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I N T R O D U C T I O N



INTRODUCTION.

Section I.O Historical.
It was discovered in the latter part of the last 

century by several workers that surgical damage to the 
liver was followed by a process of repair (Colucci 1883; 
Tizzoni 1883). For example von Fodwyssozki (1886) removed 
small wedge-shaped areas from the livers of rats and 
rabbits, Within two and a half days of the operation, 
mitoses were observed in the hepatic cells adjacent to the 
wound and often some considerable distance away from it. 
Later workers excised complete lobes of the liver and dis
covered that this was followed by very rapid growth of the 
remainder. Fonfick (1889; 1890) succeeded in removing
over two thirds of the liver in rabbits and dogs. Within 
a fewweelçshe observed a threefold increase in the size of 
the remaining fragment. He interpreted this as a response 
to the hepatic insufficiency which he had brought about.
These observations were confirmed by von Me1stor (1894), 
who further discovered that a single animal could be sub
jected to repeated partial hepateotomy, and that on each 
occasion the residual fragment would grow to the size of 
the original intact organ. At a later date, Fishback (1929) 
was able to corroborate this finding in dogs. He also 
found that growth was more rapid when large amounts of
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tissue were removed* Eventually the liver could be pared 
do%m to one lobe by repeated hepateotomy^ and only teohni- 
eal difficulties concerned with haemostasis, seemed to 
prevent indefinite repetition of the process. The mitotic 
response which followed removal of an entire lobe or lobes, 
unlike that following removal of a small wedge, occurred 
diffusely throughout the liver.

Other forms of damage to the liver were followed 
by a similar sort of repair. Eous and Larimore (1920) 
showed that in the rabbit, ligation of the branch of the 
portal vein supplying one of the liver lobes caused atrophy 
of that lobe and that this was followed by hypertrophy of 
the other lobes the portal blood supply to which was un
impaired. Whipple and Sperry (1909) produced varying degrees 
of necrosis in the livers of dogs by prolonged chloroform 
anaesthesia. The necrosis was confined to the areas in the 
hepatic lobule around the central vein. Necrotic debris 
was carried off by wandering cells. The undamaged hepatic 
cells multiplied so rapidly by mitosis that regeneration 
was usually completed by the lith to 21st day. In later 
experiments, Davis and Whipple (1919; 1921) studied the 
influence of diet on the rate of regeneration after chloro
form-induced liver necrosis and found that diets rich in
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c a r b o h y d r a t e  o r  i n  p r o t e i n  were b e t t e r  t h a n  t h e i r  s t a n d a r d  

d i e t ,  which  i n  t u r n  was b e t t e r  t h a n  a d i e t  r i c h  i n  f a t *

The p o o r e s t  r e s p o n s e  o f  a l l  was o b t a i n e d  i n  f a s t e d  an im a ls*

By a b o u t  1921 t h e r e f o r e ,  i t  had become c l e a r  t h a t ,  

i n  g e n e r a l ,  damage to  o r  removal o f  a s u b s t a n t i a l  p a r t  o f  

t h e  l i v e r  i s  f o l lo w e d  by a  d i f f u s e  co m p en sa to ry  h y p e r p l a s i a  

t h r o u g h o u t  t h e  s u r v i v i n g  l i v e r  t i s s u e #  T h is  p r o c e s s  o f  

r e p a i r  i s  u s u a l l y  c a l l e d  " l i v e r  r e g e n e r a t i o n " ,  w hich  i s  

r e a l l y  a  misnomer* I f  a  lo b e  o f  t h e  l i v e r  i s  removed, a 

new lo b e  d oes  n o t  form a t  t h e  s i t e  o f  t h e  wound# I n s t e a d ,  

t h e  o t h e r  i n t a c t  l o b e s  a l l  i n c r e a s e  i n  s i z e  and c e l l  number, 

t o  an  e x t e n t  n e c e s s a r y  t o  make good t h e  d e f i c i e n c y #  T h is  

p r o c e s s  c a n  b e s t  be d e s c r i b e d  a s  co m p en sa to ry  h y p e r p l a s i a *  

However, t h e  e x p r e s s i o n  " l i v e r  r e g e n e r a t i o n "  i s  so w e l l  

e s t a b l i s h e d  t h a t  i t  h a s  become h a l lo w e d  by u s a g e  and w i l l  foe 

u s e d  t h r o u g h o u t  t h e  f o l l o w i n g  p ag e s  t o  d e n o te  t h e  r e s t o r a t i o n  

p r o c e s s  w hich  f o l l o w s  p a r t i a l  h ep a te o to m y  o r  e x t e n s i v e  

l i v e r  damage.



The r e s t o r a t i o n  o f  m o i s t  l i v e r  w p ig h t  and d r y  

liver w e ig h t  per u n i t  body w e i g h t  f o l l o i f i n g  partial 
hepateotomy : ( from ’.H ig g in s   ̂& Anderson, 1 9 3 1 );*;n A,;^-v.
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S e c t i o n  I # I  I n c r e a s e  i n  s i z e  and c e l l  n u m b er•

H ig g in s  and A nderson  (1931) were t h e  f i r s t  i n v e s t i*  

g a t o r s  t o  make a s y s t e m a t i c  s tu d y  o f  t h e  r a t e  o f  g row th  i n  . 

t h e  r e m a in in g  l i v e r  f r a g m e n t  o f  r a t s  a f t e r  tw o*-th irds  

p a r t i a l  h e p a te o to m y .  They found  t h a t  t h e  f r a g m e n t  a lm o s t  

d o u b led  i n  w e ig h t  d u r i n g  th e  f i r s t  two days#  f T hereaf ;£er ,  

t h e r e  was a  p e r i o d  o f  r e l a t i v e l y  s lo w e r  g ro w th  w hich  con

t i n u e d  a t  a  d i m i n i s h i n g  r a t e  f o r  a b o u t  t h r e e  t o  f o u r  weeks,  

by which t im e  t h e  l i v e r  f ra g m e n t  was a b o u t  t h e  s i z e  o f  t h e  

o r i g i n a l  i n t a c t  o rg a n  ( F i g .  1#)* B ru e s ,  D ru ry  and B rues  

(1936) r e -e x a m in e d  t h e  p r o c e s s  u s i n g  s l i g h t l y  d i f f e r e n t  

m e th o d s .  They n o t i c e d  t h a t  d u r i n g  t h e  f i r s t  10 d ay s  a f t e r  

p a r t i a l  h ep a te o to m y  t h e  body w e ig h t  o f  t h e  a n im a l s  f e l l  by 

10 t o  15 p e r  c e n t ,  and t h a t  t h i s  l o s s  was s u b s e q u e n t l y  

r e g a i n e d .  They c o r r e c t e d  t h e  i n c r e a s e  i n  l i v e r  w e ig h t  f o r  

v a r i a t i o n  i n  body w e ig h t  and found  t h a t  a  much sm oother  

c u rv e  was o b t a i n e d  t h a n  t h a t  o b t a i n e d  by H ig g in s  and 

Anderson  ( F i g .  2 . ) .  A p a r t  from t h e  s e c o n d a ry  i n c r e a s e  i n  

t h e  second  week, t h e  cu rv e  o f  r e s t o r a t i o n  o f  l i v e r  s i z e  

fo l lo w e d  t h e  c o u r s e  o f  a  p r o c e s s  which  b e g i n s  a t  a  maximal 

r a t e  and i s  p r o g r e s s i v e l y  r e t a r d e d  a s  t h e  f i n a l  s i z e  i s  

r e a c h e d  «

I n  c o n t r a s t  t o  l i v e r  mass,  c e l l  number showed no



■■■ • F i m m E  2  - y ;

The restoration of liyer mass and cell number 
oXlowing p a r t i a l  hepatectomy# The upper curve 
epresonts grow th  in liver mass (moist weight)
□ r r e c t o d  f o r  ohangos in body weight i .e liver growth 
x p r e s s e d  a s  a  percentage of original weight regained* 
le lower curve represents growth in cell number 

expressed a s  a  percentage of the original cell number 
regained (f rom  Brues, Drury & Drues, 1936)*
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Chomical As p e o t s o f  Oompen s a t o r y  Hy p e r p l a >f;jia *

The meèhanisîB c o n t r o l l i n g  l i v e r  r e g e n e r a t i o n  a f t e r  

p a r t ia .1  hepa teo tom y has  been i n v e s t i g a t e d  and t h e  - p r i n c i p a l  

t h e o r i e s  p u t  fo inm rd  by p r e v io u s  w orke rs  have been re-^esamined 

The t h e o r y  t h a t  r e g e n e r a t i o n  might be c o n t r o l l e d  by some 

"Immoral^' f a c t o r  c i r c u l a t i n g  i n  t h e  b lood  s t rea m  was. t e s t e d  

by i n j e c t i n g  serum from p a r t i a l l y  h e p a te c to m is e d  r a t s  i n t o  

normal r a t s *  T h is  f a i l e d  t o  produce any s ig n  o f  growth i n  

th e  l i v e r s  o f  t h e  r e c i p i e n t s .  C o n v erse ly ,  i n j e c t i o n  o f  

normal serum i n t o  p a r t i a l l y  h e p a te o to m ise d  an im a ls  f a i l e d  to  

i n h i b i t  l i v e r  r e g e n e r a t i o n .  I n  an a t t e m p t  t o  f i n d  a more 

s a t i s f a c t o r y  method o f  d e t e c t i n g  th e  supposed humoral f a c t o r  

a new te c h n iq u e  o f  e r a s B ^ c i r c u l a t i o x i  was d e v i s e d  by means o f  

which two r a t s  exchanged a p p ro x im a te ly  one^^qiiarter o f  t h e i r  

b lood  volume p e r  m inute  * When one p a r t n e r  i n  sueh a c r o s s — 

c i r c u l a t i o n  was p a r t i a l l y  h e p a te c to m is e d  i t s  l i v e r  r e g e n e r a t e  

i n  t h e  normal manner, b u t  th e  l i v e r  o f  i t s  u n o p e ra te d  p a r t n e r  

showed no s ig n  o f  r e g e n e r a t i o n ^  These e x p e r im e n ts  ap p e a r  to  

exc lude  th e  p o s s i b i l i t y  t h a t  l i v e r  r e g e n e r a t i o n  i s  c o n t r o l l e d  

by a n y th in g  i n  th e  n a t u r e  o f  a "humoral"  f a c t o r #

An o l d e r  th e o r y  t h a t  r e g e n e r a t i o n  i s  a re sp o n se  to  

th e  r e s i d u a l  l i v e r  f ragm ent  hav ing  to  accommodate t h e  same 

t o t a l  b lood  f low  a s  t h e  o r i g i n a l  i n t a c t  o rgan  was t e s t e d  .
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c h i e f l y  by sv i rg ica l  p ro c e d u re s  which i n c r e a s e d  t h e  b lood  

f low  th ro u g h  th e  l i v e r s  o f  normal an im als#  None o f  them 

produced  t h e  s o r t  o f  growth  re sp o n se  i n  t h e  l i v e r  which 

fo l lo w s  p a r t i a l  hopatec tom y, so t h a t  t h i s  t h e o r y  a l s o  seems 

to  be d isp ro v ed *

A t h i r d  t h e o r y  t h a t  plasma p r o t e i n  c o n c e n t r a t i o n  

m igh t  have an i m p o r t a n t  r o l e  i n  l i v e r  r e g e n e r a t i o n ,  was t e s t e c  

by o b s e rv in g  t h e  f a l l  i n  p lasma %)37o t e  i n  l e v e l  i n  r a t s  a f t e r  

p a r t i a l  h e p a te c to m y * T h is  p roved  t o  be sm a l l  and t r a n s i e n t *  

On the  o t h e r  hand, when plasma p r o t e i n  l e v e l s  i n  r a t s  were 

s u b s t a n t i a l l y  low ered  by r e p e a t e d  p la s m a p h e re o is  o n ly  a s l i g h i  

m i t o t i c  re sp o n se  was o b ta in e d  i n  t h e i r  l i v e r s *  C o n verse ly ,  

l i v e r  r e g e n e r a t i o n  in  p a r t i a l l y  h e p a te c to m is e d  r a t s  was n o t  

i n h i b i t e d  when t h e y  were s u p p l i e d  w i th  e x t r a  p lasma p r o t e i n  

by in t r a v e n o u s  i n f u s i o n  o f  normal r a t  p la sm a .  I t  seems 

u n l i k e l y  t h e r e f o r e  t h a t  p lasm a p r o t e i n  l e v e l s  a r e  im p o r ta n t  

i n  c o n t r o l  o f  l i v e r  regGne?;ation*

I n v e s t i g a t i o n  o f  t h e  chem ica l  changes  i n  th e  

rem a in ing  l i v e r  f raga ien t  a f t e r  p a r t i a l  hepa teo tom y i n  r a t s  

showed a s l i g h t  i n c r e a s e  i n  sodium and w a te r  c o n t e n t  w i t h i n  

10 m inu te s  o f  t h e  o p e r a t i o n ,  a sha rp  f a l l  i n  g lyco gen  con

c e n t r a t i o n  a t  2 h o u rs ,  and a c cu m u la t io n  o f  t o t a l  l i p i d  (b u t  

n o t  p h o s p h o l ip id )  a t  6 ho u rs  and an i n c r e a s e  i n  BNA p e r  c e l l
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a t  12 hours#  The r a t e  a t  which th e  l i v e r  c l e a r e d  i n j e c t e d  

bron isu lx )h tha le in  was d im in is h e d  i n  p r o p o r t i o n  t o  t h e  amount 

o f  t i s s u e  removed i n  th e  hepateo tom y and d i d  n o t  show any 

improvement w i t h i n  4$ h o u rs  o f  th e  o p e r a t i o n .

I f  one p a r t n e r  i n  a p a i r  o f  e r o s s - c i r c u l a t i n g  r a t s  

was p a r t i a l l y  h e p a te e to m is e d ,  th e  l i p i d  c o n t e n t  o f  i t s  l i v e r  

and t h e  RNA c o n t e n t  p e r  l i v e r  c e l l  i n c r e a s e d  i n  th e  same way 

a s  i n  s i n g l e •p a r t i a l l y  h e p a te c to m is e d  r a t s  b u t  to  a l e s s e r  

e x te n t*  The l i v e r  o f  t h e  u n h ep a te c to m ise d  p a r t n e r  d id  n o t  

show an e q u i v a l e n t  i n c r e a s e  e i t h e r  i n  l i p i d  o r  i n  RNA. On 

th e  o t h e r  hand, th e  r a t e  a t  which i n j e c t e d  bromsu 1p h t h a l e i n  

was c l e a r e d  from t h e  b lood  s t ream  of  a  p a r t i a l l y  hepatectomisG 

r a t  was s u b s t a n t i a l l y  i n c r e a s e d  i f  i t  was l i n k e d  i n  c r o s s -  

c i r c u l a t i o n  w i th  a normal r a t .

These r e s u l t s  seemed c o n s i s t e n t  w i t h  t h e  v iew t h a t  

th e  s t im u lu s  to  l i v e r  r e g e n e r a t i o n  m ight be th e  i n a b i l i t y  o f  

th e  rem a in ing  l i v e r  f ragm en t  to  d i s c h a r g e  th e  d u t i e s  n o rm a l ly  

perfo rm ed  by th e  i n t a c t  l i v e r ,  and t h a t  c r o s s - c i r c u l a t i o n  

w i th  a normal r a t  i s  i n s u f f i c i e n t  to  make up f o r  th e  d e f io i e n c  

An a t t e m p t  was made to  t e s t  t h i s  h y p o t h e s i s  by o v e r lo a d in g  

th e  l i v e r s  o f  normal i n t a c t . r a t s  by p a r e n t e r a l  a d m i n i s t r a t i o n  

o f  amino a c i d s .  T h is  p roduced  a pronounced i n c r e a s e  i n  th e  

RNA c o n t e n t  p e r  c e l l  i n  th e  l i v e r ,  a l e s s  pronounced i n c r e a s e



i n  p r o t e i n  p e r  c e l l  and u l t i m a t e l y  a s u b s t a n t i a l  i n c r e a s e  

i n  m i t o t i c  a c t i v i t y *  In  so f a r  a s  th e s e  changes resem ble  

th e  changes a s s o c i a t e d  w i th  l i v e r  r e g e n e r a t i o n ,  t h e y  su p p o r t  

th e  hyxjo thes is  t h a t  l i v e r  r e g e n e r a t i o n  i s  a sresponse to  a 

f une t i o n a l  o v e r l o o d *

R efe rence  3
A ls to n ,  ¥ ,C*, & Thomson, R*x# (1963) 

C ancer R e s . ,  23 ( 6 ) ,  901 .
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change for the first 24 hours but thereafter it increased in 
parallel with liver mass « Brues et a l .. (1936) found that 
in starved animals, the liver hypertrophied during the first 
day and remained about the same size from 24 hours onward# 
However, the number of ce11si increased almost as rapidly as 
in animals which had;> been fed# Abercrombie and Harkness 
(1931) made a detailed study of the increase in number of 
different cell types in regenerating rat liver up to 21 days 
after partial hepatectomy# They confirmed that 24 hours 
after operation the total number of parenchymal colls was 
not significantly greater than normal, though the weight 
of the liver had increased considerably# Thereafter the 
number of parenchymal cells increased steadily, roughly in 
proportion to the weight increase* The increase in the 
total number of littoral cells, ran approximately parallel 
to that of the parenchymal cells during the first two post
operative days. By 21 days, the total populations of both 
parenchymal and littoral cells had returned practically to 
those of normal liver#

It might be anticipated that the increase in cell 
number would be associated with a high mitotic activity and 
this is indeed the case# In normal adult liver, the 
mitotic frequency is quite small? only one or two



os» ^  ipr-*-

mitotic figures can be detected per 20,000 nuclei (Brues & 
Marble, 1937)  ̂ Abercrombie and Harkness (1931) found that 
this condition persisted for about 20 hours after partial 
hepatectomy after which there was a spectacular rise in 
pai'enchymal cell mitosis to a maximum of about 3 per cent at 
24 hours. At this time interval, the mitotic rate of 
littoral and bile-duct cells was still very low* Two days 
later the mitotic rate in the parenchymal cells had dropped 
but it was now high in the littoral cells, bile-duct cells 
and also in the mésothélial lining cells# At this time, 
mitosis was also observed in the colls of the periportal 
connective tissue and of the endothelium of blood vessels 
other than the sinusoids *

Section 1*2 St rue tural change s ♦
Since the increase in liver size during the first 

24 hours after partial hepatectomy is not due to an increase 
in cell number, it must be attributable to an increase in 
mean cell mass or extracellular material. An increase in 
coll volume has in fact been demonstrated microscopically 
and shoTO to be associated with a larger increase in nuclear 
and more especially nucleolar volumes (Stowell, 1948? 
Harkness, 1932b), These changes were partly reversed once



increased cell division was set in train. The swelling of 
the parenchymal cells produced a diminution of the extra- 
vascular space from the normal figure of 21*2 m l • / 100 g 
liver to a minimum of 16*8 ml./ 100 g., liver at 24 hours, 
followed by a return to normal within 48 hours# Vascular 
space diminished also, but the minimum was observed at 48 
hours and it was still below normal at 72 hours (Harkness, 
1952b)#

Until quite recently, the commonly accepted view 
of liver structure was that the hepatocytes or parenchyma,! 
cells were arranged in more or less well-defined lobules 
around the central veins. It was therefore natural to 
enquire whether, during liver regeneration, the existing 
lobules simply increased in sise or whether they were re
organised in such a way that their number was increased.
Now that the liver is regarded rather as a muralium of 
cells, penetrated by portal tracts and central veins, this 
question has less significance (Elias, 1963) . It is of 
interest, however, that a small increase in the number of 
bile ducts and centrilobular veins does occur (Abercrombie 
& Haiimess, 1951) * Collagen growth is very slow but the 
intx’alobular reticulin fraction regenerates rather faster 
(Harkness, 1957) •
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The i n c 3:0 a se i u  c e l l  number i n  r e g e n e r a t i n g  l i v e r  

m ust  how ever ,  be accom pan ied  by some form o f  ^ r e o r g a n iz a t io n  

so t h a t  h e p a t o c y t e s ,  f i b r o c y t e s ,  K u p f f e r  c e l l s  and t h e  o t h e r  

c e l l  t y p e s  a r e  i n  t h e  c o r r e c t  s p a t i a l  r e l a t i o n s h i p .  I t  

m ig h t  bo a n t i c i p a t e d  t h a t  t h i s  would be r e f l e c t e d  i n  chan ges  

i n  t h e  way i n  w hich  t h e s e  c e l l s  behave i n  t i s s u e  c u l t u r e .  

Such chang ea  have i n d e e d  b e e n  r e p o r t e d .  A bercrom bie  and 

H ark n ess  (1931) and H I in o s  (1949) o b s e rv e d  a  g r e a t e r  o u t -  

w an d e r in g  o f  c e i l s  i n  e x p l a n t s  from r e g e n e r a t i n g  t h a n  i n  

t h o s e  from norm al  l i v e r s .  A change i n  t h e  e l e c t r o p h o r e t i c  

m o b i l i t y  o f  l i v e r  c e l l s  h a s  a l s o  been  r e p o r t e d  ( E i s e n b e r g ,  

B e n -0 r ,  & D o I j a n s k i ,  1962) •

S e c t i o n  1 .3  C hem ica l  ch a n g es  i n  t h e  l i v e r  f r a m n e n t #

Se c t i o n  1 .3 0  I n t r o d u c t i o n .

The c h e m ic a l  ch a n g es  which o c c u r  i n  th e  l i v e r  

f r a g m e n t  d u r i n g  r e g e n e r a t i o n  a r e  n o t  e a s y  t o  i n t e r p r e t .

The d i f f i c u l t y  a r i s e s  p a r t l y  from t h e  f a c t  t h a t  th e  l i v e r  

c o n s i s t s  o f  a  v a r i e t y  o f  c e l l  t y p e s . P a renchym al  c e l l s ,  

w hich  a c c o u n t  f o r  90 p e r  c e n t  o f  t h e  l i v e r  volum e, con

s t i t u t e  o n ly  60 p e r  c e n t  o f  t h e  c o l l  n u m b er . M oreover ,  t h e  

l i v e r  c o n t a i n s  s u b s t a n t i a l  b u t  h i g h l y  v a r i a b l e  amounts  o f  

g ly c o g e n  and f a t .  F i n a l l y ,  marked ch an g es  o c c u r  i n



v a s c u l a r  and e x t r a v a s c u l a r  space  d u r i n g  l i v e r  r e g e n e r a t i o n  

( s e e  S e c t i o n  1 . 2 ) .  I t  i s  e v i d e n t ,  t h a t  a  change i n  any  o f  

t h e s e  q u a n t i t i e s  o r  i n  t h e  p r o p e r t i e s  o f  t h e  d i f f e r e n t  c o l l  

t y p e s  m ig h t  p ro d u c e  c h a n g es  i n  t h e  o v e r a l l  c o m p o s i t io n  o f  t h e  

l i v e r  which  would n o t  n e c e s s a r i l y  have any im m ed ia te  r e l a t i o n -  

shij)  t o  t h e  r e g e n e r a t i o n  p r o c e s s .

To some e x t e n t ,  t h e  p rob lem  can  be met by j u d i c i o u s  

s e l e c t i o n  o f  t h e  form i n  w hich  a n a l y t i c a l  r e s u l t s  a r e  

e x p r e s s e d .  The common p r a c t i c e  o f  e x p r e s s i n g  t h e  amount o f  

some t i s s u e  component a s  so many mg*, p e r  u n i t  w et  o r  d r y  

w e ig h t  o f  t i s s u e  o r  p e r  u n i t  w e ig h t  o f  p r o t e i n  n i t r o g e n  i s  

i n f o r m a t i v e  o n ly  so I c n g  a s  one can  bo c o n f i d e n t  t h a t  w et  o r  

d r y  w e ig h t  o f  t i s s u e  o r  p r o t e i n  c o n t e n t  r e p r e s e n t  s t a n d a r d s ,  

w hich  w i l l  n o t  be a f f e c t e d  by t h e  phenomena u n d e r  i n v e s t i 

g a t i o n .  T h i s  a s s u m p t io n  i s  by no means a  s a f e  one# F or  

exam ple ,  s t a r v a t i o n  c a u s e s  an  i n c r e a s e  i n  RNÂ c o n c e n t r a t i o n  

p e r  mg.,  w et  w e i g h t  o f  l i v e r *  T h i s  change i s  n o t  due t o  an 

i n c r e a s e  i n  th e  t o t a l  amount o f  BNA i n  t h e  l i v e r .  I n  f a c t ,  

i n  r a t s  o f  i n i t i a l  body w e ig h t  a b o u t  200 g . ,  t h e  t o t a l  amount 

o f  BNA i n  t h e  l i v e r  was o b s e rv e d  t o  f a l l  by  app i^ox im ate ly  27 

p e r  c e n t  a f t e r  72 h o u r s  o f  s t a r v a t i o n ?  b u t  t h e  l i v e r  w e ig h t  

f o i l  a lm o s t  40 p e r  c e n t  i n  th e  same t im e  i n t e r v a l ?  hence  

t h e  m i s l e a d i n g  i n c r e a s e  i n  RNA c o n c e n t r a t i o n  (Thomson, Hoagy,
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H u tc h i s o n  & D av id so n ,  1953) * Of c o u r s e ,  t h i s  s o r t  o f  

a m b ig u i ty  does  n o t  a r i s e  i f  t h e  t o t a l  amount o f  t h e  con

s t i t u e n t  i n  t h e  en t ix 'e  o rg a n  can  be d e te rm in e d #  T h is  i s  

n o t  a lw ay s  p o s s i b l e  s i n c e  i t  r e q u i r e s  e x c i s i n g  t h e  e n t i r e  

l i v e r  and t h e r e f o r e  k i l l i n g  t h e  an im al#  I f ,  f o r  example ,  

o n ly  a b i o p s y  spec im en  i s  a v a i l a b l e ,  some o t h e r  s o l u t i o n  to  

t h e  p rob lem  h a s  t o  be found# One p o s s i b i l i t y  i s  to  make u se  

o f  t h e  w e l l  e s t a b l i s h e d  o b s e r v a t i o n  t h a t  i n  any  s p e c i e s  t h e  

3)HA c o n t e n t  p e r  s e t  o f  chromosomes i s  c o n s t a n t  f o r  a l l  

n u c l e i # *  C o n s e q u e n t ly ,  t h e  DMA c o n t e n t  o f  a  t i s s u e  sample 

can  be t a k e n  a s  a  m easure  o f  th e  number o f  c e l l s  p r e s e n t  an^: 

by  r e l a t i n g  o t h e r  com ponents  t o  DMA one o b t a i n s  a m easure  o f  

t h e  a v e ra g e  amount p e r  c e l l # U n f o r t u n a t e l y ,  i n  l i v e r  t h e  

s i t u a t i o n  i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  a  l a r g e  p r o p o r t i o n  

o f  t h e  h e p a t o c y t e s  a r e  t e t r a p l o i d *  T h i s  c o m p l i c a t i o n ,  how

e v e r ,  i s  less s e r i o u s  i n  p r a c t i c e  t h a n  m ig h t  be a n t i c i p a t e d  

s i n c e  i t  seems l i k e l y  t h a t  t e t r a p l o i d  h e p a t o c y t e s  a r e  i n  any 

c a s e  tw ic e  t h e  size o f  d i p l o i d  l i e p a t o c y t e s  ( H a r r i s o n ,  1953)#

A more fu n d a m e n ta l  l i m i t a t i o n  i s  t h a t  i n  any  t i s s u e  g row ing  

a s  r a p i d l y  a s  l i v e r  d o es  i n  t h e  e a r l y  s t a g e s  o f  r e g e n e r a t i o n ,  

t h e r e  m ust  n e c e s s a r i l y  be many c e l l s  s y n t h e s i s i n g  DMA i n  

p r e p a r a t i o n  f o r  c e l l  d i v i s i o n ,  so t h a t  t h e  a v e ra g e  DMA p e r  

n u c l e u s  o v e r  t h i s  p e r i o d  w i l l  be a b n o r m a l ly  h i g h .  Mover-

* Yendrely, R. (1955)*
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t h e l e s s ,  in  t h e  a b se n c e  o f  any  more r e l i a b l e  g u i d e ,  t h e  u se  

o f  DMA a s  a  s t a n d a r d  re m a in s  t h e  most u s e f u l  k ey  t o  u n d e r 

s t a n d i n g  t h e  c h e m ic a l  ch an ges  which accompany r e g e n e r a t i o n #

S e c t i o n  I . 31 I n c r e a s e  i n  DMA
w wiwBh . iWim .p  ■w i  iéi i i h ' i i  mpM II w  im i m w i i i^ i i i n w p i \$wmmiyi

The m o r p h o lo g ic a l  work d e s c r i b e d  i n  S e c t i o n  I #2 

h a s  made i t  c l e a r  t h a t ,  i n  t h e  end ,  l i v e r  r e g e n e r a t i o n  i s  

a c h ie v e d  by  an i n c r e a s e  i n  c e l l  number n o t  c e l l  s i z e #  I n  

a g r e  oment wi t h  t h i  b qo n e l u a l o n , Thom son e t  a l ( 1953)  found  

t h a t  t h e  t o t a l  DMA c o n t e n t  o f  t h e  l i v e r  f r a g m e n t  i n c r e a s e d  

r o u g h ly  i n  p a r a l l e l  w i th  t h e  i n c r e a s e  i n  c e l l  number b u t  

t h a t  t h e  a v e ra g e  c e l l  c o n t e n t  o f  p r o t e i n ,  MA and l i p i d  

p h o s p h o ru s ,  when r e g e n e r a t i o n  was c o m p le te ,  was s i m i l a r  t o  

t h a t  o f  norm al  l i v e r #  However, d u r i n g  t h e  most r a p i d  p e r i o d  

o f  g3?owth, t h e  a v e ra g e  DMA c o n t e n t  p e r  n u c l e u s  shows a  sub

s t a n t i a l  th o u g h  te m p o ra ry  i n c r e a s e ,  v a r i o u s l y  r e p o r t e d  a t  

20 t o  80 p e r  c e n t  ( P r i c e  & L a i r d ,  1950 ; Thomson e t  a l #.

1 9 5 3 ? Hitm an, H l r s h b e r g  & G-ellhorn, 1953)# T h is  s y n t h e s i s  

o f  DMA i n  w hich  l a r g e  numbers o f  c e l l s  a r e  p a r t i c i p a t i n g ,  i s  

m a n i f e s t l y  due t o  a p r e p a r a t i o n  f o r  c e l l  d i v i s i o n #  The 

p r o c e s s  o f  DMA sy n th e  s i s  1ms been  r e p e a t e d l y  d e m o n s t r a t e d  by 

r a d i o - i s o t o p i c  m e th o d s .  Hoch t  and P o t t e r  (1956) u s i n g  

^ ^ G - o r o t a t e ,  showed t h a t  s y n t h e s i s  began  IS h o u r s  a f t e r
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p a r t i a l  h e p a te c to m y  and r e a c h e d  a  maximum a t  .24 t o  30 h o u rs#  

These c o n c l u s i o n s  were c o n f i rm e d  and e x te n d e d  by H):'!sham 

(1962) u s i n g  H - th y m id in e  a u t o r a d i o g r a p h y ,  w hich  made i t  

p o s s i b l e  t o  d i s t i n g u i s h  be tw een  d i f f e r e n t  c e l l  t y p e s # By 

t h i s  t e c h n i q u e  Grisham showed t h a t  s y n t h e s i s  i n  t h e  h e p a to 

c y t e s  began  a t  12 t o  18 h o u r s ,  r e a c h e d  a maximum a t  20 h o u r s ,  

and had  d e c l i n e d  by 48 hou rs#  The c o r r e s p o n d i n g  wave o f  

s y n t h e s i s  i n  t h e  l i t t o r a l  and d u c t a l  c e l l s  came 6 to  12 

h o u r s  l a t e r  and was s p r e a d  o v e r  a  l o n g e r  p e r io d *  These 

o b s e r v a t i o n s  a c c o r d  w e l l  w i t h  t h e  m o r p h o lo g ic a l  e v id e n c e  t h a t  

c e l l  d i v i s i o n  b e g i n s  i n  t h e  h e p a t o c y t e s  and i s  o b s e rv e d  i n  

t h e  o t h e r  c e l l  t y p e s  o n ly  a f t e r  an i n t e r v a l  o f  some h o u rs  

( s e e  S e c t i o n  I . I ) .

S e c t i o n  1 . 32 I n c r e a se in'RNA# .

I t  h a s  b ee n  known f o r  many y e a r s  t h a t  g row th  

(p re s u m a b ly  b e c a u s e  i t  i n v o l v e s  i n c r e a s e d  p r o t e i n  s y n t h e s i s )  

i s  a s s o c i a t e d  w i t h . i n c r e a s o d  c o n c e n t r a t i o n s  o f  EMA ( B r a c k e t ,  

1941; G a s p e r s s o n ,  1 9 4 0 ) .  I n  th e  c a s e  o f  l i v e r  r e g e n e r a t i o m ,  

an i n c r e a s e  i n  t h e  t o t a l  amount o f  RNA p e r  c e l l  was obsery^ed 

by P r i c e  and L a i r d  (1950) a s  e a r l y  a s  12 h o u r s  a f t e r  p a r t i a l  

h e p a te c to m y ,  r i s i n g  t o  62 p e r  c e n t  a t  24 h o u r s # The 

i n c r e a s e  appea3:ed t o  i n v o l v e  t h e  m icro  some s and c e l l  sap
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r a t h e r  t h a n  n u c l e i  o r  mi.tocho3idria. (Parlco & L a i r d ,  1950;

Yon Der Decken & H u l t i n ,  1958)# On t h e  o t h e r  hand ,  Hecht

and Potter (1956) foimd t h a t  24 h o u r s . a f t e r  p a r t i a l  hepa-r
14teetomy i n c o r p o r a t i o n  o f  G-orotate into ENA was i n i t i a l l y

much more sr’a p i d  i n t o  t h e  n u c l e u s  t h a n  i n t o  t h e  c y t o p l a s m .

Much more r e c e n t l y ,  Tstikada and L ieherm an  (1964a)  have

measured t h e  amount o f  ENA s y n t h e s i s  b o t h  s p e c t r o p l i o t o -
14m e t r i c a l l y  and by  means- o f  C - o r o t a t e  ino o 3 ?p o ra t io n  and 

found  e v id e n c e  o f  v e r y  h ig h  s y n t h e t i c  a c t i v i t y  i n  the n u c l e o l i  

o f  r o g e n e . r a t i n g  l i v e r .  F u j i p k a ,  Koga and  L ieberm an  (1963) 

have a l s o  shown t h a t  an  increase i n  t h e  r a t e  o f  ENA s y n t h e s i s  

was demonstxmble i n  liver Im m e d ia te ly  a f t e r  p a r t i a l  hepa

te c to m y ,  and t h a t  i t  r e a c h e d  a p l a t e a u  v a l u e  e q u i v a l e n t  t o  

tw ic e  t h e  norm al r a t e  by 5 h o u r s # The i n c r e a s e d  ENA syn
thetic r a t e  was o b s e rv e d  i n  a l l  s u b c e l l u l a r  f r a c t i o n s #  It 
would a p p e a r  t h e r e f o r e ,  t h a t  a f t e r  p a r t i a l  h e p a te c to m y  an  

increase i n  RNA s y n t h e s i s  a p p e a r s  a lm o s t  Im m e d ia te ly ,  f o l l o w 

ed w i t h i n  12 h o u r s  by an i n c r e a s e  i n  t h e  amount of ENA p e r  

c e l l ; DMA s y n t h e s i s  s t a r t s  a f t e r  a b o u t  IB h o u r s  and cell 
d i v i s i o n  a t  a b o u t  24 ho u rs#  I t  would be very i n t e r e s t i n g  

t o  u n r a v e l  t h e  r e l a t i o n s h i p  be tw een  t h e  events i n  t h i s  

sequence  o f  changes#  L ie b e r m a n 's  g ro u p  have shown that 
amounts o f  p - f l u o r o p h e n y l a l a n i n e  and a c t i n o m y c in  D which
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have no o f f e e t  on RNA s y n t h e s i s  i n  norm al  r a t  l i v e r ,  com

p l e t e l y  s u p p r e s s  t h e  i n c r e a s e  i n  RNA s y n t h e s i s  a f t e r  p a r t i a l  

hepa tec to m y #  M oreover ,  t h i s  s u p p r e s s i o n  i s  a s s o c i a t e d  w i th  

a  d e l a y  i n  t h e  s t a r t  o f  DMA sy n th e  s i s #  I t  may be t h e r e f o r e ,

t h a t  t h e  i n c r e a s e d  RNA s y n t h e s i s  i s ,  i n  p a r t ,  a  p r e p a r a t i o n  

f o r  DMA s y n t h e s i s .

