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more.  P e r h a p s  as a resu l t  of th i s  increase  in sens i t iv i ty ,  
nonspeCific r eac t ions  were weaker .  W a s h i n g  in buf fe r  for  
12-18 h a t  4~ also d i m i n i s h e d  nonspeci f ic  reac t ions .  
I n i t i a l l y  va r ious  'glues ' ,  i nc lud ing  a lbumen ,  gela t in  a n d  
a ra ld i te ,  were used  to p r e v e n t  t h e  sect ions  f loa t ing  off t h e  
slides d u r i n g  t he  per iod  of t r e a t m e n t  w i t h  t r y p s i n  b u t  t h e  
s h o r t  i n c u b a t i o n  t i m e s  in t he  e n z y m e  so lu t ion  m a d e  t h e i r  
use unneces sa ry .  W h e n  e n z y m e  t r e a t m e n t  was  op t imal ,  
t he  exce l l en t  p r e s e r v a t i o n  of t h e  his to logical  s t r u c t u r e  
was una f f ec t ed  a n d  t he  sec t ions  r eac ted  to  h igh  t i t r e s  
w i t h  t he  P A P  sequence  w i t h  v e r y  l i t t le  non-specif ic  
s ta in ing .  The  resu l t s  o b t a i n e d  w i t h  t r y p s i n - t r e a t e d  
t i ssues  f ixed in g l u t a r a l d e h y d e / f o r m a l i n / c a l c i u m  a c e t a t e  
so lu t ion  were  p a r t i c u l a r l y  impress ive .  
Discussion. I n  i m m u n o h i s t o c h e m i s t r y ,  pr ior  f i xa t ion  he lps  
to  s top  an t i gens  di f fus ing a w a y  f rom the i r  sites w i t h i n  
t h e  t i ssues  a n d  b y  p rese rv ing  t he  s t r u c t u r a l  i n t e g r i t y  of 
t h e  t i ssue  fac i l i t a tes  de ta i l ed  h is to logica l  s tudy .  Neve r -  
the less  i t  is we l l -known  t h a t  f i xa t ion  of ten  r enders  a 
t i ssue  immuno log ica l l y  u n r e a c t i v e  a n d  i t  t ends  to be 
a s s u m e d  t h a t  t h e  f ixa t ive  ha s  e i t he r  de s t royed  the  a n t i g e n  
or  a l lowed i t  t o  diffuse away.  The  ease w i t h  w h i c h  t r y p s i n  
u n m a s k s  a n t i g e n  suggegts t h a t  w h e n  carefu l ly- f ixed  
t i ssue  fails to  r e a c t  immunolog ica l ly ,  t he  cause  is more  
l ike ly  to be  f i xa t i ve - induced  i m p e r m e a b i l i t y  of t he  t i ssue  
r a t h e r  t h a n  ac tua l  loss or d e s t r u c t i o n  of t he  an t i gen  b y  

