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the  pas t  to r econs t i t u t e  the M. phlei par t ic les  wi th  ~4zotobacler s u p e r n a t a n t  were unsuccessful  
by  our me thods  of p repara t ion .  This m a y  also reflect on the  differences in D N P  s e n s i t i v i t y  of 
these var ious  supe rna t an t s .  
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SARAH BOND for the i r  t echn ica l  ass is tance.  
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Demonstration of direct effects of insulin on the 
isolated perfused diabetic rat liver* 

A l t h o u g h  a d m i n i s t r a t i o n  of insul in  to  a d iabe t ic  a n i m a l  is followed by  correc t ion  of the  charac-  
te r i s t ic  defects  in hepa t i c  l ipogenesis  and  glycogenesis,  l iver  slices from d iabe t i c  r a t s  are no t  
inf luenced by  insul in  which is added  in vitro 1,2. Fur thermore ,  no di rect  effect of insul in  on ne t  
glucose u p t a k e  by  isola ted no rma l  or d iabe t ic  l iver  t issue has  ye t  been repor ted.  LUNDSGAARD, 
in whose l abo ra to ry  l iver  perfusions  of shor t  du ra t i on  (three hours  or less) were per formed  3,4, 
s t a tes  in a recent  sympos ium,  " I  am not  convinced t h a t  i t  has ever  been proved  t h a t  insul in  
has  a d i rect  effect on l iver  t i ssue  ''5. 

D e v e l o p m e n t  of a m e t h o d  in th is  l abo ra to ry  for m a i n t a i n i n g  the i so la ted  perfused r a t  l iver  
for a t  leas t  6 hours  e has  p e r m i t t e d  us to  r e inves t iga t e  hepa t i c  m e t a b o l i s m  in d iabe tes  wi th  special  
reference to  the  ac t ion  of insulin.  

R a t s  of the  W i s t a r  s t ra in ,  fas ted  48 hours  and  weighing  be tween  175 and 225 grams,  were 
m a d e  d iabe t ic  b y  a s ingle subcu t aneous  in jec t ion  of 5 % al loxan,  14o mg per  kg, one hour  af ter  
an in jec t ion  of i u n i t / k g  of insul in  7. They  were then  m a i n t a i n e d  on da i ly  in jec t ions  of p r o t a m i n e  
zinc insul in  for a t  l eas t  th ree  weeks  before use as l iver  donors, wi th  no insul in  being given t h e m  
for 4 ° hours  p reced ing  an exper iment .  Norma l  and  d iabe t i c  ra t s  were al lowed to ea t  a s tock 
P u r i n a  pe l le t  r a t ion  un t i l  sacrifice. 

L iver  perfusion a p p a r a t u s  and  ope ra t ive  t echn ique  were essen t ia l ly  as descr ibed in previous  
repor t s  from th is  l abo ra to ry  6,s. Pr ior  to incision of the  abdomen,  a specimen of ta i l  blood was 
removed  for d e t e r m i n a t i o n  of blood sugar  content .  Ke tonu r i a  was e s t ima ted  s e m i - q u a n t i t a t i v e l y  
t h rough  the  use of Acetes t  t a b l e t s  (Ames Co., E lkha r t ,  Indiana) .  The in i t ia l  l iver  g lycogen was 
de t e rmined  from the  r i gh t  l a te ra l  lobe which was l iga ted  and removed  dur ing  the  operat ion.  
At  the  end of the  perfus ion  two pieces of t issue weighing a b o u t  3oo mg each were removed  from 
different  lobes of the  l iver  for e s t ima t ion  of the  final g lycogen con ten t  °. The NELSON m e t h o d  TM 
was used for all  glucose de te rmina t ions .  

Tota l  l iver  f a t t y  acids were i so la ted  by  the  usua l  m e t hods  and the i r  r a d i o a c t i v i t y  measured  
wi th  a d y n a m i c  vane  e lec t romete r  af ter  ox ida t ion  to carbon d ioxide  11. 

In  all  expe r imen t s  c i ted in the  a c c o m p a n y i n g  table,  l ivers  from ra t s  weighing  be tween  2oo 
and 33 ° g r ams  were perfused wi th  a p p r o x i m a t e l y  14o ml of r a t  blood d i lu ted  one- th i rd  wi th  
R inger ' s  so lu t ion  and con ta in ing  a t o t a l  of 6o mg  of hepar in .  To the  perfus ing  blood were added 
5oo m g  of glucose and 35 mg  of sod ium acetate-I-14C which had  a to ta l  r a d i o a c t i v i t y  of 22oo 
a r b i t r a r y  units**.  In  e xpe r im e n t s  No. 173, 197 and 274 the  ent i re  label led subs t r a t e  was  added  

These s tudies  were per formed  under  con t r ac t  wi th  the  Uni ted  S ta tes  Atomic  E n e r g y  Com- 
mission a t  the Un ive r s i t y  of Roches te r  Atomic  Ene rgy  Project ,  Rochester ,  New York,  and  were 
suppor t ed  in p a r t  by  a research  g r a n t  from the  Medical  Research  and D e v e l o p m e n t  Board  Office 
of the  Surgeon General  D e p a r t m e n t  of the  A r m y  under  Con t rac t  No. DA-49-oo7-MD-45I.  