S e c t i o n  I #33 F ree  n u c l e o t i d e s #

S in ce  i n c r e a s e d  p o l y m i o l e o t i d e  s y n t h e s i s  i s  

q u a n t i t a t i v e l y  one o f  t h e  m ost  i m p o r t a n t  c h e m ic a l  f e a t u r e s  

o f  r e g e n e r a t i o n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  changea  i n  

c o n c e n t r a t i o n  o f  t h e  f r e e  m on o n u c lo o t id e  p r e c u r s o r s  sh o u ld  

have b een  sough t#  U n f o r t u n a t e l y ,  t h e  s i g n i f i c a n c e  o f  such  

ch an ges  i s  ambiguous# A f a l l  c o u ld  be a t t r i b u t e d  t c  an 

i n c r e a s e d  c o n v e r s i o n  t o  p o l y n u c l e o t i d e  w i t h  c o n s e q u e n t  

d e p l e t i o n  o f  t h e  m o n o n u c le o t id e  poo l#  An i n c r e a s e  would be 

e x p l a i n e d  q u i t e  a s  p l a u s i b l y  a s  e v id e n c e  o f  i n c r e a s e d  mono

n u c l e o t i d e  s y n t h e s i s  i n  a n t i c i p a t i o n  o f  an i n c r e a s e d  demand^ 

I n  p r a c t i c e ,  t h e  d e o x y r i b o n u e l e o s i d e s  and t h e i r  d e r i v a t i v e s  

a c c u m u la te  a f t e r  p a r t i a l  h e p a te c to m y  r e a c h i n g  a maximum a t  

t h e  o n s e t  o f  m i t o s i s .  T h is  i n c r e a s e  i s  accom pan ied  by a 

change i n  t h e i r  r e l a t i v e  p r o p o r t i o n s ;  i n  norm al  lives? 

d e o x y c y t i d i n e  a c c o u n t s  f o r  90 p e r  c e n t  o f  t h i s  m a t e r i a l #
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I n  r e g s h e r a t i n g  l i v e r ,  up t o  33 p e r  c e n t  i s  i n  t h e  form o f  

n u c l e o t i d e s  (S o lm e id e r  & B ro w n e l l ,  1 9 5 7 ) .  On th e  o t h e r  

hand ,  t h e  c o n c e n t r a t i o n s  o f  t h e  f o u r  r i b o n u c l e o s i d e  t r i 

p h o s p h a t e s  (ATP, OTP, HTP, and HTP) which  a r e  t h e  im m edia te  

p r e c u r s o r s  o f  ENA a l l  f a l l  d u r i n g  gene r a t i  on ( Mande 1, 

¥ i n t z e r i t h ,  h i e i n - P e t e ,  & Mande1, 1963)*

S in ce  t h e  term p r o t e i n  i n c l u d e s  a l l  t h e  en zy m a t ic  

and p a r t  o f  t h e  s t r u c t u r a l  components o f . t h e  c e l l ,  i t  i s  

e v i d e n t  t h a t  ch an g es  i n  t o t a l  p r o t e i n  c o n t e n t  a r e  l e s s  ea sy  

t o  i n t e r p r e t *  Two a s p e c t s  o f  p r o t e i n  s y n t h e s i s  i n  r e g e n e r 

a t i n g  l i v e r  have t o  be c o n s i d e r e d ,  s i n c e  i t  h a s  t o  p ro du ce  

more p r o t e i n s  t h a n  a r e  n eed ed  f o r  i t s  own growth*  I n  

a d d i t i o n  t o  t h e  p r o t e i n  r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  o f  new 

t i s s u e ,  i t  m ust  a l s o  com pensa te  f o r  t h e  d e p l e t i o n  o f  p lasm a 

p r o t e i n s  „which f o l l o w s  p a r t i a l  h epa tec tom y*  The e a r l y  

i n v e s t i g a t o r s  found  t h a t  t h e  t o t a l  n i t r o g e n  c one e n t r a t i  on 

f e l l  d u r i n g  r e g e n e r a t i o n  (B ru e s ,  B ru iy  à B ru o s ,  1936)*

Gurd, Y ars  and E avd in  (1948) found  a l s o  t h a t  p r o t e i n  con

c e n t r a t i o n  p e r  u n i t  wet  w e ig h t  o f  t i s s u e  d i m in i s h e d  a f t e r  

p a r t i a l  hepa tec tom y*  T h is  f a l l  i n  c o n c e n t r a t i o n  i e  a t t r i 

b u t a b l e  t o  t h e  a c c u m u la t io n  o f  o t h e r  c e l l  c o n s t i t u e n t s  such
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a s  fat.# T h e / to t jy ^  amount o f  p r o t e i n  i n  the l i v e r  f r a g m e n t  

shows tin i n c r e a s e  s t a r t i n g  from t h e  f i r s t  clay a f t e r  operation. 
T h is  n e t  i n c r e a s e  i n  p r o t e i n  i s  r e f  lo o  t o d  i n  an  i n c r e a s e d  up

t a k e  o f  l a b e l l e d  amino a c i d s  which s t a r t s  to  i n o r e a s o  12 to  

14 h o u r s  a f t e r  p a r t i a l  h è p a te é to m y  and r e a c h e s  a maximum 

v a l u e  a t  a b o u t  30 hours& t h e r e a f t e r  d e c l i n i n g  (Yon Der Beckon 

à H u i t  i n ,  1958)  ̂ I n c o r p o r a t i o n  o f  l a b o l l e c l  amino a c i d s  into 
p lasm a  a lb u m in  (w hich  i s  o f  c o u r s e  s y n t h e s i s e d  i n  l i v e r )  was 

o b s e rv e d  to  inox^ease o n ly  a f t e r  72 h o u r s ,  b u t  t h e  i n c r e a s e  wao 

s t i l l  a p p a r e n t  a f t e r  144 h o u r s  (B raun ,  Marsh & Drabkin, 1 9 6 2 ) .

Among t h e  e a r l i e s t  and m ost  o b v io u s  ch a n g es  i n  

3ze gene rating li"vex' a r e  a l t e r a t i o n s  i n  t h e  c y to p la s m ic  

s t o r a g e  p r o d u c t s ,  g ly c o g e n  and n e u t r a l  f a t #  There  i s  a  

r a p i d  d ro p  i n  g ly co g en  c one en t r a t i  on to  a lm o s t  z e ro  a t  10 

h o u r s  j f o l l o w e d  by an i r r e g u l a r  r i s e  ; even  a t  72 ho i i rs  t h e  

v a l u e  i s  s t i l l  o n ly  a b o u t  one t h i r d  o f  norm al (H a rk n ess ,

1952b) * L i p i d  c o n c e n t r a t i o n  r i s e s  v e r y  ro ,p id ly  i n  r e g e n e r 

a t i n g  l i v e r  and r e a c h e s  a maximum by a b o u t  10 h o u r s  a f t e r  

o p e r a t i o n ;  t h e  t o t a l  amount i n  t h e  l i v e r  f r a g m e n t  a t  t h i s  

t im e  i s  v e r y  c l o s e  t o  t h a t  p r e s e n t  i n  t h e  l i v e r  p r e o p e r a t i v e l y .  

Ludewig, M inor,  and H o r t e n s t i n e  (1939) who s t u d i e d  l i p i c i
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f r a c t i o n s  a t  l a t e r  t im e  i n t e r v a l s ,  found  t h a t  t h e y  were a l l  

c o n s i d e r a b l y  e l e v a t e d  a f t e r  24 h o u r s ,  t h e  g r e a t e s t  e l e v a t i o n  

b e in g  i n  n e u t r a l  f a t ,  w hich  o n ly  r e t u r n e d  t o  c o n t r o l  value 
by t h e  7 t h  day*

S e c t i o n  1*36 Qlianjrce s  i n  w a te T c o n t e n t  d u r i n g  r e f^ e n e ra t io n *

There  i s  some d i s a g r e e m e n t  a b o u t  chomges i n  w a t e r  

c o n t e n t  o f  t h e  l i v e r  f r a g m e n t  d u r i n g  r e g e n e r a t i o n ,  H ig g in s  

and A nderson  (1931) and Szêgo and R o b e r t s  (1949) b o t h  found  

an  a p p r e c i a b l e  d ro p  d u r i n g  t h e  f i r s t  24 hotirs*  However, 

Gurd, V ara  and Ravdin  (1948) found no change i n  t h e  w a te r  

c o n t e n t  o f  t h e  l i v e r  f r a g m e n t  a f t e r  24 hours, and H arkneas  

( 1952b) o b t a i n e d  a  v a l u e  o f  70»8 p e r  c e n t  a t  10 h o u r s  a f t e r  

p a r t i a l  h e p a te c to m y ,  t h e  v a l u e  f o r  norm al l i v e r  b e i n g  71 

p e r  c e n t , H a rk n e ss  a l s o  found  an i n c r e a s e  i n  t h e  w a te r  

c o n t e n t  o f  t h e  r e g e n e r a t i n g  l i v e r  f r a g m e n t  to  a  v a l u e  o f  

73*9 p e r  c e n t  a t  7 0  h o u r s .

Sec t i  on 1 ,3 7  Summary,

The c h e m ic a l  f e a t u r e s  o f  r e g e n e r a t i o n  may bo 

summarised i n  t h e  f o l l o w i n g  way, A r a p i d  f a l l  o c c u r s  i n  

g ly c o g e n  and i s  accom panied  by an a c c u m u la t io n  o f  n e u t r a l  

l i p i d .  These chang es  a r e  p r o b a b ly  i n d i c a t i v e  o f  h e p a t i c
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i n e v i f f i o l e n c y ,  b u t  soon a f t e r  t h e y  become m a n i f e s t ,  chang es  

i n d i c a t i v e  o f  g ro w th  appear?. Almost im m e d ia te ly  a f t e r  

p a r t i a l  h e p a te c to m y ,  ENA s y n t h e s i s  i s  a c c e l e r a t e d ;  i n c r e a s e  

i n  p r o t e i n  s y n t h e s i s  f o l l o w s  a t  12 t o  14 h o u r s ,  and f i n a l l y  

a t  18 h o u r s  DMA s y n t h e s i s  i s  u n d e r  way* The whole p r o c e s s  

c u l m i n a t e s  i n  t h e  o u t b u r s t  o f  m i t o t i c  a c t i v i t y  which s ta r* ts  

a t  a b o u t  24 h o u rs*  The l a t e r  s t a g e s  o f  t h e  r e g e n e r a t i v e  

p r o c e s s  a r e  c h a r a c t e r i s e d  by a g r a d u a l  r e t u r n  to  n o rm a l ;  

t h e  r a t e s  o f  s y n t h e s i s  o f  RNA, p r o t e i n  and DNA r e v e r t  s lo w ly  

t o  t h e  r e s t i n g  l e v e l s  « The a c c u m u la t io n  o f  n e u t r a l  l i p i d  

i s  g r a d u a l l y  d i s p e r s e d  and a  norm al  c o n t e n t  o f  g ly c o g e n  i s  

r e c o v e re d *

S e c t i o n  1 ,4 0  Enzyme ch angea i n  r e g e n e r a t i o n *

The s t u d i e s  on l i v e r  c o m p o s i t io n  d u r i n g  r e g e n e r 

a t i o n ,  d e t a i l e d  above ,  have been  p a r a l l e l e d  by s i m i l a r  

s t u d i e s  on t h e  l i v e r  enzymes* I t  i s  c o n v e n i e n t  to  sub

d i v i d e  t h e  d e s c r i p t i v e  a c c o u n t  i n t o  two g r o u p s ,

a) t h o s e  enzymes cone earned w i t h  n u c l e i c  a c i d  

s y n t h e s i s  and d e g r a d a t i o n ,

b) t h o s e  enzymes c o n c e rn e d  w i t h  o t h e r  m e t a b o l i c  

a c t i v i t i e s  *
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a c i d s  #

S in ce  t h e  a s s o c i a t i o n  be tw een  t i s s u e  g row th  and 

n u c l e i c  a c i d  s ^ a i t h e s i s  h a s  b ee n  e s t a b l i s h e d  f o r  a  decade  and 

s u s p e c t e d  f o r  much l o n g e r ,  i t  i s  h a r d l y  s u r p r i s i n g  t h a t  a 

g r e a t  d e a l  o f  a t t e n t i o n  h a s  b een  g iv e n  t o  t h e  enzymes o f  

n u c l e i c  a c i d  s y n t h e s i s  i n  r e g e n e r a t i n g  l i v e r #  I t  i s  w e l l  

known t h a t  i n  t h e  l i v e r  o f  t h e  normal i n t a c t  a d u l t  r a t ,  BHA 

s y n t h e s i s  i s  s c a r c e l y  d e t e c t a b l e  b u t  t h a t  w i t h i n  18 h o u r s  o f  

p a r t i a l  h ep a te c to m y  t h e r e  i s  a  sudden i n c r e a s e  (H ech t  & 

P o t t e r ,  1956)# I t  m ig h t  be e x p e c te d  t h a t  t h i s  sudden 

a l t e r a t i o n  i n  s y n t h e t i c  a c t i v i t y  would be accom pan ied  by a 

c o r r e s p o n d i n g  change i n  t h e  enzymes c a t a l y s i n g  t h e  s y n t h e s i s  

b o th  o f  DMA and o f  i t s  p r e c u r s o r s #  T h is  e x p e c t a t i o n  h as  

been  f u l f i l l e d *  F o r  example th e  f i r s t  enzyme i n  th e  p a t h 

way o f  p y r i m i d in e  b i o s y n t h e s i s ,  a s p a r t a t e  c a r b a m o y l t r a n s -  

f e r a s e  (2*1*3 #2) was found  to  i n c r e a s e  to  a  maximum o f  tw ic e  

noî'mal a f t e r  50 h o u r s  and  t h e n  t o  f a l l  t o  c o n t r o l  l e v e l  by 

t h e  1 5 th  day* The enzymes l e a d i n g  t o  t h e  s y n t h e s i s  o f  

u r i d i n e  raouophosphate (UMP) and d e o x y u r id in e  m onophosphate  

(dUMP) we r e  a l s o  o b s e rv e d  to  i n c r e a s e  d u r i n g  l i v e r  r e g e n e r -

The number i n  p a r e n t h e s i s  a f t e r  each  enzyme i s  t h e  Enzyme 

Commission number#
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a t  i  on ( Skp I d ,  I 9 6 0 ) .  U r i d i n e  piio splio rylo, so ( 2 . 4 . 2  .3 ) wlii ch 

c a t a l y s e s  t h e  c o n v e r s i o n  o f  u r a c i l  (U) t o  u r i d i n e  (UR) 

i n c r e a s e d  t h r e e f o l d  be tw een  36 and 73 h o u r s ,  d e o x y u r id i n e  

p h o s p h o r y l a s e  i n c r e a s e d  f o u r f o l d  a f t e r  48 h o u r s .  The syn

t h e s i s  o f  u r i d i n e  monophosphate from u r i d i n e ,  c a t a l y s e d  by 

u r i d i n e  k i n a s e ( 2 . 7 . 1 . f ) was a c c e l e r a t e d  f i v e f o l d  be tw een  24 

and 36 h o u r s ,  and t h e  s y n t h e s i s  o f  d e o x y u r id i n e  monophos

p h a te  from d e o x y u r id i n e  (UdE) by d e o x y u r id i n e  k i n a s e  was 10 

t im e s  more r a p i d  a f t e r  36 t o  48 h o u r s . On th e  o t h e r  hand ,  

th e  i n c o r p o r a t i o n  o f  l a b e l l e d  o r o t i c  a c i d  i n t o  u r i d i n e  mono

p h o s p h a te  was found t o  i n c r e a s e  f i v e  t o  s i x f o l d  a b o u t  48 

h o u r s  a f t e r  p a r t i a l  hepa tec tom y*  However^ s i n c e  t h i s  

i n f o r m a t i o n  was o b t a i n e d  u s i n g  c e l l  e x t r a c t s ,  i t  was n o t  

p o s s i b l e  to  a s s e s s  t h e  r e l a t i v e  e f f i c i e n c i e s  o f  t h e  o r o t i c  

a c i d  pa thw ay  and  t h e  u r a c i l  pa thway i n  v iv o  « A l l  t h e s e  

enzyme a c t i v i t i e s  had r e v e r t e d  t o  t h a t  o f  no rm al  l i v e r  a f t e r  

a b o u t  6 d a y s .  . The f o r m a t i o n  o f  d e o x y u r id i n e  m onophosphate  

(dUMP) a l s o  o c c u r s  i n  r e g e n e r a t i n g  l i v e r  from d e o x y c y t i d i n e  

m onophosphato  (dCMP) th ro u g h  t h e  a c t i o n  o f  d e p x y c y t i d y l i c  

a c i d  deam inase  (3. *'3 *4 *b) (Malay & Ma l e y ,  I960)  * T h is  enzyme 

which  was s c a r c e l y  d e t e c t a b l e  i n  t h e  l i v e r  o f  t h e  normal 

a d u l t  r a t ,  s u d d e n ly  i n c r e a s e d  i n  a c t i v i t y  12 h o u r s  a f t e r  

p a r t i a l  h ep a te c to m y ,  r o s e  to  a  maximum a t  48 h o u r s ,  and t h e n
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d e c l i n e d #  T h y m id y la te  s y n t h e t a s e  which  c a t a l y s e s  t h e  

f o r m a t i o n  o f  th y m id in e  m onophosphate (TM3?) from d e o x y u r id i n e  

m onophosphate  (dUMP), a l s o  e s s e n t i a l l y  a b s e n t  from norm al  

a d u l t  l i v e r ,  a p p e a r e d  a b o u t  18 h o u rs  a f t e r  t h e  o p e r a t i o n ,  

r o s e  to  a  maximum a t  30 h o u r s  and g r a d u a l l y  d e c l i n e d  t h e r e 

a f t e r #  The n e x t  s t a g e  i n  t h e  sequence  o f  s y n t h e t i c  

r e a c t i o n s  i s  t h e  c o n v e r s i o n  o f  th y m id in e  m onophosphate  (TMP) 

t o  th y m id in e  t r i p h o s p h a t e  (TTP) c a t a l y s e d  by s p e c i f i c  

k i n a s e s # T h i s  sequence  o f  r e a c t i o n s  i s  g r e a t l y  in c re a s e d ^  i n  

r e g e n e r a t i n g  l i v e r  i n  c o n t r a s t  t o  t h e  k i n a s e s  i n v o l v e d  i n  t h e  

p h o s p h o r y l a t i o n  o f  d e o x y a d e n o s in e  m onophosphate  (dAMP), 

d eo x y g u a n o s in e  m onophosphate  (dGMP), and d e o x y c y t i d i n e  mono

pho s p h a t G ( dCMP) ,  w hich  have eom parab le  a o t i v i t i e s  i n  norm al 

and r e g e n e r a t i n g  l i v e r  (BoHum & P o t t e r ,  1 9 5 9 ) .  By 24 

h o u r s ,  th;}miidine k i n a s e (2 #7#1.21) began  t o  i n c r e a s e ,  r e a c h 

i n g  a maximum i n  a b o u t  30 h o u r s .  T h is  was f o l l o w e d  c l o s e l y  

by th y m id in e  m onophosphate  k i n a s e ( 2 . 7 * 4 .c )  and th y m id in e  

d ip h o s p h a t e  k i n a s e ( 2 . 7 * 4 . 6 )  i n  t h a t  o r d e r ,  maximum a c t i v i t i e s  

b e in g  o b s e rv e d  b e tw een  30 and 48 h o u r s  a f t e r  p a r t i a l  h epa 

te c to m y  (U eissm an ,  S m e l l i e  & P a u l , I 9 6 0 ) .  I n  v iew  o f  t h e  

s e q u e n t i a l  a p p e a ra n c e  o f  t h i s  s e r i e s  o f  enzymes from d eo x y -  

c y t i d y l i e  a c i d  deam inase  t o  th y m id in e  d i p h o s p h a t e  k i n a s e ,  

i t  h a s  b ee n  s u g g e s t e d  t h a t  t h e  p r o c e s s  o f  enzyme i n d u c t i o n
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m ig h t  be o p e r a t i n g  i n  r e g e n e r a t i n g  l i v e r  (Maley & Maley,

I9 6 0 ;  ¥ e i s s m a n ,  S m e l l i e  & P a u l ,  I960 )#  Thus d e o x y u r id i n e  

monophosphate  (dUMP) t h e  p r o d u c t  o f  a c t i o n  o f  d e o x y c y t i d y l i c  

a c i d  d ea m in ase ,  c o u ld  in d u c e  t h e  f o r m a t i o n  o f  t h y m id y l a t e  

s y n t h e t a s e *  The p r o d u c t  o f  a c t i o n  o f  t h e  l a t t e r  enzyme 

th y m id in e  monophosp îm te  ( ïMP), c o u ld  t h e n  e f f e c t  t h e  f o r m a t i o n  

o f  th y m id in e  . m onophosphate k i n a s e ,  a s  p r e v i o u s l y  found  by 

H i a t t  and B o r j a r s k i  ( i 9 6 0 ) ,  and so on (F ig *  3*)*

That enzyme c o n c e n t r a t i o n s  a lo n e  c a n n o t  be th e  s o l e  

f a c t o r  r e g u l a t i n g  DMA s y n t h e s i s  i n  r e g e n e r a t i n g  l i v e r  i n  v i v o * 

however,  was d e m o n s t r a t e d  by BoHum and P o t t e r  (1959)*

U sin g  a t e c h n i q u e  f o r  com par ing  DMA s y n t h e s i s  i n  r e g e n e r a t i n g  

r a t  l i v e r  i n  v iv o  and i n  c e l l - f r e e  s u p e rn a ta n i t  f r a c t i o n s  from 

t h e  same an im a l  i n  v i t r o # t h e y  found t h a t  en z y m a t ic  i n c o r p o r 

a t i o n  o f  th y m id in e  i n t o  DMA a p p e a re d  a t  t h e  same t im e  (18 

h o u r s  a f t e r  o p e r a t i o n )  a s  DMA s y n t h e s i s  i n  vivo b u t  con

t i n u e d  t o  i n c r e a s e  o v e r  t h e  p e r i o d  18 t o  30 h o u r s  w h i le  DMA 

s y n t h e s i s  i n  v iv o  was d e c r e a s i n g  (24 to  30 h o u r s ) * The 

same i n v e s t i g a t o r s  found t h a t  DMA n u c l e o t i d y l  t r a n s f e r a s e  

(2*7*7#7) t h e  f i n a l  enzyme i n  th e  pa thw ay  o f  s y n t h e s i a  o f  

d e o x y r i b o p o l y n u c l o o t i d e ,  s t a r t e d  t o  i n c r e a s e  a t  a b o u t  18 

h o u r s  and rem a ined  e l e v a t e d  even a t  72 h ou rs*

These ch an ges  i n  t h e  enzymes a s s o c i a t e d  w i t h
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ï i u c l e i c  a c i d  s y n t h e s i s  d e s c r i b e d  by Ma3,ey and Maley,

¥ e i s s m a n  et ,  a l . ,  and Bo Hum and P o t t e r  i n v o l v e d  t h e  a s s a y  o f  

a c t i v i t y  i n  s o l u b l e  s u p e r n a t a n t  f r a c t i o n s #  Busch,  Ohambon, 

Mande1 and W e i l l  (1962) however,  s t u d i e d  RMA n u c l e o t i d y l -  

t r a n s f e r a s e (2 #7.7 #6) i n  n u c l e i #  The s o . a u t h o r s  found t h a t  

i t s  a c t i v i t y  s t a r t e d  t o  i n c r e a s e  6 h o u r s  a f t e r  p a r t i a l  

h e p a te c to m y ,  r o s e  a h a f p l y  t o  a  maximum a t  12 h o u r s  and t h e n  

d e c l i n e d  to  norm al  by 48 h o u r s .  Tsukada o.nd L ieberm an  ( 1964b) 

r e - i n v e s t i g a t e d  RMA n u o l e o t i d y l t r a n s f e i ’as© a c t i v i t y  o f  l i v e r  

n u c l e i  and n u c l e o l i ,  u s in g ,e n z y m e  p r e p a r a t i o n s  w hich  had 

b ee n  r e n d e r e d  s o l u b l e  by  t r e a t m e n t  w i t h  d e o x y c h o l a t o # The 

a c t i v i t y  o f  RMA n u c l e o t i d y l t r a n s f e r a s e  i n  b o t h  n u c l e a r  and 

n u c l e o l a r  p r e p a r a t i o n s  s t a r t e d  t o  i n c r e a s e  im m e d ia te ly  a f t e r  

th e  o p e r a t i o n ;  i t  i n c r e a s e d  l i n e a r l y  w i t h  time, and a t  12 

h o u r s  was. a b o u t  tw ic e  t h e  i n i t i a l  o n e .  No f u r t h e r  change 

o c c u r r e d  by 20 h o u r s .

The i n c r e a s e s  i n  t h e  enzymes o f  n u c l e i c ;  a c i d  syn

t h e s i s  d e s c r i b e d  above a r e  o f  c o u r s e  a l l  c o n s i s t e n t  w i t h  t h e  

p r o c e s s  o f  g ro w th .  However, t h e y  a r e  accom pan ied  by an 

i n c r e a s e  i n  a c i d  d e o x y r ib o n u c le a s e  a c t i v i t y ( 3 . 1 . 4 . 5 ) ,  t h e  

s i g n i f i c a n c e  o f  which  i s  n o t  q u i t e  c l e a r .  There  i s  some 

e v id e n c e  t h a t  such  an i n c r e a s e  may be a f e a t u r e  o f  n o n -  

m a l i g n a n t  g rowth  i n  o t h e r  t i s s u e  a l s o  %(Brody, 1953a,&b, 1958,
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Brody & T h o r o l l ,  1957)# Brody and B a l l s  (1959) o b s e rv e d  

t h a t  a c i d  d e o x y r ib o n u c le a s e  a c t i v i t y  i n c r e a s e d  a s  e a r l y  a s  

12 h o u r s  a f t e r  p a r t i a l  h ep a te c to m y  and r e a c h e d  a maximum 

b e tw een  36 and 41 h o u rs*  Adams (1963) on t h e  o t h e r  hand,  

found a maximum i n c r e a s e  i n  a c t i v i t y  a t  14 to  20 h o u r s .

The s u g g e s t i o n  o f  Brody and B a l l s  t h a t  t h e  f u n c t i o n  o f  th e  

enzyme m ig h t  be t o  t e r f i i i n a te  DMA s y n t h e s i s  seems t o  be 

i n v a l i d a t e d  by t h e  f i n d i n g  o f  Adams t h a t  maximal t o t a l  

a c t i v i t y  c o i n c i d e d  w i th  t h e  r a p i d  p h a se  o f  DMA s y n t h e s i s *

In  v iew  o f  t h i s  o b s e r v a t i o n ,  i t  seems mo r e  l i k e l y ,  a s  Adams 

s u g g e s t s  f o l l o w i n g  K e i r  and A ird  (1962) t h a t  f r e e  a^cid deoxy

r i b o n u c l e a s e  a c t i v i t y  s t i m u l a t e s  DMA s y n t h e s i s  by a t t a c k i n g  

t h e  DMA p r i m e r ,  making more 3 -h y d ro x y l  g ro u p s  a v a i l a b l e  on 

t h e  d e o x y r ib o s e  r e s i d u e s  a s  s t a r t i n g  p o i n t s  f o r  DMA s y n t h e s i s  

(Adams, 1963; K e i r ,  1962; K e i r  & A i rd ,  1 9 6 2 ) .

I t  h a s  been  p ro p o se d  by B e ic h a r d ,  G a n e l l a k i s ,  and 

G a n e l l a k i s ,  t h a t  DMA s y n t h e s i s  t a k e s  p l a c e  m ost  r e a d i l y  a t  

c r i t i c a l  c o n c e n t r a t i o n s  o f  th e  d e o x y r i b o n u c l e o s i d e  t r i 

p h o s p h a t e s ,  and t h a t  t h e s e  compounds a r e  com ponents  o f  a 

h o m e o s t a t i c  mechanism ( Beichaz 'd ,  G a n e l l a k i s ,  & G a n e l l a k i s ,  

I 9 6 0 ) « I f  t h i s  i s  so ch an ges  i n  n u c l e i c  a c i d  p r e c u r s o r s  

m ig h t  a l s o  be a n t i c i p a t e d  d u r i n g  r e g e n e r a t i o n *  As a l r e a d y  

s t a t e d  above ,  an a c c u m u la t io n  o f  f r e e  d e o x y r i b o s i d i c  and a



F I G U m  4  :

The pathway of uracil degradation*
(Jfrom D av id so n ,  J .N # ,  "The B io e h e m le t ry  of t h e  

N i ic le ic  A c id s " ,  5th E d , ,  Methuen & Go * L t d . ,  

qndon, 1965). \ : A  :
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d e c r e a s e  o f  f r e e  r i b o s i d i c  compounds o c c u r  i n  tlie  l i v e r  f r a g 

ment a f t e r  p a r t i a l  h e p a te c to m y .  I t  i s  e v i d e n t  t h a t  t h e  

amount o f  t h e s e  n u c l e i c  a c i d  p r e c u r s o r s  p r e s e n t  must depend 

upon t h e  b a l a n c e  o f  ensymes c a t a l y s i n g  t h e i r  d e s t r u c t i o n  and 

t h o s e  e f f e c t i n g  t h e i r  s y n t h e s i s . The g^uestlon  n a t u r a l l y  

a r i s e s  a s  t o  how en a y m a t ic  a c t i v i t i e s  a r e  a l t e r e d  i n  f a v o u r  

o f  s y n t h e s i s  d u r i n g  r e g e n e r a t i o n ,  F r i t z s o n  h a s  p ro p o s e d

t h a t  t h e  d e o x y r i b o s i d l e  p r e c u r s o r s  a c t  a s  r e p r e s s o r s  o f  

u r a c i l  c a t a b o l i c  and i n d u c e r s  Of a n a b o l i c  enzymes ( F r i t z s o n ,  

1 9 6 2 ) ,  As e v id e n c e  f o r  t h i s  h y p o t h e s i s ,  he h a s  shown t h a t  

a f t e r  p a r t i a l  h e p a te c to m y ,  a  v e r y  s t r i k i n g  d e c r e a s e  o c c u r s  

i n  t h e  a c t i v i t y  o f  t h r e e  enzymes c a t a l y s i n g  t h e  d e g r a d a t i o n  

o f  u r a c i l  ( F i g ,  4 , ) ,  The amounts o f  d i h y d r o u r a c i l  d e h y d r o -  

g e n a s e ( l  . 3 , 1 , 2 )  and p - u r e i d o p r o p i o n a s e ( 3 ,5*1*6) d e c r e a s e d  

r a p i d l y  w i t h i n  24 h o u r s  o f  p a r t i a l  h e p a te c to m y  and were 

m a i n t a i n e d  a t  60 p e r  c e n t  o f  th e  norm al  l e v e l  f o r  t h e  n e x t  

day* Both, a c t i v i t i e s  r e t u r n e d  to w a rd s  no rm al  v a l u e s  be tw een  

t h e  4 t h  and 7 t h  d a y s ,  B i h y d r o p y r im id in a s G ( 3 *5*2*2) a c t i v i t y  

d e c r e a s e d  to  a b o u t  75 p e r  c e n t  o f  t h e  no rm al  l e v e l  i n  t h e  

f i r s t  day  and m a i n t a i n e d  t h i s  l e v e l  f o r  t h e  n e x t  6 d ay s  

b e f o r e  r e t u r n i n g  to  n o r m a l .  The n e t  e f f e c t  o f  t h e s e  ch an g es  

would be t o  i n c r e a s e  t h e  p o o l  o f  u r a c i l  d e r i v a t i v e s  a v a i l a b l e  

f o r  p o l y n u c l e o t i d e  s y n t h e s i s  im m e d ia te ly  a f t e r  p a r t i a l  

h e p a te c to m y .
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B e o t io n  1 ,42 Ohani^es i n  o t h e r  enzymes*

The c h a n g es  i n  a c t i v i t y  o f  t h e  o t h e r  enzymes 

d u r i n g  r e g e n e r a t i o n  a r e  l o s s  e a s y  t o  i n t e r p r e t *  I n  g e n e r a l ,  

t h e r e  i s  a  s l i g h t  d e c r e a s e  i n  t h e  a c t i v i t i e s  o f  t h e  m ic ro 

somal enzymes r e l a t i v e  t o  m icrosom al  p r o t e i n ,  CoBiparing 

m icrosom es from r e g e n e r a t i n g  w i t h  norm al  l i v e r  on t h e  b a s i s  

o f  e q u a l  p r o t e i n  c o n t e n t ,  Yon Der Decken and H u l t i n  ( i9 6 0 )  

o b s e rv e d  t h a t  t h e  a c t i v i t i e s  o f  g l u c o s e - 6 - p h o s p h a t a a e ( 3 *1#3*9) 

NADPHp—cytochrom e c ( l * 6 , 2 * 3 ) ,  and NADH^-cytochrom e c - r e d u c t a s e s  

( 1 , 6 , 2 , 1 ) ,  N A D PH g-( l ,6 ,99 .1 )  and NADH^-(l^6. 4 , 3 )  d i a p h o r a s e s  

a l l  d e c r e a s e d  a b o u t  15 to  20 p e r  c e n t  b e tw e en  15 and 40 h o u r s  

a f t e r  p a r t i a l  h e p a te c to m y .  The s l i g h t  g e n e r a l  d e c r e a s e  

o b s e rv e d  i n  t h o s e  enzymes d u r i n g  t h e  c o u r s e  o f  r e g e n e r a t i o n  

may be due t o  a  changed  p r o p o r t i o n  be tw een  t h e  membranous 

m a t e r i a l  and t h e  n u c l e o p r o t e i n s  i n  t h e  m ic rosom al  p r e p a r a t i o n s  * 

F o l lo w in g  p a r t i a l  h e p a te c to m y ,  t h e r e  i s  a  

d e p r e s s i o n  a l s o  i n  t h e  a c t i v i t i e s  o f  m i t o c h o n d r i a l  enzymes.  

N o v ik o f f  and P o t t e r  (1948) found  d e c r e a s e d  a c t i v i t y  d u r i n g  

t h e  f i r s t  two d ay s  o f  s u c c i n a t e  d e h y d r q g e n a s e ( 1 , 3 * 9 9 *l)  

m a la t e  d e h y d r o g e n a s e ( 1 . 1 * 1 , 4 0 ) ,  o x a l o a c e t a t e  d e c a r b o x y l a s e  

(4*1*1*3) and cy tochrom e r e d u c t a s e .  I n  a  s tu d y  o f  s e v e r a l  

m i t o c h o n d r i a l  enzymes, i n c l u d i n g  s u c c i n a t e  d e h y d r o g e n a s e , 

NADH^-cytochrome c r e d u c t a s e ,  r h o d a n e s e ( 2 * 8 ,1 * 1 ) ,  ATPase
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( 3 * 6 .1 * 4 ) ,  amine o x i d a s e (1 * 4 .3  *4), and g l u t a m a t e  d èh y d ro -  

g e n a s o ( l  #4.1 *3),  Grreenbaum, Greenwood, and HarknesB (1934) 

found t h a t  t h e y  were d i m in i s h e d  r e l a t i v e  t o  t i s s u e  m ass,  and 

t h a t  t h e  r a t e  o f  r e c o v e r y  o f  a c t i v i t y  was l e s s  t h a n  t h e  r a t e  

o f  r e s t o r a t i o n  o f  t i s s u e  mass *

A d e c r e a s e  i n  a c t i v i t y  a f t e r  p a r t i a l  h ep a te c to m y  

a l s o  o c c u r s  i n  c a t a l a s e ( 1*11*1*6) and t r y p t o p h a n  oxygenase  

( l* 9 9 * 2 * c )  w hich  f a l l  t o  h a l f  t h e  norm al  v a l u e  and s lo w ly  

r e c o v e r  (Thomson 6b Maas, 1953s B t e i n ,  B k a v i n s k i , Appleman & 

Shugarnian, 1951) * An i n c r e a s e  i n  a l k a l i n e  p h o s p h a t a s e  (3 .1 *  

3*1) a c t i v i t y  occux’s r e a c h i n g  a  maximum be tw een  one and two

d ay s  i n  l i v e r  and be tw een  two and t h r e e  d ay s  i n  p lasm a

(Oppenheimer & F l o c k ,  1 9 4 7 ) .  T h is  e l e v a t i o n  o f  a c t i v i t y  

however i s  p r o b a b l y  due t o  an  im p a i rm en t  o f  t h e  p r o c e s s  o f  

e l i m i n a t i o n  due t o  r e d u c t i o n  o f  t h e  t o t a l  f u n c t i o n i n g  l i v e r  

m ass,  t h e  enzyme seems t o  be p ro d u c ed  m a in ly  i n  t h e  i n t e s t i n e  

a b s o rb e d  i n t o  t h e  b lo o d  s t r e a m ,  t a k e n  up by  t h e  l i v e r  and

s e c r e t e d  i n t o  t h e  b i l e  ( R o s e n t h a l ,  F ah l  & V a r s ,  1 9 3 2 ) .