t h e  f ixa t ive .  T r y p s i n  p r e s u m a b l y  ac ts  b y  caus ing  some 
d i s rup t ion  of t i ssue  s t r u c t u r e  b u t  t h i s  ap p ea r s  to  be a t  
t h e  u l t r a s t r u c t u r a l  or molecu la r  level  since i t  is n o t  
a p p a r e n t  in  t h e  l igh t  microscope in sect ions  op t ima l ly  
exposed  to t h e  enzyme.  I t  is d i f f icul t  to  pos tu l a t e  a 
specific site of ac t ion  for t ryps in ,  p a r t i c u l a r l y  in  v iew of 
t h e  fac t  t h a t  o t h e r  e x p e r i m e n t s  h a v e  s h o w n  t h a t  s ial idase 
(100 U m1-1 a t  p H  5.5) a n d  s t r e p t o k i n a s e  (100 I U  ml -~ a t  
p H  7.8) can  be used in s t ead  of t r y p s i n  b u t  w i t h  r a t h e r  
less effect. W h a t e v e r  t h e  ac t ion  of t h e  en zy mes  on t h e  
t issues,  i t  is u n d o u b t e d l y  fac i l i t a t ed  b y  t h e  fac t  t h a t  t h e  
r eac t ions  in  t h e  P A P  sequence  t ake  place on  t h e  surface  
of the  t i ssue  sect ion,  as can  be s h o w n  b y  c u t t i n g  a sect ion 
of a sec t ion  which  has  been  t r e a t e d  in t h i s  w ay  (unpub-  
l ished observa t ions ) .  The  e n z y m e  would  the re fore  on ly  
h a v e  to  ' e t ch '  t h e  surface of t h e  sect ion of t i ssue  in order  
to  inf luence  i ts  respons iveness ,  a n d  t h e  sho r t  i n c u b a t i o n  
t imes  t e n d  to  con f i rm  this .  The  o t h e r  e x p e r i m e n t s  also 
showed  t h a t  t r y p s i n  can  u n m a s k  an t igens  o t h e r  t h a n  Ig, 
inc lud ing  c a r c i n o - e m b r y o n i c  a n t i g e n  in ca rc inomas  of 
b r e a s t  an d  colon a n d  the  ~ s u b u n i t  of h u m a n  chor ionic  
g o n a d o t r o p h i n  in b r e a s t  ca rc inoma .  The  resu l t s  conf i rm 
t h a t  t r y p s i n  t r e a t m e n t  is so eff ic ient  a t  u n m a s k i n g  an t i -  
gens in t i ssue  sect ions  t h a t  i t  shou ld  be employed  rou t i ne ly  
w h e n  fixed t i ssues  are used in i m m u n o h i s t o c h e m i c a l  pro-  
cedures.  
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Summary. A new m e t h o d  is descr ibed  for i so la t ing  h e p a t o c y t e s  b y  an  e n z y m a t i c  p rocedure  : 0.05 % bac te r i a l  col lagenase 
in ca lc ium-free  H a n k s '  so lu t ion  is in jec ted  in to  the  l iver  t i ssue  which  is r e m o v e d  asept ica l ly .  The  t i m e  requi red  to pre-  
pa r e  cu l tu re  a n d  r i sk  of bac t e r i a l  a n d  fungal  c o n t a m i n a t i o n  is g rea t ly  reduced .  

A new t e c h n i q u e  for t he  i so la t ion  of h e p a t o c y t e s  was 
deve loped .  F o r  t he  i so la t ion  of hepa tocy te s ,  e n z y m a t i c  
d iges t ion  w i t h  t ryps in ,  bac t e r i a l  col lagenase  or h y a l u r o n i -  
dase  ha s  c o m m o n l y  been  used1 a n d  r ecen t ly  in o rder  to  
o b t a i n  h i g h  yield of cells, va r ious  per fus ion  t echn iques  
h a v e  been  employed2-4.  However ,  these  per fus ion  
t e c h n i q u e s  requi re  a cons iderab le  degree of skill  a n d  
t a k e  a long  t ime.  F u r t h e r m o r e ,  because  of t he  long t ime  

requ i red  for t h e  procedures ,  cu l tu res  are exposed to  
increased r isk of bac te r i a l  a n d  funga l  c o n t a m i n a t i o n .  Our  
new t e c h n i q u e  i s v e r y  s imple  an d  t h e  t i m e  requi red  is 
r educed  to  1/2 to  1/3 c o m p a r e d  to t h a t  requ i red  b y  hepa t i c  
per fus ion  m e t h o d s  of e n z y m a t i c  solut ion.  
Materials and method. Liver  was r e m o v e d  asep t ica l ly  as a 
whole  f rom r a t s  of W i s t a r  s t ra in ,  we igh ing  100-150 g, 
a n d  washed  2-3  t imes  w i t h  phys io logica l  sa l ine;  0 .05% 
bac te r i a l  col lagenase  (cL h i s to ly t i cum,  p u r i t y  g rade  11, 
Boehr inger ,  M a n n h e i m )  in ca lc ium-free  H a n k s '  solut ion,  
w a r m e d  to  37 ~ in advance ,  was  in jec ted  in to  the  l iver  
t i ssue  a t  t h e  speed of 10 m l / m i n  t h r o u g h  a t u b e r c u l i n  
needle  equ ipped  to  a s ter i le  syr inge.  W i t h  in f i l t r a t ion  of 
t h e  enzyme  so lu t ion  in to  t h e  t issue,  a diffuse wh i t i sh  
colour  change  of t h e  whole  l iver  was  observed .  I f  t he  colour  
change  was on ly  local  a r o u n d  t h e  in jec ted  site, t h e  e n z y m e  
so lu t ion  was in jec ted  a t  severa l  d i f fe ren t  sites. Af te r  t he  
in jec t ion  of a b o u t  20 ml  of col lagenase  solut ion,  the  l iver  
was  washed  once in ca lc ium-free  H a n k s '  so lu t ion  a n d  
t h e n  t o r n  in to  smal l  pieces w i t h  2 forceps in a Pe t r i  d i sh  
c o n t a i n i n g  10-20 ml  of ca lc ium-free  H a n k s '  solut ion.  
H e p a t o c y t e s  were l i be ra t ed  d u r i n g  th i s  procedure .  Cal- 

