lycogen in t he  s ame  e x p e r i m e n t  1. Thus ,  
a pos i t ive  co r re l a t ion  exis ts  b e t w e e n  t he  loca l iza t ion  of 
g lycogen a n d  R N A  af t e r  a fa t - r i ch  diet .  Controls ,  fed on  a 
c a r b o h y d r a t e - r i c h  diet ,  showed  glycogen a n d  IRNA spread  
o u t  ove r  t he  whole  l iver  acinus.  Glycogen  a n d  R N A  
d i s a p p e a r  comple t e ly  f rom zone 3 if a f a t - r i ch  d ie t  is pro-  
longed to 50 days.  The  loss of R N A  s t a i n i n g  p r o p e r t y  in  
zone 3 is ev idence  for r educed  p r o t e i n  syn thes i s  and  indic-  
a tes  a r e d u c t i o n  of g lycogen s y n t h e s i z i n g  enzymes .  

F a t t y  acids d e t e r m i n e d  a f t e r  a 6 days '  f a t - r i ch  d ie t  
a m o u n t e d  to  a b o u t  12% of t h e  we t  we igh t  of t he  l iver.  

Af te r  24 h of s t a r v a t i o n  t h e  q u a n t i t y  of.  f a t t y  acids  
decreased to a b o u t  3% a n d  r e m a i n e d  on  th i s  level  if t h e  
s t a r v a t i o n  per iod  was p ro longed  to  72 h. However ,  t h i s  
d i s a p p e a r a n c e  of l ip id  (3%) is n o t  a c c o m p a n i e d  w i t h  
glycogen syn thes i s  in  zone 3, as is seen ill t h e  cont ro l s  1. 
R a t s  were re-fed w i t h  t h e  c a r b o h y d r a t e - r i c h  d ie t  fol- 
lowing a 6 a n d  a 50 d a y ' s  fa t - r i ch  d ie t  a n d  2 days  of 
s t a r v a t i o n .  I n  b o t h  groups  a b o u t  3% glycogen is s y n t h e -  
sized w i t h i n  4 h. This  was  m a i n l y  depos i t ed  in  zone 1 a f t e r  
a 6 days '  diet .  Af te r  a 50 d a y s '  diet ,  however ,  g lycogen 
was depos i t ed  in zone 1 only.  These  resu l t s  show t h a t  
g lycogen-syn thes iz ing  enzymes  d i a s p p e a r  f rom zone 3 
d u r i n g  t h e  fa t - r i ch  diet .  

Large  q u a n t i t i e s  of R N A  are found in cells of zone 1 
(Figure 1) ; t h i s  is i n d e p e n d e n t  of t h e  t y p e  a n d  t h e  d u r a t i o n  
of t h e  p rev ious  diet .  These  cells are  usua l ly  small .  Cells 
of zone 3 a re  larger,  h a v e  reduced  t i n c t o r i a l  qua l i t i es  for 
R N A  stain ,  a n d  c o n t a i n  vacuoles  (Figure  2), wh ich  do n o t  
c o n t a i n  S u d a n  I I I - S c h a r l a c h  Red  pos i t ive  m a t e r i a l  
(lipid). These  d a t a  i nd i ca t e  t h a t  t h e  phys io logica l  regener-  
a t i on  of t h e  l iver  ac inus  is m a i n l y  localized in zone 1. T h e  
conclus ion  t h a t  l iver  p a r e n c h y m a l  cells m o v e  t o w ard s  t h e  
cen t r a l  ve in  is inev i t ab le .  I n  s u m m a r y ,  R N A - r i c h  cells in  
zone 1 are y o u n g  an d  t h e  more  R N A - d e f i c i e n t  cells in  
zone 3 are old. Th i s  conclus ion  is in  l ine  w i t h  t h e  f ind ings  
of GRISHAM 6 a n d  LE]3OUTON a n d  MARCHAND 7 s t u d y i n g  
t h y mi d i n e -SH  label led  cells in  r eg en e ra t i n g  a n d  n e o n a t a l  
r a t  l ive r  respect ive ly .  The  loss of R N A  in  zone 3 is 
a g g r a v a t e d  b y  lipid.  I t  is c lear  t h a t  t h e  older  cells of 
zone 3 h a v e  less ' r e s i s t ance '  to  l ip id  t h a n  t h e  y o u n g e r  cells 
of zone 1. The  presence  of g lycogen in zone 1 a f t e r  a fa t -  
r ich  d ie t  can  be exp la ined  a s s u m i n g  t h a t  r e cen t l y  regener-  