A s p a r t a t e  a m i n o t r a n s f e r a s e (2#6#1*1) i n c r e a s e s  i n  a c t i v i t y  in  

t h e  r e g e n e r a t i n g  l i v e r  f r a g m e n t  a t  a  r a t e  g r e a t e r  t h a n  t h e  

r e a t o r a t i o n  o f  l i v e r  mass (Greenbaum, Greenwood & H a rk n e s s ,  

1 9 3 4 ) .  A r g i n a s e ( 3 *3*3*1), on t h e  o t h e r  hand ,  re m a in s  o s a e n -  

t i a l l y  u n a l t e r e d  i n  a c t i v i t y  t h r o u g h o u t  t h e  p e r i o d  o f  h e p a t i c
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regenex'’ation (Thomson & Moss, 1935) *

T  R n  W i i  ■Api a's ■!■ 4 /% M "î i 'ï  f v à  VI a  4  4 -n  rv  1 . *î *îï*jts "s'»

S ec tio n  1*30 Fixiiotion in  xw ’e n G r a t i s  l i v e r , '
One o f  t h e  most  r e m a rk ab le  f e a t u r e s  of  t h e  l i v e r

i s  t h a t  even  when a s  much a s  75 t o  80 pox c e n t  o f  t h e  o rgan

i s  removed from an  e x p e r i m e n ta l  an im a l  no o b v io u s  s i g n s  o f

h e p a t i c  i n s u f f i c i e n c y  d e v e lo p  (Boliman & Mann, 1936)# I n

such  c i r c u m s ta n c e S |  t h e  on3.y s t r i k i n g  d e v i a t i o n  f 3x0 m n o r m a l i t y

was an e l e v a t i o n  i n  t h e  c o n c e n t r a t i o n  o f  i i r i e  a c i d  i n  the
b lo o d  and i n  i t s  e x c r e t i o n  i n  t h e  u r i n e  * C l i n i c a l  and

p a t h o l o g i c a l  o b s e i v a t i o n s  have a l s o  i n d i c a t e d  t h a t  i n  human

p a t i e n t s  l i v e r  damage m ust  be v e r y  e x t e n s i v e  b e f o r e  th e

c l i n i c a l  s i g n s  o f  h e p a t i c  i n s u f f i c i e n c y  d e v e lo p  (M iln e ,  1909)#

“These p i e c e s  o f  e v id e n c e  have l e d  t o  t h e  v iew  t h a t  t h e  norm al

l i v e r  p o s s e s s e s  a. la ,rge  r e s e r v e  c a p a c i t y ,

A d e t a i l e d  e x a m in a t io n  o f  t h e  c o m p o s i t io n  o f  the
b lo o d  a f t e r  p a r t i a l  h e p a te c to m y  s u p p o r t s  t h i s  g é n é r a l i s a t i o n ,

F o r  example, l i t t l e  change h a s  been  o b s e rv e d  i n  th e  b lo o d

g lu cD se * (B e in eo k e  e t  a l  1 9 4 8 ) .  T o t a l  p la sm a  p r o t e i n  co n -

c e n t3 :a t io n  b e g i n s  t o  f a l l  o n ly  a f t e r  a b o u t  16 h o u r s  a f t e r

p a r t i a l  h e p a te c to m y ,  r e a c h e s  a minimum a t  .24 h o u r s  and t h e n

retux^ns g r a d u a l l y  t o  norm al (R o b e r t s  & W hite ,  1949)# B i l e

p ig m e n ts  t e n d  t o  r i s e ,  b u t  t h e  increase i s  s h o r t - l i v e d

* Heineoke, Rudolph, Bryson & Samuels (1948)
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(R oyer  & B o g e t t i ,  1939a,& b ) # Some ch a n g es  in  p la sm a  l i p i d s  

have a l s o  been  r e p o r t e d ,  i n c l u d i n g  a  r i s e  i n  f r e e  c h o l e s 

t e r o l  (C h a n ù t in  ê  Luâm rig ,  1 9 3 6 1 Royer â  B o g e t t i ,  1939a,& b;  

Ch€imitin â  Gj os s i n g ,  1 9 4 9 a ,& b ) ,

The r a t e  o f  u r e a  f o r m a t i o n  i n  t h e  p a r t i a l l y  

h e p a te c t o m i z e d  an im a l  h a s  been r e p o r t e d  t o  be v i r t u a l l y  

norm al  (Boliman & Mann, 19 36 1 Thomson & Moss, 1955) • At 

24 h o u r s ,  t h e  l i v e r  f r a g m e n t  was p r o d u c in g  65 p e r  c e n t  more 
u r e a  p e r  u n i t  t im e  t h a n  would be e x p e c t e d  on t h e  b a s i s  o f  i t s  

s i z e , Uowever, t h e  c o n c e n t r a t i o n  o f  f r e e  amino n i t r o g e n  i n  

t h e  l i v e r  f r a g m e n t  was i n c r e a s e d  c o n s i d e r a b l y  be tw een  20 and 

30 h o u r s  a f t e r  p a r t i a l  h e p a te c to m y  even  th o u g h  no change i n  

t h e  f r e e  amino n i t r o g e n  o f  t h e  p lasm a was o b s e r v e d .  As 

e a r l y  a s  6 h o u r s  a f t e r  t h e  o p e r a t i o n ,  g lu t a m ic  and aspartic 
a c i d s ,  l y s i n e  and e th a n o la m ine p h o s p h o r i c  e s t e r  con ee n -  

t r a t i o n s  i n  t h e  l i v e r  were a l l  i n c r e a s e d *  E x ce p t  i n  t h e  

c a s e  o f  e th a n o la m in e  p h o s p h o r ic  e s t e r  t h e s e  chan ges  were l e s s  

marked a t  24 h o u r s  and t h e r e  was an i n c r e a s e  i n  g l u t a t h i o n e  

( F e r r a r i  & H a rk n e s s ,  1954) ,

The s u r v i v i n g  l i v e r  f r a g m e n t  m ig h t  w e l l  be e x p e c te d  

t o  have an i n c r e a s e d  r e q u i r e m e n t  f o r  e n e r g y .  I n  a d d i t i o n  

to p e r f o r m in g  i t s  norm al  f u n c t i o n ,  i t  is d i s c h a r g i n g  some 

o f  t h e  d u t i e s  n o r m a l ly  p e r fo rm e d  by t h e  e x c i s e d  l o b e s  (e#g* .
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u r e a  p r o d u c t i o n )  and i t  i s  a l s o  i n  a  p r o c e s s  o f  g row th  o r  

X i re p a ra t io n  f o r  g ro w th .  The oxygen co n sum p tio n  o f  l i v e r  

s l i c e s  from p a r t i a l l y  h e p a te c to rn !z e d  r a t s  h a s  i n d e e d  been  

shown to  be h i g h e r  t h a n  t h a t  o f  norm al l i v e r  t h r o u g h o u t  t h e  

p e r i o d  o f  r e g e n e r a t i o n  ( P e r k i n s o n  & I r v i n g ,  1956) . A l th o u g h ,  

a s  n o t e d  i n  S e c t i o n  4 .2  t h e  l e v e l  o f  t h e  m i t o c h o n d r i a l  

r e p i r a t o r y  enzymes i s  a c t u a l l y  lo w ered  d u r i n g  r e g e n e r a t i o n ,  

i t  i s  s t i l l  h i g h  enough to  s u p p o r t  a  l e v e l  o f  r e s p i r a t i o n  

many t im e s  g r e a t e r  t h a n  t h a t  a c t u a l l y  found  i n  t h e  i n t a c t  

c e l l s  (S c h w a r tz  & B a r k e r ,  1 9 5 7 ) .

One o f  t h e  main d i f f i c u l t i e s  i n  s t u d y i n g  l i v e r  

f u n c t i o n  d u r i n g  r e g e n e r a t i o n  i s  t h e  a l t e r a t i o n  in b lo o d  f lo w  

p ro d u c e d  by p a r t i a l  h e p a te c to m y .  More t h a n  two t h i r d s  o f  

t h e  b lo o d  f lo w  t o  t h e  norm al  i n t a c t  l i v e r  i s  p r o v i d e d  by t h e  

p o r t a l  venous  b lo o d  coming from t h e  s p l a n c h n i c  v i s c e r a . I t  

i s  f a i r l y  w e l l  e s t a b l i s h e d  t h a t  p o r t a l  v en ou s  f lo w  r a t e  i s  

r e g u l a t e d  l a r g e l y  by c o n d i t i o n s  i n  t h e  p r e h e p a t i c  splo.ncImic 

bed where 90 p e r  c e n t  o f  t h e  p r e s s u r e  d ro p  i n  t h e  system  

a r t e r y - p o r t a l  v e i n - v e n a  ca v a  o c c u r s  ( F i g .  5 . ) .  The l i v e r ,  

on t h e  o t h e r  h a n d , o f f e r s  o n ly  a v e r y  low r e s i s t a n c e  t o  t h e  

p a s s a g e  o f  p o r t a l  b lo o d ,  and t h e r e f o r e  t e n d s  t o  a c c e p t  

p a s s i v e l y  w h a te v e r  volume i s  s u p p l i o d  th r o u g h  th e  p o r t a l  

v e i n  and h e p a t i c  artery, .Partial h e p a te c to m y  do es  n o t  

greatly affect the volume of blood traversing the liver.



The p r e s s u r e  d ro p  i n  t h e  sys tem  a i^ is ryyp6a? ta l  

v e i n - i n f e r i e i '  v e n a  cav a  ( s ee  t e x t )  ! '. -.ĉ  /3:-L;:
■; \

f:-' .
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Even th o u g h  g i? e a t ly  dimlniBhod^ t h e  l i v e r  i s  s t i l l  a b l e  t o  

accommodate t h e  b lo o d  flovr r e a c h i n g  i t .  However# i t  f o l l o w s  

t h a t  t h e  l^Iood f lo w  p a r  u n i t  w e ig h t  o f  l i v e r  t i s s u e  i s  greatly 
i n c r e a s e d .  T h i s  i n e r o a s e  i s  i n i t i a l l y  a lm o s t  t h r e e f o l d  c o n t r o l  

l e v e l  (B e n a e e r r a f#  B ilbey#  B io s a i#  Halpern# & S t i f f a l # 199?)

I n  o r d e r  t o  a v o id  t h i s  d i f f i c u l t y #  Leong# P e s s o t i  and B ra u e r  

(1959) u s e d  i s o l a t e d  p e r f u s e d  l i v e r  to s t u d y  t h e  u p ta k e  o f  

c o l l o i d a l  chromium p h o s p h a te  (which i s  a m easure  o f  K u p f f e r  

c e l l  a c t i v i t y )  and t h e  s p e c i f i c  r a t e  o f  b i l e  f l o w .  By 

t h i s  means t h e y  showed t h a t  24 h o u rs  a f t e r  p a r t i a l  h epa

te c to m y  t h e  r e m a in in g  l i v e r  t i s s u e  began  t o  show an  improved 

c a p a c i t y  f o r  c o l l o i d  up tal^e * T h is  r e a c h e d  a  p eak  a t  72 

h o u r s  and t h e n  d e c l i n e d  v e r y  s lo w ly  so t h a t  even  a f t e r  3 

months# t h e  c o l l o i d  u p ta l te  e f f i c i e n c y  was s t i l l  w e l l  above 

n o r m a l .  The c a p a c i t y  o f  l i v e r  t i s s u e  t o  s e c r e t e  b i l e  a l s o  

began  to  i n c r e a s e  a t  24 h o u r s ,  r e a c h e d  a  maximum after 72 

h o u r s  and t h e r e a f t e r  d e c l i n e d  s lo w ly  t o  r e a c h  t h e  norm al 

v a l u e  by  14 clays* At i t s  peak# 3 days  a f t e r  th e  o p é r a t io n #  

i t  was found  t h a t  t h e  b i l e  f lo w  p e r  u n i t  w e ig h t  o f  t i s s u e  was 

more t h a n  50 p e r  c e n t  g r e a t e r  t h a n  i n  norm al l i v e r *  T h is  

t r a n s i e n t  i n c r e a s e  i n  b i l e  f lo w  r a t e  f o l lo w e d  a  c o u r s e  

p a r a l l e l  t o  t h e  chang es  i n  m i t o t i c  f r e q u e n c y  b u t  40 h o u r s  

l a t e r .  I t  h a s  b een  o b s e rv e d  by many w o rk e r s  t h a t  d u r i n g



t h e  p r o c e s s  o f  r e g e n e r a t i o n  m i t o s e s  f i r s t  a p p e a r  i n  t h e  

p e r i p h e r a l  zone o f  t h e  l i v e r  l o b u l e  and o n ly  l a t e r  become 

e v i d e n t  i n  t h e  m id d le  and c e n t r a l  zones  (M ilne ,  1909; 

H arkn es^ ,  1952a |  Orisham , 1962) . M oreover ,  i t  h a s  been  

shown t h a t  many o f  t h e  c e l l s  i n  th e  p e r i p h e r a l  zone u ndergo  

more t h a n  one d i v i s i o n  w h i l e  many o f  t h e  c e n t r a l  zone c e l l s  

do n o t  d i v i d e  a t  a l l  (Grisham , 1962) • These o b s e r v a t i o n s  

s t r o n g l y  s u g g e s t  t h a t  t h e  s t i m u l u s  t o  h y p e r p l a s i a  f o l l o w i n g  

p a r t i a l  h e p a te c to m y  a c t s  p r i m a r i l y  upon t h e  p e r i p h e r a l  zone 

c e l l s .  At any r a t e , i t  i s  evid e n t  t h a t  i n  t h e  px*ocess o f  

r e g e n e r a t i o n  a relatively greater increase o c c u r s  i n  the 
c e l l s  d e r i v e d  from t h e  p e r i p h e r a l  z o n e .  T here  i s  e v id e n c e  

i n d i c a t i n g  t h a t  b i l e  s e c r e t i o n  i s  a  f u n c t i o n  i n  p a r t i c u l a r  

o f  p e r i p h e r a l  zone c e l l s  ( F o r s g r e n ,  1918; N o v ik o f f ,  1959) • 

B ra u e r  h a s  p o i n t e d  o u t  t h a t  i f  t h i s  l a t t e r  c o n c l u s i o n  i s  

c o r r e c t ,  t h e n  ch a n g es  i n  b i l e  s e c r e t i o n  r a t e  and c e l l  

p r o l i f e r a t i o n  indicate t h a t  d u r i n g  r e g e n e r a t i o n  t h e  l i v e r  

becomes f o r  a  t im e  a  x^redominantly  ^^ p e r ip h e ra l  z o n e ” l i v e r  

(B ra u e r ,  1 9 6 3 ) ,
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A lth o u g h  t h e  r e m a rk a b le  c a p a c i t y  o f  l i v e r  t i s s u e  

to  r e s t o r e  i t s e l f  r a p i d l y  a f t e r  p a r t i a l  removal o r  d e s t r u c t i o n  

by h e p a t o x i c  a g e n t s  h a s  lo n g  been  r e c o g n i s e d ,  t h e  mechanism 

by w hich  gi^owth i s  s t i m u l a t e d  and c o n t r o l l e d  i s  s t i l l  

i m p e r f e c t l y  u n d e r s t o o d •

Ponfick (1889) who was the first investigator to
d e s c r i b e  h e p a t i c  r e s t o r a t i o n  a f t e r  3?emoYal o f  com ple te  l o b e s  , 

a t t r i b u t e d  i t  t o  f u n c t i o n a l  s t i m u l a t i o n  a r i s i n g  from p h y s i o 

l o g i c a l  l a c k *  T h is  v iew  was s u p p o r t e d  by M ilne  (1909) i n  

a r e v ie w  o f  c l i n i c a l  and e x p e r i m e n ta l  a s p e c t s  o f  t h e  problem* 

E v id en ce  i n  f a v o u r  o f  t h i s  v iew  was o b t a i n e d  by Rous and 

L a r i  mo re  ( 1920) . These a u t h o r s  d e m o n s t r a t e d  t h a t  coBipen** 

s a t o r y  g row th  o f  l i v e r  t i s s u e  c o u ld  be in d u c e d  by l i g a t i o n  

o f  a  b r a n c h  o f  t h e  v e in *  T h is  p ro c e d u re  r e s u l t e d

i n  a t r o p h y  o f  t h e  l o b e s  s u p p l i e d  by t h e  b r a n c h  c o n c e rn e d ,  

t o g e t h e r  w i t h  h y p e r t r o p h y  o f  t h e  o t h e r s  whose p o r t a l  

c i r c u l a t i o n  was u n im p a i re d *  The a t r o p h y  was s im p le  (no 

d e g e n e r a t i o n  o r  i n c r e a s e  o f  c o n n e c t iv e  t i s s u e  was i n v o l v e d )  

and was c o n d i t i o n a l ,  s i n c e  i t  d i d  n o t  o c c u r  when hyper™ 

t r o p h y  i n  t h e  o t h e r  l o b e s  was checked  by l i g a t i o n  o f  t h e i r  

r e s p e c t i v e  b i l e  d u c t s #
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A new p h ase  i n  th e  s tu d y  o f  t h e  phenomenon o f  

l ive]?  r e s t o r a t i o n  was i n i t i a t e d  by Mann and Magatli ( 1922) * 

These i n v e s t i g a t o r s  were coneexnied t o  p ro d u c e  c h r o n ic  

h e p a t i c  i n s u f f i c i a n c y  i n  dogs f o r  e x p e r i m e n ta l  p u r p o s e s #

They a p p r e c i a t e d  t h a t  t h e  d i f f i c u l t y  i n  p r o d u c in g  such  ii 

c o n d i t i o n  by p a r t i a l  h e p a te c to m y  was due to  t h e  enormous 

r e g e n e r a t i v e  power o f  l i v e r , T h e r e f o r e ,  t h e y  so u g h t  t o  

p ro d u c e  c o n d i t i o n s  w hich  would p r e v e n t  t h i s  r e p a i r .  I t  had 

p r e v i o u s l y  been  d e m o n s t r a t e d  by Whipple and Hooper (1917) i n  

do gs ,  t h a t  when th e  p o r t a l  b lo o d  i s  d i v e r t e d  from t h e  l i v e r  

th ro u g h  an Eck f i s t u l a  i n t o  th e  p o s t e r i o r  v ena  c a v a ,  t h e  

volume o f  t h e  l i v e 3: i s  re d u ced  by h a l f .  D e s p i t e  th e  

r e d u c t i o n ,  w i t h  p r o p e r  d i e t  and management, t h e s e  a n im a ls  

mainta^ined a p p a r e n t  good h e a l t h  (Mann, E i s h b a e k ,  Gay &

Green,  1931A # Mann and Magath (1922) perfoimied 70 p e r  c e n t  

p a r t i a l  h e p a t e c t o m i e s  on a s e r i e s  o f  such  a n im a l s  and found 

t h a t  l i t t l e  o r  no r e g e n e r a t i o n  o c c u r r e d . I n  t h e s e  a n im a ls  

l i t t l e  im m edia te  change was o b s e r v e d .  A f t e r  a few weeks,  

however ,  t h e y  g r a d u a l l y  l o s t  w e ig h t ,  s t r e n g t h ,  a p p e t i t e  

and became e m a c i a t e d •

The effect o f  im p a i rm en t  o f  b lo o d  su p p ly  to  

r e g e n e r a t i n g  l i v e r  was s t u d i e d  i n  r a t s  by S tep h en so n  (1 9 3 2 ) ,
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He found  t h a t  by com bin ing  p a r t i a l  h e p a te c to m y  w i t h  p a r t i a l  

l i g a t i o n  o f  t h e  p o r t a l  v e i n ,  i t  was p o s s i b l e  t o  p r e v e n t ,  to  

some e x t e n t ,  t h e  r e s t o r a t i o n  t h a t  f o l l o w s  s im p le  p a r t i a l  

removal of the liver• By constricting the portal vein to

a b o u t  h a l f  i t s  norm al c a l i b r e ,  he found t h a t ,  ovex* a i>eriod

o f  4 weeks, t h e  livers of a s e r i e s  of rats did not r e t u r n  to 
more than 76 per cent of the expected weight. The body 
w e ig h t s  o f  t h e  a n im a l s  were a l s o  below t h e  p i 'o - o p e r a t i v e  

l e v e l  .

These r e s u l t s  s u g g e s t e d  t h a t  t h e  p rev6 t , i l ing  view 

o f  l i v e r  f u n c t i o n  r e q u i r e d  r e v i s i o n .  They s u g g e s t e d  t h a t  :

a)  s in c e  dogs w i t h  Eck f i s t u l a e  and r a t s  w i th  

p a r t i a l l y  l i g a t e d  p o r t a l  v e i n s  ca n  e x i s t

q u i t e  c o m f o r t a b ly  w i t h  s m a l l e r  l i v e r s  t h a n

normal, t h e  volume of the liver in any norm al 

an im a l  must  be f u n c t i o n a l l y  g r e a t e r  t h a n  

actually required. Clinical and pathological 
studies seemed to reinforce the conclusion 
that t h e  liver p o s s e s s e s  a large reserve 
power and that an organism may function 
adequately w i t h  greatly reduced parenchyma 
(M iln e ,  1 90 9 | Boliman & Mann, 1 9 3 6 ) ;
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b.) t h e  volume o f  blood d e l i v e r e d  t o  t h e  l i v e r  

p e r  u n i t  t im e  must  be c o n s i d e r e d  as .  a 

f a c t o r  i n  c o n t r o l l i n g  t h e  e x t e n t  o f  h e p a t i c  

' r e s t o r a t i o n #  Anderson (1932) p o i n t e d  o u t  

t h a t  hq had  a lw ays  n o t e d  marked c o n g e s t i o n  

e f  t h e  rem nan t  o f  th e  l i v e r  d u r i n g  t h e  f i r s t  

few d ay s  a f t e r  two t h i r d s  p a r t i a l  h e p a te c to m y .

T h is  l a s t  o b s e r v a t i o n ,  t a k e n  t o g e t h e r  w i t h  t h e  known 
i n h i b i t o r y  e f f e c t  o f  d e p r i v a t i o n  o f  p o r t a l  b lo o d  a l r e a d y  

d e s c r i b e d ,  s u g g e s t e d  t o  A nderson  t h a t  l i v e r  r e s t o r a t i o n  a f t e r  

partial h e p a te c to m y  m ig h t  be a s s o c i a t e d  w i t h  t h e  increased 
■volume o f  b lo o d  p a s s i n g  th ro u g h  th e  r e s i d u a l  fi^agmeht# He 

e n v i s a g e d  t h a t  t h e  " s in u s o id s  d i s t e n d  i n  o r d e r  to  make a 

c a p i l l a r y  bed a v a i l a b l e  t h a t  i s  a d e q u a te  t o  h a n d le  t h e  pru--
ft uoperative.portal b lo o d  volume# He b e l i e v e d  t h a t  t h i s  

d i s t e n t i o n  induces c o i n c i d e n t  h y p e r t r o p h y  o f  t h e  h e p a t i c  

c e l l  which, w i t h  th e  o c c a s i o n a l  m i t o s i s ,  may l a r g e l y  e x p l a i n
fi

a l l  t h a t  is i n v o l v e d  i n  h e p a t i c  r e s t o r a t i o n /

H ig g in s ,  Mann and P r i e s t l e y  (1932) c a r r i e d  t h i s  

a rgum en t  a s t a g e  f u r t h e r .  They r e a s o n e d  t h a t  i f  t h e  

volume o f  b lo o d  t h a t  e n t e r e d  t h e  lo b e  o f  a  l i v e r  l a r g e l y  

d e t e r m in e d  th e  e x t e n t  o f  r o s t o r a t i b n  t h a t  o c c u r r e d  a f t e r  

p a r t i a l  rem oval o f  t h e  o rg a n ,  t h e n  convex^sely, an i n c r e a s e  •
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of blood delivered to the hepatic remnant should induce an 
increased amount of new hepatic parenchyma” . In order to 
test this hypothesis they used the domestic fowl because in 
birds there is an anastomosis between the inferior mesenteric 
vein and the iliac veins* ' Thus there is a direct venous 
connection between the portal and postcaval vascular systems 
(the circle of Jacobson). In the fowl, the liver is 
divided into two main lobes. The left lobe, which is about 
40 per cent of the total organ, may be removed surgically.
In a series of fowls treated in this way, the remaining liver 
fragment, showed some increase in weight, but even after two 
or three months i#xlid not attain the original pre-operative 
weight of the intact organ# Higgins at al«. (1932) 
suggested that the reason why complete restoration did not 
occur was that some of the portal blood was diverted through 
the anastomosis of the inferior mesenteric and iliac veins 
into the posterior vena cava thus reducing the volume of 
portal blood delivered to the remaining right lobe of the 

liver.
In another series of fowls the posterior vena cava 

was ligated anterior to the kidney, thus increasing the flow 
of blood through the liver. Two or three weeks later, the 
left lobe of the liver was surgically removed. In these
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birds Higgins and his colleagues discovered that restoration 
of the liver always occurred, was usually complete and often 
greatly in excess of the tissue removed* Finally, a group 
of four fowls was subjected to ligation of the posterior 
vena cava above the kidney, without subsequent partial 
hepatectomy* When they were sacrificed after an interval 
of four months, their livers were very much larger than 
those in controls* These experiments however, did not 
indicate whether the stimulus causing the restoration was 
the portal blood itself, or the presence in it of some 
particular constituent. Mann (1940) recognized that his 
original experiments were open to criticism on three grounds,

a) the portal blood comprises about two thirds 
of the liver blood supply and in its absence 
there may not be enough blood for restoration,

b) failure of restoration may be due to damage to 

the liver cell,
c) perhaps the stimulus causing restoration is in 

sufficiently high concentration to act only in 
portal blood (it may be an absorption product 
from the intestinal tract or one of the organs 
draining into the portal system),
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To meet these criticisms Maim performed a series 
of experiments in dogs in which ho established a porto- 
caval anastomosis without ligation of the portal vein or 
vena cava, thus permitting blood to pass freely between the 
two vessels, depending upon the difference in pressure in 
them* In such dogs, subsequent partial hepatectomy does 
not result in the liver fragment having to afford passage to 
the portal blood normally passing through the liver tissue 
removed i,e*, the .portal hypertension which follows partial 
hepatectomy is prevented. In a series of dogs with such 
portoGaval anastomoses, Mann performed partial hepatectomy, 
removing one third to one half of the total hepatic tissue. 
Judging by the increase of liver weight, little restoration 
occurred in the remaining liver fragment compared to that of 
normal controls. Mann interpreted this result to mean that 
restoration of hepatic tissue following partial removal 
depended primarily on the portal blood flow, and that 
restoration occurred to establish an adequate portal path
way. Grindlay and Boliman (1952) showed in dogs that 
following partial hepatectomy there is indeed a considerable 
elevation of portal vein pressure which lasts for about 10 
days •
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Mann’s conclusion that the volume of portal blood 
delivered to the liver after partial hepatectomy is the 
primary stimulus to liver growth was generally accepted until 
challenged by ¥einbron (1955). This author ligated the 
portal vein branch to the right posterior lobe of the liver 
in a series of rats. This led to a considerable atrophy of 
the right posterior lobe. However, when a standard partial 
hepatectomy was performed on such an animal, the usual 
regenerative changes were evoked in this lobo (although 
deprived of its portal blood supply). These regenerative 
changes i.e., increase in weight, cellular and lobular sise 
and mitotic rate wo re apparent when such a lobe was com-’* 
pared with the right posterior liver lobe of control rats 
similarly treated but without hepatectomy.

The possibility that liver regeneration might 
depend on some special ingredient in portal blood was 
considered as being very unlikely by Mann (1940) following 
his failure to produce regeneration in dogs with portocaval 
anastomosis, as already described. However, it was 
definitely disproved by the demonstration of liver regener
ation in dogs which had previously undergone portocaval 
transposition (Child, Barr, HoIswade & Harrison, 1953)#
Liver regeneration was also shown to follow partial
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hepatectomy in dogs with an arterialised portal supply 
(Fisher, Russ, Updegraff, & Fisher, 1954; Fisher, Russ, & 
Bluestone, 1955). The arterial!zed dog liver was found to 
attain a slightly greater than normal equilibrium weight, 
although the hepatic blood flow was almost throe times ae 
large as normal*

By about 1955, therefore, it seemed unlikely that 
the blood flow theory of liver regeneration could be correct 
at least in the simple form in which it was origina,lly pro
pounded .

Section 1.63 The ”humoral” theory* 
a) The parabiotic experiments

The possibility that the control of liver growth 
might be exercised by a specific humoral factor was suggested 
independently by three groups of workers. Christensen and 
Jacobsen (1949) set up parabiosis between three pairs of 
young rata of the same litter and sex. Four months later 
one parabion of each pair was partially hepatectomised, and 
all animals killed 52 hours later* I n  the hepatectomised 
parabions the mitotic index of the regenerating liver at 
death was in the range 160 to 730 per 100,000 nuclei* In 
the mnoperated parabions however, it was 4 to 33 per
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100,000 nuclei which they reported as being above the normal 
level. ¥eimeker and Sussmaa (1951) sot up 8 pairs of rats 
in paralDiosis, and performed partial hepatectomy on one 
parabion of each pair after an interval of only 5 to 6 days. 
As controls they used 16 single partially hepatectomiaed 
rats. The animals were killed at various intervals up t o  

14 days following partial hepatectomy# They obtained the 
usual increase of wet weight in the liver fragment of the 
partially hepatectotalsed parabion# However, in each of the 
unhepatectomised parabions the livers were larger than 
normal. Moreover, the mitotic index in the livers of the 
unhepatectomised parabions was greatly increased over 
controls, especially in the first three days when it 
attained values in the range 60 to 220 per 100,000 nuclei. 
Bucher, Scott and Aub (l95l) performed partial hepa
te c torn! es on one partner of each of fourteen parabiotic 
pairs, and on two partners of each of three sets of para
biotic triplets# The interval which elapsed between para
biosis and partial hepatectomy varied from 7 weeks to 5 
months# At intervals of 48 to 72 hours after partial 
hepatectomy, the intact livers of the ^unhepatectomised 
partners all exhibited a higher mitotic rate than the control 
livers removed at the time of hepatectomy. In parabiotic
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"twins” the mean value was 6 times and in "triplets” it was 
30 times that of contrôle.

These results were interpreted as evidence of a 
blood-borne "humoral” factor, which, when present la 
sufficient quantity stimulates liver cell mitosis. The 
humoral agent was believed to be carried from the operated 
to the unoperated twin or triplet. Christensen and 
Jacobsen’s (1949) conclusions were based on the results of 
only three pairs of animals and the degree of mitotic 
stimulation obtained was very slight. ¥enneker and Sussman 
(1931) however, obtained a much greater mitotic stimulation 
in the liver of the unoperated parabion of eight pairs. 
However, unlike Christensen et a l . and Bucher et a.!., they 
partially hepatectomised the rats only 5 to 6 days after 
establishment of the parabiosis. This enhanced response 
may well represent the result of the combined operations. 
Bucher, Scott and Aub (1951) pointed out that a correlation 
existed between the amount of tissue removed and the degree 
of mitotic stimulation achieved* If 68 to 80 per cent of 
the liver is removed from one of a parabiotic pair, the 
total liver mass removed from both is only 30 to 40 per cent, 
whereas 80 per cent hepatectomies performed on two out of 
three means that the total mass removed from the trio is



about 33 per cent. Differences in experimental technique
may account to some extant for the great variation in
results between the three groups of workers.

Unfortunately, these early promising results could
not he consistently repeated by later workers, Hurowltz
and Studer (I960) obtained an inoreaeod mitotic index in the
liver of the unoperated partner of a parabiotic pair after
partial hepatectomy of the other, in 62 par pent of the
intact animals. Isiami, Pack and Hubbard (1939) however,
observed no increase in mitotic index in the unoperated
livers of parabiotic rata 48 to 72 hours after one partner
had been partially hepatectomiaed, Finally, Rogers, Shaka,

Pechot and MacDonald (1961) in an extensive and carefully
controlled series of experiments on parabiotic rats, failed
to obtain any evidence for the existence of a humoral
mechanism controlling regeneration. A b criteria of growth,
they used both mitotic activity and DMA synthesis as measured

3by autoradiographic counts of nuclear Inoorporation of II- 
thymidine. Sham operation alone was found to increase liver 
mitosis and DMA. They found that the effect of partial 
hepatectomy of one partner of twins on hepatic mitoàis and 
DMA synthesis in the intact partner was no greater than sham 
operation alone. Also, in triplets, partial hepatectomy
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of two lateral members induced higher but not significantly 
higher mitosis and DMA synthesis in the intaet middle partner 
than in similar sham-operated triplets, but less than in 
control, im-operated triplets.

Factors in serum
If liver regeneration is brought about by a humoral 

mechanism as indicated by the early parabiotic experiments, 
it might be anticipated that the humoral factors concerned 
would be demonstrable in the blood plasma. Accordingly, 
several Investigators tested the effect of injecting serum 
from partially hepatectomised rats into normal ones.
Friedrich-Preksa and %aki (1954) reported that intrapcri- 
toneal injections of serum from rats hepatectorn!sod 23 to 
72 hours previously into normal intact rats caused a forty 
fold increase in liver mitotic activity# Similar results 
were obtained by Hughes (i960)# On the other hand Smythe 
and Moore (1958) observed no significant Increase in liver 
weight after five injections of serum removed from rats 24 
hours after partial hepatectomy, into normal rats, but did 
notice a slight increase in mitotic activity. Laquerriere 
and Laumonier (i960) claimed that a similar procedure caused 
an increase in the BNA content of the liver nuclei*



Zimmerman and Celoszi (i960) found increased incorporation 
of thymidine and ^^G-orotic aqid into liver DMA. of intaet 
rats that received injections of serum from pai'tially 
hopatectomised animals. These experiments all seemed to 
indicate that the serum of hopatectomised animals had the 
property of stimulating liver growth in normal animals.

Other workers tested the effect of injections of
normal serum into partially hepatectomised rats for its
possible growth-controlling capacity. Smythe and Moore
(1958) found that intravenous injection of normal plasma into

32partially hepatectomised recipients depressed PO^uptake
into DMA and retarded liver weight gain, but the mitotic 
activity of the liver was not diminished. Stich and Florian 
(1958) reported depression of mitotic activity 48 hours after 
partial hepatectomy in rats injected 15 to 16 hours previously 
with normal serum, intraporitoneally. Kohn (1958)
injected normal serum at 8 hour intervals intraperitoneally 
into partially hopatectomised rats and sacrificed them at 72 
hours. Boses of 1*2 or 2*0 ml., every 8 hours decreased the 
rato of liver regeneration as determined by weight.
¥einbren (1939) injected normal serum into rats 10 hours after 
partial hepatectomy and found a 30 per cent reduction in 
mitotic activity 29 hours post operatively. Bucher (1938)
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however^ unable to obtain any effect on liver regener
ation after intravenous injection of normal serum at four- 
hour intervals for 30 hours#

Finally, some workers have tested the effect of 
injections of serum from partially hopatectomised rats into 
others similarly operated. Following such treatment, Stich 
and Florian (1958) and Smyth and Moore (1958) observed 
increased proliferation in regenerating livers. Abidi, 
F'ascîüiis and Cantarow (1959) compared the effects of serum 
derived from the general circulation with tho,t taken from the 
hepatic viens of rats partially hopatectomised 24 hours 
previously. They found that both sera stimulated prolifer
ation in the regenerating liver and that hepatic vein serum 
was twice as potent as that derived from the general circu
lation# Taken together, these results seemed to indicate 
that plasma from partially hopatectomised rats had a 
stimulatory effect on liver growth and normal plasma had a 
depressing effect.

Unfointimately, this clear and simple picture was 
soon cqmpliGated by the results of later workers. Glinos 
(1952, 1958) and Pote3?s (1962) independently repeated the
experiments of Friodrich-Froksa, and %aki and failed to find

/
any effect on liver mitotic frequency# Also MacBunald and



Rogers (1961) using mitotic frequency and DMA synthesis
3measured by autoradiographic estimation of H-thymidine 

incorporation as indices of liver growth, tested the three 
combinations of serum injections described above and noted 
no effect in any of the combinations.

Section 1*64 Glinos theory.
In a series of papers, Weiss (1947# 1955# 1957) 

elaborated a general theory to account for the phenomenon of 
organ regeneration. According to this theory, each organ 
secretes into the circulating blood a growth-inhibitory 
factor specific for itself* Damage or removal of pari of an 
organ would result in a diminished production of its specific 
inhibitory factor# thus allowing it to grow more rapidly 
until it would be large enough to produce sufficient of the 
factor to Inhibit growth once again*

Glinos (1958) influenced by the theory of Weiss# 
proposed a mechanism of control of liver regeneration based 
on the concept that liver cell growth is regulated by such an. 
inhibitor. He supported this theory with two lines of 
evidence#

a) if expiants of adult liver cells are cultured 
in plasma# their outgrowth is more rapid if
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the plasma is taken from a hepatoctomised 
animal (Glinos à  Gey# 1952)# 

h ) it is possible to stimulate the mitotie 
frequency in the liver of a normal intact 
rat by* plasmapheresis (a procedure which 
causes dilution of the plasma constituents) . 
Moreover# an increase in the level of plasma 
protein achieved by means of fluid restriction 
was fbund to inhibit cell mitosis in 
regenerating liver.

Glinos envisaged a system of automatic self'^regulation involv
ing the liver itself as being the site of synthesis of the

■ -

inhibitory factors. He identified these inhibitory agents 
with tl^ plasma proteins most of which are synthe si sod in 
liver* According to his theory the plasma proteins# 
especially albumin# in the interstitial fluid bathingthe 
parenchymal cells inhibit cell growth and division* Con«* 
sequently, any means of reducing the conoentration of plasma 
proteins in this region might lead to a release of this 
inhibition with subsequent parenchymal ceil growth and 
mitosis. According to Glinos# following partial hepateotomy 
two mechanisms would tend to effect this change* First# 
during the initial 24 hours or more after the operation,
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the elevation of portal blood pressure would cause increased 
transudation of the non^colloid fraction of the plasma into 
the interstitial space with consequent dilution of the plasma 
proteins in this space* This effect# which would be almost 
immediate# would provide the Initial stimulus to liver 
growth. Secondly# after a time it would be reinforced by a 
fall in plasma protein concentration due to the inability of 
the liver fragment to synthesise plasma proteins at the same, 
rate as the intact liver. As the liver fragment regenerated# 
the portal pressure and plasma protein level would return to 
normal so that the regenoration process would be self 
regulating* The increased transudation of the non-colloid 
fraction of the plasma would be most pronounced in the region 
of the cells nearest the portal areas in view of the parallel# 
radial arrangement of the liver sinusoids# so the theory 
would be able to account for the early# initial burst of 
mitosis in the periportal genes of the liver*

This theory# although attractive# has several 
serious disadvantages* The actual changes in plasma protein 
concentration which follow partial hepateotomy in well 
nourished rats seem too small to ceiuso the massive prolifer-" 
ative response of the liver* Changes of the same order 
produced by plasmapheresis in the experiments reported by
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Glinos gave rise to increases in liver mitotic rate which 
scarcely exceed those reported in relation to diurnal cycles 
(Halberg# Barnum# Silber# & Bittner# 1958; Jaffe, 1954)* 
Glinos proposal of an early diminution of interstitial fluid 
plasma protein's in the periportal zones caused by elevated 
portal vein pressure is also open to objection for two reasons#

a) such a mechanism obviously cannot apply to the 
littoral cells# in which mitosis occur plenti
fully# and

b) the proposed mechanism cannot be reconciled with 
present knowledge of extracellular fluid 
formation in the liver# and of the net 
countercurrent flow of lymph and blood 
dictated by anatomical relations for the livers 
of most mammals (Brauer, 1963).
Hemingway (l96l) has proposed a modification of 

Glinos theory* Plasma proteins have been shown to carry 
corticosteroids (Sandberg# Slaunwhito & Antoniades# 1957; 
Petersen# 1959) and Hemingway suggest that the plasma protein 
influence on liver cell mitosis may be attributable, at least 
in part# to the associated corticosteroids, changes of protein 
levels automatically^' altering the corticosteroid inhibition* 
Evidence for this view was obtained by repeating Glinos
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e x p e r im e n t  ou th e  e f f e c t  o f  f l u i d  r e s t r i c t i o n  on r a t s  a f t e r  

p a r t i a l  h e p a te o to m y .  I n  a c o n t r o l  g rou p  o f  f l u i d - d e p r i v e d  

p a r t i a l l y  h e p a te c t o m i s e d  r a t s  he c o n f i rm e d  t h a t  r e g e n e r a t i o n  

was d e p r e s s e d ;  b u t  i n  a d r e n a l e e t o m i z e d  f l u i d - d e p r i v e d  

a n im a l s  t h i s  d i d  n o t  happen* In d e e d  t h e  a d r a u a l a e t o m i z e d  

f l u i d - d e p r i v e d  a n im a l s  showed even more r e g e n e r a t i o n  t h a n  

t h e  a n im a l s  a l lo w e d  u n r e s t r i c t e d  a c c e s s  t o  f l u i d s  

I n t e r e s t i n g  a s  t h i s  e x p e r im e n t  i s#  t h e  o b j e c t i o n s  t o  G linos*  

t h e o r y  a l r e a d y  d e s c r ib e d #  a r e  e q u a l l y  a p p l i c a b l e  to  

Hemingway's  m o d i f i c a t i o n  o f  G l i n o s ’ t h e o r y .