* E a c h  u n i t  is e q u i v a l e n t  to 2.2. lO 4 d i s i n t eg ra t i ons /minu t e .  
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Liver donor at operation Units insulin mg change Activity recovered 
Expt. N(~. during per/usion in total in liver 

State Blood sugar Urine ketones carbohydrate ~ fatty a=ids** 

139 N o r m a l  f ed  o N .M.  * * * 35 .0  
173 N o r m a l  fed  o N .M.  * ** 40 .0  
274  N o r m a l  fed  o - -  5 ° 119.O 
300  N o r m a l  f ed  o - -  29 62 .0  

I43  D i a b e t i c  f ed  45 ° o o N .M.  i o . o  
J97  D i a b e t i c  f ed  620  o o + 3 3 1  2 .6  
308  D i a b e t i c  f ed  4 8 0  o o + 2 5 5  9 .0  
16o D i a b e t i c  f ed  37 ° + + + + o N .M.  4 .6  
315  D i a b e t i c  fed  408  I- + + + o + 3 2 0  4 .0  

i 4 8  D i a b e t i c  fed  490  o 8.5 N .M.  65 .o  
31o  D i a b e t i c  fed  445 o 8. 5 - -  85 28 .o  
322  D i a b e t i c  fed  6o9  o 8.5 + 43 88 .o  
3 3 6  D i a b e t i c  fed  543 + + 35 .0  + lO3 49 .0  
319  D i a b e t i c  fed  374  + + + +  S.5 + 3 0 o  3.8 
343  D i a b e t i c  fed  408  + + + + 35 .0  + 264  7.0 

* A ( c i r c u l a t i n g  b l o o d  g lucose )  q ~ ( l iver  g l y c o g e n ) .  
** A r b i t r a r y  u n i t s  p e r  l iver .  *** N o  m e a s u r e m e n t .  

t o  t h e  c i r c u l a t i n g  b l o o d  a t  o t i m e .  I n  t h e  o t h e r s  i t  w a s  i n f u s e d  a t  a c o n s t a n t  r a t e  d u r i n g  t i le  f i r s t  
21/2 h o u r s .  T h e  i n s u l i n ,  w h e r e v e r  u s e d ,  w a s  g l u c a g o n - f r e e  ( g e n e r o u s l y  s u p p l i e d  b y  t h e  El i  L i l l y  Co.) 
a n d  w a s  a d d e d  b y  c o n t i n u o u s  i n f u s i o n  t h r o u g h o u t  t h e  e x p e r i m e n t .  P e r f u s i o n s  No .  i 39 ,  i 43 ,  i 4 8  
a n d  16o c o n t i n u e d  f o r  s ix  h o u r s ;  t h e  o t h e r s  w e r e  t e r l n i n a t e d  a t  f o u r  h o u r s .  

T h e  d a t a  a r e  c o r r e c t e d  t o  a n  a r b i t r a r y  s t a n d a r d  3oo  c m  2 b o d y  s a r f a c e  a r e a ,  c a l c u l a t i o n  
h a v i n g  b e e n  m a d e  f r o m  b o d y  w e i g h t  a n d  a r e g r e s s i o n  f o r m u l a  d e r i v e d  f r o m  d a t a  of  LEE 12. 

I n s p e c t i o n  of  t h e  t a b l e  s h o w s  t h a t  i n s u l i n  h a s  a p r o f o u n d  e f fec t  o n  t h e  i s o l a t e d  per/used 
d i a b e t i c  l i v e r  w i t h  r e s p e c t  t o  b o t h  l i p o g e n e s i s  a n d  c a r b o h y d r a t e  b a l a n c e .  F a t t y  a c i d  s y n t h e s i s  
is r e s t o r e d  t o  t h e  n o r m a l  r a n g e  w i t h i n  f o u r  h o u r s .  I t  is t h e r e f o r e  q u i t e  u n n e c e s s a r y  t o  p o s t a l a t e  
a n  i n d i r e c t  e f f ec t  of  i n s u l i n  o n  d i a b e t i c  l i v e r  m e d i a t e d  in  s o m e  w a y  b y  t h e  e x t r a - h e p a t i c  t i s s u e s  2, a, 5. 

F a i l u r e  to  e l i c i t  a n  i n s u l i n  e f f ec t  o c c u r r e d  o n l y  w h e n  t h e  l i v e r  d o n o r  w a s  s e v e r e l y  k e t o t i c  
( E x p e r i m e n t s  319  a n d  343) .  T h e  ro le  o f  i n s u l i n  in  k e t o s i s  is t o  b e  s t u d i e d  f u r t h e r .  

A m o r e  d e t a i l e d  r e p o r t  of t h e s e  a n d  o t h e r  l i v e r  p e r f u s i o n s  is n o w  in  p r e p a r a t i o n .  
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