Isolated hepatocytes suspended in Eagle's minimum essential 
medium containing 20% of fetal calf serum. 
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c ium-free  H a n k s '  so lu t ion  c o n t a i n i n g  i so la ted  h e p a t o -  
cy tes  a n d  t o r n  t i ssue  was f i l tered t h r o u g h  a p l a t i n u m  sieve 
w i t h  150 meshes .  T he  f i l t r a t e  was  cen t r i fuged  a t  a v e r y  
low speed (200 rpm)  for 3 min .  The  s u p e r n a t a n t  was  
decan ted .  The  res idue  was r e suspended  in a b o u t  10 ml  of 
Eag le ' s  m i n i m u m  essen t ia l  m e d i u m  (MEM) a n d  cen t r i -  
fuged aga in  a t  low speed.  T he  s u p e r n a t a n t  was  decan ted .  
The  same  p rocedures  were repea ted .  T he  red  b lood  cells 
were r e m o v e d  b y  t h i s  p rocedu re  a n d  t he  isola ted h e p a t o -  
cy tes  were used for p r i m a r y  cu l tu re .  The  cell v i a b i l i t y  was  
j u d g e d  b y  t h e  fol lowing 3 c r i t e r i a :  a) exclusion of t r y p a n  
blue,  b) t he  ab i l i t y  to  syn thes i ze  glucose f rom a lan ine  or  
l a c t a t e  a n d  c) t h e  u p t a k e  of r ad ioac t ive  amino  acid in to  
t he  newly  syn thes i zed  pro te in .  Glucogenic  ab i l i ty  was  
m e a s u r e d  b y  a d d i n g  a p p r o p r i a t e  a m o u n t s  of a l an ine  or 
l a c t a t e  (2 ~moles /dish)  to  4 ml  of fe ta l -ca l f -serum-free  
M E M  c o n t a i n i n g  5 •  cells. Glucose c o n t e n t  was  
a s sayed  us ing  glucose oxidase .  The  p r o t e i n  b io syn thes i s  
was  judged  b y  i n c o r p o r a t i o n  of L-l~C-leucine (348 mCi /  
mmole ,  The  R a d i o c h e m i c a l  Centre ,  A m e r s h a m ) .  2 ~Ci of 
14C-leucine was a d d e d  to 4 m l  of cu l tu re  med ia  (MEM) 

Glucogenic capacity from alanine or lactate and amino acid incor- 
poration into the newly synthesized protein in the isolated hepato- 
cytes 

Trypan Glucose production Incorporation of 
blue (nmoles/h/10 e cells) 14C-leucine 
staining Alanine Lactate (pmoles/min/10 s cells) 

Exp. 1 5% > 7.67 16.33 2.12 
Exp. 2 5 0  > 8.67 10.87 3.95 

Values are means from duplicated samples. 