The s i t u a t i o n  i n  1962.

At t h e  b e g i n n i n g  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  

s i t u a t i o n  c o u ld  be summarised a s  f o l l o w s .  The **blood-flow‘̂ 

t h e o r y  p ro p o s e d  by Mann and h i  a c o l l e a g u e s  was o b v i o u s l y  open 

to  g ra v e  o b j e c t i o n s .  On th e  o t h e r  hand ,  t h e  a l t e r n a t i v e  

’’h u m o ra l” t h e o r y  l a c k e d  c o n c l u s i v e  p r o o f  and even  i f  i t  were 

a c c e p t e d  t h e  n a t u r e  and mode o f  a c t i o n  o f  t h e  p o s t u l a t e d  

hum oral  a g e n t  were q u i t e  o b scu re *  F i n a l l y  G l ino s*  t h e o r y ,  

w hich  combined some o f  t h e  f e a t u r e s  o f  t h e  o t h e r  two was s t i l l  

l a r g e l y  s p e c u l a t i v e .  The t im e  seemed r i p e  f o r  a  f r e s h  

a t t a c k  on t h e  whole p r o b l e m .
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RESULTS SECTION.

Section 2.1 Introduction to the problem and the parabiotic
p h a s e .

At the outset of this investigation the humoral 
theory seemed to provide a much more attractive explanation 
of the control of liver regeneration than either of its 
rivals. It seemed reasonable in the light of the available 
evidence to assume that the organism produced a specific 
•hormohe’ or ’humoral’ factor(s) which either stimulated or 
Inhibited liver growth. The results of the parabiotic 
experiments suggested that this ’humoral* agent was traxas- 
farable. Therefore the most fruitful approach to the problem
seemed to be an attempt to isolate and characterise the  ̂

’humoral* agent. As a preliminary to this investigation, 
it was obviously essential to try to demonstrate its existence 
unequivocally and to devise an assay for it.

As already detailed in the Introduction (Section 
1.63) belief in the existence of the ’humoral’ factor was 
based mainly on the results of parabiotic and serum injection 
experiments. Because the latter type of experiment is 
technically so much easier than the former, it seemed a good 
starting point for the present project; also since it was



Table 1

The effect of repeated injections of rat blood serum 

on the frequency of mltob o s in the livers of normal 
rats. The treated animals were given 6 intravenous 
injections each of 2 ml.# at 12-hour intervals. The 
animals were killed 12 hours after the last injection.

Treatment N o . 
animals

Mitoses per
100,000 nuclei 

(Mean - standard error)

Nil 4 18 t  6

Normal serum 4 9 ± 2

Serum from partially 
hepatectorn!sed 
animals

4

The differences between the moans for the three groups 
are not significantly different ( 0^03) •
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uncertain whether the humoral agent stiraulatod growth or 
inhibited it, both possibilities had to be investigated*
The first experiment was designed to test whether the serum 
of he pate c tomi se d rats stimulated liver growth in normal rats * 
The main defect of all previous experiments had been the 
relative smallness of the.response produced. In the present 
experiments therefore, an attempt was made to overcome this 
defect* 3?irst it was decided to inject the serum intra
venously rather than intraporitoneally* Secondly, to augment 
any stimulatory effect of the serum, multiple injections 
were performed, six 2 ml*, amounts being administered at 12 
hour intervals* The animals were killed 12 hours after the 
last injection. ¥ith these improvements of technique it was 
hoped to obtain results at least comparable to those of 
Friedrich—Freska and %aki (1954)* However, contrary to 
expectation, it is evident from Table I that serum from 
hopatectomised clonor rat^ did not produce any increase in 
liver mitotic rate in the recipients. This experiment, there
fore, did not support the view that the serum of partially 

hepatectomised rats contains a ’humoral* factor which 
stimulates liver cells to divide. These results are quite 
contrary to those of Friedrich-Freska and Zaki (1954) who 
gave a single injection of 1 to 5 ml., of regenerating serum,



T a b l e  2

The effect of repeated injections of blood serum from 
normal rats on the frequency of mitoses in the livers 
of partially hopatectomised rats. A total of 6 x 2 ml., 
injectionB was given at 12-hour intervals starting 24 
hours after liepatectomy. The animals wore killed 24 
hours after the last injection.

Treatment No.
animals

Mitoses per
100,000 nuclei 

(Meani standard error)

/

Controls (given 
injection of 
physiological saline)

6 246 89

Injections of normal
serum 131 22

The difference between the moans for the two groups 
is not statistically signifleant ( 0*05)#



killed the animals 24 to 72 hours later and reported a 40 
fold increase in mitotic frequency* They are contrary, 
also the the results of Hughes (I960) and Moore (1958); but 
they are in harmony with the negative findings of MacDonald 
and Rogers (1961) (see Section 1.63b).

Table 2 presents the results of ah experiment to
test the effects of normal serum administration on the 
frequency of mitosis in the livers of hepatectomised animals# 
It is clear that thé normal serum did not significantly 
depress the mitotic frequency below the level found in control 
animals given injections of saline* This experiment, there
fore, gave no support to the view that normal serum contains 
a factor which inhibits liver|cells from dividing# Again 
these results are in sharp contrast to the positive responses 
reported by Stich and Florian (1958), Kohn (1958), and 
Ifeiiibren (1959) but in agreement with the negative results 
of Bucher (1958), and MacDonald and Rogers (1961),

The results of these two experiments do not dis
prove the humoral theory* It is possible that the supposed
humoral factor may have a very short half life in vivo * In 
that case, the limited amount present in the volume of serum 
injected might be destroyed before it had time to produce its 
effect * Clearly increasing the number, o:̂; frequency of serum
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injections would not provide an answer# There is obviously 
a limit to the amount of serum which can be injected without 
fatally overloading the animal's circulation. The problem, 
essentially, was to transfer sufficient of the supposed 
humoral agent from a hepatectomised animal to a normal or 
vice versa. The obvious alternative to multiple injections 
was to try to exchange plasma or whole blood between a normal 
and a partially hepatectomised animal# Provided injection 
and withdrawal were performed at a suitable rate, there would 
be no theoretical limit to the extent or number of such 
exchanges# The procedure of multiple withdrawals and 
injections, however, poses technical problems# The obvious 
method would be to make the injections and withdrawals from 
a suitable vein using a syringe and needle. The superficial 
veins of the tail are a fairly convenient site for injection 
or for withdrawal of small quantities of blood# However, 
repeated puncture tends to provoke either collapse or throm
bosis of the vein# The external jugular vein presents less 
difficulty in these respects but easy access to it can only 
be obtained by surgical exposure, which virtually excluded 
very frequent injections or withdrawals from this site*

In view of the cumulative problems associated with 
multiple venepunctures, the use of an indwelling catheter had



to bo considered* Such a procedure implied some form of 
immobi1ization of the experimental animal, which in turn 
inevitably meant sedation of the rat almost to the level of 
surgical anaesthesia* In view of the difficulty in with
drawal from veins, it was decided to use an arterial cannula 
for withdrawal and a venous cannula for injection. To avoid 
the labour involved in repetitive transfers of blood from 
one ra.t* to another, it was decided tp connect up the venous 
cannula of one rat to the arterial of its partner and vice 
versa* Initially, it was intended to us© some sort of pump 
(hand or automatic) to effect exchange and to ensure that there 
was no net tranfer of blood from one animal to the other. 
Transfer by hand pumping, however, seemed tedious and the 
development of à mechanical pump would have been time-consuming* 
The possibility of using the arterio-venous pressure difference 
instead of a pump for the transfer of blood seemed attractive. 
Therefore a trial experiment was set up with cannulae joining 
the carotid artery of one partner to the jugular vein of the 
other and vice versa* , Initially a three-way metal stopcock 
was interposed on each cannula to regulate the flow, but 
clotting inevitably occurred inside and eventually it was 
found satisfactory to omit it* It was necessary to prevent 
clotting in the cannulae, to heparinize the animals* With
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scrupulous attention to surgical technique, haemostasis and 
dosage of anaesthetic employed, it was possible to keep 
cross-circulated rats alive for periods up to 48 hours.

Provided the exchange of blood between the two 
partners can be ma,d© so rapid and extensive that they virtually 
share a common circulation, cross-circulation should provide 
a certain moans of detecting a humoral mechanism. In the 
experiments, the theoretical rate of flow (v) in each cannula 
can be calculated (provided the blood flow in the cannula is 
non-turbulent) from the formula;-

V  -
^  -  8 1 11

where P ;= pressure difference between the carotid artery and 
the jugular vein (assumed to be 90 mm., of mercury i.e.,
120 X 10' dynes/sq* cm.)

r % internal radius of cannula (0*0375 cm.) 
n = viscosity of blood (assumed to be 0*04 poise)
1 = length of cannula (30 cm.).

Using the formula, it can be calculated that under 
the conditions described, the value of v is 4 - 5  ml./minute, 
which is equivalent to an exchange per minute of about a 
quarter of the blood volume of each animal. To ascertain 
whether this extraordinarily high figure was realized in 

practice, a cross-circulation of the type described above was
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s e t  up b e tw een  two norm al  r a t s .  One o f  t h e  a n im a l s  was 

g iv e n  an i n t r a v e n o u s  i n j e c t i o n  o f  a p p r o x im a t e l y  0^2 m l . ,  o f  

a  s a l i n e  s u s p e n s i o n  o f  e r y t h r o c y t e s  p r e v io u s l^ r  l a b e l l e d  w i t h  

^^C r .  Blood sam p les  (0*02 m l . , )  wore t h e n  w i th d raw n  a t  

i n t e r v a l s  from t h e  l e f t  j u g u l a r  v e i n s  o f  b o t h  a n im a l s  and 

a s s a y e d  f o r  r a d i o a c t i v i t y #  I f  i t  i s  assumed t h a t  t h e  b lo o d  

w hich  f lo w s  t h r o u g h  t h e  c a n n u la  from one a n im a l  t o  a n o t h e r  i s  

co m ple te  and i n s t a n t a n e o u s l y  mixed w i t h  t h e  b lo o d  o f  t h e  

second  a n im a l ,  t h e  d i f f e r e n c e  x i n  s p e c i f i c  a c t i v i t y  be tw een  

t h e  two a n im a l s  w i l l  d i m i n i s h  w i t h  t im e  a c c o r d i n g  t o  t h e  

e q u a t i o n ; -

“ I t  = 2 k K

where k  i s  t h e  f r a c t i o n  o f  t h e  t o t a l  b lo o d  volume exchanged  

b e tw een  t h e  two a n im a l s  p e r  m inu te#  S u b s t i t u t i n g  f o r  k  t h e  

v a l u e  0*23 c a l c u l a t e d  above ,  th e  d i f f e r e n c e  i n  s p e c i f i c  

a c t i v i t y  b e tw een  t h e  two a n im a l s  a f t e r  10 m in u te s  may be 

c a l c u l a t e d ; -

-  I t  ■ “ 2 “*
i n t e g r a t i n g ,

- 2 k t
x  = x_ e o

and 2 k t  I n  x 2*303 l o g



T a b l u  3

The S p e c i f i c  A c t i v i t y  o f  b lo o d  w i thd raw n  from a p a i r  

o f  p i i r a b i o t i c  r a t s  a t  v a r y i n g  t im e i n t e r v a l b a f t e r  

i n j e c t i o n  o f  l a b e l l e d  e r y t h r o c y t e s  i n t o  one o f  them .

S p e c i f i c  A c t i v i t y  

( c o u n t  s /m i  n . / m l . b 1o o d )

Time a f t e r P a r t n e r P a r t n e r

i n j  e c t i o n g iv e n g iv e n

(m in . ) i n j e c t i o n i n j e c t i o n

6 4260

9 4500 4340

19 4270 4340

39 4130 4210
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l o g  X  = = . 2 X  0*25 X  10

X 2*303 2*303

t h e r e f o r e

l o g  x ^
2*171

and

X

148*2
3C

t h e r e f o r »  a t  10 m in u te s  from th e  s t a r t  o f  th e  e x p e r im e n t  t h e

d i f f e r e n c e  i n  e p e o l f i o  a c t i v i t i e s  b e tw e en  th e  r e d  c e l l s  i n

t h e  c i r c u l a t i o n s  o f  e a ch  r a t  =s 100 %= 0*6? p e r  c e n t
148*2

T h is  p r e d i c t i o n  i s  i n  good a g re e m e n t  w i th  t h e  

e x p e r i m e n ta l  r e s u l t s  shown i n  T ab le  3# I t  t h e r e f o r e  seems 

s a f e  t o  p r o c e e d  on t h e  a s s u m p t io n  t h a t  t h e  c a l c u l a t e d  v a l u e  

f o r  t h e  r a t e  o f  exchange betw een  t h e  two a n im a l s  i s  a t  l e a s t  

a p p r o x im a t e l y  c o r r e c t .  An exchange a s  r a p i d  a s  t h i s  a p p ro a c h e s  

t h e  i d e a l  s i t u a t i o n  i n  which th e  two p a r t n e r s  s h a r e  a  common 

c i r c u l a t i o n .  Any hum oral  a g e n t  p ro d u ced  i n  e i t h e r  an im a l  

must be r a p i d l y  t r a n s f e r r e d  t o  t h e  other .^  I f ,  t h e r e f o r e ,

l i v e r  %'ogene r a t i  on i s  i n i t i a t e d  and c o n t r o l l e d  s o l e l y  by 

hum oral  f a c t o r s ,  i t  s h o u ld  f o l l o w  t h a t  p a r t i a l  h ep a teo to m y  o f  

one p a r t n e r  s h o u ld  r e s u l t  i n  an  a lm o s t  e q u a l  d e g re e  o f  

co m p en sa to ry  h y p e r p l a s i a  i n  b o th  p a r t n e r s .  T a b le  4 shows



Table 4

The f r e q u e n c y  o f  m i to s e s  i n  t h e  l i v e r s  o f  p a r a b i o t i c  

r a t e  a f t e r  p a r t i a l  h ep a te o to m y  o f  one p a r t n e r .  In 
e x p e r im e n t s  1 -6  i n c l u s i v e ,  p a r a b i o s i s  was e s t a b l i s h e d  

a p p r o x i m a t e l y  30 m in u te s  a f t e r  h e p a te o to m y .  In  

e x p e r im e n t  7 t h e  c o r r e s p o n d i n g  i n t e r v a l  was 48 h o u r s .

Exp D u r a t io n M i to s e s  p e r  10 0 ,000  n u c l e i

No • o f  p a r a b i o s i s  

( h o u r s )

H epa tec tom iB ed  

partner
P a r t n e r  

n o t  o p e r a t e d  

upon

1 48 671 2

2 48 709 20

3 48 276 27

4 48 902 14

5 36 175 4

6 28 140 14

7 23 267 36
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t h e  r e s u l t s  o f  a  s e r i e s  o f  such  e scp er im en ts ,  W i th in  36 t o  

48 h o u r s  o f  p a r t i a l  h ep a teo to m y  t h e  l i v e r s  o f  t h e  h e p a -  

tG c to m ized  p a r t n e r s  showed t h e  same h ig h  m i t o t i c  f r e q u e n c y  

found, i n  s i n g l e  a n im a l s  s u b j e c t e d  t o  t h e  same o p e r a t i o n .

The l i v e r s  o f  t h e  u n h e p a to c to m iz e d  p a r t n e r s ,  on t h e  o t h e r  

h and ,  showed o n ly  t h e  low m i t o t i c  f r e q u e n c y  fo und  i n  t h e  

l i v e r s  o f  norm al  a d u l t  r a t s . Those r e s u l t s  g iv e  no s u p p o r t  

t o  t h e  v iew  t h a t  t h e  c o n t r o l  o f  l i v e r  r é g é n é r a t i o n  i s  

e f f e c t e d  by means o f  ( a )  hum oral  a g o n t ( s ) .

S ec t i o n  2 .2  The b l o o d - f l o w  p h a s e .

The a p p a r e n t  o v e r th ro w  o f  t h e  hum oral  t h e o r y  

d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  p rom pted  a  r e c o n s i d e r a t i o n  

o f  t h e  a l t e r n a t i v e  and much o l d e r  ”b l o o d - f l o w ” t h e o r y .  As 

a l r e a d y  i n d i c a t e d  ( S e c t i o n  1 . 62) t h e  work o f  Woinbron (1955) 

a rg u e d  s t r o n g l y  t h a t  i t  c o u ld  n o t  by i t s e l f  a c c o u n t  f o r  t h e  

r e g e n e r a t i v e  p r o c e s s ,  b u t  t h e  p o s s i b i l i t y  t h a t  i t  m ig h t  moiie 

some c o n t r i b u t i o n  had  t o  be c o n s i d e r e d .  I t  h a s  a l s o  been  

m en t io n e d  i n  t h e  I n t r o d u c t i o n  ( S e c t i o n  1 .6 2 )  t h a t  t h e  

s t r o n g e s t  o v id en co  i n  f a v o u r  o f  t h e  v a s c u l a r  t h e o r y  was t h e  

s e r i e s  o f  e x p e r im e n t s  u s i n g  fo w ls  c a r r i e d  o u t  by  H ig g in s ,

Mann and P r i e s t l e y ,  ( 1 9 3 2 ) .  These w o rk e r s  c la im e d  t h a t  an 

i n c r e a s e  i n  t h e  volume o f  p o r t a l  b lo o d  d e l i v e r e d  t o  t h e  l i v e r
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by l i g a t i o n  o f  th e  p o s t c a v a l  v e i n  i n  fo w ls  p ro d u c e d  a  

d e f i n i t e  i n c r e a s e  i n  t h e  w et  w e ig h t  o f  t h e  i n t a c t  l i v e r .

The e x p e r im e n t s  i n  w hich  t h e s e  r e s u l t s  wore o b t a i n e d  i n c l u d e d  

o n ly  a  s m a l l  number o f  fow ls*  M oreover ,  l i t t l e  o r  no 

i n f o r m a t i o n  was g i v e n  a b o u t  t h e  h i s t o l o g y  o r  c o m p o s i t io n  o f  

t h e  h y p e r t r o p h i e d  o rg a n ;  and t h e  e x p e r im e n t s  d i d  n o t  i n d i c a t e  

w h e th e r  t h e  h y p e r t r o p h y  had  o c c u r r e d  w i t h  t h e  e s tp lo s iv e  

r a p i d i t y  c h a r a c t e r i s t i c  o f  l i v e r  r e g e n e r a t i o n  o r  w h e th e r  i t  

had  b ee n  a  g r a d u a l  p r o c e s s  o v e r  s e v e r a l  weeks o r  months* I f  

t h e  b l o o d - f l o w  t h e o r y  was t o  be s o r i o u s l y  r e c o n s i d e r e d  t h e r e 

f o r e ,  t h e  o b v io u s  s t a r t i n g  p o i n t  would be a  r e p e t i t i o n  o f  t h e  

fowl e x p e r im e n t  on a  l a r g e r  s c a l e  and u s i n g  p o s t - o p e r a t i v e  

m i t o t i c  a c t i v i t y  a s  t h e  c r i t e r i o n  o f  growth*

The p o s s i b l e  form o f  p a r t i a l  l iepa tec to m y  i n  any  

s p e c i e s  i s  d i c t a t e d  l a r g e l y  by t h e  a r c h i t e c t u r e  o f  t h e  l i v e r *  

Small  b i o p s i s  am oun t ing  to  o n ly  a few p e r  c e n t  o f  t h e  l i v e r  

mass can  e a s i l y  be o b t a i n e d  * However, e a s y  s u r g i c a l  removal 

o f  a  l a r g e  p a r t  o f  t h e  l i v e r  i s  o n ly  p o s s i b l e  where t h e  o rg an  

i s  l o b u l a t e d .  I n  t h e  d o m e s t ic  fowl t h e  l i v e r  i s  d i v i d e d  

i n t o  a  r i g h t  and a  l e f t  l o b e .  The fo rm e r  a c c o u n t s  f o r  a b o u t  

60 p e r  c e n t  o f  th o  t o t a l  mass o f  t h e  o rg a n ,  b u t  b e c a u se  th e  

g a l l  b l a d d e r  i s  c l o s e l y  a t t a c h e d  to  i t s  u n d e r s u r f a c e  i t  

c a n n o t  e a s i l y  be e^ccised w i t h o u t  d i s t u r b i n g  t h e  norm al  f low



Tab3e 5

The f r e q u e n c y  o f  m i to s e s  i n  th o  l i v e r s  o f  fow ls  

b e f o r e  and a f t e r  p a r t i a l  h epa tee iom y*

Time be tw een  M i to s e s  p e r  100 ,000  n u c l e i

p a r t i a l  h e p .

and d e a t h  a t  o p e r a t i o n  a t  d e a t h

(d a y s )

1 6 10

2 167

3 5 465

3 5 125

4 14 106

3 9 14

3 3 38

6 8 15

T 14 10

T 4 53
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o f  b i l e .  C o n s e q u e n t ly ,  p a r t i a l  h ep a te o to m y  h a s  t o  t a k e  t h e  

form o f  removovl o f  t h e  l e f t  l o b e ,  which  a c c o u n t s  f o r  a b o u t  *

40 p e r  c e n t  o f  t h e  o r g a n .  The o p e r a t i o n  moy e a s i l y  be 

p e r fo rm e d  th r o u g h  an i n c i s i o n  i n  th e  l e f t  f l a n k ,  t h e  l e f t  

l i v e 3: lo b e  b e i n g  l i g a t e d  and e^ccisod by t h e  same t e c h n i q u e  a s  

i l l  t h e  r a t , The o p e r a t i o n  i s  a t t e n d e d  by. a  s l i g h t  b lo o d  l o s s ,  

b u t  t h i s  i s  n o t  u s u a l l y  s e r i o u s .

T ab le  5 shows t h e  e f f e c t  o f  t h i s  o p e r a t i o n  on t h e  

f r e q u e n c y  o f  m i t o s i s  i n  t h e  r e m a in in g  l i v e r  f i^agment.  There 

i s  a  p ro n o u n ced  a l t h o u g h  I r r e g u l a r  i n c r e a s e  f o r  t h e  f i r s t  

f o u r  d a y s ,  f o l l o w e d  by a  d e c l i n e .  These f i n d i n g s  s u g g e s t  

t h a t  a r e g e n e r a t i v e  r e s p o n s e  d o es  o c c u r  i n  f o w l s ;  a d m i t t e d l y  

l e s s  d r a m a t i c  t h a n  i n  t h e  3?at, b u t  t h i s  may s im p ly  be due t o  

t h e  f a c t  t h a t  t h e  p r o p o r t i o n  o f  th e  o rg a n  e x c i s e d  i s  much 

s m a l l e r .  T ab le  6 i l l u s t r â t e s  t h e  e f f e c t  on l i v e r  m i t o t i c  

i n d e x  o f  l i g a t i o n  o f  t h e  p o s t c a v a l  v e i n  ( F i g ,  6 ) ,  T h is  

o p e r a t i o n ,  th o u g h  t e c h n i c a l l y  r a t h e r  d i f f i c u l t  b e c a u s e  o f  th e  

i n a c c e s s i b i l i t y  o f  t h e  v e i n  was n o t  a t t e n d e d  by haem orrhage  

o r  o t h e r  com plioB*tions . F o r  t h e  p e r i o d  2 t o  7 d ays  a f t e r  

t h e  o p e r a t i o n  t h e  m i t o t i c  a c t i v i t y  was c e r t a i n l y  i n c r e a s e d ,  

tho ug h  t o  a v a r i a b l e  d e g r e e ,  o v e r  t h e  low r e s t i n g  v a l u e  found 

i n  u n o p e r a t e d  a n im a l s  (T a b le  5 ) .  I t  i s  e v i d e n t ,  however,  

t h a t  sham o p e r a t i o n  p ro du ced  an a lm o s t  s i m i l a r  r e s p o n s e



T a b l o  6

The f re q \ ie n c y  o f  m i t o s e s  i n  t h e  l i v e r s  o f  fo w ls  a f t e r  

l i g a t i o n  o f  t h e  p o s t e a v a l  v e i n  o r  sham o p e r a t i o n *

Time be tw een  M i to s e e  p e r  100 ,000  n u c l e i

o p e r a t i o n  and a t  d e a t h

d e a t h  (d a y s )  shorn o p e r a t i o n  p o s t c a v a l  v e i n

l i g a t i o n

2 5^6^10,6 1 2 p 2 0 p 4 y l 4 4

3 8^26^16^37 3 X ^ 3 0 ,1 4 ,5 4 ,1 8

3 1 0 , 1 1 , 1 7 , 2 6 , 5 7  7 8 , 2 9 , 1 6 , 4 2 , 2 4

7 2 3 ,1 0 ,1 0  6 3 , 9 , 1 2 , 7

Each f i g u r e  r e p r e s e n t s  a  s i n g l e  a n i m a l .  An a n a l y s i s  

o f  v a r i a n c e  i n d i c a t e s  t h a t  t h e  two t r e a t m e n t s  were 

s i g n i f i c a n t l y  d i f f e r e n t  e,t t h e  5 p e r  c e n t  b u t  n o t  a t  

t h e  2*5 p e r  c e n t  l e v e l  ( 0*05 ^  0*023) ♦



FÎGURB.Ô .. . '

L ig a t io x i  o f  t l io p o s teaT O l y e i u  i n  th o  fow l  # 

Blood from t h é  p o s t o a v a l  v o i n  below t h e  l i g a t u r e  ' 

i s  d i v e r t e d  th r o u g h  t h e  p o f t a l^ s y i s i e m io  a n a s to m o s i s  

{ e i r c l e  o f  J a e o h so n )  i n t o  t h e  p o r t a l  sy s tem v  :
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(T a b le  6)♦ I t  a p p e a r s  t h e r e f o r e > t h a t  l i g a t i o n  o f  t h e  p o s t ^  

c a v a l  v e i n  d o es  n o t  p ro d u c e  i n  fo w ls  a  m i t o t i c  r e s p o n s e  

com parab le  t o  t h a t  p ro d u c ed  i n  r a t s  by p a r t i a l  h e p a te c to m y *

The one u n e q u iv o c a l  p i e c e  o f  e v id e n c e ,  f o r  t h e  b l o o d -  

f lo w  t h e o r y  was t h u s  s è r i o u e l y  weakened# I t  may be o b j e c t e d  

however,  t h a t  t h e  r e s u l t s  i n  T a b le s  5 and 6 a r e  to o  v a r i a b l e  

and ambiguous t o  c o n s t i t u t e  a d e q u a te  g ro u n d s  f o r  r e j e c t i n g  

t h e  t h e o r y  o u t r i g h t  r a t h e r  t h a n  r e g a r d i n g  i t  a s  u n p r o v e n #

There  was an o b v io u s  need  f o r  a  more c r i t i c a l  t e s t # . I t  was 

c l e a r l y  d e s i r a b l e  t o  p e r fo rm  t h i s  t e s t  i n  some mammal i n  xfhich 

i t  was known t h a t  p a r t i a l  h ep a to c to m y  was fo l lo w e d  by l i v e r  

r e g e n e r a t i o n  o f  t h e  c l a s s i c a l  t y p e , As i n  t h e  c a s e  o f  t h e  

fo w ls ,  t h e  most  s u i t a b l e  form o f  e x p e r im e n t  would be t o  

i n c r e a s e  t h e  p o r t a l  b lo o d  f lo w  t o  t h e  l i v e r  i n  an o t h e r w i s e  

norm al  q r i im al .  These r e q u i r e m e n t s  wore met by u s i n g  t h e  dog 

a s  e x p e r i m e n ta l  s u b j e c t #  The i n c r e a s e  i n  t h e  p o r t a l  b lo o d  

f lo w  was a c h i e v e d  by  p e r f o r m in g  a  r e v e r s e  Eek f i s t u l a  ( s i d e -  

t o - s i d e  a n a s to m o s i s  o f  t h e  p o r t a l  v e i n  and t h e  i n f e r i o r  v ana  

c a v a ,  w i t h  l i g a t i o n  o f  t h e  l a t t e r  above t h e  l e v e l  o f  t h e  

a n a s to m o s i s )  ( F i g .  8 -  compare w i t h  t h e  noi 'mal i n  F i g .  7 )#

T h is  o p e r a t i o n  was g e n e r a l l y  w e l l  t o l e r a t e d  and t h e  dogs 

rem ained  f a i r l y  norm al t h r o u g h o u t  t h e  e x p e r i m e n t a l  p e r io d #



:  .PIGUŒ ..7/v,

The norraal  sp la i io h n ic  y a s o i i l a r  sys tem  i n  

t h e  "dbg. ' ; ''
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The R ev erse  Eck F i s t u l a  i a  t h e  dog i * e . , :  s i d e -  

1 6"^s i d e  a n a s to m o s i s  o f  t h e  p o r t a l  v e i n  and i n f e r i o r  

v e n a  e a v a  w i t h  l i g a t i o n  o f  t h e  i n f e r i o r  v e n a  cav a  

above t h e  l e v e l  o f  t h e  l i g a t u r e .
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Table. 7

The e f f e c t  of  R ev erse  Eck P i s t u l a  aud p a r t i a l  h e p a te c to m y  

on m i t o t i c  f r e q u e n c y  I n  t h e  l i v e r  o f  t h e  clog*

Animal O p e r a t i o n  

No.

M ito s e s  p e r  100 ,000  n u c l e i

b e f o r e 3 d ay s  6 d ay s  9 days

o p e r a t i o n  l a t e r l a t e : l a t e r

2

3

4

5

6

7

8 

9

10

R ev e rse  Eek 

F i s t u l a  

«do*^

»»do*̂

*»*dO'™

*®do*̂

—dO"=**

““do™

35

3

18

7

3

3

5

7

13

7

0
6 529*

34

10

15

15

11 P a r t i a l

h e p a to c to m y

382 198 381

* b i o p s y  from l e f t  l o b e  ( s e e  t e x t )
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T ab le  T shows t h e  e f f e c t s  o f  t h i s  p r o c é d u r e  on t h e  

m i t o t i c  f r e q u e n c y  i n  t h e  l i v e r s  o f  dogs* The t im e  i n t e r v a l s  

o f  3, 6 and 9 d ay s  were s e l e c t e d  b e c a u s e ,  i n  t h e  dog, m i t o t i c  

a c t i v i t y  r e s u l t i n g  from p a r t i a l  h e p a to c to m y  i s  a p p a r e n t  on 

t h e  2nd d ay  a f t e r  t h e  o p e r a t i o n  and i n c r e a s e s  t o  a  maximum 

be tw een  t h e  4 t h  and t h e  1 0 th  day  (F i s h b a c k ,  1929)* A s i n g l e  

p a r t i a l  h e p a to c to m y  gave i h  o u r  hands  t h e  same ty p e  o f  

r e s p o n s e  (T a b le  ? ) •  I t  i s  q u i t e  c l e a r  from T ab le  7 t h a t ,  i n  

g e n e r a l ,  t h e  s h u n t  p ro d u c e d  no s i g n i f i c a n t  i n c r e a s e  i n  m i t o t i c  

f r e q u e n c y .  There  was, however# one e x c e p t i o n .  I n  g e n e r a l ,  

when t h e  a n im a l s  were u n d e r  a n a e s t h e s i a  b e f o r e  b e i n g  s a c r i f i c e d ,  

t h e  l i v e r s  xfere a  d a r k  b l u i s h  c o l o u r  xvith ro u n d in g  o f  t h e  

n o r m a l ly  s h a r p  e d g e s , At d e a t h  t h e  l i v e r  o f  an im a l  number 

5 d i d  n o t  have t h e  u s u a l  homogeneous d a r k  c o l o u r .  The l e f t  

c e n t r a l  and l e f t  l a t e r a .1  l o b e s  were a  b r i g h t  r e d  i n  c o n t r a s t  

t o  t h e  b l u i s h  c o l o u r  o f  t h e  r e s t  o f  t h e  l i v e r .  T h is  c o l o u r  

d i f f e r e n c e  d i s a p p e a r e d  a f t e r  d e a th  when t h e  l i v e r  was e x c i s e d . 

The m i t o t i c . i n d e x  o f  t h e  r e d  lo b e a  Was e x t r e m e ly  h i g h  and o f  

t h e  o r d e r  o f  t h a t  s e e n  f o l l o w i n g  p a r t i a l  h ep a to c to m y  (T a b le  7 ) ,  

These r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  i n c r e a s e d  p o r t a l  b lo o d  

f lo w  p e r  se do es  n o t  l e a d  t o  h y p e r p l a s i a  o f  t h e  l i v e r .  T h is  

c o n c l u s i o n  i s  n o t  a f f e c t e d  by t h e  anomalous r e s u l t  g iv e n  by 

dog number 5 i n  T ab le  7* I t  may be t h a t  i n  t h i s  p a r t i c u l a r



FiGÛBE 9

to
Énd™to™sido a n a s to m o s i s  o f  th e ;  s p l e n i c  a r t é r ÿ

'  ' A'. '

t h e  p o r t a l  T o ia  w i t h  c o n b o m i ta a t  rem oval  é f f t h é  

l e a n  i n  t h e  d o g .  / - "'  ̂ -

/' : ,/•
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Table 8

The p o r t a l  p r e s s u r e  i i i  t h e  dog a f t e r  v a r i o u s  s u r g i c a l  

o p e r a t i o n s *  Each f i g u r e  r e p r e s e n t s  a  mean f o r  th e  

number o f  a n im a l s  shoim i n  p a r e n t h e s i s #  S in c e  t h e  

p o r t a l  p r e s s u r e  v a r i e s  from m in u te  t o  m in u te ,  b o  a t t e m p t  

h a s  b een  made t o  c a l c u l a t e  s t a n d a r d  d e v i a t i o n s *

O p e r a t i o n P o r t a l p ressu re  ( cmI# s a l i n e )

C o n t r o l  (i>re- Time a f t e r  o p e r a t i o n

o p e r a t i v o ) im m e d ia te ly

a f t e r

3 days 6 days 9 d ay s

Spl e no 12*8 14" T 15*7 16*5 19*5

por ta ,  1 (5) (3 ) (3 ) (2) (4)

s h u n t
1 3 '1

(12) 3

17*0

(12)

S p le n  14" 4 13-7 13-7 13*5

ectomy (4) (3) (3) (4)

A o r t o - 11*1 18*1 21*3 22*3 22*5

p o r t a l (2 ) (2) (2) (2) (2 )

s h u n t



f a b X é  9

The e f f e c t  o f  a  s p l e n i c  a r t e r y - p o r t a l  v e i n  s h u n t  on 

t h e  m i t o t i c  freciiieixcy i n  t h e  l i v e r  o f  t h e  dog*

Bog Mo* M i to s e s  p e r  100 ,000  n u c l e i

b e f o r e a f t e r a f t e r a f t e r

o p e r a t i o n 3 d ay s 6 d a y s 9 days

1 4 10 5

2 0 7 10

3 0 10 —

4 2 T - 10

5 2 , ■ ' — 6 16

6 4 3

7 2 — 4 : 21

8 3 3 -

9 2 0 —

10 5 19

11 0 5 6

12 0 26



• .. Table 10
The o f f e d t  o f  sp len eo tb m y  on t h e  m i t o t i c  f r e q u e n c y  

i n ' t h e  l i v e r - . o f  ■ t h e  ■■dog#

Bog Ho, L i v e r  m i t o s e s  p e r  100 ,000  n u c l e i

b e f o r e  a f t e r  a f t e r  a f t e r

o p e r a t i o n  3 days  6 day s  9 days  

X 0 12 6

2 3 10 16 -

3 4 16 19

4 . . 'i. 11 . 22 3. '

3 9 ‘ 9 -  3

6 0 36 — 4

7 1 -  9 22

8 0 ^  7 51



6 6  •“

c a s e  t h e  l i v e r  haemodynaQiics was d i s t u r b e d  i n  such  a  way t h a t  

t h e  l e f t  l o b e s  were b e in g  p e r f u s e d  by an i n c r e a s e d  p r o p o r t i o n  

o f  h e p a t i c  a r t e r i a l  b l o o d .  T h i s  f i n d i n g  s u g g e s t e d  t h e  

p o s s i b i l i t y  t h a t  i n  a  s i t u a t i o n  where d e l i v e r y  o f  h ig h  

p r e s s u r e  h e p a t i c  a r t e r i a l  b lo o d  t o  a l i v e r  f r a g m e n t  i s  p r e 

f e r r e d  t o  p o r t a l  b lo o d ,  t h e  r e s u l t a n t  i n c r e a s e  i n  oxygen 

s a t u r a t i o n  o f  s i n u s o i d a l  b lo o d  m igh t  be a s t i m u l u s  t o  l i v e r  

r e g e n e r a t i o n .

