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The Ultrastructural Localization of the G-6-P Hydrolyzing Enzyme Activity in Kupffer Cells 

Ear l i e r  e lec t ron  mic'roscope s tud ies  h a v e  shown  t h a t  a 
G-6-P  hyd ro lyz ing  enzyme  a c t i v i t y  is p re sen t  in  hepa to -  
cytes  and  p o l y m o r p h o n u c l e a r  l enkocy tes  1. I n  b o t h  ceil 
t ypes  t he  r eac t ion  p r o d u c t  is localized exclus ive ly  in t h e  
nuc lea r  enve lope  and  endop lasmic  re t i cu lnm,  si tes charac-  
te r i s t ica l ly  assoc ia ted  w i t h  g lucose-6-phospha tase  (G-6- 
Pas t )  a c t i v i t y  ~-7. Since b o t h  cell t ypes  are able  to  h y d r o -  
lyze G-6-P  and  show s imi la r  t y p e  of loca l iza t ion  an d  
d i s t r i b u t i o n  of r eac t ion  p roduc t ,  i t  was sugges ted  t h a t  
t he  ac t i v i t y  obse rved  in l eukocytes  was e i the r  s imi la r  or 
iden t ica l  to  G-6-Pase  observed  in t h e  liver,  k idney  or 
in tes t ine .  

The  p re sen t  e lec t ron  microscopic  obse rva t ions  ind ica te  
t h a t  t he  e n z y m e  a c t i v i t y  is also p r e sen t  in Kupf fe r  ceils 
and  is s imi la r  in i ts  u l t r a s t r u c t u r a i  d i s t r i b u t i o n  to t h a t  
found  in liver,  k i d n e y  and  in t e s t i na l  cells 4, as well as 
l eukocytes  1. 

Livers  were excised f rom 24-hour-old  Call  mice a n d  
fixed for 2 h in  4 %  g l n t a r a l d e h y d e  so lu t ion  (pH 7.4). 
S u b s e q u e n t  t i ssue  process ing  for h i s t o c h e m i s t r y  has  been  
descr ibed  in p rev ious  pub l i ca t i ons  ~, v. I n  brief, t h e  b locks  
of t i ssue  were washed  in 0.35 M sucrose /cacodyla te  buffer  
solut ion,  p H  6.5 for 2 h and  t h e n  frozen and  sect ioned 
us ing  a f reezing mic ro tome.  Sect ions  of l iver  were t h e n  
i n c u b a t e d  in a m e d i a  C o n t a i n i n g  the  fol lowing:  3 m M  
lead n i t r a t e ;  0 . 3 5 M  sucrose;  and  0 . 0 5 M  sod ium caco- 
dy la t e  a n d  G-6-P.  Media  to  be used for con t ro l  incuba-  
t ions  e i the r  lacked  G-6-P or c o n t a i n e d  o the r  subs t ra tes ,  
n a m e l y  f ruc tose -6-phospha te ,  r ibose  5 p h o s p h a t e ,  f ruc tose  
1, 6 d iphospha t e ,  adenos ine  m o n o p h o s p h a t e  a n d  B-gly-  
ce rophospha te .  I n c u b a t i o n  per iods  r anged  f rom 5-15 min.  
Tes t  and  con t ro l  sect ions  obse rved  b y  l igh t  mic roscopy  
were i m m e r s e d  in a m m o n i u m  sulfide fol lowing incuba-  
t ion,  m o u n t e d  and  obse rved  w i t h  a l igh t  microscope.  Fo r  
e lec t ron  microscopy,  t he  sect ions  i n c u b a t e d  in e i the r  
con t ro l  med ia  were pos t - f ixed  in 1% osmic acid, dehy-  
d r a t e d  w i th  a scend ing  concen t r a t i ons  of a lcohol  a n d  
e m b e d d e d  in marag la s  resin.  The  e m b e d d e d  t issues were 
t h e n  sec t ioned  w i t h  an  L K B  u l t ro tome.  

T h i n  sect ions  for e lec t ron  mic roscopy  were observed  
e i the r  s t a ined  or u n s t a i n e d  w i th  lead c i t ra te  us ing an  
E l m i s k o p  I e lec t ron  microscope.  