c o n t a i n i n g  5 X 106 cells a n d  i n c u b a t e d  for  3 h. Cells were  
washed  severa l  t imes  w i t h  1% cold t r i ch lo race t i c  acid 
so lu t ion  a n d  t h e n  a p p r o p r i a t e  a m o u n t s  were d issolved in 
1.0 m l  of 0.1 N NaOH,  mixed  w i t h  B r a y ' s  so lu t ion  a n d  
a c t i v i t y  of r ad ioac t ive  c a r b o n  was d e t e r m i n e d  b y  P a c k a r d  
T r i c a r b  3115 sc in t i l l a t ion  coun te r .  
Results and discussion. Severa l  wash ings  r e m o v e d  red  
b lood  ceils in  t he  h e p a t o c y t e  suspens ion  a l m o s t  com- 
pletely.  The  r ecove ry  of h e p a t o c y t e s  a f t e r  cen t r i fuga t ions  
was more  t h a n  90% of the  a m o u n t  of t he  in i t i a l ly  i so la ted  
cells, a n d  t h e  ave rage  n u m b e r  of t he  isola ted h e p a t o -  
cy tes  o b t a i n e d  f rom 10 e x p e r i m e n t s  was  (7.86 4- 4.24) • 
10S/g we t  l iver  t issue.  As s h o w n  in the  figure,  t he  i so la ted  
cells were a m i x t u r e  of po lygona l  and  r o u n d  ones, a n d  i t  
was d e m o n s t r a t e d  b y  Roser ' s  a l b u m i n  f l oa t a t i on  m e t h o d  
t h a t  t h e  c o n t a m i n a t i o n  of m e s e n c h y m a l  cells, especia l ly  
Kupf fe r  cells was  less t h a n  1~ . More t h a n  95% of t he  
i so la ted  h e p a t o c y t e s  exc luded  t r y p a n  blue.  As s h o w n  in 
the  t ab le ,  t h e  r a t e  of glucose p r o d u c t i o n  f rom 2 txmoles 
of a l an ine  or l a c t a t e  added  to  the  cu l tu re  m e d i a  was 
7.76 a n d  8.67 nmoles /h /106 cells and  16.33 and  10.87 
nmoles /h /106 cells, respec t ive ly .  The  a m o u n t  of z~C-leucine 
i nco rpo ra t ed  in to  t he  newly  syn thes i zed  p ro t e in  was 
2.12 a n d  3.95 pmole s /min /10  s cells in 2 sepa ra t ed  exper i -  
men t s .  
The  new m e t h o d  for i so la t ing  h e p a t o c y t e s  descr ibed  
above  p r o v e d  to  be  excel lent ,  because  i t  can  be pe r fo rmed  
v e r y  easi ly  in  a sho r t  t i m e  a n d  because  of lower r i sk  of 
bac t e r i a l  a n d  funga l  c o n t a m i n a t i o n  d u r i n g  i so la t ion  
procedure .  

5 B. Roser, J. Retieuloendoth. Soc. 5, 455 (1968). 
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Summary.  A procedu re  is r epo r t ed  for  t he  e l imina t ion  of a t  leas t  95% of hens '  egg p ro t e in  impur i t i e s  f rom i n a c t i v a t e d  
in f luenza  vaccine ,  b y  se lect ive  molecu la r  f i l t r a t ion  t h r o u g h  a m e m b r a n e  w i t h  a cut -off  l im i t  of 1 X 106 dal tons .  

The  c u r r e n t  p r o b l e m  in t he  p r o d u c t i o n  of i n a c t i v a t e d  
in f luenza  vacc ine  is t h e  comple t e  e l imina t ion  of hens '  egg 
p r o t e i n  impur i t i e s  p r e s e n t  in  t h e  a l lan to ic  fluid,  in o rde r  
to  min imize  t h e  h i g h  inc idence  of pos t -vacc ina l  reac t ions .  
Of t h e  severa l  m e t h o d s  which  h a v e  been  pub l i shed  for  
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Concentration and purification of 30 1 of inactivated influenza 
A (MRC 12) virus suspension. The columns represent the ratio of PN 
in the retentate (black) and filtrate (white). Flow rate (O) and HA 
activity (O) are also given. The purification is represented by an 
analysis of 3 washing volumes. 

large scale pu r i f i ca t ion  of i n a c t i v a t e d  in f luenza  v i rus  
suspens ions  1-6, t he  zonal  u l t r a c e n t r i f u g a t i o n  t e c h n i q u e  is 
the  m o s t  wide ly  used 3,~. As these  m e t h o d s  h a v e  some 
d rawbacks ,  o t h e r  phys i ca l  t e c h n i q u e s  can  offer a more  
a d v a n t a g e o u s  a p p r o a c h  to  fac i l i t a te  e l imina t ion  of soluble  
impur i t i e s  f rom in f luenza  v i ru s  suspens ions .  
M e m b r a n e  u l t r a f i l t r a t i o n  ha s  been  used u n t i l  now on ly  as 
a c o n c e n t r a t i o n  s tep.  I n  t h i s  p a p e r  we h a v e  repor ted  t h e  
resu l t s  o b t a i n e d  us ing  t he  m e m b r a n e  w i t h  cut-off  l imi t s  
of 1 x l06 da l tons ,  in  t h e  large-scale  pur i f i ca t ion  of 
in f luenza  vaccine.  
Results and discussion. Pur i f i ca t i on  of in f luenza  vacc ine  
is ba sed  on  t he  fac t  t h a t  m o s t  impur i t i e s  are soluble  
macromolecu les  w i t h  a mol.  w t  less t h a n  1 x 106 da l tons ,  
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