I n  o r d e r  t o  t e s t  t h i s  p o s s i b i l i t y ,  i t  was n e c e s s a r y  

to  a r e t e r i a l i a e  t h e  p o r t a l  v e i n .  A c c o r d in g ly ,  a s e r i e s  o f  

dogs was s u b j e c t e d  t o  an  e n d - t o - s i d e  a n a s to m o s i s  o f  t h e  

s p l e n i c  a r t e r y  t o  t h e  p o r t a l  v e i n ,  w i t h  c o n c o m i ta n t  removal 

o f  t h e  s p l e e n  ( F i g .  9 ) .  T ab le  8 shows t h a t  t h i s  p r o c e d u re  

was f o l lo w e d  by a  s m a l l  b u t  p r o g r e s s i v e  i n c r e a s e  i n  p o r t a l  

p r e s s u r e  w h e reas  sp le n e c to m y  had no e f f e c t .  I t  can  be seen  

from T ab le  9 t h a t  t h i s  t y p e  o f  s h u n t  d i d  p ro d u c e  a  v e r y  

s l i g h t  i n c r e a s e  i n  l i v e r  m i t o t i c  index*  However, i t  i s  

e v i d e n t  from T ab le  10 t h a t  sp len ec to m y  a l o n e  gave an  i n c r e a s e  

o f  co m parab le  s i a e  ( F i g . 1 0 ) .  I n  v iew  o f  t h e s e  n e g a t i v e  

r e s u l t s  a  more v i g o r o u s  form o f  a r t é r i a l i s a t i o n  was d e s i r a b l e . 

T h e r e f o r e ,  i n  a n o t h e r  a e r i e s  o f  dogs a  s h u n t  be tw een  t h e  

abdom ina l  a o r t a  and t h e  p o r t a l  v e i n  was c r e a t e d  by means o f  

a s u r g i c a l  g r a f t i n g  o p e r a t i o n  ( F i g .  11)* T h is  p r o c e d u r e



FIGURE 11

The a y n t h e t i o  ah m it  e r e a i e d  be tw een  t h e  

abdom ina l  a o r t a  and t h e  p o r t a l  v e i n  i n  t h e  d o g ; 

(aort6 - p o r t a l  s h u n t  ) & ■ - ; / % : Z;
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Table 11

The e f f e c t  o f  a o r t o - p o r t a l  s h u n t  on t h e  m i t o t i c  

f r e q u e n c y  i n  t h e  l i v e r  o f  t h e  dog*

Dog No* h i v e r  m i t o s e s  p e r  100 ,000  n u c l e i

b e f o r e  a f t e r  a f t e r  a f t e r

o p e r a t i o n  3 d ey s  6 d a y s  9 d ay s

1 50 45 10

2 0 5 16 3

3 26 108 138



a lm o s t  d o u b le d  th e  p o r t a l  p r e s s u r e .  T ab le  11 shows i t s  

e f f e c t  on l i v e r  m i t o t i c  i n d e x .  The r e  i s  e v i d e n t l y  a

v a r i a b l e  i n c r e a s e ,  on t h e  a v e ra g e  s l i g h t l y  g r e a t e r  t h e n  i n  

t h e  s p l e i i o - p o r t a l  s h u n t .  Bog number 3 h a s  g iv e n  a  s i z e a b l e  

r e s p o n s e ,  b u t  i n  t h i s  c a s e  t h e  r e s t i n g  m i t o t i c  r a t e  was q u i t e  

h i g h .  On t h e  w ho le ,  t h e  r e s u l t s  may foe c o n s i d e r e d  n e g a t i v e *  

In  s p i t e  o f  i t s  d r a s t i c  n a tu re^  t h e  o p e r a t i o n  h a s  n o t  p r o 

duced  t h e  s o r t  o f  m i t o t i c  r e s p o n s e  found  i n  l i v e r  r e g e n e r a t i o n  

I t  may be c o n c lu d e d  t h e r e f o r e ,  t h a t  n e i t h e r  oni i n c r e a s e d  

p o r t a l  b lo o d  f lo w ,  n o r  an i n c r e a s e  i n  t h e  p a r t i a l  p r e s s u r e  o f  

oxygen i n  t h e  l i v e r  p r o v i d e  an a d e q u a te  e x p l a n a t i o n  o f  l i v e r  

r e g e n e r a t i o n .

S e c t i o n  2 .3  G l in o s  t h e o ry *

The d é m o n s t r a t i o n  o f  t h e  in a d e q u a c y  o f  t h e  hum oral  

and b l o o d - f l o w  t h e o r i e s  d i d  n o t  e x c lu d e  t h e  p o s s i b i l i t y  t h a t  

l i v e r  r e g e n e r a t i o n  m ig h t  be t h e  r e s u l t  o f  t h e  two mechanisms 

a c t i n g  i n  c o n c e r t .  Such a t h e o r y  had  a l r e a d y  been  p ro p o s e d  

by QlinoB (1958) • An a c c o u n t  o f  G l in os*  v iew  and o f  t h e  

e v id e n c e  w hich  he b r o u g h t  fo rw a rd  t o  s u p p o r t  i t  h a s  been  

g i v e n  i n  t h e  I n t r o d u c t i o n  ( S e c t i o n  I . 6 4 ) .  I t  w i l l  s u f f i c e  

h e r e  t o  r e s t a t e  h i s  c e n t r a l  i d e a ,  which was t h a t  p a r t i a l  

h e p a te o to m y  would r e s u l t  f i r s t  i n  an i n c r e a s e  i n  p o r t a l
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presBixre ,  and t h e n  i n  a  f a l l  i n  p lasm a p r o t e i n *  Each o f  

t h e s e  f a c t o r s  would t e n d  t o  b r i n g  a b o u t  a  f a l l  i n  extra*- 

c e l l u l a r  p r o t e i n  c o n c e n t  r a t i  on i n  t h e  l i v e r ,  and t h i s ,  

a e c o r d i n g  to  G l iu o s  i s  t h e  im m edia te  s t i m u l u s  t o  c a l l  

d i v i s i o n  * C l e a r l y  spch  a t h e o r y  i s  am enable  t o  e x p e r i m e n ta l  

t e s t ^  I f  i t  i s  c o r r e c t  i t  s h o u ld  be p o s s i b l e  t o  c a u se  l i v e r  

g row th  i n  an  b th e rW ise  norm al an im a l  e i t h e r  by  i n c r e a s i n g  

t h e  p o r t a l  p r e s s u r e  o r  by  d i m i n i s h i n g  t h e  p la sm a  p r o t e i n  

c o n c e n t r a t i o n  # f u r t h e r m o r e , ; t h e  ch a n g es  i n  p o r t a l  p r e s s u r e  

o r  p la sm a  p r o t e i n  c o n e e n t r a t i o n  n e c e s s a r y  t o  p ro d u c e  t h i s  

e f f e c t  s h o u ld  n o t  be any  l a r g e r  t h a n  t h e  c o r r e s p o n d i n g  ch an g es  

p ro d u c ed  by  p a r t i a l  hepa teo tom y*

The q u e s t i o n  o f  p r e s s u r e  may c o n v e n i e n t l y  be 

c o n s i d e r e d  f i r s t *  I n  t h e  p r e v i o u s  s e c t i o n  a  d e s c r i p t i o n  

was g iv e n  o f  t h r e e  t y p e s  o f  e x p e r im e n t  d e s i g n e d  t o  i n c r e a s e  

p o r t a l  b lo o d  f lo w  to  t h e  l i v e r  o f  t h e  dog,

1) t h e  r e v e r s e  Eck F i s t u l a ,

2) s p l e n o - p o r t a l  s h u n t ,

3) a o r t o - p o r t a l  shun t*

The a c t u a l  i n c r e a s e s  i n  p o r t a l  p r e s s u r e  p ro d u c ed  by t h e s e  

o p e r a t i v e  p r o c e d u r e s  a r e  shown i n  T ab le  8# As m ig h t  be 

e x p e c t e d ,  much t h e  l a r g e s t  i n c r e a s e  was p ro d u c e d  by t h e  

a o r t o « p o 3? t a l  s h u n t  ( a lm o s t  a  tw o fo ld  i n c r e a s e )  * As i s



m m m  12

The changé i n  p o r t a l  presaux'^e f o l l o w i n g  p a r t i a l  

h ep a te o to m y  i n  t h e  r a t *  On each  o c c a s i o n ,  t h e  

d i f f e r e n c e  be tw een  t h e  p o r t a l  and  j u g u l a r  v o i n  y 

p r e s s u r e  i s  r e c o r d e d .



Pressure diffgrene# 
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17
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14
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partlol hepotectomy

FIGURE 12



Tabl© 1?
The d i f f e r e n c e  i n  p r e s s u r e  be tw een  t h e  p o r t a l  and 

j u g u l a r  v e i n s  i n  t h e  r a t  b e f o r e  and a f t e r  p a r t i a l  

h e p a te o to m y .  S in ce  t h e  p o r t a l  p r e s s u r e  f l u c t u a t e d  

s l i g h t l y  from m inu te  t o  m in u te  t h e  r e s u l t s  f o r  each  

g roup  a r e  shown a s  a  r a n g e .

C o n d i t i o n  o f  a n im a l s  P r e s s u r e

d i f f e r e n c e  

(cm. o f  

s a l i n e )

Normal

24 h o u r s  a f t e r  p a r t i a l  h ep a teo to m y  

48 h o u r s  a f t e r  p a r t i a l  h epa teo to m y  

72 h o u r s  a f t e r  p a r t i a l  h ep a teo to m y

12-14

14-15

14-15

12—14



OTidexit from T a b le s  9 ,  10 and 11, none o f  t h e s e  p r o c e d u r e s  

p ro d u c ed  a n y t h i n g  com parab le  t o  t h e  m i t o t i c  r e s p o n s e  

o b s e rv e d  i n  l i v e r  r e g e n e r a t i o n #  The ch a n g es  i n  p o r t a l  

p r e s s u r e  i n  p a r t i a l l y  h e p a te c to m ia e d  r a t e  a r e  shown i n  

F i g u r e  12 and T ab le  12# A l tho ug h  t h e r e  i s  a  v e r y  p rono un ced  

i n i t i a l  e l e v a t i o n  im m e d ia te ly  a f t e r  o p e r a t i o n  t h e r e  i s  a  

r a p i d  d e c l i n e  i n  t h e  e n s u in g  4 to  5 h o u rs#  However, even  

a f t e r  48 h o u r s  i t  i s  s t i l l  s l i g h t l y  e l e v a t e d .  Tak ing  th e  

e v id e n c e  o f  t h e  dog and r a t  e x p e r im e n ts  t o g e t h e r ,  i t  seems 

s a f e  t o  c o n c lu d e  t h a t  an i n c r e a s e  i n  p o r t a l  p r e s s u r e  o f  t h e  

m ag n i tud e  found  a f t e r  p a r t i a l  h ep a teo to m y  c o u ld  n o t  by 

i t s e l f ,  a c c o u n t  f o r  l i v e r  g ro w th .

The second  f a c t o r  t o  be c o n s i d e r e d  i n  G linos*  

t h e o r y  i s  t h e  f a l l  i n  p lasm a p r o t e i n  c o n c e n t r a t i o n  a f t e r  

p a r t i a l  h e p a to c to m y .  P r e v i o u s  work p e r fo rm e d  by R o b e r t s  and 

White (1949) on t h i s  t o p i c  had  i n d i c a t e d  t h a t  a l t h o u g h  a  f a l l  

i n  c i r c u l a t i n g  p la sm a  p r o t e i n  b e g i n s  a b o u t  16 h o u r s  a f t e r  

j > a r t i a l  h e p a te o to m y  i t  d o es  n o t  become p ro n o u n ced  u n t i l  24 

h o u r s # However, t h e  r e s u i t s  r e p o r t e d  i n  T a b le  13 would 

seem t o  i n d i c a t e  t h a t  a  s u b s t a n t i a l  f a l l  i n  b o th  t o t a l  p lasm a 

p r o t e i n  and a lb u m in  i s  n o t  e v i d e n t  u n t i l  48 h o u r s  a f t e r  

p a r t i a l  hepa teo tom y#  S in ce  th e  most r a p i d  g row th  r a t e  i n  

te rm s  o f  b o t h  m i t o t i c  in d e x  and l i v e r  w e ig h t  o c c u r s  d u r i n g



' c Talkie'13 . -

The plaema' p r o t e i n  l é T 0 l  i n  t h e  m t  a f t e r  p a r t i a l  

hepateetdmy.

Animal - ' P lasm a p r o t e i n  eo n ee n t r â t ! on

No^ - (g . / lO O  m l .  p lasm a)
■ - -

b e f o r e  a f t e r  a f t e r

o p e r a t i o n  24 h o u ra  48 h o u r s

1 a lb u m in  3*03 3*10 2*37

t o t a l  4*95 4*60 4*42

2 a lb u m in  

t o t a l

2*37 

5"* 23

3*10

5*17

2*30

4*72

3 a lb u m in  

t o t a l

3*13

5*85

2*95

5*35

2*50

5*00

4 a lbu m in  

t o t a l

2*77

5*95

2*95

3*55

2*22 

4* 52,

5 a lb um in  

t o t a l

2*75

6*13

2*50

5*40

2*05

4*75



t h e  f i r s t  48 h o u r s ,  i t  i s  d i f f i c u l t  t o  r e c o n c i l e  t h e s e  

f  1 n d in g s  vrith Crlino s * t h e o r y  *

The c o n t e n t i o n  t h a t  p lasm a p r o t e i n  c o n c e n t r a t i o n  

may d i m i n i s h  i n  t h e  im m edia te  e n v i ro n m en t  o f  the h e p a t i c  

pa renchym al  c e l l s  a s  a  consequence  o f  increcused  p o r t a l  

p r e s s u r e  i s  d i f f i c u l t  t o  t e a t  d i r e c t l y .  G l in o a  d i d  n o t  

a t t e m p t  t o  do b o  b u t  b a s e d  h i a  c o n c lu s i o n  on the e f f e c t s  o f  

p l a s m a p h e r e s i s  on l i v e r  m i t o t i c  f re q u e n c y *  I t  was d e c id e d ,  

t h e r e f o r e ,  t o  r e e x a m i n e  t h i s  q u e s t i o n  and  t o  d e te r m in e  i f  any 

r e l a t i o n s h i p  c o u ld  bo o b s e rv e d  be tw een  t h e  l o w e r in g  o f  

c i r c u l a t i n g  p la sm a  p r o t e i n  and l i v e r  m i t o t i c  f r e q u e n c y .

T ab le  14 shows t h e  r e s u l t s  o f  a  p i l o t  e x p e r im e n t  i n d i c a t i n g  

e x t e n t  and d u r a t i o n  o f  p l a s m a p h e r e s i s ,  t h e  l e v e l s  o f  t o t a l  

p lasm a p r o t e i n  and plaamo/ a lbum in  a t t a i n e d  et-nd t h e  r e s u l t i n g  

m i t o t i c  i n d e x .  There  I s  no o b v io u s  3 ? ô l a t i o n s h ip .  l? igure  

13 p i ' .e sen ts  t h e  r e s u l t s  o f  a  more d e t a i l e d  i n v e s t i g a t i o n ^ .

Again t h e r e  i s  no o b v io u s  r e l a t i o n s h i p  be tw een  t h e  f a l l  i n  

p lasm a p r o t e i n  and m i t o t i c  i n d e x .  I n  g e n e r a l ,  t h e  % ii to t lc  

a c t i v i t i e s  o b t a i n e d  by p l a s m a p h e r e s i s  a r e  much lo w er  t h a n  

t h o s e  found  i n  r e g e n e r a t i n g  l i v e r .

T ab le  15 p r e s e n t s  th e  r e s u l t s  o f  t h e  c o n v e r s e  

e x p e r im e n t ,  i . e . ,  t h e  a t t e m p t  to  i n h i b i t  o r  d e p r e s s  l i v e r  

c e l l  m i t o s i s  a f t e r  p a r t i a l  h ep a te c to m y  by a r t i f i c i a l l y



TABLE 14

T I i g  effect of repeated plasnmphe re si» O A  the 
plasma protein level and liver mitotic frequency 
in rats. The lover section of the table indicates 
the amount of blood which vas exchanged oh each 
occasion, i.e., 4 x 1 means that 4 ml., of blood 
waa withdrawn, centrifuged and the plasma exchanged 
for physiological saline#



T able 14

Àîiimal P lasm a r o t  e i i i  c one o n t  r a t i  one a t  each

p laam ap h e ro B is  (g . / lO O  ml* p lasm a)

Bay 1 Bay 2 Bay 3 Bay 4 Mitoses p e r

a #

1 a lb u m in  3*2 3*1

t o t a l  5*8 6*0

2 a lb u m in  2*4 1*9

t o t a l  4*5 3^7

3 a lb u m in  3*3 . 2*1 

t o t a l  6*8 4*3

4 a lbu m in  .3*6  ‘ 2^4 

t o t a l  5*9 4*0

2

3

4

4 % 1 

4 x 1  

5 x 1  

5 x 1

4 x 1

4 x 1

5 x 2

5 x 2

p .m .

2*9 3*5 3*9

4*6 4*9 6*1

3*2 3*0 3*1

4*5 5*0 5*6

2*4

4*5
2*7

5*4

3*3 2*7

4*7 4*7

4 x 1  4 x 1

4 x 1  4 x 1

5 x 2  

5 x 2

100 ,000  i m e l e i

136

50

98

19

Day o f

S a c r i f i c e

4 t h

4t l i

3 rd

3 rd



. \ :v i ■■ ; ,

V ;

r e l a t i o n s h i p  b e t w e e n  t h e  f e l l  i n  t o t a l  

p lasm a  p r o t e i n s  é.nd t h e  mi t o  t i c  i n d e x  i n  r â t  l i v e r  #

/ ' - ' :

i
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TABLE ï g .  / : ' '  / :

Tlio effect of: intravenous injections of normal 
rdt plasma of saline on : the - ' mi t p ti c ifndex ' 'in - A: ' ' % c 
rcgenerating a/qt liVer. ( Three groups .of::'rats'-were' 
p4rtiaXly,bépatéctomiseà at the start of th#!?/,;;: ?;/%,:' 
experiment, One group was treated with plasma^ 
one with saline and one was untreated# 4 
aflter partial hepatectomy all three groups were : 
sacrificed and liver biopsies taken for histplogy•



Table X5

Animal. 

No.

1
2

3

4

5

Xi/
6

7

8 N

10

11 ,

12

14

16

Treàtmeait

2 m l * ,  no rmal p i  a  snm 

i n t r a T e n o u  Bly e v e ry  

8 h o u r s 3 f i r s t  

i n j e c t i o n  im m e d ia te ly  

a f t e r  o p e r a t i o n ;

2 ml%,ÿ p h y a i o l o g i c a l  

s a l  i  ne i h t r a v e i i o u  s l y  

e v e r y  8 h o u rs s  

f i r s t  i n j e c t i o n  

im m e d ia te ly  a f t e r  

o p é r a t i o n *

■ ? : . None 

"d o "

"-do#"

/"do«

™dO"*

Number o f  m i to s e s  p e r  

100 ,000  n u c l e i

166

123 

30

115

57

16 

81

21

82

3 ,

,43  

49 

31

55

75

66

An a n a l y s i s  o f  v a r i a n c e  b f  t h e  t h r e e  g#bnpg o f  

m i t o t i c  i n d i c e s  Shows t h a t  t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e ,  b e tw een  t h e  t r e a t e d  and u n t r e a t e d  g ro u p s  

( p > o « 0 5 ) :
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i n c r e a , s in g  t h e  l e v e l  o f  c i r c u l a t i n g  p lasm a  p r o t e i n .  I t  i s  

q u i t e  c l e a r  t h a t  t h e  r e s u l t s  a r e  a g a in  n e g a t i v e .

Ill v iew  o f  t h e  f a i l u r e  to  s t i m u l a t e  m i t o t i c  

f r e q u e n c y  i n  l i v e r  much beyond th e  norm al ra n g e  even by 

v i g o r o u s  p i a  smaphe r e  s i  s , and t h e  com p le te  f a i l u r e  t o  i n h i b i t  

o r  supplée SB t h e  norm al p r o l i f e r a t i v e  r e s p o n s e  f o l l o w i n g  

p a r t i a l  h e p a te c to m y  by i n t r a v e n o u s  p lasm a  i n f u s i o n ,  i t  seems 

s a f e  t o  c o n c lu d e  t h a t  plasma, p r o t e i n  c o n e e n t r a t i o n  i s  u n l i k e l y  

t o  be t h e  main f a c t o r  i n  c o n t r o l l i n g  l i v e r  c e l l  g row th  and 

d i v i s i o n *

S e c t i o n  2 . 4  Changeb i n  c h e m ic a l  c o m p o s i t io n  o f  r e g e n e r a t i n g

l i v e r .
(F, II#

The a p p a r e n t  f a i l u r e  o f  t h e  t h r e e  e x i s t i n g  t h e o r i e s  

t o  a c c o u n t  f o r  t h e  mechanism o f  l i v e r  r e g e n e r a t i o n  

n e c e s s i t a t e d  a  new a p p ro a c h  to  t h e  p ro b le m .  I t  was su rm ised  

t h a t  a  c a r e f u l  s t u d y  o f  t h e  e a r l y  c h e m ic a l  ch a n g es  o c c u r r i n g  

i n  t h e  l i v e r  f r a g m e n t  f o l l o w i n g  p a r t i a l  h e p a te c to m y  m ig h t  

i n d i r e c t l y  shed  l i g h t  on t h e  mechanism o f  g ro w th  c o n t r o l .

A f t e r  p a r t i a l  h e p a te c to m y  a  l a t e n t  p e r i o d  o f  14 t o  16 h o u r s  

e l a p s e s  b e f o r e  DMA s y n t h e s i s  b e g i n s .  P re su m ab ly  i t  i s  

d u r i n g  t h i s  l a t e n t  p e r i o d  t h a t  t h e  s t i m u l u s  t o  r e g e n e r a t e  

b e g in s  t o  a c t  on t h e  l i v e r  f r a g m e n t . Some v u id e r s ta n d in g  o f
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i t s  n a t u r e  and mechanism o f  a c t i o n  m ig h t  t h e r e f o r e  be g a in e d  

by lo o k i n g  f o r  c h e m ic a l  ch an g es  i n  t h e  r e s i d u a l  f r a g m e n t  

b e f o r e  DMA s y n t h e s i s  g e t s  u n d e r  way.

Change s i n g l y q  ogen cone en t r a t i  o n .

The r a p i d  d i s a p p e a r a n c e  o f  g ly c o g e n  i s  one of  t h e  

e a r l i e s t  and most  d r a m a t i c  f e a t u r e s  o f  r e g e n e r a t i n g  l i v e r  

( s e e  I n t r o d u c t i o n  s e c t i o n  I .3 5 )*  The mechanism o f  t h i s  

change h a s  n o t  been  s p e c i f i c a l l y  i n v e s t i g a t e d . However, 

s i n c e  g ly c o g e n  i s  b e i n g  c o n t i n u o u s l y  s y n t h e s i s e d  and d eg ra d e d  

i n  l i v e r ,  i t s  d e c r e a s e  must  r e p r o s e n t  an im b a la n c e  be tw een  

t h e s e  two p r o c e s s e s *  I fh e th e r  a  change i n  i t s  r a t e  o f  

s y n t h e s i s  m ig h t  o c c u r  d u r i n g  r e g e n e r a t i o n  i s  unlmown, b u t  i t  

m ig h t  be r e a s o n a b l e  t o  e x p e c t  an i n c r e a s e d  breakdown to  

m a i n t a i n  b lo o d  sugas?. O b v io u s ly ,  t o  p e r fo rm  t h i s  l a t t e r  

f u n c t i o n  t h e  l i v e r  f r a g m e n t ,  h a v in g  o n ly  one t h i r d  t h e  

q u a n t i t y  o f  g ly c o g e n ,  w i l l  have to  d e g ra d e  i t s  s t o r e  t h r e e  

t im e s  a s  f a s t  t o  m a i n t a i n  t h e  norm al b lo o d  s u g a r  l e v e l ,  n o t  

t o  m e n t io n  t h e  i n c r e a s e d  r e q u i r e m e n t s  f o l l o w i n g  t h e  s t r e s s  

o f  o p e r a t i o n .  The r o l e  o f  t h e  l i v e r  i n  t h e  h o m e o s t a t i c  

r e g u l a t i o n  o f  b lo o d  s u g a r  h a s  lo n g  b een  a p p r e c i a t e d .  Mann 

(1927) f o r  exam ple ,  found t h a t  w h i le  t h e  l e v e l  o f  b lo o d  s u g a r  

d e c r e a s e d  i n  a n im a l s  w i t h  reduced  h e p a t i c  t i s s u e ,  a  l e v e l  was



. T a b le  '16a- ' ' ' ; .

T h e , e f f e c t  o f - p a r t i a l  h e p a te c to m y  on l i v e r  g ly c o g e n  

c o n c e n t r a t i o n #  . '

Animal G lycogen  c o n c e n t r a t i o n <

No# ■ {g, / lOO  g .
i

wet  wt* o f  l i v e r )
ir/

a t  o p e r a t i o n 2 h o u r 8 l a t e 3̂ p e r  ceî

■ 1 2*34 1*19 49

2 ' 4*58 0*58 87

■3 2*89 1*61 44

w 5^18 , 4*05 22

5 3*88 3*08 . 21

-ÈÔ' 0*75 0*104 86

T . 1*01 ; 6*56 46

8 4*02 1*36 •

■ . -I- ' - ' \

66

a v e ra g e  f a l l ' i n  1 i v e r  g l ÿ c o gen 53



Table 16b

The e f f e c t  o f  l i v e r  b i o p s y  on l i v e r  g ly c o g e n  

c o n c e n t r a t i o n ,

Animal

No;

Glycogen  c o n c e n t r a t i o n  

(g . / lO O  g .  wet wt* o f  l i v e r )  

a t  o p e r a t i o n  2 h o u r s  l a t e r p e r  c e n t  f a l l

1
2

3

4

6

7

8

4*43 

5*1 

5*48 

5*57 

2*23 

3*25 

1*25 

2*

1*39 

0* 96 

1*67 

4* 64 

1*63 

2*07 

0*87 

1*31

69

82

69

17

25

36

30

50

a v e ra g e  f a l l  i n  l i v e r  g ly c o g e n 47



f i n a l l y  r e a c h e d  a t  which  t h e  b lo o d  s u g a r  rem a in ed  c o n s t a n t ,  

r e g a r d l e s s  o f  t h e  f u r t h e r  d e c r e a s e  i n  h e p a t i c  t i s s u e .  He 

c o n c lu d e d  t h a t  t h e  l i v e r  s tu b b o r n ly ,  m a i n t a i n s  an a d e q u a te  

l e v e l  o f  b lo o d  s u g a r  even  tho ug h  g r e a t l y  i n c a p a c i t a t e d  by th e  

l o s s  o f  ranch o f  i t s  s u b s ta n c e *

The e x t e n t  and r a p i d i t y  o f  t h e  p r o c e s s  o f  g ly c o g e n  

d isax )p ea rau ee  i n  r e g e n e r a t i n g  l i v e r  i s  shown i n  T ab le  1 6 a .

I t  i s  c l e a r ,  however,  t h a t  o v e r  t h e  s h o r t  t im e  i n t e r v a l  o f  

2 h o u r s ,  a v i r t u a l l y  e q u i v a l e n t  f a l l  i n , g l y c o g e n  t a k e s  p l a c e  

i f  o n ly  a  sm a l l  l i v e r  b i o p s y  i s  removed i n s t e a d  o f  t h e  f u l l  

two t h i r d s  (T a b le  16b) . I t  seems r e a s o n a b l e  t o  assume t h a t  

i n  t h i s  l a t t e r  e a s e , t h e  l o s s  o f  g ly c o g e n  i s  s im p ly  a  r e s p o n s e  

t o  s t r e s s .  I n  v iew  o f  t h e  i l a b i l e  * n a t u r e  o f  t h i s  g ly c o g e n  

s t o r e  and i t s  r e s p o n s i v e n e s s  t o  s t r e s s , i t  would o b v i o u s l y  be 

d i f f i c u l t  t o  r e l a t e  ch an ges  i n  i t s  c one e n t r â t i  on i n  l i v e r  t o  

t h e  regene3?a t ion  p r o c e s s  *

Changes i n  l i p i d  c o n c e n t r a t i o n .

L i p i d  i n f i l t r a t i o n  o f  t h e  r e s i d u a l  l i v e r  f r a g m e n t  

i s  one o f  t h e  e a r l i e s t  and most s t r i k i n g  c h a n g es  i n  l i v e r  

r e g e n e r a t i o n *  A l th o ug h  t h i s  phenomenon h a s  b een  i n v e s t i g a t e d  

from v a r i o u s  p o i n t s  o f  v iew  n e i t h e r  i t s  u n d e r l y i n g  cau se  

n o t  i t s  p h y s i o l o g i c a l  s i g n i f i c a n c e  h a s  boon f u l l y  e l u c i d a t e d .



Table 17

The G one en t  r a t i  on o f  t o t a l  l i p i d  and j> h o sp h o l ip id  P 

i n  t h e  l i v e r  f r a g m e n t  a t  t im e  i n t e r v a l s  a f t e r  p a r t i a l  

h e p a t e c t o m y •

Animal Time i n t e r v a l  L i v e r

No. be tw een  p a r t i a l  T o t a l  l i p i d  P h o s p h o l i p i d  P

h e p a te c to m y  and (g . / lO O g .w e t  w t , )  (m g ./ lO O g.w et  w t . )  

s a c r i f i c e  ( h r . )  b e f o r e  a t  b e f o r e  a t

o p e r a t i o n  d e a t h  o p e r a t i o n  d e a t h

1 2 2-56 4*74 123 176

2 2 3*42 4*58 148 158

3 4 3*59 4*97 182 164

4 4 4*02 6* 26 178 181

5 8 4*67 7*94 177 173

6 8 4*02 8*05 162 189

7 10 4*17 9*08 140 232

8 10 4*83 5*17 173 153

9 12 4* 88 8*01 157 201

10 12 2*03 10*06 82 196

11 24 4*12 11*73 160 170

12 . 24 3*84 7*91 163 163



Table 18

The c o n e o n t r a t i o n  o f  t o t a l  l i p i d  and p h o s p h o l i p i d  P 

i n  t h e  l i v e r  and p lasm a  a t  t im e  i n t e r v a l s  a f t e r  

l i v e r  b io p sy #

Animal Time P lasm a L i v e r

Wo# b e tw een Pho spho1• T o ta l pho sp h o 1i  p i d  Tot a l l i p i d

b i o p s y  à P# l i p i d P .

d e a t h m g/100ml♦ m g/100m l# m g/1 0 0 ,g * g . / lO O g .

( h r , ) a t a t  ^ a t at.

oper# d e a t h oper# d e a t h

1 6 9*63 285 83 171 3*50 3*72

2 6 8*34 260 110 170 4*01 3*98

3 12 8*89 278 178 3*87 3*95

4 12 7*85 285 161 2*73 3*29

5 24 6*^96 226 159 2*98 5*16



Harkriess  (1952b) found t h a t  l i p i d  c o n c e n t r a t i o n  was a l r e a d y  

maximal 10 h o u r s  a f t e r  t h e  o p e r a t i o n  a l t h o u g h  8%ego and 

R o b e r ta  (1949) r e p o r t e d  t h a t  t h e  maximum eame l a t e r *  The 

r e s u l t s  o f  a  r e - e x a m i n a t i o n  o f  t h e  e x t e n t  o f  l i p i d  d e p o s i t i o n  

a t  i n t e r v a l s  a f t e r  p a r t i a l  h e p a te c to m y  i s  shown i n  Table  IT .

An i n c r e a s e  i n  t o t a l  l i p i d  i s  a l r e a d y  a p p a r e n t  a t  2 h o u r s  

and i n c r e a s e s  s t e a d i l y  from a c o n t r o l  v a l u e  o f  3 to  4 p e r  

c e n t  t o  r e a c h  8 to  12 p e r  c e n t  be tw een  12 and 24 hours*

S in ce  v e r y  l i t t l e  change o c c u r r e d  i n  t h e  p h o s p h o l i p i d  f r a c t i o n ,  

t h e  m a jo r  p a r t  o f  t h i s  in o rea .se  must  have b ee n  due t o  non-- 

p h o s p h o l i p i d . T h is  i s  i n  ag reem en t  w i t h  t h e  f i n d i n g  o f  

Ludewig, M inor and H o r t e n s t i n e  (1939) t h a t  t h e  a c c u m u la te d  

l i p i d  i s  m a in ly  n e u t r a l  f a t .  Removal o f  a  sm a l l  b i o p s y  

from t h e  l i v e r  a l s o  c a u s e d  a sm a l l  i n c r e a s e  i n  n o n - p h o s p h o l i p i d  

t h e  e f f e c t  b e in g  most p ro no un ced  aftea? 24 h o u r s  (T a b le  18) .

A move d e t a i l e d  exam ino,t ion  o f  l i v e r  l i p i d  c o n c e n t r a t i o n  6 

h o u r s  a f t e r  s u r g i c a l  b i o p s y  (T a b le  19b) shows t h a t  a l t h o u g h  

t h e r e  i s  some v a r i a t i o n  o f  r e s p o n s e ,  a  d e f i n i t e  i n c r e a s e  i s  

e v i d e n t ,  t h e  v a l u e s  r a n g in g  from 3 t o  30 p e r  c e n t  * By 

co m p ar iso n ,  a  s i m i l a r  s e r i e s ,  p r e v i o u s l y  p a . r t i a l l y  h e p a -  

t e c t o m i s e d ,  gave a  much l a r g e r  i n c r e a s e  a f t e r  t h e  same t im e ,  

t h e  v a l u e s  r a n g in g  from 29 to  81 p e r  c e n t  (T a b le  1 9 a ) *



T able 19à

The 0  and e n t r â t !  on o f  t o t a l  l i p i d  - i h  r a t  l ives?  b e f o r e  

and 6 hours after partial hepateotomy.

Animal '■No.. T o t a l  l i p i d  g . / lO O  

■ 1iV 0  r  (we t  w t . )

b e f o r e ajL

p e r  c e n t  

i n c r e a s e

1
2

3

4

3*06

3*04

2*94

2*23

2*78

5*50 

5*50 

3 • 78 

3*45 

3*72

80

81

29

55

34

average-incroase- 55*8



Table I9b

The e o n o e n t m t i o n  o f  t o t a l  l i p i d  i n  r a t  l i v e r  b e f o r e  

and 6 h o u r s  a f t e r  l i v e r  b i o p s y .

Animal Ho• T o t a l  l i p i d  g . / lO O  g* 

l i v e r  (wot w t . )

p e r  c e n t  

i n c r e a s e

b e f o r e a f t e r

1 2*80 3*03 8

2 2*42 3*15 30

3 3*05 3*83 26

4 2-03 2*53 25

5 2*82 3*62 28

6 2*94 3*03 3

a v e ra g e i n c r e a s e 24

The two p o p u l a t i o n  means o f  t a b l e s  19a and 19b a r e  

s i g n i f i c a n t l y  d i f f e r e n t .  ( P<T 0*05)



The q u e s t i o n  o f  t h e  o r i g i n  o f  t h i s  i n c r e a s e d  non

p h o s p h o l i p i d  o c c u r r i n g  i n  t h e  l i v e r  a f t e r  b o t h  p a r t i a l  

h e p a te c to m y  and b i o p s y  rem a ined  to  be an sw ered  « C h a n u t in  

and G j e s s i n g  (1949a ,  b) o b se rv e d  an e l e v a t e d  serum l e v e l  o f  

t o t a l  l i p i d  i n  r a t s  a t  one and two days  a f t e r  p a r t i a l  h e p a -  

t e c to m y .  J a n l o n  and  S se n b e rg  (1959) o b t a i n e d  e v id e n c e  f o r  

t h e  v iew  t h a t  f a t t y  i n f i l t r a t i o n  o c c u r r i n g  i n  t h e  e a r l y  s t a g e s  

o f  l i v e r  r e g e n e r a t i o n  i s  p a r t l y  due t o  t r a n s f e r  o f  r e s e r v e  

f a t  from f a t  d e p o t s  t o  t h e  l i v e r *  I t  i s  c l e a r  from F i g u r e s  

14a and 14b t h a t  an e l e v a t i o n  o f  p la sm a  t o t a l  l i p i d  d o es  f o l l o w  

p a r t i a l  h e p a te c to m y  and t h a t  i t  i s  moat p ro n o u n ced  i n  t h e  

f i r s t  4 h o u r s .  I t  1 b a l s o  c l e a r  t h a t  v e r y  l i t t l e  change 

o c c u r s  i n  t h e  p lasm a  p h o s p h o l i p i d ,  so t h a t  t h e , i h e r e a a e d  

l i p i d  c o n c e n t r a t i o n  must be a s c r i b e d  t o  t h e  o t h e r  f r a c t i o n s #  

However, a s  can  be see n  from F ig u r e  14a and T ab le  18 t h e r e  i s  

a l s o  a s u b s t a n t i a l ,  s u s t a i n e d  %'ise i n  p la sm a  t o t a l  l i p i d  

a f t e r  sham o p e r a t i o n #

T a b le s  20 and 21 p r e s e n t  . the  r e s u l t s  o f  two s e r i e s  

o f  e x p e r im e n t s  t o  t e s t  w h e th e r  i n  a  c r o s s - c i r c u l a t i o n  t h e  

l i v e r  o f  an i n t a c t  p a r t n e r  (T a b le  2 0 ) ,  o r  o f  a  b i o p s i e d  

p a r t n e r  (T a b le  21) was a b l e  to  com pensa te  f o r  t h e  l o s s  o f  

l i v e r  s u b s t a n c e  i n  t h e  p a r t i a l l y  h e p a t e c t o m i s e d  p a r t n e r  a t  

l e a s t  i n  i t s  a b i l i t y  t o  m e t a b o l i s e  l i p i d .  I t  i s  however.