As p rev ious ly  repor ted ,  24 h p o s t - n a t a l  mouse  l iver  
reveals  h e a v y  depos i t ion  of r eac t ion  p r o d u c t  w h e n  

observed  b y  l igh t  mic roscopy  5. The  r eac t ion  p r o d u c t  is 
d i s t r i b u t ed  a l m o s t  exclus ively  in the  c y t o p l a s m  w i t h  
dense  co n cen t r a t i o n s  of r eac t ion  p r o d u c t  a r o u n d  t he  
nucleus.  On t h e  o the r  hand ,  cont ro l  sect ions  revea led  no 
ac t i v i t y  or on ly  sparse  ac t iv i ty .  

U n d e r  e lec t ron  microscopy,  sect ions  i n c u b a t e d  in G-6-P 
m e d i u m  clear ly revea l  enzyrne a c t i v i t y  in t h e  endop lasmic  
r e t i cu lum a n d  nuc lea r  enve lope  of h e p a t o c y t e s  (Figure).  
Areas  of the  c y t o p l a s m  con ta in ing  Golgi  vesicles a n d  
lamellae,  an d  fu l ly- formed microbodies  show no depos i t s ;  
t h e  p l a s m a  m e m b r a n e s  m i t o c h o n d r i a  also show no 
deposits .  

I n  add i t i on  to t h e  local iza t ion  of G-6-Pase  in hepa to -  
cytes,  a c t i v i t y  {s also obse rved  in Kupf fe r  cells (Figure).  
T h e  d i s t r i b u t i o n  of r eac t ion  p r o d u c t  is s imi la r  to  t h a t  
observed  in hepa tocy tes .  

T h e  p re sen t  e lec t ron  microscopic  obse rva t ions  of 
Kupf fe r  cells conf i rm an  earl ier  l i gh t  microscope s t u d y  
revea l ing  G-6-P hyd ro lyz ing  a c t i v i t y  in  t h e  c y t o p l a s m  of 
Kupf fe r  ceils s. I n  add i t ion ,  t h e  p r e s en t  o b s e r v a t i o n  
ind ica tes  t h a t  t h e  a c t i v i t y  is localized in t h e  nuc lea r  
envelope  an d  endop lasmic  re t icu lum,  s imi la r  to  t he  
organel la r  d i s t r i b u t i o n  found  in t h e  p o s t - n a t a l  ~ a n d  a d u l t  
l iver,  k idney,  in tes t ines  4 as well  as l eukoey tes  1. 

The  presence  of a G-6-P h y d r o l y z i n g  e n z y m e  a c t i v i t y  
in I~upffer  cells suggests  t h a t  th i s  cell t y p e  is capab le  
of excercizing a g lycogenolyt ic  func t ion  v ia  G-6-Pase.  
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24 h post-natal mouse liver section incubated 
in a G-6-P medium. 2 hepatoeytes occupy th6 
major portion of the field. Both show lead 
reaction product in the nuclear membrane 
{NE) and endoplasmie reticulum {s Golgi 
bodies (GO) to the left of a fully-formed 
mierobody (Mb), and randomly dispersed 
mitochondria (M), show no reaction product. 
At the lower right, a Kupffer cell inclusive of 
a nucleus (N), also exhibits reaction product 
ill the nuclear envelope and the endoplasmie 
retieulum. 
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Moreover,  since G-6-Pase  is now k n o w n  to have mul t ip le  
e n z y m a t i c  ac t iv i t ies  g, 10, cells bea r ing  the  enzyme,  u n d e r  
a p p r o p r i a t e  physiological  s t imul i ,  m a y  also be  able  to  
genera te  G-6-P  a n d  P i  ~. On th i s  bas is  one m i g h t  suggest  
t h a t  the  G-6-P sp l i t t ing  e n z y m e  ac t i v i t y  in Kupf fe r  
ceils p lays  a complex  role in the  var ious  physiological  
func t ions  of th i s  cell type .  I t  is of in t e res t  to  no te  
t h a t  a G-6-P hyd ro l yz i ng  e n z y m e  a c t i v i t y  is also p re sen t  
in a s p e c t r u m  of d i f ferent  cell types  in  v i r t ua l l y  all 
of t he  l y m p h o i d  o rgans  8. However ,  as c au t i oned  in 
p rev ious  pub l i ca t ions  ~ a l t h o u g h  leukocytes  and  Kupf fe r  
ceils are capab le  of hyd r o l yz i ng  G-6-P a n d  also demon-  
s t r a t e  a n  iden t ica l  organel la r  d i s t r i bu t i on  of r eac t i on  
p r o d u c t  s imi la r  to  t h a t  of l iver  cells, f u r t h e r  s tudies  are 
requi red  to d e m o n s t r a t e  w h e t h e r  the  G-6-Pase  like a c t i v i t y  
in R E S  ceils is b iochemica l ly  s imi lar  to  l iver  G-6-Pase,  
pa r t i cu l a r ly  wi th  respect  to  t he i r  k ine t ics  and  mul t i -  
func t iona l  specifit ies ~-. 