Fig. 1. Many parenchymal cells with large quantities of RNA can 
be seen in zone 1. Rat liver after 42 days of the fat-rich diet. Methyl 
green-thionine staining. 10 lxm. • 125. 

Fig. 2. Vacuoles in some cells near the central vein. Rat after 6 days 
of a carbohydrate-rich diet followed by 2 days of starvation. Methyl 
green-thionine staining, 3 ~in. • 1250. 
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a t ed  l iver  cells receive  a ' n o r m a l '  e n z y m e  con t en t .  
B e c o m i n g  older  a n d  m o v i n g  to  t h e  v e n a  centra l is ,  t h i s  
e n z y m e  c o n t e n t  changes ,  d e p e n d i n g  on  age a n d  diet .  

Zusammen/assung. Nachweis ,  dass  n a c h  f e t t r e i che r  
Di~ t  Glykogen  h a u p t s $ c h l i c h  in der  Zone 1 des R a p p a -  
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p o r t s c h e n  Lebe rac inus  abge lage r t  wird,  was  d u r c h  den  
A b b a u  y o n  E n z y m e n ,  die in  den  Zonen  2 u n d  3 a m  
G l y k o g e n a u f b a u  be te i l ig t  s ind  u n d  d u t c h  die physiolo-  
gische R e g e n e r a t i o n  in  der  Zone 1 v e r u r s a c h t  wird. 
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The  Effect of T e m p e r a t u r e  on N u c l e a r  P e r m e a b i l i t y  

I t  has  been  shown  t h a t  t he  t r ans f e r  of R N A  f rom t h e  
nuc leus  to  t he  c y t o p l a s m  is a t e m p e r a t u r e  d e p e n d e n t  
process  1-3. These  s tudies ,  however ,  do no t  d i s t i ngu i sh  
be tween  t he  effect  of t e m p e r a t u r e  on  t he  process ing  of 
R N A  w i t h i n  t he  nuc leus  a n d  i ts  effect  on  t he  p e r m e a b i l i t y  
of t he  nuc lea r  enve lope  to  macromolecules .  I n  t h i s  inves-  
t i g a t i o n  t he  ac t ion  of t e m p e r a t u r e  specif ical ly on t h e  
exchange  process  was  s tud ied  b y  i n j ec t i ng  col loidal  gold 
par t ic les ,  coa ted  w i t h  po lyv iny lpyr ro l idone ,  in to  t he  cyto-  
p l a s m  of t h e  m u l t i n u c l e a t e d  a m o e b a  Chaos chaos. T h e  
in jec ted  cells were i n c u b a t e d  a t  d i f fe ren t  t e m p e r a t u r e s  
and  t he  in t r ace l lu l a r  d i s t r i b u t i o n  of t he  par t ic les  de te rmi -  

n ed  w i t h  t h e  e lec t ron  microscope.  Since these  par t ic les  are  
iner t ,  an d  n o t  a l t e red  b y  t e m p e r a t u r e  d e p e n d e n t  changes  
in cell me tabo l i sm,  t h e i r  ab i l i ty  to  en t e r  t h e  nuc leus  should  
d e p e n d  p r i m a r i l y  on t h e  cha rac te r i s t i c s  of t h e  nuc lea r  en- 
velope,  a s suming  t h a t  d i f fus ion w i t h i n  t h e  c y t o p l a s m  is 
n o t  r a t e  l imi t ing .  F u r t h e r m o r e ,  b o t h  col loidal  par t ic les  a n d  
r i bonuc l eop ro t e in s  cross t h e  nuc lea r  enve lope  t h r o u g h  
cen t r a l  channe l s  w i t h i n  t h e  nuc lea r  pores  4, 5. Thus ,  va r ia -  
t ions  in  t h e  u p t a k e  of gold par t ic les  shou ld  ref lect  changes  
in t h e  p roper t i e s  of t h e  p a t h w a y s  used for n a t u r a l l y  
occur r ing  subs tances .  