FIGUm 14 &

The e f f e c t  o f  sham o p e r a t i o n  and p a r t i a l  

liCfimtectomy on t h e  l e v e l  o f  t o t a l  l i p i d  i n  t h e  

c i r c u l a t i n g  b lo o d  p la sm a  o f  t h e  r a t .  Each 

e x p e r im e n t  was p e r fo rm e d  on one a n i m a l .
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MQmm 14 h ; y: ,

The effect of partial hepatectomy on thé 
lévels of total lipid and phospholipid F in thé 
o:ronlating hlood plasma of the rat. One animal 
was used for each point#
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'Y

c l e a r  t h a t  a f t e r  c r o s s - c i r c u l a t i o n  f o r  6 boursp t h e  l i v e r  

o f  t h e  u n o p e r a t e d  p a r t n e r  h a s  a s u b s t a n t i a l l y  lo w er  l i p i d  

c o n c e n t r a t i o n  t h a n  t h e  r e s i d u a l  l i v e r  f r a g m e n t  o f  t h e  

h e p a te c t o m i s e d  p a r t n e r  ( f a b l e  2 0 ) .  The c r o s s - c i r c u l a t i o n  

t h e r e f o r e  had  n o t  a b o l i s h e d  t h e  d i f f e r e n c e  be tw een  t h e  two 

p a r t n e r s  i n  t h i s  r e s p e c t . Oh th e  o t h e r  hand# th e  concen

t r a t i o n  i n  t h e  u n o p e r a t e d  p a r t n e r  a t  t h e  end o f  t h e  c r o s s -  

c i r c u l a t i o n  was u n i f o r m l y  h i g h e r  t h a n  t h a t  i n  t h e  p a r t i a l l y  

h e p a te c t o m i s e d  p a r t n e r  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r im e n t  # 

T h is  s u g g e s t e d  t h a t  t h e r e  had been  some a c c u m u la t io n  o f  l i p i d  

i n  t h e  l i v e r  o f  t h e  unopercated p a r t n e r . T h i s  c o n c l u s i o n  i s  

c o n f i rm e d  by t h e  r e s u l t s  shown i n  T ab le  2 1 .  I n  t h i s  

e x p e r im e n t  b o t h  t h e  p a r t i a l l y  h e p a t e c t o m i s e d  and b i o p s i e d  

p a r t n e r s  showed# on average#  an i n c r e a s e  i n  l i p i d  c o n te n t*  . 

However, t h e  i n c r e a s e  was s i g n i f i c a n t l y  l a r g e r  i n  th e  

p a r t i a l l y  h e p a te c t o m i s e d  a n i i ï ia l s .  I t  may be c o n c lu d e d ,  t h e n ,  

t h a t  t h e  l i v e r  o f  t h e  normal p a r t n e r  was a b l e  t o  com pensa te ,  

th o u g h  n o t  c o m p l e t e l y ,  f o r  t h e  d e f i c i e n c y  o f  l i v e r  i n  th e  

p a r t i a l l y  h e p a te c t o m i s e d  one w i th  r e g a r d  t o  l i p i d  m e ta b o l i s m .



T a b le  20 ;

The e f f e c t  o f  a  6 - h o u r  c o r s o - o i r o u l a t i o n  on t o t a l  

l i p i d  c o n c e n t r a t i o n  i n  t h e  l i v e r  o f  h a t h  t h e  norms,! 

i n t a c t  and t h e  p a r t i a l l y  h e p a t e c t o m i s e d  r a t *

E x p e r im e n t  L i v e r  t o t a l  l i p i d  oonc* (g . / lO O  g* wet wt*)

No, h 0  p a t e  c t  omi sod p a r t n e r i n t a c t  p a r t n e

b e f o r e a t a t

c r 0  Bs - c  i  r c u 1a t i  on s a c r i f i c e s a c r i f i c e

1 . 2*8T 4-17 3-20

2 3*05 3-98 3-52

3 3*12 6-30 3-93

4 2* 63 4- 73 3-50

2-36 5-26 3-41

6 3*21 5-57 4-56

7 3-38 4-23 4-22

8 3-33 4 H 5 4-60

a v e ra g e

cone * 3-00 3-09 3*88

The d i f f e r e n c e  be tw een  th e  mean v a l u e s  o f  t h e  l i v e r

l i p i d  c o n c e n t r a t i o n  i n  t h e  two a n im a l s  a t t h e  end o f

t h e  e x p e r im e n t i s  h i g h l y  s i g n i f i c a n t .  ( P <  0 -0 1 )



Tàblo  21 . ' '

The e f f e c t  o f  a  6*«>hour c:eoBrj-ciroulat:loix on t o t a l  l i p i d  

c o n o e n t : r a t i o n  i n  t h e  l i v e r  o f  b o t h  th o  b i  op s i e d  and 

p a r t i a l l y  H e p a te c to m is e d  ra tm .. .

E x p e r im en t  L i v e r  t o t a l  l i p i d  cono » (g*/lOO g ;  wet w t . )

No, h e p a to e to m is o d  ’ b i o p s i e d  , -

po /c tner  p e r  o e n t  p a r t n e r  p e r  o e n t  

b e f o r e  a f t e r  change b e f o r e  a f t e r  change

1 3 '0 1 38-2 3-83 3-83 0

2 3 '2 3 3-70 14-5 2-92 3-33  . 14-0

3 ; 2*73 ' 3 -28 20-1 2-76 2 -6 4 — 4-3

4 ■ • 2 '8 4 3-65 28-5 3-03 3-45 13-9

5 . 2-58 3-52 36-5  , . : 2 -6 4 3-09 17-0

a v e ra g e i n c r e a s e 27*5 a v e ra g e ! i n c r e a s e  8-12

The d i f f e r e n c e ,  be tw een  t h e  mean l i p i d  i n c r e a s e  f o r  t h e  

two a n im a l s  a f t e r  t h e  c r o s s - c i r c u l a t i o n  i s  s i g n i f i c a n t *  

( P <  0*02)



-  7  (7 ^

The mechanism o f  l i v e r  1 i p i d  d ep o s i t i qii a f t e r  p a r t i a l  

l i e p a te c to m y , ?

T h a t  t h e  l i v e r  p l a y s  a s i g n i f i c a n t  r o l e  izi t h e  

i n t e r m e d i a r y  m e ta b o l i sm  o f  l i p i d s  h a s  l o n g  been  a p p r e c i a t e d *  

S in ce  t h i s  o rg a n  i s  co n c e rn e d  n o t  o n ly  w i t h  t h e  o x i d a t i o n  o f  

f a t s  b u t  a l s o  t h e i r  s y n t h e s i s  and re transport in lipoprotei%% 

form, a change i n  l i v e r  l i p i d  c o n e o u t r a t i o n  may t h e o r e t i c a l l y  

be due to  a  change i n  any o f  t h o s e  a c t i v i t i e s  « The r e s u l t s  

r e p o r t e d  i n  t h i s  s e c t i o n  c o n c e r n in g  e l e v a t e d  p la sm a  l i p i d  

l e v e l s  s u p p o r t  t h e  v iew  t h a t  i n c r e a s e d  l i p i d  d e p o s i t i o n  i s  

] p a r t ly  due to  an i n c r e a s e d  d e l i v e r y  o f  l i p i d s  to  t h e  l i v e r .  

Even a  norm al  r a t e  o f  d e l i v e r y  o f  l i p i d  to  a  l i v e r  one third 
norm al s i z e  m ig h t  be expeoted t o  exceed  i t s  capacity to  

m e t a b o l i s e  i t .  The a t t a i n m e n t  o f  a  l i v e r  l i p i d  c o n c e n t r a t i o n  

o f  a b o u t  t h r e e  t im e s  c o n t r o l  v a l u e  a f t e r  a b o u t  12 h o u r s  

s u g g e s t s  t h a t  t h e r e  i s  a  h o m e o s t a t i c  c o n t r o l  o f  t h e  t o t a l  

amount o f  l i p i d  i n  t h e  l i v e r .  T h is  c o n c l u s i o n  i s ,  o f  c o u r s e ,  

c o m p l i c a t e d  by  t h e  f a c t  t h a t  t h e  p r o p o r t i o n s  o f  t h e  v a r i o u s  

f r a c t i o n s  a r e  a l t e r e d ,  t h e r e  b e in g  a r e l a t i v e l y  g r e a t e r  

i n c r e a s e  i n  n e u t r a l  l i p i d s

R e c e n t l y  S t e i n b e r g  (1963) h a s  d e m o n s t r a t e d  t h a t  i n  

dogs w i t h  i n t a c t  l i v e r s ,  an  i n c r e a s e d  d e p o s i t i o n  o f  n e u t r a l  

l i p i d  can  be p ro d u c e d  by an i n t r a v e n o u s  i n f u s i o n  o f  n o r -
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a d r e n a l i n e  and a l s o  o f  f r e e  f a t t y  a c i d s  (FFA )* T ha t  n o r -  

a d r e n a l i n e  was n o t  m e d i a t i n g  i t s  a c t i o n  by h e p a t o t o x i c  e f f e c t  

b u t  by a  FFÂ m o b i l i n i n g  a c t i o n  was i n d i c a t e d  by t h e  f i n d i n g  

t h a t  i n t r a p o r t a l  i n f u s i o n  c a u sed  no e l e v a t i o n  o f  l i v e r  l i p i d  

b u t  t h a t  s w i t c h i n g  t h e  i n f u s i o n  to  a . p e r i p h e r a l  v e i n  ca u se d  

th e  u s u a l  i n c r e a s e  i n  l i v e r  t r i g l y c e r i d e s .  I t  i s  known from 

th e  work o f  F r e d e r i e k s o n  and Gordon (1958) t h a t  f r e e  FFA 

co m p le te d  t o  serum a lbum in  a r e  a  m a jo r  t r a n s p o r t  form o f  f a t #  

F u r t h e r  i t  was d i s c o v e r e d  t h a t  serum FFA i s  u n d e r  th e  

c o n t r o l l i n g  i n f l u e n c e  o f  hormones (Langdon, I960)  . A dreno-  

c o r t i  ab t r o p h i c  ho rmone, a d r e n a l i n e , no r a d r e n a l i  ne , Growth 

Hormone and T h y ro id  S t i m u l a t i n g  Hormone a l l  i n c r e a s e ,  w h ereas  

i n s u l i n  lo w e r s  t h e  l e v e l  o f  serum FFA* On t h e  b a s i s  o f  h i s  

r e s u l t s  on d o g s ,  S t e i n b e r g  (1963) c o n c lu d e d  t h a t  e l e v a t i o n  

o f  serum FFA c o n c e n t r a t i o n s  p e r  se  was an adeg^uate b a s i s  f o r  

t h e  deve lopn ien t  o f  f a t t y  l i v e r .  He f u r t h e r  p ro p o s e d  t h a t  an  

" e x c e s s i v e l y  r a p i d  m o b i l i b a t i o n  o f  FFA t o  t h e  l i v e r ,  even  

th o u g h  t h e  l a t t e r  l a  f u n c t i o n i n g  n o r m a l ly ,  can  exceed  t h e  

c a p a c i t y  o f  t h e  l i v e r  to  d i s p o s e  o f  FFA by o x i d a t i o n  o r  

r e s e c r e t ! o n  i n  e s t e r  form v i a  l i p o p r o t e i n s " .

A cc o rd in g  t o  t h i s  t h e o r y ,  f a t t y  l i v e r  would be 

e x p e c t e d  t o  o c c u r  on t h e  b a s i s  o f  an  im b a lan ce  be tw een  t h e  

r a t e  o f  u p ta k e  o f  FFA by th e  l i v e r  and t h e  c a p a c i t y  o f  t h e
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l i v e r  to  d i s p o s e  o f  FFA by,

a )  o x i d a t i o n ,

b) e s t é r i f i c a t i o n  and r e t r a n s p o r t  i n  l i p o p r o t e i n  

fo rm t

P r o v id e d  t h e r e  is ,  no a l t e r a t i o n  i n i  t h e  r a t e  o f  o x i d a t i o n  o r  

e a t e r i f i c a t i o n  o f  PFÂ i n  t h e  l i v e r  f r a g m e n t  a f t e r  p a r t i a l  

h e p a te c to m y ,  a  s i m i l a r  e x p l a n a t i o n  m ig h t  a c c o u n t  f o r  t h e  

a c c u m u la t i o n  o f  n e u t r a l  f a t  which  o c c u r s  i n  t h e  e a r l y  s t a g e s  

o f  r e g e n e r a t i o n .  I n  t h i s  c a s e ,  a l t h o u g h  t h e  e l e v a t i o n  o f  

t o t a l  l i p i d  i n  p la sm a  was found  t o  bo marked o n ly  f o r  t h e  

f i r s t  few h o u r s  a f t e r  o p e r a t i o n ,  p e r h a p s  a normal, %'ate o f  

d e l i v e r y  o f  l i p i d  ixi t h e  form o f  FFA t o  a  l i v e r  re d u c e d  to  one 

t h i r d  o f  c o n t r o l  siz;e would be s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  

a  e oumu1a t i o n #

The n h v s i o l o g i c a l  s i ^ n i f i c a n c e  o f  l i n i d  a c c u m u la t io n  i n  

r e g e n e r a t i n g  l i v e r .

rAn o b v io u s  e x p l a n a t i o n  o f  l i p i d  a c c u m u la t io n  i s  

t h a t  i t  r e p r e s e n t s  a  s t a t e  o f  r e l a t i v e  h e p a t i c  i n s u f f i c i e n c y  

i . ; 0 , ,  t h e  l i v e r  f r a g m e n t  i s  b e in g  f u n c t i o n a l l y  o v e r lo a d e d #  

E v id ence  w hich  s u p p o r t s  t h i s  c o n c e p t  i s  a v a i l a b l e  from t h e  

r e s u l t s  o f  . the  o r o s a —c i r c u l a t i o n  e x p e r im e n t s  a l i 'b a d y  d e s c r i b e d  

(T a b le s  20, 21)# The l i v e r  o f  t h e  i n t a c t  o r  b i o p s i e d  p a r t n e r



o f  a c r o s s - c i i x u l a t e d  p a i r  was a b l e  t o  a s s i s t ,  t o  some e x t e n t ,  

t h e  l i v e r  f r a g m e n t  o f  t h e  p a r t i a l l y  h e p a te c t o m i s e d  p a r t n e r  

i n  i t s  a b i l i t y  t o  m e t a b o l i s e  l i p i d .

I n d i r e c t  s u p p o r t  f o r  t h i s  v iew  i s  p r o v i d e d  by th e  

o b s e r v a t i o n s  o f  o t h e r  wo rke  r  s . Mac Kay and G am e (1938) found  

t h a t  b o t h  a d r e n a l e c to m y  and i n f u s i o n  o f  g l u c o s e  m ark e d ly  

r e d u c e d  t h e  amount o f  t h e  l i p i d  d e p o s i t i o n  i n  t h e  l i v e r  

rem nan t  o f  r a t s  a f t e r  p a r t i a l  h e p a te o to m y .  F e r r a r i  and 

H ark n ess  (1954) a l s o  n o t e d  th e  i n h i b i t o r y  e f f e c t  o f  adrexia-  

l e c to m y  on l i p i d  d e p o s i t i o n  a f t e r  p a r t i a l  h e p a te c to m y .  Both  

o f  t h e s e  e f f e c t s  can  now be u n d e r s to o d  in. t e rm s  o f  t h e  t h e o r y  

o f  S t e i n b e r g  (1963) • I t  h a s  been  shown t h a t  b o t h  i n s u l i n  

and g l u c o s e  a c t  by i n h i b i t i n g  t h e  r e l e a s e  o f  FFA from a d ip o s e  

t i s s u e .  I t  i s  p r o b a b le  t h a t  an e l e v a t e d  l e v e l  o f  g lu c o s e  

i n  v iv o  s t i m u l a t e s  t h e  endogenous s e c r e t i o n  o f  i n s u l i n *  

M oreover ,  a c c o r d i n g  to  S t e i n b e r g  (1 9 6 3 ) ,  a d r e n o c o r t i c a l  

s t e r o i d s  c o n d i t i o n  t h e  m e ta b o l i c  s t a t e  o f  a d ip o s e  t i s s u e  t o  

p e r m i t  maximum r e s p o n s e  t o  c a t e c h o l a m i n e s  e . g . ,  a d r e n a l i n e .

I t  seems l i k e l y ,  t h e n ,  t h a t  t h e  e f f e c t  o f  g l u c o s e  i n f u s i o n  

and a d r e n a l e c to m y  i n  d i m i n i s h i n g  l i p i d  a c c u m u la t io n  i n  l i v e r  

a f t e r  p a r t i a l  hepatectomy i s  m e d ia te d  by t h e i r  known a c t i o n s  

on t h e  serum l e v e l  o f  FFA.

A second  p o s s i b i l i t y  i s  t h a t  t h e  i n c r e a s e d  co n -
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c e n t r a t i o n  o f  l i p i d  i n  th e  . l i v e r  f r a g m e n t  a f t e r  p a r t i a l  

h e p a te c to m y  m ig h t  f a c i l i t a t e  r e g e n e r a t i o n  by p r o v i d i n g  more 

e n e rg y  f o r  t h e  s y n t h e s i s  o f  n i t r o g e n  c o n t a i n i n g  components  

i * e * ,  p r o t e i n s ,  UNÂ and DNA. The work o f  Campbell  and 

Kos t e r l i t s  (1 9 4 3 ) ,  Munro. and N a is m i th  (1 9 5 3 ) ,  Galloway and 

G p ec to r  (1955) h a s  d e m o n s t r a t e d  t l m t  t h e  p r o t e i n  c o n t e n t  o f  

r a t  l i v e r  v a r i e s  w i t h  v a r i a t i o n s  i n  e n e rg y  i n t a k e *  The 

g e n e r a l  c o n c l u s i o n  d e r i v e d  from t h i s  work i s  t h a t  t h e  p r o t o i n  

c o n t e n t  o f  t h e  l i v e r  i s  s e n s i t i v e  t o  c a l o r i c  i n t a k e  when t h e  

d i e t  c o n t a i n s  a d e q u a te  amounts  o f  p r o t e i n  * Munro and 

N a i s m i th  (1953) i n v e s t i g a t e d  t h e  e f f e c t  o f  d i e t a r y  a d d i t i o n  

o f  c a r b o h y d r a t e  a n d . f a t  to  t h e  p r o t e i n  n i t r o g e n  c o n t e n t  o f  

r a t  l i v e r #  They found  t h a t  each  n u t r i e n t  had  s i m i l a r  e f f e c t s  

i n  p ro m o t in g  i n c r e a s e  o f  p z 'o to in  n i t r o g e n  c o n t e n t .  These 

a u t h o r s  found  m oreov e r ,  t h a t  a l t h o u g h  most o f  t h e  n i t r o g e n  

r e t a i n e d  a s  a  r e s u l t  o f  i n c r e a s i n g  c a l o r i c  i n t a k e  was 

d e p o s i t e d  i n  t h e  c a r c a s s ,  b e c a u se  o f  t h e  s m a l l  siy;e o f  th e  

l i v e r  r e l a t i v e  t o  t h e  c a r c a s s ,  t h e  e f f e c t  on l i v e r  p r o t e i n  

c o n t e n t  was much more d r a m a t i c  t h a n  on c a r c a s s  p r o t e i n  

c o n t e n t *  I t  seems p r o b a b le  t h a t  e n e rg y  i n t a k e  i n f l u e n c e s  

u t i l i s a t i o n  o f  amino a c i d s  f o r  a l l  s y n t h e t i c  p r o c e s s e s #

A l th o u g h  t h e s e  c o n c l u s i o n s  r e g a r d i n g  th e  b e n e f i c i a l  

e f f e c t  o f  incr*eased  c a r b o h y d r a t e  and l i p i d  i .n take  on n i t r o g e n



Table 22

Com parison  o f  t h e  BMAP and BNAP c o n t e n t  o f  m edian ,  l e f t  

l a t e r a l  and r i g h t  l a t e r a l  l o b e s  o f  t h e  l i v e r  o f  a  r a t , 

The r é s u l t a  f o r  each  lo b e  a r e  i n  d u p l i c a t e .

Lobe wet wt* l i v e r

HNÂP DMA?
BNAP
DNAP

Median 903*6

955*2

286*0

298*0

3*16

3*20

L e f t  l a t e r a l 847*6  

866 *  8

266*0

256*0

3*18

3*38

R ight l a t e r a l 801*2

801*2

224*0

252*0

3*56

3*18
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r e t e n t i o n  by t h e  t i s s u e s  have been  d e r i v e d  from d i e t a r y  

s t u d i e s ,  i t  seems r e a s o n a b l e  to  a p p ly  them t o  t h e  r e g e n e r a t i n g  

l i v e r  f r a g m e n t .  S in ce  t h e r e  i s  an a lm o s t  t h r e e f o l d  i n c r e a s e  

i n  t h e  p e r f u s i o n  r a t e  o f  t h e  l i v e r  f r a g m e n t  a f t e r  p a r t i a l  

h e p a te c to m y ,  t h e  s u p p ly  t o  t h e  l i v e r  o f  g l u c o s e ,  f a t t y  a c i d s  

and amino a c i d s  i s  p re su m a b ly  a l s o  t r e b l e d *

ChaiiTOS i n  RNA and p r o t e i n  c o n c e n t r a t i o n *

One o f  t h e  e a r l i e s t  m a n i f e s t a t i o n s  o f  r e g e n e r a t i o n  

i n  t h e  l i v e r  i s  an I n c r e a s e  i n  ENA c o n c e n t r a t i o n  (H a rk n o ss ,  

1957)# B e fo re  i n v e s t i g a t i n g  t h i s  change ,  however,  i t  was 

o b v i o u s l y  d e s i r a b l e  t o  make su re  t h a t  th e  d i f f e r e n t  p a r t s  o f  

t h e  l i v e r  were in d e e d  c h e m i c a l l y  u n i fo rm  w i t h  r e s p e c t  t o  ENA 

c o n c e n t r a t i o n *  The r e s u l t s  o f  a n a l y s e s  o f  t h e  m edian ,  l e f t  

l a t e r a l  and r i g h t  l a t e r a l  l o b e s  o f  t h e  l i v e r  o f  a s i n g l e  r a t  

a r e  p r e s e n t e d  i n  Table  22# From t h i s  i t  can  be seen  t h a t  

w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n ta l  a c c u r a c y ,  t h e  c o n c e n t r a t i o n  

o f  ENA and DNA do n o t  v a r y  from one lo b e  t o  a n o t h e r # Hence, 

i t  i s  r e a s o n a b l e  t o  assume t h a t  t h e y  a r e  f a i r l y  c o n s t a n t  

t h r o u g h o u t  t h e  whole l i v e r #  The n e x t  s t e p  i n  t h e  i n v e s t i ^  

g a t i o n  was t o  m easure  t h e  changes  i n  ENA and DNA which  to o k  

p l a c e  i n  t h e  f i r s t  24 h o u r s  a f t e r  p a r t i a l  h e p a te c to m y .  From 

t h e  r e s u l t s  i n  T ab le  23, i t  can  be seen  t h a t ,  w h i le  t h e r e  i s



Table 23

The change i n  BNAP/DNAP r a t i o  24 h o u r s  a f t e r  p a r t i a l  

hopa teo toB iy .

Animal 

No .

1
2

3

4 

3 

6 

T 

8 

9

10

1 1

b e f o r e

o p e r a t i o n

3-15

2-74

3-02

3-58

3-48

3-57

2-64

2-53

3-03  

’ 4-32

3-28

BNAP
DNAP
a f t e r

o p e r a t i o n

3-80

3 - BO

3-85

4 -2 8

4-07

4-17

3-75

3-70

3-73

4-33

4-43

p e r  c e n t  

i n c r e a s e

20-6

38-6

27-5

19-6

16-0

15-8

42

46-2

23-1

0

- 35-0

a v e ra g e  i n c r e a s e 25-9



T ab le  24

The change i n  ENAF/DAN}? r a t i o  12 h o u r s  a f t e r p a r t i a l

h e p a te c to m y •

Animal

No-* b e f o r e

ENAF
DNAP
a f t e r p e r  c e n t

o p e r a t i o n o p e r a t i o n i n c r e a s e

1 4-00 4 -7 17-5

2 4-02 5-30 31-8

3 4-01 4-45 10-97

4 3-82 3 -9 4 3 -1 4

5 3-69 4-75 28-7

6 3-62 4-82 33-1

a v e ra g e change 20-9



Table 25

The change I n  protein/DNAP r a t i o - '12 h o u ra  after partial
'hepateàtoraÿ,,. y. ' . ' /  %. . '

Animal

before

o p e r a t i o n

■‘Protein 
MAP
a f t e r

o p é r a t i o n

p e r  cen'%

change

4

6

2 0 0

366

356

308

409

5-87

0 

11 '  

15-2  

11*8

a v e ra g e  i n c r e a s e 1 ‘ 5
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c o n s i d e r a b l e  v a r i a t i o n  from one an im a l  t o  a n o t h e r ,  t h e  co n -  

o e n t r â t i o n  o f . ENA c o n s i s t e n t l y  i n c r e a s e d  a f t e r  t h e  o p e r a t i o n *  

Even more s i g n i f i c a n t  was t h e  f a c t  t h a t  t h e  EHâ/DMÂ r a t i o ,  

w hich  r e p r e s e n t s  t h e  a v e ra g e  RNA c o n t e n t  p e r  c e l l ,  showed a 

mean i n c r e a s e  o f  26 p e r  c e n t*  T ab le  24 p r e s e n t s  t h e  c o r r e s 

p o n d in g  r e s u l t s  f o r  an in tez^va l  o f  12 h o u r s  a f t e r  t h e  o p e r a t i o n  

While a g a i n  t h e r e  i a  a  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  r e s p o n s e  

o f  i n d i v i d u a l  r a t s ,  t h e r e  i s  a  mean i n c r e a s e  i n  RNA/DNA r a t i o  

o f  a b o u t  21 p e r  c e n t .  T ab le  25 shows ch a n g e s  i n  p r o t e i n /

DNA r a t i o  ( t h e  a v e ra g e  p r o t e i n  c o n t e n t  p e r  c e l l )  a f t e r  12 

ho u rs*  The change i n  t h i s  r a t i o  a s  a r e s u l t  o f  t h e  

o p e r a t i o n  v a r i e s  g r e a t l y  be tw een  a n i m a l s ,  b u t  on t h e  a v e ra g e  

i t  i s  v e r y  sm a l l  *

A l th o u g h  t h e  a v e ra g e  i n c r e a s e  i n  ENA/DNA r a t i o  o f  

21 p e r  c e n t  a t  12 h o u r s  i s  n o t  v e r y  g r e a t ,  i t  seemed l a r g e  

enough to  be u s e d  a s  an  i n d i c a t i o n  o f  r e g e n e r a t i o n .  I t  was 

n e c e s s a r y ,  how ever ,  t o  e n s u re  t h a t  i t  was i n  f a c t  a r e s p o n s e  

t o  t h e  p a r t i a l  h e p a te c to m y  and n o t  m e re ly  t o  t h e  shock  o f  t h e  

o p e r a t i o n *  A c c o r d in g ly ,  t h e  expeî?iment was r e p e a t e d ,  b u t  

i n  t h i s  c a s e  o n ly  a sm a l l  b i o p s y  sample o f  t h e  l i v e r  was 

rem oved. The p ro c e d u re  c o n s i s t e  i n  p a s s i n g  a lo o p  o f  c o a r s e  

l i n e n  t h r e a d  a ro u n d  t h e  b ase  o f  t h e  l e f t  segment o f  t h e  c l e f t  

m edian  l o b e ,  and l i g a t i n g  i t  f i r m l y  ( s e e  Appendix on M e th o d s ) .



Table 26

The change i n  UMAP/3)NAP r a t i o  12 h o u r s  a f t e r  b i o p s y

o f  t h e  l i v o r

Animal

No;

1
2

3

4

b e f o r e

o p e r a t i o n

4-02

3*74

3-72

4-20

4-19

3-03

BNAP
DNA'i?
a f t e r

o p e r a t i o n

4-00

3-77

4 -06  

4* 14

4-58

3-23

p e r  c e n t  

change

0
0

9-1  

— 1*4 

9 -3

6 - 6

a v e ra g e  change 3-9

The a v e ra g e  c h a n g es  i n  BNAP/DNAP r a t i o  12 h o u r s  a f t e r  

l i v e r  b i o p s y  and p a ï * t i à l  h e p a te c to m y  (T a b le  24) a r e  

s i g n i f i c a n t l y  d i f f e r e n t .  ( P <  0 -0 2 )
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The liver segment distal to the ligature may be cleanly 
removed with a scalpel# It constitutes less than one tenth 
of the liver substance# The results in Table 26 clearly show 
that the removal of such a biopsy did not signifiqantly alter 
the RWA/1)NA ratio* It may therefore be concluded that the 
change in the corresponding ratios shown in Table 24 must 
be a response to the substantial loss of liver substance and 
not merely to the stress of the operation# These findings 
are in harmony with the results of . Fuji.oka:, et a l #. (1963) 
who demonstrated that more than 10 per cent of the liver must 
be removed before increased incorporation of ^"^C-orotate 
into liver RNA occurs#

Table 27 shows the results of a series of cross
circulations in which one of the partners was submitted to 
partial hepatectomy and the other to excision of a liver 
biopsy immediately before the cross-circulation was established 
It is quite clear that there is a distinct difference between 
the two partners# On the whole, the biopsied partners show 
no change or a slight fall in ENA/DNA ratio# On the other 
hand, the hepatectomised partners show an increase in RNA/
DNA although this increase was slightly less than that found 
in single partially hepatectomised rats at the same time 
interval (Table 24)# These results show that in a cross-



A.. Table ,27 J

ChangeB i n  t h e  RNAP/])NAP r a t i o  i n  t h e  l i v q r  o f  a  

p a r t i a l l y  i iep a tec to m iB ed  compared t o  t h a t  o f  a  l i v e r -  

b i o p s i o d  x'at a f t e r  t h e y  had been  c ro sb ^ - 'C i re n la te d  f o r  

12 h o u r s  * .

F-ixp MàR.mm?
No# B i o p s ie d r a t P a r t i a l l y  hop . ,  r a t

p e r  c e n t X>er c e n t

b e f o r e ■ a f  tex* ehaïigo b e f o r e a f t e r : change

1 3-48 3-30 -  5*17 2*68 2-93 9-32

a 3-28 2*97 — 9*45 ' 3 -26 3 * 56 9 -2 0

3 3-56 ' 3^40 rra 4 * 49  ̂ 2-92 3-52 '20*54

4 .3*56 3-70 3-93 3-20 3-41 6-56

5 3-52 3-30 — 6* 25 3-40 3-07 -  9 -7

6 4-04 3-89 -  3-71 3-76 3-92 4*25

T 3*93 3-56 -  9 -41 3-98 4 -1 0 3-01

8 3-38 3-19 -  5-62 3 -6 2 3-89 7-45

9 V 3-67 3-70 0-82 3*81 4- 85 27-2

10 2-99 3-24 8*36 3*80 3-90 2-63

11 .2-92 3*32 13-7 2*30 2-70 17-39

a v e ra g e change -  1 -57  V a v e ra g e change 8-90

I The mean v a l u e s  6 f  t h e  two p o p u l a t i o n  i n c r e a s e s  a r e  

B i g n i f i o a n t l y  d i f f e r e n t  ( : P K  0 - 0 2 ) .
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circulation, partial hepatectomy of one partner does not 
produce identical regenerative changes in the livers of both 
partners. Whatever the stimulus may be which causes RNA to 
accumulate in the residual liver fragment of the hepatectomised 
animal, it is not effectively transferred to the biopsied 
partner. This result confirms the negative results obtained 
in the 48 hour cross-circulation experiments in which mitotic 
index was used as an index of growth (Section 2.1)* Like 
the latte 1' it is difficult to reconcile with the existence of 
a humoral mechanism*

Physiological significance of changes in RNA.
The increased synthesis of RNA which occurs in 

regenerating liver is presumably an integral part of the 
cellular preparation for cell growth and division. Two 
pieces of evidence support this point of view*

l) A threshold amount of liver tissue (corresponding 
to 10 per cent of the total organ) must be 
removed before an increased incorporation of 
precursors into liver RNA is observed (Fujioka,
Koga & Lieberman, 1963)* The removal of a 
similar amount of tissue, reported as 9*4 to 
1243 per cent, must be removed to effect a



s i g n i f i c a n t  s t i m u l a t i o n  o f  DNA s y n t h e s i s  

(MacDonald, R o ge rs ,  & P e c h e t ,  1 9 6 2 ) .

2) I f  p - f l u o r o p h e n y a l a n i n e  o r  a o t in o m y c ln  D i s  

i n j e c t e d  i n t o  p a r t i a l l y  h e p a te c t o m i s e d  r a t s  

i n  c o n c e n t r a t i o n s  w hich  w i l l  n o t  e f f e c t  norm al 

RNA s y n t h e s i s ,  t h e  i n c r e a s e  i n  t h e  r a t e  o f  

s y n t h e s i s  p ro d u c e d  by p a r t i a l  h e p a te c to m y  

can  be c o m p l e t e l y  s u p p r e s s e d  ( s e e  S e c t i o n  I *3 2 ) ,

I n  r a t s  t r e a t e d  i n  t h i s  way, a  d e l a y  o c c u r s  

i n  t h e  i n i t i a t i o n  o f  DNA s y n t h e s i s  ( F u j i o k a ,

Koga, & L ieberm an ,  1963)*

I f  t h i s  p o i n t  o f  v iew  be a c c e p t e d ,  t h e n  t h e  ab se n ce  o f  

i n c r e a s e d  s y n t h e s i s  o f  RNA i n  t h e  l i v e r  o f  t h e  b i o p s i e d  r a t  

c r o s s ^ c i r o u l a t e d  w i t h  a  p a r t i a l l y  h e p a te o to m is e d  p a r t n e r ,  

c o n f i r m s  t h a t  no g row th  ch an ges  have b een  evoked i n  t h i s  

l i v e r *  I t  i s  i n t e r e s t i n g  however,  t h a t  i n  t h e s e  c r o s s -  

c i r c u l a t i o n  e x p e r im e n t s  t h e  ENA i n c r e a s e  i n  t h e  l i v e r s  o f  t h e  

p a r t i a l l y  h e p a te c t o m i s e d  p a r t n e r s  was, on t h e  a v e r a g e ,  some

what  l e s s  t h a n  i n  s i n g l e  p a r t i a l l y  h e p a te o to m is o d  a n im a ls  

a f t e r  t h e  same t im e  i n t e r v a l *  T h is  o b s e r v a t i o n  s u g g e s t s  

t h a t  t h e  l i v e r  o f  t h e  normal p a r t n e r  was co m p e n sa t in g  t o  

some d e g r e e ,  f o r  t h e  d e f i c i e n c y  i n  t h e  p a r t i a l l y  h e p a t e c t o m i s e d  

r a t  ( i n  o t h e r  w o rds ,  i t  may be t h a t  t h e  norm al  i n c r e a s e  i n



RNA s y n t h e s i s  a f t e r  p a r t i a l  h ep a te c to m y  may bo a r e s p o n s e  t o  

some a s p e c t  o f  h e p a t i c  i n s u f f i c i e n c y . )  4

An i n t e r e s t i n g  a n a lo g y  to  t h i s  phenomenon, i s  

o f f e r e d  by t h e  r e s p o n s e  o f  t h e  r e m a in in g  k i d n e y  o f  a r a t  

w hich  h a s  b een  h h i l a t e r a l l y  n e p h re c to m ise d *  I t  h a s  been  

r e c e n t l y  d e m o n s t r a t e d  by H a l l i b u r t o n  and Thomson (1965) t h a t  

a l t h o u g h  t h e  m i t o t i c  r e s p o n s e  o f  such  a  k i d n e y  I s  q u i t e  s m a l l ,  

t h e  amount o f  ENA p o r  c e l l  i n c r e a s e s  d r a m â t i c a l l y  t o  r e a c h  a 

p l a t e a u  v a l u e  o f  a b o u t  30 p e r  c d n t  above c o n t r o l  v a l u e  by 

24 h o u r s  a f t e r  o p é r a t i o n !  M oreover ,  t h e y  have f u r t h e r  shown 

t h a t  f e e d i n g  a  h i g h  p r o t e i n  d i e t  t o  r a t s  can  c a u se  an  ENA 

i n c r e a s e  p e r  c e l l  o f  t h e  same o rd e r*  A h i g h  u r e a  d i e t  f e d  

t o  r a t s  a l s o  c a u s e d  an i n c r e a s e  o f  ENA p e r  c e l l  and p r o t e i n  

p e r  c e l l  b u t  t o  a  l e s s e r  d e g r e e .  These a u t h o r s  however,  

t h i n k  t h a t  t h e  in cx 'aa se  o f  ENA p e r  k i d n e y  c e l l  i n  a n im a l s  on 

a  h i g h  p r o t e i n  d i e t  i s  n o t  e n t i r e l y  due t o  i n c r e a s e d  u r e a  

p r o d u c t i o n .  At any  r a t e ,  i t  i s  p o s s i b l e  t h a t  some o f  t h e  

i n c r e a s e  a f t e r  u n in e p h re c to m y  may be a t t r i b u t e d  t o  f u n c t i o n a l  . 

o v e r lo a d  o r  work h y p e r t r o p h y  o f  t h e  r e m a in in g  k id n ey *



Table 28

The 0 o nee n t r â t i o n  o f  s o l u b l e  sodium, ami p o t a s s iu m ,  

i l l  t h e  r a t  l i v e r  b e f d r o  and 10 m in . ,  a f t e r  p a r t i a l  

h e p a te c  tomy *

E a t  Mi H i  e q u i v a l e n t  s / k g  « w et  w t .  l i v e r

No. Na"  ̂ • K'**

b e f o r e a f t e r b e f o r e a f t e r

1 32-3 35-5 9 7-5 88

2 29-7 30 y 89 100

3 24-8 33-5 92*2 92 -8

4 31-2 39-2  - - 97 /' y 87-5

5 30-3 33 95' 87-8

6 29 35-3 95 . 9 7 -8

T 3 2-7 38-3 96-2 86» 5



Table 28 (oontd.) .