Zusammen/assung. Die Ak t iv i t t i t sve r t e i l ung  eines Glu- 
ko.se-6-Phosphat  hyd ro ly s i e r enden  E n z y m s  wurde  in der  
Lebe r  24 S t u n d e n  a l te r  R a t t e n  e l ek t ronenmik roskop i sch  
un t e r such t .  Die Ver t e i l nng  der  E n z y m a k t i v i t / i t  in  den  
Kupffer -Zel len  schien m i t  der  in den  H e p a t o z y t e n  gefun-  
denen  iden t i sch  zu sein. 
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Vitamin E Deficiency and Chemical Carcinogenesis  

There  are severa l  repor t s  in  the  l i t e r a tu re  on t he  
carc inogenic  a n d  co-carcinogenic  effect  of h e a t e d  fa t  1,s. 
SUGAI et  al. z were t he  f i rs t  to  d e m o n s t r a t e  t h a t  a poly-  
mer ic  f r ac t ion  of h e a t e d  fa t  accelera tes  t he  i n d u c t i o n  of 
t u m o r s  in r a t s  g iven  a low level  (5 mg/100 g of the  d i e t )  
of N-2- f luo reny lace tamide  (FAA). I t  was  no t  clear  w h e t h e r  
the  synergis t ic  effect  of h e a t e d  fa t  was  d i rec t ly  re la ted  
to t he  presence  of ox ida t ive  po lymers  in  t he  d ie t  or w h e t h e r  
these  c o m p o u n d s  caused in v ivo  p e r o x i d a t i o n  of t issue 
u n s a t u r a t e d  l ipids which  resu l ted  in a more  f avorab le  
e n v i r o m n e n t  for t he  neoplas t ic  t r a n s f o r m a t i o n .  In  an  
a t t e m p t  to  answer  th i s  ques t ion,  we h a v e  supe r imposed  
v i t a m i n  E def ic iency on  an ima l s  rece iv ing  a low level  
of FAA.  No long t e r m  e x p e r i m e n t s  h a v e  been  p rev ious ly  
r e p o r t e d  to  d e t e r m i n e  w h e t h e r  a d ie t  def ic ien t  in  v i t a m i n  
E and  h igh  in p o l y u n s a t u r a t e d  f a t t y  acids would accel- 
e ra te  or r e t a r d  t h e  i n d u c t i o n  of t u m o r s  in  r a t s  g iven  a 
low level  of carcinogen.  

Materials and methods. 4 groups  of 18 male  r a t s  each  
(Hol tzman,  60 g) were fed a s e m i s y n t h e t i c  d ie t  con- 
t a i n ing  casein 20%, cerelose 66.1%, sa l t  m i x t u r e  3.5%, 
chol ine  chlor ide 0.3%, fa t  10% and  all t he  necessa ry  
v i t amins .  Groups  1 and  2 received 10% corn  oil w i t h o u t  
and  w i th  0 .005% F A A  respect ively .  Groups  3 and  4 
received 10% s t r ipped  corn  oil (Dis t i l la t ion  P r o d u c t s  
Indus t r ies ,  Roches ter ,  N e w Y o r k )  w i t h o u t  and  w i th  
0 .005% F A A  respect ively .  T he  an ima l s  were g iven  feed 
a n d  w a t e r  ad  I i b i tum a n d  the i r  weights  were recorded 
periodically.  The  deficiency of v i t a m i n  E in the  b lood 
of an ima l s  f rom groups  3 and  4 were conf i rmed  b y  per-  
fo rming  t he  dia lur ic  acid hemolys i s  t e s t  a. Mic roquan t i t i e s  
of b lood were w i t h d r a w n  per iodica l ly  f rom t he  ta i l  ve in  
and  used for o b t a i n i n g  t he  se rum l ipopro te in  p a t t e r n s  4. 
The  t issues of the  an ima l s  were f ixed in fo rmal in  and  
pa ra f f in  sect ions  were s t a ined  w i th  hema toxy l ineos in .  