T h e  e x p e r i m e n t s  were pe r fo rmed  on well-fed, i n t e r p h a s e  
amoebae .  T h e  p rodecures  for cu l tu r ing  t h e  ceils, p r e p a r i n g  
col loidal  gold, mic ro in jec t ion ,  a n d  e lec t ron  mic roscopy  
h a v e  been  descr ibed  in p rev ious  reports4,  s. Two gold 
f rac t ions  were used;  one c o n t a i n e d  par t ic les  r a n g i n g  f rom 
30-170 A in d i a m e t e r  (L-fract ion) ,  an d  t h e  second con ta in -  
ed 25-55 ~ pa r t i c les  (S-fract ion) .  The  a m o e b a e  were  
in jec ted  a t  r oom t e m p e r a t u r e  ( a p p r o x i m a t e l y  25 ~ a n d  
lef t  a t  t h a t  t e m p e r a t u r e  or r a p i d l y  t r an s f e r r ed  to  an  
i n c u b a t o r  set  a t  34 ~ 10 ~ or 2~ T h e  cells were f ixed in 
OsOa, 30 or 50 m i n  a f t e r  in jec t ion ,  a n d  s u b s e q u e n t l y  
sec t ioned  a n d  e x a m i n e d  w i t h  t h e  e lec t ron  microscope,  
Gold par t ic les  were  c o u n t e d  a n d  m e a s u r e d  in a d j a c e n t  
regions  of nuc l eop la sm a n d  c y t o p l a s m  accord ing  to  t h e  
m e t h o d s  descr ibed  ear l ie rL  

T h e  resu l t s  of t h e  50 m i n  e x p e r i m e n t s  pe r fo rmed  w i t h  
t h e  L- f r ac t ion  are  shown  in Tab le  I, A. The  p e r c e n t  of t h e  
t o t a l  pa r t i c le  c o u n t  p r e s en t  in t h e  nuc leoplasm,  decreased  
as t h e  t e m p e r a t u r e  was lowered f rom 34 ~ to 10~ T h e  
decrease  f rom 34 ~ to 25~ is s t a t i s t i ca l ly  s ign i f ican t  
( P  < 0.025), as i s t h e  decrease  f rom 25 ~ to 10 ~ ( P  < 0.001). 
Surpr is ingly ,  w h e n  t h e  t e m p e r a t u r e  was d ro p p ed  to  2 ~ 
t he re  was an  increase  in t h e  c o n c e n t r a t i o n  of par t ic les  in 
t h e  nuc leoplasm,  a n d  t h e  resu l t s  are n o t  s ign i f i can t ly  
d i f fe ren t  f rom those  o b t a i n e d  a t  25~ ( P  > 0.5). Closer 
e x a m i n a t i o n  of t h e  cells i n c u b a t e d  a t  2 ~ showed  t h a t  t h e r e  
were 2 s epa ra t e  p o p u l a t i o n s  of nuclei .  Th i s  was  n o t  t h e  
case a t  h ighe r  t e m p e r a t u r e s .  I n  one p o p u l a t i o n  (non- 
p e r m e a b l e  nuclei) ,  cons i s t ing  of a p p r o x i m a t e l y  70~o of 

An electron micrograph of a permeable nucleus foliowing incubation 
at 2~ The gold particles (smalI arrows) are concentrated in the 
nucleoplasm (N). Breaks in the nuclear envelope are apparent (large 
arrows). Small vesicles (V), possibly fragments of the envelope, are 
frequently associated with permeable nuclei. In this instance the 
vesicles are restricted to the cytoplasm, but they have also been seen 
in the nueleoplasm. 
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