The c 0110  e n t r a i  i o n  o f  so lu b le^  i n o r g a n i c  p h o sp h o ru s  and 

w a t e r  i n  t h e  r a t  l i v e r  b e f o r e  and 10 min #, a f t e r  p a r t i a l  

h e p a te c to m y .

R a t Hi H i e  q n i  Val e n t  b/ P e r  c e n t

[0# kg* wet wt * l i v e r r a t  03?

b e f o r e a f t e r b e f o r e a f t e r

1 . 14-1 14-2 7 2 -2 75-2

2 12-9 14-3 71 74

3 8-0 9 -2 70 73-5

4 14*2 12*8 72 73-8

5 $8-'3 8-9 63-1 70-1

6 9-3 10* T 6 8-2 69-8

T 8-9 7 -1 6 9 -2 70-3



Table 29 • ■

The c o n e s n t m t i o n  o f  s o l u b l e  sodium and p o ta s s iu m  

i n  th e  r a t  l i v e r  b e f o r e  and 10 min.» a f t e r  sham 

o p e r a t i o n .  ,

E a t  Ml111equ i v a l e n t  s / k g . v e t  w t ,  l i v e r

Mo. Na*̂ ’ K'*"

b e f o r e  a f t e r  b e f o r e  a f t e r

1 39 28*4 105 100

2 31*3 30 100 102*3

3 18*3 22*1 99*3 94*3

4 37*2 31*1 95*0 111*7

5 26*4 26*2 100 99

6 34*7 39*3 87 97



Table 29 ( e o n t d . ) ,

The c o n c e n t r a t i o n  o f  s o l u b l e  i n o r g a n i o  p h o sp h o ru s  and 

w a t e r  i n  t h e  r a t  l i v e r  b e f o r e  and' 10 m i n , ,  a f t e r  sham 

o p e r a t i o n .

R at  N fii 1 i  i  e q u i v a l  e i i t  a / P e r  s e n t

fo k g ,  wet w t ,  l i v e r , • w a t e r

b e f o r e

-, T) ‘ ■> '

a f t e r b e f o r e a f t e r

1 . 11» 2 8 -6 68-3 68* 4

2. 6-15 9-35 69*3 68* 8

3 ' -- ' _ , 8 -95 10*0 7 0 -8 68* 8

4 9 -0 5 i l - 2 69 • 8 TO

8^6 9 -6 70? 0 69 • 4

6 9 - 4 10-6 7 1 -0 71-2



Changée i n  w a t e r  and  e l e c t r o l v t o s .

The ch an ges  i n  t h e  c o n c e n t r a t i o n s  o f  ENA, l i p i d  

and  g ly c o g e n  i n  t h e  l i v e r  f r a g m e n t  which  f o l l o w  p a r t i a l  

h e p a te c to m y  a r e  d e t e c t a b l e  w i t h i n  a  few h o u r s  a f t e r  t h e  

o p e r a t i o n #  P re su m ab ly  t h e r e f o r e  t h e  s t i m u l u s  t o  r e g e n e r a t i o n  

i s  l i k e l y  t o  b e g i n  i t s  a c t i o n  v e r y  soon a f t e r  t h e  o p e r a t i o n #

I n  t h i s  c o n n e c t io n  i t  i s  o f  p a r t i c u l a r  i n t e r e s t  t h a t  

L ieberm an ,  G in g o ld ,  Kane and S h o r t  (1965) found  a  s i g n i f i c a n t  

i n c r e a s e  i n  sodium and i n o r g a n i c  p h o s p h a te  c o n c e n t r a t i o n  i n  

t h e  l i v e r  w i t h i n  m in u te s  o f  p a r t i a l  h e p a te c to m y .  Such r a p i d  

ch an g es  m ig h t  p e r h a p s  be t h e  t r i g g e r  o f  t h e  e n t i r e  

r e g e n e r a t i o n  p r o c e s s . T ab le  28 p r e s e n t s  t h e  r e s u l t s  o f  a 

s t u d y  o f  sodium, p o ta s s iu m ,  i n o r g a n i c  p h o s p h a te  and w a t e r  

c o n t e n t  o f  t h e  l i v e r ,  b e f o r e  and 10 min#, a f t e r  p a r t i a l  

h e p a te c to m y .  As a  c o n t r o l ,  t h e  same c h a n g e s  were s t u d i e d  i n  

l i v e r  b e f o r e  and  10 m in . ,  a f t e r  b io p s y  (T a b le  2 9 ) .  I t  i s  

e v i d e n t  t h a t  f o l l o w i n g  sham o p e r a t i o n ,  t h e r e  was no change 

i n  any  o f  t h e s e  e l e m e n t s .  However, f o l l o w i n g  p a r t i a l  

h e p a te c to m y ,  t h e r e  was a  c o n s i s t e n t  th o u g h  v a r i a b l e  i n c r e a s e  

i n  sodium, and an i n c r e a s e  i n  w a te r  c o n t e n t  o f  1 t o  3 p e r  

c e n t  (T a b le  2 8 ) •  P o ta s s iu m  and p h o s p h a te  showed no c h a n g e .  

L ieberm an  e t  a l . (1965) however,  t h i n k  t h a t  t h e s e  chang es  a r e  

p r o b a b l y  u n r e l a t e d  t o  t h e  s u b s e q u e n t  ensiymatic chan ges



a s s o c i a t e d  w i t h  r e g e n e r a t i o n  e . g * ,  t h e  i n c r e a s e  i n  RNA 

n u c l e o t i d y l t r a n s f e r a s e  a c t i v i t y .  The s i g n i f i c a n c e  o f  

t h e s e  ch an ges  i n  w a t e r  and i o n i c  c o n c e n t r a t i o n  rem a in  t o  he 

d e te rm in e d *

S e c t i o n  2*5 L i v e r  f u n c t i o n  during: r e g e n e r a t i o n *

I n  v iew  o f  t h e  known l a r g o  f u n c t i o n a l  r e s e r v e  o f  

t h e  l i v e r  i t  m ig h t  be e x p e c t e d  t h a t  when two t h i r d s  a r e  

removed, t h e  r e m a in in g  t h i r d  would be a b l e  t o  work a t  a lm o s t  

t h r e e  t i m e s  t h e  norm al  r a t e  and t h u s  a t  l e a s t  p a r t l y  compen

s a t e  f o r  t h e  d e f i c i e n c y *  U n f o r t u n a t e l y ,  t h e  f u n c t i o n s  o f  

t h e  l i v e r  a r e  numerous and v a r i e d  and some o f  t h e  m ost  

i m p o r t a n t ,  e * g i t s  r o l e  i n  c a r b o h y d r a t e  m e ta b o l i sm  and i n  

u r e a  s y n t h e s i s ,  a r e  n o t  e a s y  t o  measure*, However i t  seemed 

w o r th w h i le  t o  t r y  one s im p le  t e s t  o f  l i v e r  f u n c t i o n  b e f o r e  

and a f t e r  t h e  l o s s  o f  h e p a t i c  t i s s u e .  The dye s t u f f  brorn-» 

s u l p h t h a l e i n  i s  removed from t h e  c i r c u l a t i n g  b lo o d  a lm o s t  

e x c l u s i v e l y  by  t h e  l i v e r  and excise t e d  i n  t h e  b i l e  (Hoffman, 

1955)* The r a t e  o f  rem oval  o f  t h i s  t e s t  s u b s t a n c e  from t h e  

c i r c u l a t i n g  b lo o d  p e r  u n i t  o f  t im e  may t h e r e f o r e  be u s e d  a s  

an in d e x  o f  f u n c t i o n a l  l i v e r  t i s s u e *

P r e v i o u s l y ,  i t  was b e l i e v e d  t h a t  t h e  p r o c e s s  o f  

rem oval  o f  b r o m s u l p h t h a l e i n  sodium (B8P) from t h e  p la sm a  o f



FIGURE 15

The change in the concentration of brpmo- 
Bulphtimlein in the blood of two normal rata 
following intrarenona injection of the dyeatuff*
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C le a r a n c e  o f  b r o n i s u l p h t h a l e i n  f tom  t h é  r a t ;

Tivjo experiments oh the 'same an im a l  at an  intervé 1 
o f  37 niin* /  0%Mm c i r c l e s  represent the first 
experiment w i t h  a  h a l f -̂ 1 i f e of 1*65 min#, and closed 
circles r e p r e s e n t  t h e  second experiment with a 
hJlf#*life of 1*60 min. ' ■> c; /:
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O le a ra n o e  o f  b r o m s u l p h t h e l e i n  farom t h e  r a t  

b e f o r e  x J a r t i a l  h e p s to c to m y  (ppon c i r o l e s )  |  

o 2* 10 mill *, and a f t e r . p a r t i a l  

h i ipa tec toray  (clo»5ed c i r c l e s )  j h a l f - l i f e  6* 40 min*
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animals follows a conTontional first-order time course i*e.,
the rate of disappearance of dye from the blood is pro
portional to the concentration of dye in the blood (ingelfinger

1946j Ingelfingeri Bradley, Mendeloff & Kramer, 1948)*
This conclusion was derived from work on the human subject 
within certain restrictions of dose and time of observation.
It is not true that plasma clearance of BBP follows first- 
order kinetics in mammalian species in general (Krebs, 1956)# 
Under the experimental conditions described in the Methods 
Appendix, however, injected BSP does disappear from the 
circulation in an exponential fashion, at least within the 
first 6 min., of observation ( F i g .  15). Its disappearance 
may therefore be plotted on semi-logarithmic graph paper and 
the rate of disappearance may be represented by a single 
f i g u r e , e  . For a normal intact rat the half-life 
of injected BSP is approximately 2 minutes, and for a given 
animal could be reproduced after subsequent injections of the 
dye (Fig. 16); the BSP half-life for any given animal, under 
similar conditions, seems then to be constant. Partial 
hepatectomy, involving removal of about two-thirds of the 
liver, increased the half-life approximately threefold 
(Fig. 17), Therefore the capadity to excrete the dyestuff



Y.,:,;

Clearance of brqmsulphthalein frpm the rat 
immediately after partial Hepatectomy {open cirbles); 
half-life 5*25 min#, and again 48 hours later 
(closed circles); half-life 4*30 min*
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Gloarameè of bromsulphthaleia from the rat 
fore biopsy (open circles) | half-^llfe 2*50 mini 

and. in the same animal 15 min* after biopsy ■  ̂

(çloseâ circles); half-life 2*75 min* :
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may be used as a rough index of functional liver tissue #
BSP clearance \ m s  determined in partially liepatectomised rats 
immediately after the operation and after 48 hours (Fig• 18)• 
It is quite clear that little change occurred in the half- 
life of BSP excretion during this period* With regard to 
this function, it did Bot appear that the liver fragment 
could compensate for the missing lobes by operating three 
times as efficiently as normal*

It is interesting that liver biopsy, a procedure 
involving the removal of about 10 per cent of liver substance, 
caused a barely detectable increase in the half-life of 
excretion of the dyestuff (Fig# 19)# It would seem then 
that the liver was able to compensate almost completely for a 
loss of up to 10 per cent of its substance * As already 
referred to in the previous section, this quantity also 
represents the threshold amount of tissue which must be re
moved. to initiate increased ENA synthesis, ( Fujioka i ©t al # 
1963) and to initiate DMA synthesis in liver (MacDonald 
et a l . 1962) •

15The experiment involving the injection of Or- 
labelled erythrocytes confirmed that the cross-circulation of 
rats gave an exchange of blood of the order of one quarter of 
each animal * s blood volume per minute (Section 2*1)# It



. . : . FIGURE 20 y

Clearance of broMsulphthàlein from two normal 
i^oss-cirçulated rats after injeotion of the dye- 
stuff into One of the partners (open circles)*
The closed circles represent the non-injected 
partner, . < ' - y ' V/ k.'v:
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, FIGURE 21 . / r : :

C learance o f  bromsulphthaiein from two cross*^ 
c i r c u la t e d  r a ts#  One partner was partially 
heimtectoraised and injected with the dyestuff
( |p e n  c i r c l e s ) . The c lo s e d  c i r c l e s  r e p r e s e n t  th e  

n o n - in je c to d ,  normal partner*   ̂ ^
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seemed w o r t l w h i l e  t o  d e m o n s t r a t e  t h i s  exchange  by a n o t h e r  

e n t i r e l y  d i f f e r e n t  method* I t  was d e c id e d  t o  i n v e s t i g a t e  

w h e th e r  a r a p i d l y  m e t a b o l i s e d  compound would g e t  from one 

p a r t n e r  t o  t h e  o t h e r  i n  a  c r o s s - * c i r c u l a t i o n *  BBP seemed to  

l e n d  i t s e l f  t o  t h i s  p u r p o s e . s i n c e ,  a s  shown abo v e ,  i t  i s  

removed from t h e  c i r c u l a t i o n  o f  a  norm al  an im a l  w i t h  a  h a l f -  

l i f e  o f  a b o u t  2 m in u te s*  P ig*  20 shows t h e  r e s u l t  o f  one 

such  e x p e r im e n t  i n  w hich  a  c r o s s e - c i r c u l a t i o n  was e s t a b l i s h e d  

b e tw een  two norm al  a n i m a l b and t h e  u s u a l  q u a n t i t y  o f  BSP was 

i n j e c t e d  i n t o  one o f  th e m , I t  i s  e v i d e n t ,  t h a t  a l t h o u g h  

r a p i d l y  removed from t h e  c i r c u l a t i o n  i t  i s  t r a n s f e r r e d  

r a p i d l y  from t h e  i n j e c t e d  r a t  t o  i t s  p a r t n e r *  P ig  * 21 shows 

a s i m i l a r  e x p e r im e n t  i n  which one p a r t n e r  was h ep a te o to rn !sed #  

F i n a l l y  F ig*  22 shows th e  e f f e c t  o f  r a t e  o f  c l e a r 

ance  o f  BSP from a  p a r t i a l l y  h e p a t e c t o m i s e d  r a t  b e f o r e  and 

a f t e r  t h e  e s t a b l i s h m e n t  o f  a  c r o s s - c i r c u l a t i o n *  I n  t h e  f i r s t  

c a s e  t h e  BSP h a l f - l i f e  was 6*2 m in u te s ;  c r o s s ' - c i r e u l a t i o n  

re d u c e d  t h i s  f i g u r e  t o  3*6 m i n u t e s .  C l e a r l y ,  t h e r e f o r e  i n  

a c r o s s - c i r c u l a t i o n  t h e  i n t a c t  p a r t n e r  ca n  make a  s u b s t a n t i a l  

c o n t r i b u t i o n  to w ard  co m p en sa t in g  t h e  p a r t i a l l y  h e p a te c t o m i s e d  

p a r t n e r  f o r  i t s  h e p a t i c  i n s u f f i c i e n c y ,  a t  l e a s t  so f a r  a s  

t h e  e x c r e t o r y  f u n c t i o n  i s  c o n c e r n e d .



, FIGBBlîi 22

O learanee o f  brômsuXplithalèin frbrâ a p a r t i a l l y  

î i |p a teo to /a isec l r a t  b e fo r e  (open c i r c l e s )  and a f t e r  

( c lo s e d  c i r c l e s )  e s t a b l l s lm e i i t  o f  c r o s s - c i r c u l a t i o n  

w ith  a normal partner#  The .h a l f - l i f e  o f  c le a r a n c e  

b e fo r e  c r o s s - c i r c u l a t i o n  wàtS 6*2 min* and a f t e r  cross*  

c i r c u l a t i o n  was 3*6 min#
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S e o t i o n  2 #6 Changeb i n  f r e e  amino a c i d  n i t ro j^en i n  b lo o d

and i n  t h e  l i v e 3? fragment a f t e r  p a r t i a l  

m/

I n  v iew  o f  t h e  e s t a b l i s h e d  a s B o c i a t i o n  o f  i n c r e a s e d  

c o n c e n t r a t i o n s  o f  amino a c i d s  w i t h  t h e  g ro w th  o f  q e v e m l  

t y p e s  o f  t i s s n e s  y e a s t s  (E o in e ,  1 94 6 ) ,  b a c te i* ia  (G a le ,

1947) and a l s o  th e  k e y  r o l e  p l a y e d  by t h e  l i v e r  i n  t h e i r  

m etabo l ism ^ i t  seemed n a t u r a l  t o  lo o k  f o r  ch an g es  i n  t h e i r  

c o n c e n t r a t i o n  i n  t h e  l i v e r  f r a g m e n t  and b lo o d  a f t e r  p a r t i a l  

h e p a t e c t o m y . I f  t h e  l i v e r  f r a g m e n t  i s  o v e r lo a d e d  w i t h  amino 

a c i d s  t h i s  may be p a r t l y  r e s p o n s i b l e  f o r  t h e  s t i m u l u s " t o  

c o m p en sa to ry  growth*

R eg a rd in g  t h e  chang es  i n  f r e e  amino a c i d s  i n  t h e  

o i r c n l a t i n g  b lo o d ,  d i f f e r e n t  r e s u l t s  have b een  o b t a i n e d  by 

d i f f e r e n t  w o r k e r s .  F o r  exam ple ,  Dos M a ra i s  and Dugal 

(1948) found  a  r i s e  i n  p lasm a f r e e  amino a c i d s  ,i n  t h e  f i r s t  

day  a f t e r  p a r t i a l  h e p a te c to m y .  On t h e  o t h e r  hand ,  

C h r i s t e n s e n ,  E o th w e l l ,  S e a r s  and S t r e t c h e r  (1948) o b t a i n e d  

o n ly  a, v e r y  s m a l l  i n c r e a s e  24 h o u r s  a f t e r  p a r t i a l  h e p a te c to m y  

and F e r r a r i  and H ar lm ess  (1954) found no s i g n i f i c a n t  change 

d a r i n g  t h e  same p e r i o d  o f  t i m e .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  

i t  was found  t h a t  sham o p e r a t i o n  (T a b le  30) ( d e l i v e r y  o f  t h e  

median  and l e f t  l a t e r a l  l o b e s  th ro u g h  an  abdom ina l  i n c i s i o n



Table 30

Comparison of the effect of eanmilation and eannulation
partial hepatectomy on the b3,ood Boluble amino acid

nitrogen in rats* -

Time i n t e r v a l  

a f t e r  o p e r a t i o n :  

( m in . )

jig amino a c i d  n i t r o g e n / m l , b lo o d

mham o p e r a t i o n i n t a c t  c o n t r o l

0
15

30

60

90

1 2 0

46* 4 

58*8 

52*2 

4 1 '5

4 7 '4  

4 2 '7

46* 8 

48*0 

48*0 

4 9 '0  

4 9 '5  

4 9 '0



Table 31 r

Comparison o f  th e  o p é r a tio n s  o f  aliam hepateotom y and

p a r t ia l  hepatectomy on th e  blood soluble amino a c id

n itr o g e n  In r a ts*  ■

Time - a f t e r

-Î*operation

(min*) 81mm o p e r a t i o n

P a r t i a l

h e p a te c to m y

S l io r t  te rm  e^Spor im e n t

0

13

30

60
90

120

230

w
( h o u r s )

O'

4

8

11

92" 2 

4 8 '3  

54*0 

■43*6 

32*8 

60
71'3 
32'2

to r im en t .

32*3

42

48

50*3 
3 9 ’ 

62 «2 
55*8 
61*2 
60
59'5 
80

57
53 "5 

57 
66
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f o l lo w e d  by t h e i r  r e p la c e m e n t  and s u t u r e  o f  t h e  wound) 

c a u s e d  a  t e m p o ra ry  e l e v a t i o n  o f  t h e  b lo o d  l e v e l  o f  f r e e  amino 

a c id s #  T ab le  31 compares  ch an g es  i n  t h e  b lo o d  l e v e l  o f  f r e e  

amino a c i d s  a f t e r  p a r t i a l  h e p a te c to m y  and a f t e r  sham 

o p e r a t i o n #  I n  th e  s h o r t  te rm  e x p e r im e n t ,  i t  i s  c l e a r  t h a t ,  

w i t h  t h e  e x c e p t i o n  o f  t h e  v a l u e  a t  250 m i n u te s ,  t h e  e l e v a t i o n  

which o c c u r r e d  was o f  t h e  same o r d e r  i n  b o t h  an im a ls#  A gain ,  

i n  t h e  lo n g  te rm  e x p e r im e n t  l i t t l e  d i f f e r e n c e  was o b s e rv e d  

be tw een  t h e  t e s t  and c o n t r o l  a n i m a l .  These r e s u l t s  a g r e e  

w i t h  t h e  f i n d i n g s  o f  Ferro^ri  and H ark ness  (1954) # The 

ch an ges  o b s e rv e d  seemed to o  sm a l l  and i r r e g u l a r  t o  j u s t i f y  

f u r t h e r  i n v e s t i g a t i o n  a lo n g  t h e s e  l i n e s *

However, t h e  p o s s i b i l i t y  s t i l l  had  t o  be c o n s i d e r e d  

t h a t  even th o u g h  l i t t l e  o r  no change o c c u r r e d  i n  t h e  b lo o d  

f r e e  amino a c i d s ,  a f t e r  p a r t i a l  h e p a te c to m y ,  t h e  l i v e r  frag*-* 

ment m ig h t  be t a k i n g  up o r  r e l e a s i n g  more amino a c i d s  t h a n  

b e f o re *  C o n s e q u e n t ly ,  a  change i n  t h e  f r e e  amino a c i d  p o o l  

m igh t  o c c u r  i n  t h i s  way* T ab le  32 p r e s e n t s  r e s u l t s  which  

a r e  s u g g e s t i v e  t h a t ,  a t  l e a s t  f o r  a s h o r t  t im e  a f t e r  p a r t i a l  

h e p a te c to m y ,  t h e  l i v e r  f r a g m e n t  may be t a k i n g  tip more amino 

a c i d s  t h a n  p r e v i o u s l y #  U n f o r t u n a t e l y ,  owing to  t e c h n i c a l  

d i f f i c u l t i e s ,  t h i s  e x p e r im e n t  was d i f f i c u l t  t o  r e p e a t #



Table 32

CoBiparison of the effect of sham hepatectomy and
pax’tial hepatectomy on the blood soluble amino acid
nitrogen in the portal and hepatic veins in rata*

Time i n t e r v a l  Source  o f  Sham P a r t i a l

a f t e r  o p e r a t i o n  b lo o d  o p e r a t i o n  B i f f *  h e p a te c to m y  D i f f *

(m in . )

0 p o r t a l  V. 36*5 60

3-3 0*2

h e p a t i c  v* 31 39*8

15 p o r t a l  V. 37*6 63

1 ‘ 4 1 2 '0

h e p a t i c  v* 56*2 31

30 p o r t a l  v* 30*3 47"3

-0 * 5  1*3

h e p a t i c  v .  51 46* 2



-  95 -

I t  i s  c l e a r  from T ab le  33 t h a t  no c o n s i s t e n t  change 

i n  t h e  c o n c e n t r a t i o n  o f  amino a c i d s  o f  t h e  l i v e r  frag i ï ien t  

from t h e  c o n t r o l  l e v e l  c o u ld  be d e t e c t e d  a f t e r  6 and a l s o  

a f t e r  12 h o u r s  o f  r e g e n e r a t i o n .  These f i n d i n g s  a g re e  w i t h  

F e r r a r i  and B a rk n e s s  (1954) who o b s e rv e d  a  change o n ly  a f t e r  

24 h o u r s ,  th o u g h  B raun ,  Marsh and D ra b k in  (1962) o b t a i n e d  an 

i n c r e a s e  a f t e r  14 h ou rs*

A l th o u g h  no i n c r e a s e  i n  t o t a l  f r e e  amino a c i d s  i n  

l i v e r  was d e t e c t a b l e  b e f o r e  14 h o u r s  a f t e r  p a r t i a l  h ep a te c to m y  

i n d i r e c t  e v id e n c e  s u g g e s t s  t h a t  t h e i r  u p ta l ie  from t h e  b lo o d  

p la sm a  r e l a t i v e  to  t h e  l i v e r  s i s e  i s  g r e a t l y  i n c r e a s e d .

As a l r e a d y  d e s c r i b e d  i n  t h e  I n t r o d u c t i o n  ( S e c t i o n  1* 5 0 ) ,  t h e  

p r o d u c t i o n  o f  u r e a  p e r  u n i t  w e ig h t  o f  l i v e r  i s  g r e a t l y  

augm ented a f t e r  p a r t i a l  h ep a te c to m y  (Thomson & Moss, 1955)*

I f ,  a s  m a i n t a i n e d  by C h r i s t e n s e n  (1964) ’Mdie l i v e r  i s  g e a r e d  

t o  d e s t r o y  amino a c i d s  c o n s t a n t l y ,  and t o  d e s t r o y  them even 

f a s t e r  when t h e y  a r e  f u r n i s h e d  i n  l a r g e  a m o u n t s , ” i t  nuty be 

supposed  t h a t  even  th o ug h  t h e  f lo w  o f  amino a c i d s  t o  t h e  

l i v e r  i n c r e a s e d  a f t e r  p a r t i a l  h e p a te c to m y ,  i t s  c a p a c i t y  t o  

o x i d i s e  them and  c o n v e r t  t h e  amino n i t r o g e n  t o  u r e a  m igh t  

p r e v e n t  t h e  a p p e a ra n c e  o f  i n c r e a s e d  am ounts  o f  f r e e  amino 

a c i d s ,  a t  l e a s t  f o r  a  t im e  * The i n c r e a s e d  c o n c e n t r a t i o n  i n  

t h e  l i v e r  f r a g m e n t  a t  6 h o u r s  o f  g lu t a m ic  and a s p a r t i c  a c i d



Table 33

The e f f e c t  o f  p a r t i a l  h e p a te c to m y  on t h e  s o l u b l e  amino 

aoicl n i t r o g e n  i n  r a t  l i v e r ,  b e f o r e  and a f t e r  6 and 12 

hou r  i n t e  r v a l e .

Animal

No.

1

S o lu b le  amino a o i d  n i t r o g e n  p .g /g .  l i v e r  (wot w t . )  

6 h o u r s  12 h o u r s

b e f o r e

a f t e r

300

400

d i f f e r e n c e

100
261

262

d i f f e r e n c e

I

b e f o r e

a f t e r

286

386
100

338

398

b e f o r e

a f t e r

308

305

300

271
-  29

b e f o r e

a f t e r

365

308
57

369

391
22

b e f o r e

a f t e r

340

292
-  48

265

287
22

b e f o r e

a f t e r

305

316
11

247

407
160

The mean a l t e r a t i o n s  i n  amino a c i d  n i t r o g e n  concen tx^a t ion  

b o t h  a t  6 . and 12 h o u r s  aice:.n;o‘t  s i g n i f i c a n t l y  d i f f e r e n t  

from z e ro  ( F >  0 * 0 5 ) .



and tlio d e c r e a s e  i n  g lu ta m in e  may be r e l a t e d  to  t h i s  

i n c r e a s e d  u r e a  p r o d u c t io n *  The s i g n i f i c a n c e  o f  t h e  i n c r e a s e  

i n  l i v e r  l y s i n e  c o n c e n t r a t i o n  a f t e r  p a r t i a l  h ep a te c to m y  

r e p o r t e d  by F e r r a r i  and H arknoss  (1954) and c o n f i rm e d  by 

F u j i o k a  e t  a l  (1963) i s  n o t  so e a s y  t o  e x p l a i n #  The fo rm e r  

a u t h o r s  s u g g e s t e d  t h a t  i t  may be r e l a t e d  to  t h e  f a c t  o f  i t s  

m e t a b o l i c  i n e r t n e s s ,  i . e . ,  t h a t  i t  d oes  n o t  und ergo  t r a n s 

a m i n a t i o n  l i k e  t h e  o t h e r  amino a c i d s .  S in c e  t h e  f low  o f  

amino a c i d s  t o  t h e  l i v e r  must  be i n c r e a s e d  a f t e r  t h e  o p e r a t i o n ,  

i t  would be e x p e c t e d  t h a t  t h o s e  amino a c i d s  which a r e  

m e t a b o l i s e d  s lo w ly  would a c c u m u la te .  A n o th e r  f a c t o r  which  

may c o n t r i b u t e  t o  t h e  i n c r e a s e  i n  l i v e r  f r e e  amino a e i d  

c o n c e n t r a t i o n  i s  a  d i m i n u t i o n  i n  t h e  r a t e  o f  amino a e i d  

c a t a b o l i s m  w hich  h as  b een  r e p o r t e d  d u r i n g  t h e  f i r s t  post-^ 

o p e r a t i v e  day  (B urke ,  1 9 6 2 ) «

The c a p a c i t y  o f  th e  l i v e r  t o  t a k e  up amino a c i d s  

i n  i n c r e a s e d  q u a n t i t i e s  from t h e  b lo o d  was d e m o n s t r a t e d  i n  

dogs by means o f  i n t r a - a r t e r i a l  i n f u s i o n  (Van S lyke  à Meyer, 

1913a,b &c)The i n c r e a s e  i n  amino a c i d  c o n c e n t r a t i o n  i n  l i v e r  

was g r e a t e r  t h a n  m uscle  a s  a  r e s u l t  o f  t h e  i n f u s i o n  b u t  t h e  

m a jo r  q u a n t i t a t i v e  s i t e  o f  d e p o s i t i o n  was m usc le  owing to  th e  

f a c t  t h a t  i t  r e p r e s e n t e d  40 p e r  c e n t  o f  t h e  body w e ig h t  a s  

opposed  to  3 p e r  c e n t  f o r  l i v e r *  These a u t h o r s  c o n c lu d e d



t h e r e f o r e ,  t h a t  m usc le  i s  a  m a jo r  r e s e r v o i r  in  t h e  

h o m e o s t a s i s  o f  amino a c i d  m etabo l ism *

Gurd, V ara  and B avd in  (1948) s t u d i e d  t h e  r e g e n e r 

a t i o n  o f  l i v e r  p r o t e i n  a f t e r  p a r t i a l  h e p a te c to m y  b o th  i n  

p r o t e i n  f e d  and p r o t e i n  d e p l e t e d  r a t s #  They found  t h a t  n o t  

o n ly  was l i v e r  p r o t e i n  r e g e n e r a t e d  i n d e p e n d e n t  o f  d i e t a r y  

p r o t e i n ,  b u t  a l s o  t h a t  i n  te rm s  o f  p e r c e n t a g e  i n c r e a s e ,  t h e  

r a t e  o f  a p p e a ra n c e  o f  new l i v e r  p r o t e i n  was g r e a t e r  i n  t h e  

p r o t e i n « - s t a r v e d  t h a n  i n  t h e  oase in^-fed  s e r i e s *  These a u t h o r s  

s u g g e s t e d  t h a t  t h i s  i n d i c a t e s  a  more p o t e n t  s t i m u l u s  t o  

l i v e r  p r o t e i n  r e c o v e r y  i n  t h e  a n im a l s  w i t h  a  more s e v e re  

r e d u c t i o n  o f  l i v e r  s u b s ta n c e *  The l i v e r  f r a g m e n t  a f t e r  

p a r t i a l  h e p a te c to m y  i n  p r o t e i n  d e p l e t e d  r a t s ,  b e i n g  s m a l l e r  

i n  s i ^ e  i n  r e l a t i o n  t o  body w e ig h t ,  w i l l  e x p e r i e n c e  a g r e a t e r  

i n f l o w  o f  endogenous  amino a c i d s  from t h e  t i s s u e s .

B raun ,  Marsh and D rab k in  (1962) have p o i n t e d  o u t  

t h e  a n a lo g y  b e tw een  t h e  r e s p o n s e s  o f  t h e  l i v e r  a f t e r  p a r t i a l  

h e p a te c to m y  and i n  t h e  n e p h r o t i c  s t a t e .  I n  t h e  s e v e r l y  

n e p h r o t i c  r a t  a  l a r g e  p r o p o r t i o n  o f  t h e  c i r c u l a t i n g  p lasm a 

a lb u m in  i s  l o s t  d a i l y  i n  th e  u r i n e .  To m eet  t h i s  emergency 

Marsh and B raun  (1958) have d e m o n s t r a t e d  t h a t  amino a c i d s  

a r e  m o b i l i z e d  m a in ly  from m uscle  to  th e  l i v e r  where 

t h e y  a r e  c h a n n e l l e d  i n t o  th e  p r o d u c t i o n  o f  p la sm a  p r o t e i n s



— 98 “•

a l l  o f  w hich  a r e  p re su m a b ly  s y n t h e s i s e d  a t  g r e a t l y  

a c c e l e r a t e d  r a t e s  (Marsh & D ra b k in ,  I960)  . These changes  

a r e  accom panied  by an i n c r e a s e  l i v e r  s i z e ,  RNA and DNA 

(Marsh & D ra b k in ,  1958) . T h i s  s u g g e s t e d  t o  t h e s e  a u t h o r s  

t h a t  l i v e r  r e g e n e r a t i o n  a f t e r  p a r t i a l  h e p a te c to m y  an d  l i v e r  

h y p e r t r o p h y  i n  n e p h r o s i s  a r e  b o th  C o n d i t io n e d  by t h e  amount 

o f  m e t a b o l i c  work th e  t i s s u e  i s  c a l l e d  upon to  perform *

They found  t h a t  i n  n e p h r o t i c  r a t s  no c o n s i s t e n t  change c o u ld  

be o b s e rv e d  i n  t h e  c o n c e n t r a t i o n  o f  f r e e  amino a c i d s  i n  

p lasm a b u t  t h a t  t h e r e  was a c o n s i s t e n t  f a l l  i n  m uscle  (1 9 6 2 ) .*  

They assumed t h a t  t h e  i n c r e a s e d  r a t e  o f  removal o f  amino a c i d s  

from b lo o d  to  l i v e r  and t h e i r  i n c r e a s e d  r a t e  o f  i n c o r p o r a t i o n  

i n t o  p lasm a p r o t e i n s  i n  l i v e r  may make p lasm a  changes  

d i f f i c u l t  t o  d e m o n s t r a t e *  In  t h i s  c o n n e c t i o n ,  i t  i s  

i n t e r e s t i n g  t h a t  C h r i s t e n s e n  e t  a l  * (1948) found  a s l i g h t  

d e c r e a s e  i n  m uscle  0£-amino n i t r o g e n  18 to  20 h o u r s  a f t e r  

p a r t i a l  h e p a te c to m y .  The two c o n d i t i o n s  d i f f e r  i n  t h a t  w h i le  

i n  n e p h r o s i s  amino a c i d s  a r e  u sed  a lm o s t  e n t i r e l y  f o r  th e  

s y n t h e s i s  o f  p lasm a p r o t e i n s ,  i n  t h e  e a r l y  s t a g e s  o f  

r e g e n e r a t i o n  a g r e a t e r  i n c r e a s e  o c c u r s  i n  t h e  s y n t h e s i s  o f  

t o t a l  l i v e r  p r o t e i n .

* D ra b k in ,  Marsh & Braun (1962)



S e c t i o n  2 .7  I n d u c t i o n  o f r e g p i i o  r a t i  Te change s i  n n ormal  

■ i  n t  ac t  r a t  1i v e  r  #

The p r e v i o u s  s e c t i o n s  have d e s c r i b e d  t h e  r e s u l t s  o f  

i n v e s t i g a t i o n s  o f  t h e  r e g e n e r a t i n g  l i v e r  f r a g m e n t  from 

v a r i o u s  p o i n t s  p f  v ie w .  On th e  b a s i s  t h e y  p r o v i d e d ,  an 

a t t e m p t  had  to  be made to  f o r m u l a t e  a  new e x p e r i m e n ta l  

a p p ro a c h  to  t h e  p rob lem  o f  t h e  r e g u l a t i o n  o f  l i v e r  c e l l ,  g row th  

i n  v i v o . As shown i n  S e c t i o n  2 .2  t h e  b lo o d  f lo w  p e r  se 

c o u ld  n o t  a c c o u n t  f o r  a l t e r a t i o n s  i n  t h e  r a t e  o f  l i v e r  c e l l  

g ro w th .  I t  w a s . a  r e a s o n a b l e  a s su m p t io n  t h a t  t h é  f a c t o r  

c o n t r o l l i n g  l i v e r  c e l l  g row th  was some u n s p e c i f i e d  ch em ica l  

change i n  t h e  c i r c u l a t i n g  b lo o d ,  b u t  t h i s  change was a p p a r e n t l y  

due n e i t h e r  t o  hum oral  f a c t o r s  n o r  t o  p la sm a  p r o t e i n s #  T ha t  

oxygen p a r t i a l  p r e s s u r e  i n  t h e  c i r c u l a t i n g  b lo o d  was n o t  a 

l i m i t i n g  f a c t o r  was p ro v e d  by t h e  e x p e r i m e n t s ,on a r t e r i a l -  

i s a t i o n  o f  t h e  p o r t a l  v e i n .