Results and discussion. The  ra t s  on  die t  con t a in ing  
s t r ipped  corn  oil a nd  F A A  grew poor ly  as c o m p a r e d  to 
controls ,  and  5 r a t s  died wi th in  the  f i rs t  year.  Af te r  
14 m o n t h s  on t he  diet ,  m a n y  ra t s  of th i s  group b e c a m e  
qu i te  e m a c i a t e d  a n d  3 more  r a t s  died. Therefore,  6 r a t s  
were sacrif iced a t  th i s  t i m e  and  4 r e m a i n i n g  ra ta  were 
sacrif iced a long w i t h  t he  an ima l s  in t he  o the r  groups  
du r ing  the  18th  m o n t h  of t he  expe r imen t .  

A lmos t  all t he  r a t s  f rom group 4 (10 ou t  of 13 which  
were his to logical ly  examined)  deve loped  l iver  t u m o r s  of 
the  a d e n o m a t o u s  type.  No ear  duc t  t u m o r s  or o the r  t u m o r s  
were observed  in r a t s  f rom th i s  group.  R a t s  f rom group  3, 
wh ich  were fed the  same diet,  b u t  w i t h o u t  the  carcinogen,  
d id  no t  develop a n y  t u m o r s  a n d  exc luded  t he  poss ib i l i ty  
of m a l i g n a n t  t r a n s f o r m a t i o n  due to s t r ipped  corn  oil a lone 
for th i s  long t i m e  per iod  (18 mon ths ) .  The  se rum lipo- 
p ro t e in  p a t t e r n s  ind ica t ed  an  increase  in h i g h  dens i ty  
l ipopro te ins  of an ima l s  g iven  t he  carc inogen (groups 2 
and  4 vs  groups  i and  3 respect ively)  and  are cons i s t en t  
w i t h  s imi la r  resul t s  r epor t ed  before  s. 

A low level  of 0 .005% F A A  was chosen on  t he  
basis  of the  obse rva t ions  of SUGAI et  al. s. However ,  ill 
t h e  p re sen t  e x p e r i m e n t  (and conf i rmed  b y  a s u b s e q u e n t  
exper imen t )  th i s  level of F A A  was suff ic ient  to  induce  
t u m o r s  of l iver  and  o the r  t issues ill r a t s  g iven  fresh corn  
oil (14 ou t  of 14 f rom group 2). Thus,  th i s  obse rva t i on  
prec ludes  us f rom conc lud ing  t h a t  s t r ipped  corn oil (or 
v i t a m i n  E deficiency) acts  synerg is t ica l ly  in con junc t i on  
w i th  0 .005% F A A  to induce  neoplasia .  I t  is, however ,  
possible  t h a t  a still  lower level  t h a n  0.005% F A A  m a y  
d e m o n s t r a t e  th i s  effect. 
A lower level  of the  ca rc inogen  would m e a n  a more  
pro longed  per iod  of expe r imen t a t i on ,  and,  in  the  case of 
v i t a m i n  E def ic ient  animals ,  i t  is imprac t ica l .  

Since v i t a m i n  E a n d  in t race l lu la r  a n t i o x i d a n t s  are 
r epo r t ed  to  be  enr iched  in  t u m o r  t i ssues  as c o m p a r e d  to  
n o r m a l  t i ssue  s,7, some r e t a r d a t i o n  of t u m o r  i n d u c t i o n  
or t u m o r  g r o w t h  m i g h t  be  expec ted  in acu te  v i t a m i n  E 
deficiency.  Since t he  g r o w t h  of t he  an imal s  in group 4 
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