The s t u d i e s  on ch an g es  i n  c e l l  c o m p o s i t io n ,  f u n c t i o n  

and. amino a c i d  m e ta b o l i s m  i n  t h e . r e g e n e r a t i n g  l i v e r  f r a g m e n t  

p ro v e d  more f r u i t f u l . I n  g e n e r a l ,  t h e y  i n d i c a t e d  t h a t  t h e  

r e s i d u a l  l i v e r  f r a g m e n t  f o l l o w i n g  p a r t i a l  h e p a te c to m y  was 

p r o b a b l y  b e in g  s u b j e c t e d  t o  a  f u n c t i o n a l  o v e r l o a d  o r  ^hrork 

h y p e r t r o p h y ” , aiid t h a t  t h i s  c o n d i t i o n  c o n t i n u e d  u n t i l  

r e l i e v e d ,  by r e s t o r a t i o n  o f  t h e  norm al  ” f u n c t i o n a l  m ass” o f



t h e  o r g a n .  To some e x t e n t ,  i t  seemed t h a t  t h e  s i t u a t i o n  

m ig h t  he i l l u m i n a t e d  by com par ing  r e g e n e r a t i n g  l i v e r  w i th  

o t h e r  r a p i d l y  g row ing  sys tem  i . e . ,  b a c t e r i a l  c e l l s  i n  t h e  l o g a r 

i t h m i c  ph ase  o f  g ro w th .  S te p -u p  c u l t u r e s  o f  E s c h e r i c h i a  C o l l  

c e l l s  I . e . ,  c e l l s  s u b c u l t ù r e d  from a m in im al  t o  an  e n r i c h e d  

medium show some a d a p ta > t io n a l  ch an g es  i n  c e l l  c o m p o s i t io n  

a n a lo g o u s  t o  t h o s e  o c c u r r i n g  i n  l i v e r  c e l l s  a f t e r  p a r t i a l  hepa

tec tom y*  K u r la n d  and Maal^o (1962) i n  " b a la n c e d  grow th"  

e x p e r im e n t s  o b s e rv e d  an  im m edia te  a c c e l e r a t i o n  o f  ÉMÂ s y n t h e s i s  

f o l l o w i n g  t r a n s f e r  o f  a  c u l t u r e  o f  E .  Go11 from a m inim al  t o  an 

amino a c i d  su p p lem en ted  medium, and c o n v e r s e l y  an  im m edia te  

h a l t  t o  RNA s y n t h e s i s  upon t r a n s f e r r i n g  a  c u l t u r e  from a, r i c h  

t o  a  m in im al medium* M oreover ,  S t e n t  and B re n n e r  (1961) have 

p r e s e n t e d  e v id e n c e  t h a t  i n  t h e  norm al a u x o t r o p h i c  b a c t e r i a l  

c e l l ,  RMA s y n t h e s i s  i e  u n d e r  s t r i c t  c o n t r o l  by t h e  i n t r a 

c e l l u l a r  po o l  o f  amino a c i d s .  They p ro p o s e d  t h a t  t h e  i n t e r 

v e n t i o n  o f  amino a c i d s  i n  t h e  r e g u l a t i o n  o f  ENA s y n t h e s i s  

a l l o w s  th e  b a c t e r i u m  t o  a d j u s t  i t s  s t e a d y - s t a t e  l e v e l  o f  RNA 

i n  a c c o rd a n c e  w i t h  t h e  n u t r i t i o n a l  l i m i t a t i o n s  imposed on t h e  

o v e r a l l  r a t e  o f  p r o t e i n  s y n t h e s i s .

I t ' w a s  c l e a r  t h a t  i f  f u n c t i o n a l  o v e r s t i m u l a t i o n  o f  t h e  

l i v e r  f r a g m e n t  by  t h e  b lo o d  n u t r i e n t s  i . e . ,  f a t t y  a c i d s , g l u c o s e ,  

and amino a c i d s  was t h e  " s t i m u l u s "  t o  l i v e r  r e s t o r a t i o n ,  t h e n



TABLES 34 a  â  b# : /

Tho e f f e c t  o f  i n t r a v e n o u s  i n f u s i o n  o f  10 p e r  

c e n t  Amino0 0 1 on t h e  c h e m ic a l  e b m p o s i t io n  o f  i h e  

l i v e r  o f  norm al  r a t s  ( p r e v i o u s l y  b i o p s l e d ) . The 

i n j e c t i o n s  wore made t h r o u g h  a  c a t h e t e r  d i r e c t l y  

i n t o  t h e  j u g u l a r  v e i n  a t  q u a r t e r - h o u r  i n t e r v a l s  f o r  

12 h o u r s ,  24 m l *, i n  t o t o  b e in g  a d m i n i s t e r e d  t o  ea ch  

r u t .  ,  ̂ y . \

A c o n t r o l  g rou p  o f  r a t s  was t r e a t e d  w i t h  an  

i s o c a l o r i c  amount o f  10 p e r  c e n t  g l u c o s e ,  e ach  

r q t  b e in g  g iv e n  a  t o t a l  q u a n t i t y  o f  26 ral>, a l s o  T 

o v e r  12 h o u r s  a t  q u a r t e r - h o u r  i n t e r v a l s v  'A 

T h roughou t  t h e  d u r a t i o n  o f  t h e  e x p e r im e n t  t h e  r a t s  

r e  k e p t  a n a e s t h e t i s e d # .



Table 34 & "

Animal T re a tm e n t

No

1

2

3

4

7

8 

9

10

11

Aminosol

n

ÎÎ

Giucos©
H

I?

■■ ■ before,
t r e a t m e n t

3* 14 

2« 48 

3*16 

3*73 

3*28 

3^43

BNAP
;ONAP

a f t e r

t r e a t m e n t

3*76

3*11

3*81

4*31

3*66

3*76

a v e ra g e  change

3m 30

4* 18 

3*84 

2*68 

2*95

3*80

3*96

3*92

2*90

2*98

a v e ra g e  change

p er c e n t

change

19*8

25*3

20*6

15* 6 

11*6 

9*6

17*1

8 *  6 

5*2 

2*1 

7*6 

1*0

2*81

The a v e ra g e  c h a n g es  f o r  t h e  two t r e a t m e n t s  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  ( P <  0*02) #



Table 34 b

m im ai

Nû«
T re a tm e n t

before

urotein
DNAP ■
after per cent

t r e a t m e n t treatment change

1 Aminosoi ■ 816 - 862 3* 6
■ ■ n ■ 352 410 % 16*5

..'3- ■ tt 650 630 0
4. M 605 723 19*8

'5 . % ' tJ 576 383 ' .1*6
6 tJ 567 60.9 7*4

- / average ohànge 8*39

7.,. Glucose 497 494 0*6
8 . . ■ tj 595 . . 537 . —' 0*6

 ̂ 9 tt 727 630 -13*4
10 „ 468 , 423 , - 9*2

ÎÎ 468 433 ; - 7*1

. ' ■-■

a v e ra g e change - 6*19

The a v e ra g e  c h a n g es  f o r  t h e  two treatments are not
à i g n i f l e a i i t l y - .  d i f f e r e n t  ( P >  0*05) r



-  1 0 1  -

i t  sh o u ld  be p o s s i b l e  t o  s t i m u l a t e  g row th  in  t h e  l i v e r  o f  a  

norm al i n t a e t  r a t  by o v e r n o u r i s h i n g  i t .  As a l r e a d y  i n d i c a t e d ,  

one o f  th e  e a r l i e s t  and m ost  c o n s p ic u o u s  c h a n g es  i n  r e g e n e r a t i n g  

l i v e r  i s  an  i n c r e a s e  i n  BNA c o n c e n t r a t i o n  p e r  c e l l *  S in ce  i n  

b a c t e r i a l ‘C e l l s  RNA s y n t h e s i s  i s  n o r m a l l y  u n d e r  th e  c o n t r o l  o f  

t h e  i n t r a c e l l u l a r  amino a e i d  p o o l ,  i t  seemed p e r t i n e n t  t o  

■ examine w h e th e r  ENA s y n t h e s i s  i n  l i v e r  c e l l s  o f  a  norm al i n t a c t -  

r a t  . .

a )  c o u ld  be s t i m u l a t e d  by i n c r e a s i n g  t h e  

amount o f  f r e e  amino a c i d s  d e l i v e r e d  t o  

t h e  l i v e r  p e r  u n i t  o f  t im e ,  and

b) i f  t h i s  bo th e  e a s e ,  w h e th e r  i t  would be 

f o l l o w e d  by i n c r e a s e d  c e l l  g row th  and d i v i s i o n .

. ' The f i r s t  p o s s i b i l i t y  was t e s t e d  by i n f u s i n g  a  10 

p e r  c e n t  s o l u t i o n  o f  amino a c i d s  (Am inosol)  i n t r a v e n o u s l y  by 

' means o f  a  c a t h e t e r  i n t o  t h e  j u g u l a r  v e i n  i n  an  a n a e s t h e t i s e d  

r a t .  I t  i s  e v i d e n t  from t h é  r e s u l t s  r e p o r t e d  i n  T a b le s  34a 

and b t h a t  i n f u s i o n  o f  amino a c i d s  e q u i v a l e n t  t o  2*4 g . ,  o f  

c a s e i n ,  c a u se d  a s i g n i f i c a n t  i n c r e a s e  i n  ENA and  a l s o  p r o t e i n  

c o n c e n t r a t i o n  p e r  c e l l  i n  l i v e r ,  o f  t h e  o r d e r  o f  17 and 8 p e r  

c e n t  (mean v a l u e s )  r e s p e c t i v e l y .  I n f u s i o n  o f  an i s o - c a l o r i c  

amount o f  g l u c o s e  c a u s e d  v e r y  l i t t l e  i n c r e a s e  o f  ENA and a  

d e c r e a s e  i n  p r o t e i n ,  t h e  r e s p e c t i v e  mean v a l u e s  b e i n g  2*8 and 

and -6 * 2  p e r  c e n t*  The g lu c o s e  e f f e c t s  may be a c c o u n te d  f o r
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The o f f  e û t  o f  i i i t m p e r i t o n e a l  i n j e c t i o n s  o f  10 

p 6 r  c e n t  Aminosol on t h e  c h e m ic a l  c o m p o s i t io n  Of t h e  

l i v e r  o f  norm al  ro*ta ( p r e v i o u s l y  M o p s l e d )  . The, 

m t s  u s e d  i r e r e  w i t h i n  t h e  body w e ig h t  ra n g e  200 g . ,  

1 0 ,  They were d i v i d e d  i n t o  two g ro u p s ,  t e s t  and 

c o n t r o l # Each ah im a l  i n  t h e  t e s t  g ro up  was i n j a c t e d  

W ith  4 m l , ,  Aminosol e v e r y  4 h o u r s  u n t i l  s a c r i f i c e  ; 

a f t e r  48 h o u r s .  Each an im a l  I n  t h e  c o n t r o l  g roup  

was s i m i l a r l y  t r e a t e d  w i t h  0*9 p e r  c e n t  s t e r i l e  

p h y s i o l o g i c a l  s a l i n e  and s a c r i f i c e d  a f t e r  48 h o u rs#



Tablo 39 a

Animal T re a tm e n t  

Mo •

1

2

3

4

6
7

Aminosol

ÎÎ

n

S a l i n e

n

b e f o r e

t r e a t m o n t

2*83

2*93

2*96

2*67

mAP
DMAP

a f t e r

t r e a t m e n t

4*72

3*99

3*39

3*69

a v e ra g e  change

3*89
2*88

2*77

2*41

3» 77 

3*38  

2*91  

2*58

ave ra g e  o hang©

p e r  c e n t

change

66 * 8 

34*8 

14*5 

36*7

38*2

-  2*1 

17*4

4*8

7*1

6 * 8

The a v e ra g e  ch a n g e s  f o r  t h e  two t r e a t m e n t s  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  ( P <  0 * 0 5 ) .



Table 39 b

Animal T re a tm e n t  

No#

1
a

3

4

6

?
8

Aminosol
ÎÎ

ff

S a l i n e

b e f o r e

t r e a t m e n t

410

497

389

362

m a l Ê i a
DMA?
a f t e r

t r e a t m e n t

567

476

403

459

a v e ra g e  change

569

421

398

351

520

430

442

366

a v e ra g e  change

p e r  c e n t

change

38*3

3*9

3*6

26*8

18*2

— 8*6 

2*1 
11*1

4*3

2*2

The a v e ra g e  ch a n g es  f o r  t h e  two t r e a t m e n t s  a r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  ( F >  0 * 0 5 ) .



Table 35 e

Animal Treatm ent 

No * /

M itoses p e r  100,000 n u c le i  

b e fo re  a f t e r

tre a tm e n t t r e a tm e n t Chang©

1.

2

3

4

AmiB0 s o l

ÏÎ
24

27

73

9

133

272

344

521

109

249

271

512

6

7

8

1 0

17

' si

8-

55

8

15

16

34

2

9

.21
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by s u p p o s in g  t h a t  e l e v a t i o n  o f  b lo o d  s u g a r  c a u s e s  an i n c r e a s e d  

s e o r e t i o n  o f  i n s u l i n *  On© o f  t h e  known e f f e c t s  o f  i n s u l i n  i s  

t o  s t i m u l a t e  amino a c i d  u p ta k e  e s p e c i a l l y  i n t o  m usc le  and a l s o  

enhance  p r o t e i n  s y n t h e s i s  t h e r e  (Munro, 1 9 6 4 ) .  Hence t h e  

e f f e c t  o f  g lu e o a e  i n f u s i o n  w i l l  be t o  d i v e r t  a  l a r g e r  p ro 

p o r t i o n  o f  t h e  p lasm a  amino a c i d s  i n t o  m usc le  and d i m in i s h  t h e  

s u p p ly  t o  l i v e r .

To t e s t  t h e  second  p o s s i b i l i t y  t h a t  i n c r e a s e d  BNA 

s y n t h e s i s  would be fo l lo w e d  by an i n c r e a s e d  m i t o t i c  r a t e  i t  was 

n e c e s s a r y  t o  a d m i n i s t e r  t h e  amino a c i d  s o l u t i o n  o v e r  a  l o n g e r  

p e r i o d  o f  t i m e . I n  v iew  o f  t h e  p o s s i b i l i t y  o f  s e r i o u s  m eta

b o l i c  u p s e t  i t  was o b v i o u s l y  u n d e s i r a b l e  t o  p r o l o n g  t h e  p e r i o d  

o f  a n a e s t h e s i a  beyond 12 ho u rs*  T h e r e f o r e  i t  was d e c id e d  to  

i n j e c t  t h e  Aminosol s o l u t i o n  a t  i n t e r v a l s  o f  4 h o u r s  i n t r a -  

p e r i  t o n e a l l y  o v e r  a  p e r i o d  o f  2 d a y s . The r a t s  wore a l lo w e d  

w a t e r  and food  ad l i b i t u m  a t  a l l  t i m e s .  T ab le  35a ,  b and e 

show t h a t  a f t e r  48 h o u r s  o f  such  t r e a t m e n t  t h e  c e l l  c o n t e n t  o f  

RNA showed a mean i n c r e a s e  o f  38 p e r  c e n t  and o f  p r o t e i n  p e r  

c e l l  o f  18 p e r  c e n t .  These c h e m ic a l  ch a n g e s  were accom panied  

by a  d r a m a t i c  i n c r e a s e  i n  m i t o t i c  a c t i v i t y .  S a l i n e  i n j e c t e d  

c o n t r o l s  o v e r  t h e  same p e r i o d  showed a mean RNA change p e r  c e l l  

o f  7 p e r  c e n t  and mean p r o t e i n  change p e r  c e l l  o f  2 p e r  c e n t .  

M i t o t i c  a c t i v i t y  i n  t h i s  g roup  was n o t  s i g n i f i c a n t l y  a f f e c t e d .



I

: TABLES 36 a., ,b â  c ^ ;

The e f f e c t  o f  i n t r a p e r i t o n e a j .  i n j e c t i o n B  o f  10 

p e r  c e n t  Amino s o l  on t h e  chemic til  c o m p o s i t io n  o f  t h e  

l i v e r  o f  normal m t s  ( p r e v i o u s l y  h i p p s i e d )  * The 

m t s  u s e d  wore w i t h i n  t h e  body w e ig h t  r a n g e  185 g «

5 « They were d i v i d e d  i n t o  two g r o u p s , t e s t  and 

c d n t r o l #  Each an im al  i n  t h e  t e s t  g roup  was 

i r i . jeo ted  w i t h  4 ml*. Ami no s o l  e v e r y  4 h o ù r s  u n t i l  

s a c r i f i c e  a f t e r  44 h o u r s # Each Animal i n  t h e  

c o n t r o l  g roup  was s i m i l a r l y  t r e a t e d  w i t h  0*9 p e r  

c e n t  s t e r i l e  s a l i n e  and s a c r i f i c e d  44 h o u r s #



Table 36 a,

Animal

No#

T re a tm e n t

b e f o r e

RNAP
DNÂP
a f t e r p e r  c e n t

t r e a t m e n t t r e a t m e n t change

1 Aminosol 2*64 4* 36 65

2 It 3*31 4*80 45

3 n 4*25 -

4 ÎÎ 2*82 4*00 42

5 FÎ 2*84 3*61 27

6 2*02 3*62 79

a v e ra g e change 51*6

T S a l i n e 2*04 2*49 22

8 tî 2*58 2*71 5

9 (1 2*05 2*51 22*5

10 fî 2*12 2*62 23*5

11 î! 2*16 2*40 11

a v e ra g e change 17

The a v e ra g e  ch a n g es  f o r  t h e  two t r e a t m e n t s  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  ( 0*01) ,



Tabla 36 b

Anioià! . T re a t raen t  

No.
D m ?

1

2

3

4

T
8

9

10

11

Aminoaol

tî

tî

la.ae

îî

tî

îî

b e f o r e

trea tm en t

601

623

MB

. 558

746  

718

a x t e r

t r e a t m e n t

679

S48

588

607

8X5

1006

a v e ra g e  change

464 

659 

432 

466 

405

549

447

460
436

p a r  change

a v e ra g e  change

change

13

12

9

9*3

40

11*4

16*6

16*7

3*5

0
y

2*2

The a v e ra g e  ch an ges  f o r  t h e  two t r e a t m e n t s  a r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  ( F >  0*05) .



Table 36 o

Animal I’roa'fcmsat Mitoses per 100,000 nuclei
No, before after

treatment treatment change

1 Aminesol 5 196 190
2 " 2 732 730
3 " 2 477 473
4 " 33 372 339
5 " 26 833 807
6 " 16 126 110

7 Saline 24 28 4
8 « 20 25 5
9 " 12 8 - 4

10 ’• 13 259 246
11 " 26 74 48
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T a b le s  36a ,  b and c p r e s e n t  r e s u i t b from a  s i m i l a r  e x p e r im e n t  

e x t e n d i n g  o v e r  44 h o u r s # I t  i s  e v i d e n t  t h a t  t h e  chan ges  

o b t a i n e d  h e r e  were o f  t h e  same o rd e r*  However, i n  t h e  s a l i n e  

i n j e c t e d  c o n t r o l s  one o f  t h e  r a t s  gave a m i t o t i c  in d e x  i n c r e a s e  

o f  246, q u i t e  o u t  o f  l i n e  w i t h  t h e  o t h e r  f i g u r e s  r e p o r t e d *

T h i s  l a t t e r  change c a n n o t  be a c c o u n te d  f o r .  M acroscop ic  

e x a m in a t io n  o f  t h e  l i v e r s  o f  t h e  r a t s  a t  d e a t h  i n d i c a t e d  no 

u n u s u a l  a%)pearances i n  t h e  c o n t r o l  g ro u p s  * I n  t h e  Amino s o l -  

t r e a t e d  g ro u p s ,  however,  t h e  l i v e r s  were obv ious3- j  l a r g e r  i n  

some e a s e s  t h a n  a t  b io p o y  44 : to  48 h o u r s  p r e v i o u s l y .  M oreover ,  

t h e  l o b e s  %mre dom e-shaped ,  f l e s h y  i n  c o i i sx e to n c y  and showed , 

rb u n d in g  o f  t h e  e d g e s .  Also t h e  c o l o u r  had  a l t e r e d  from t h e  

norm al deep  r e d  t o  a  p a l e  b row n. These ch a n g es  were r e m i n i s 

c e n t  o f  t h o s e  o b s e rv e d  i n  l i v e r  i n  t h e  e a r l y  s t a g e s  o f  r e g e n e r 

a t i o n .

I n  v iew  o f  t h e s e  e n c o u ra g in g  r e s u l t s  i t  was d e c id e d  

to  s t u d y  t h e  e f f e c t  o f  Aminosol t r e a t m e n t  o v e r  a p e r i o d  o f  two 

t o  t h r e e  d ay s  on l i v e r  RMÂ and p r o t e i n  p e r  c e l l ,  m i t o t i c  in d e x  

and l i v e r / b o d y  w e ig h t  r a t i o *  The o b j e c t  o f  t h i s : e x p e r i m e n t  

was t o  d e t e r m in e  i f ,  4>y t h e s e  c r i t e r i a ,  t h e  l i v e r  o f  t h e  norm al  

i n t a c t  r a t  ( p r e v i b u s l y  b i o p s i e d )  c o u ld  be d e m o n s t r a t e d  t o  grow 

and to  c o n t i n u e  g row ing  u n t i l  a  new e q u i l i b r i u m  o f  l i v e r  t o  

body w e ig h t  r a t i o  was a t t a i n e d *  I t  was s u rm is e d  t h a t  t h i s  

now e q u i l i b r i u m  s i z e  would be a d j u s t e d  t o  t h e  a r t i f i c i a l l y .



t t

r

: :,Tho reIAtionship botwoen: moiat -1ivér weight and 
tal%body" w e i g h t ' , -. "g':-7: /.A'::'\.V%

'A:

: /Ÿ



200

00

lOO

O @

3 7 , i
L i v e r  Weight ( g

2 4
FIGURE 23



r a i s e d  l e v e l  o f  n u t r i t i o n ,  Bef'dre em bark ing  on t h i s  experi*» 

m ent ,  a  s t u d y  u a s  made o f  t h e  norm al  l i v e r  t o  body w e ig h t  

r a t i o  t h e  r e s u i t s  o f  w hich  a r e  shown i n  F i g , 2 3 ,  A l i n e a r  

r e g r e s s i o n  l i n e  was c a l c u l a t e d  t o  f i t  t h e  b e s t  l i n e  o f  p o i n t s .  

U s in g  t h i s  r e l a t i o n s h i p  i t  was t h e n  p o s s i b l e  t o  c a l c u l a t e  th© 

p e r  c e n t  d e v i a t i o n  from n o rm a l ,  o f  t h e  l i v e r  o f  each  r a t  a t  

s a c r i f i c e •

From t h e  r e s u l t s  i n  T ab le  3Ta i t  i s  soon t h a t  t h e r e  

i s  c o n s i d e r a b l e  v a r i a t i o n  among t h e  i n d i v i d u a l  v a l u e s  f o r  l i v e r  

t o  body w e ig h t  c h a n g e .  I n  t h e  e a r l y  s t a g e s  o f  t h e  e x p e r im e n t ,  

p e r h a p s  p a r t l y  owing t o  t h e  p r e v i o u s  b i o p s y ,  t h e  r a t i o  i s  be low  

n o rm a l .  However, from 36 h o u r s  onwards,  t h e r e  i s  a  g r a d u a l  

upward t e n d e n c y  i n  t h e  ran g e  o f  v a l u e s  u n t i l  60 h o u r s  i n d i c a t 

i n g  c o n t i n u o u s  l i v e r  g ro w th .  I t  would seem t h e n ,  t h a t  t h e  

t im e  c o u r s e  o f  t h e  e x p e r im e n t  was to o  s h o r t  t o  o b s e rv e  a 

f l a t t e n i n g  o u t  o f  t h e  c u rv e  o f  l i v e r  w e ig h t  i n c r e a s e *  On t h e  

w hole ,  t h e r e  i s  an upward t r e n d  i n  t h e  m i t o t i c  in d e x  b u t  t h e  

s c a t t e r  o f  v a l u e s  i s  to o  g r e a t  t o  p e r m i t  any  f u r t h e r  con

c l u s i o n s  # T a b le s  3Tb and c show t h e  ch a n g es  i n  RM and p r o t e i n  

c o n t e n t  p e r  c e l l  d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r im e n t*  Again 

t h e  i n d i v i d u a l  v a l u e s  a t  each  t im e  p o i n t  show c o n s i d e r a b l e  

v a r i a t i o n *  An i n c r e a s e  i n  t h e  c e l l u l a r  c o n t e n t  o f  each  com

p o n e n t  would be e x p e c t e d  t o  o c c u r  u n t i l  c e l l  d i v i s i o n  g o t  u n d e r  

way when a  d e c l i n e  s h o u ld  r e s u l t .  The r e s u l t s  r e p o r t e d  i n  t h e
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"TABLES'

The o f f o o t  o f  Amxnosol t r e a t m e n t  on t h e  v 

c h e m ic a l  o o m p o s i t io n  and m i t o t i c  in d e x  o f  t h e  l i v e r  

? norm al  r a t s  ( p r e v i o u s l y  b i o p s i e d ) .  A g ro u p  o f  

12 r a t s  o f  body w e ig h t  18Q g* £ 10 was s u b j e c t e d  

t o  l i v e r  b i o p s y .  : A f t e r  a l l o w i n g  a  day  f o r  t h e

a n im a l s  t o  r e c o v e r  from t h e  o p e r a t i o n  e a c h ' r a t  was 

g iv e n  4 m l . ,  Aminosol i n t r a p e r i t o n e a l l y  e v e r y  4 

h o u r s .  A l l  r a t s  were p e r m i t t e d  f r e e  a c c e s s  t o  

w a t e r  and fo o d  a t  a l l  t imes.; .  The r a t s  were t h e n  

k i l l e d  i n  g ro u p s  o f  3 a t  t im e  i n t e r v a l s ,  18, 24V 

30, 36, 42, 48 and 60 h o u r s  a f t e r  t h e  b e g i n n i n g  o f  

t h e  e x p e r im e n t#  At t h e  60 h o u r  p e r i o d  4 r a t s  word 

k i l l e d #  The r a t s *  body and t o t a l  l i v e r  w e ig h t s  

were d e t e r m in e d  a t  s a c r i f i c e ^  : ■ ^



T able TI a

Animal 

No .

Time
in te r v a l

b e tw een  
s t a r t  o f b e f o r e  a f t e r

P e r  c e n t  oimage 
o f  l i v e r / b o d y  

w t . r a t i o  from 
c a l c u l a t e d  

norm al v a l u e ,
( h r . ) t r e a t . t r e a t . change

Al IS 8 6 2 -  3*87
A2 18 9 95 86 17*28
A3 18 7 20 13 -13*16

B1 24 2 19 17 -  5*93
B2 24 47 99 52 -  9*72
B3 24 0 12 12 15*13

01 30 18 19 1 — 9*93
02 30 0 101 101 -15*53
03 30 0 43 43 — 4*05

D1 36 13 IS 5 15*07
3)2 36 19 23 4 8*56
:d3 36 18 25 7 9*86

S I 42 2 240 238 2*53
S2 42 10 33 23 6*08
S3 42 3 18 15 12*00

FI 48 0 63 63 16*23
P2 48 24 97 73 27*27
P3 48 31 8 -2 3 0*98

CtI 60 15 18 3 1*23
Q2 60 0 17 17 3*90
Ct3 60 2 122 120 35*85
04 60 6 11 5 22*95



Table 3% b

lu i  mal 

No,

Time 
i n t e r v a l  

b e tw een  
s t a r t  o f  

e x p .&  d e a t h  
( h r . )

b e f o r e

t r e a t m e n t

BNAi:*
DMA?

a f t e r

t r e a t m e n t

per c e n t  

change

Al ■ 18 2*93 3*71 . 27
A2 18 4*07 4*48 10
A3 18 3*67 4*38 19

B1 24 3*51 4*52 29
B2 24 4* 48 5*76 29
B3 24 4* 87 5*10 5

Cl 30 4*22 5*25 24
G2 30 4*38 4*82 10
C3 30 4*10 4*48 9

D1 36 6*00 31
D2 36 4*05 4*47 10
D3 36 4*26 6*17 45

E l 42 3* 44 5*27 53
E2 42 4*10 4* 06 0
E3 42 3*81 4*92 30

FI 48 4*00 4*79 20
F2 48 3*55 4*18 18
F3 48 3*86 5*03 30

01 60 4* 14 4* 66 13
02 60 4*10 5*35 31
03 60 4*00 4*50 11
04 60 4* 41 4*74 8



Table 37 c

kuimal

No.

Time 
i n t e r v a l  

b e tw een  
s t a r t  o f  

exp • à d e a t h  
( h r . )

b e f o r e

t r e a t m e n t

p r o t e i n
DNAP
a f t e r

t r e a t m e n t

p e r  c e n t  

change

Al 18 738 738 0
A2 18 872 800 *=• 8* 3
A3 IB 819 827 1*0

B1 24 760 922 2 1 0
B2 24 1020 1035 1*5
B3 24 1015 988 2*7

Cl 30 944 1050 11*2
C2 30 875 917 4* 8
G3 30 838 738 -12*0

D1 36 955 1135 18*8
1)2 36 873 892 2*2
D3 36 982 1140 16*1

EX 42 700 883 26*1
E2 42 839 766 -  8*7
E3 42 755 952 26*1

PI 48 942 984 4*5
F2 48 777 862 11*0
F3 48 805 833 3*48

01 60 1204 1280 6*3
02 60 1008 1135 1*3
03 60 1193 1282 7*5
04 60 975 907 -  7*0



T a b le s  37b fïfnd e shotr èav upwa.rd t r e n d  i n  t h e ' e e l l t i X a r  c o n t e n t  

of b o th  MA %nd p r o t e i n ;  b u t  Eigain t h e  s c a t t e r  o f  v a l u e s  w a s .  

t o o  g r e a t  to .  p e r m i t  any f u r t h e r  0one l u s iohb«

-■ ' I t  i s  e v i d e n t  t h a t  t h i s  l a t t e r  e x p e r im e n t  h a s  s e v e r a l

sho r to om in .g a . I n  t h e  f i r s t  p l a c e  t h e  ra n g e  of biological 
v a r i a t i o n  i n  re sp o nse ,  t o  t h e  t r e a t m e n t  i s  q u i t e  o o n s i d e r a b l e *

This d i f f i c u l t y  can only be o i re u m v e n te d  by t h e  u s e  o f  a  much 

l a r g e r  number o f  a n im a l s  so that t h e  s t a t i s t i c a l  error in v o lv e d -  

i n  sam p l in g  becomes r e d u c e d  t o  p e r m i t  more r e l i a b l e  a n a l y s i o .

I t  would be d e s i r a b l e  to  u s e  a t  l e a s t  f i v e  a n im a l s  a t  e ach  

t im e  p o in t -S O  t h a t  an  a v e ra g in g ,  o f  r e s u l t s  c o u ld  be e f f e c t e d *

I n  t h e . second p l a c e ,  t h e  t r e a t m e n t  i n v o l v i n g  f r e q u e n t  i n t r a -  

p e r i  t o n e a l  i n j e c t i o n s  p ro d u c ed  c o n s i d e r a b l e  s t r e s s  i n  t h e  r a t s  

and i t  i s  w e l l  knm m  t h a t  a d r e n a l  c o r t i c o s t e r o i d s  a r e  p o t e n t  

i n h i b i t o r s  of. l i v e r  c e l l  m i t o s i s  (hemingway, I 9 6 0 ) .  I n  

p r a c t i c e ,  t h e n  t h e  r e s p o n s e  o b t a i n e d  may r e p r e s e n t  a  b a l a n c e  o f  

e f f e c t s  b e tw een  amino a c i d s  on one hand and a d r e n a l  c o r t i c o s 

t e r o i d s  on t h e  o t h e r .  I n  o r d e r  t o  o b v i a t e  t h e  e f f e c t  o f  s t r e s s ,  

it would be d e s i r a b l e  t o  accus tom  t h e  r a t s  t o  the i n j e c t i o n  

p ro c e d u r e  f o r  some t im e  b e f o r e  t h e  s t a r t  o f  t h e  e x p e r i m e n t .

i n  s p i t e  o f  t h o s e  d raw b ack s ,  t h e  r e a i i l t s  o b t a i n e d  

demonstrate ̂ q u i t e  u n e q u i v o c a l l y  t h a t  i t  ■ i  a po s sib le t o  ©f f  0  o t  ; . 

g ro w th  i n  t h e  l i v e r  o f  an i n t a c t  r a t  beyond its norm al  s i z e  

by e l e v a t i n g  t h e  I p v e l  o f  b lo o d  amino a c i d s  »
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DISCUSSION.

3 ,0  In  mammals t h e  c a p a c i t y  f o r  r e s t o r a t i o n  and r e p a i r

v a r i e s  g r e a t l y  from one t i s s u e  t o  a n o t h e r .  I n  g e n e r a l ,  i t  

i s  most p ron ou nced  i n  t h e  e p i t h e l i a l  t i s s u e s  e . g . ,  s k i n ,  

g u t  mucosa, and a l s o  i n  hone marrow and ly m p h a t ic  t i s s u e *  

Swann (1958) h a s  p o i n t e d  o u t  t h a t  an i n v e r s e  r e l a t i o n s h i p  

e x i s t s  be tw een  t h e  c e l l ’ s s t a t e  o f  d i f f e r e n t i a t i o n  and i t s  

c a p a c i t y  f o r  d i v i s i o n *  The most h i g h l y  s p e c i a l i s e d  c e l l s ,  

e . g . ,  n e u r o n e s  and s k e l e t a l  m uscle  c e l l s ,  have l i t t l e  o r  no 

c a p a c i t y  t o  d i v i d e ,  and hence  r e p a i r  a f t e r  damage o r  rem oval 

i n  such  t i s s u e s  i s  v e r y  l i m i t e d *

The phenomenon o f  r e g e n e r a t i v e  g row th  h a s  b een  

i n v e s t i g a t e d  i n  many t i s s u e s  b o t h  i n  t h e  a d u l t  and th e  embryo 

(Needham, 1 9 5 2 ) .  However, t h e  most i n t e n s i v e l y  i n v e s t i g a t e d  

sy s tem s  w i t h  r e g a r d  t o  t h e  u n d e r l y i n g  mechanisms have b ee n ,

1) l i v e r  r e g e n e r a t i o n  f o l l o w i n g  p a r t i a l  

h e p a te c to m y ,

2) bone marrow p r o l i f e r a t i o n  f o l l o w i n g  

haem orrhage  o r  e x p o su re  t o  h y p o x ia ,

3) co m p en sa to ry  g row th  o f  t h e  r e m a in in g  

k i d n e y  f o l l o w i n g  u n i l a t e r a l  hophrectomy*

Com pensa tory  g row th  may o c c u r  by an i n c r e a s e  i n  c e l l  s i z e  

( h y p e r t r o p h y ) , by  an i n c r e a s e  i n  c e l l  number ( h y p e r p l a s i a ) ,
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o r  by  b o th  means* R e s t o r a t i o n  o f  r e d  b lo o d  c e l l s  a f t e r  l o s s  

o c c u r s  e n t i r e l y  by an i n c r e a s e d  r a t e  o f  d i v i s i o n  o f  j ) r e c u r s o r  

c e l l s  (p u re  h y p e r p l a s i a )  (Linman & B et  h e l l ,  I960)  * Com»̂  

p e n s a t o r y  g row th  o f  l i v e r  a f t e r  damage o r  p a r t i a l  rem oval  i s  

m a in ly  by h y p e r p l a s i a  and t o  a much s m a l l e r  e x t e n t  by h y p e r 

t r o p h y  ( H a rk n e s a , 1 9 5 7 ) .  Com pensatory  r e n a l  g row th  a f t e r  

u n i l a t e r a l  neph rec to m y  i s  m a in ly  by h y p e r t r o p h y  and t o  a much 

l e s s e r  e x t e n t  by h y p e r p l a s i a  (S impson, 1961)*

I t  h a s  b een  an u n d e r l y i n g  a s s u m p t io n  i n  much o f  

t h e  r e s e a r c h  i n t o  t h e  n a t u r e  o f  l i v e r  r e g e n e r a t i o n  t h a t  

f o l l o w i n g  p a r t i a l  h e p a te c to m y  t h e  o rgan ism  i s  in fo rm e d  o f  t h e  

d e f i c i t  o f  l i v e r  t i s s u e .  I t  i s  su rm ise d  t h a t  t h e  o rgan ism  

t h e n  ’d i r e c t s *  t h e  r e s t o r a t i o n  o f  t h e  d e f i c i e n t  o rg an  u n t i l  

i t  a t t a i n s  t h e  p r e v i o u s  e q u i l i b r i u m  s i z e  * The n a t u r e  o f  

t h i s  p r o c e s s  by means o f  which  th e  body becomes aware o f  th e  

l i v e r  ’d e f i c i e n c y *  and 1 s t i m u l a t e s  * t h e  r e s t o r a t i o n  p r o c e s s  

h a s  g i v e n  r i s e  t o  a  g r e a t  d e a l  o f  s p e c u l a t i o n  and in d e e d  

p r o v i d e s  t h e  im p e tu s  t o  c u r r e n t  r e s e a r c h  d e v o te d  t o  e luc i-^  

d a t i n g  t h e  mechanism o f  g row th  c o n t r o l  i n  v i v o . A l th ou gh
c

s u s p e c t e d  f o r  a  lo n g  t im e ,  c o n c l u s i v e  e v id e n c e  o f  th e  

p r e s e n c e  o f  t h e  g row th  c o n t r o l l i n g  f a c t o r s  i n  t h e  c i r c u l a t i n g  

b lo o d  h a s  o n ly  v e r y  r e c e n t l y  b een  d e m o n s t r a te d ^  by th e  

i n g e n i o u s  e x p e r im e n t s  o f  Leong, Grisham , Hole and A l b r i g h t
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( 1 9 6 4 ) .  These w o rk e rs  s u cc eed ed  i n  t r a n s p l a n t i n g  t h e  median  

lo b e  o f  t h e  r a t ’ s l i v e r  t o  th e  abdom inal  s u b c u ta n e o u s  t i s s u e  

by a two s t a g e  p r o c e d u r e . S tago  one c o n s i s t e d  o f  a  p e d i c l e  

t r a n s f e r  o f  t h e  median lo b e  th ro u g h  t h e  m i d l i n e  abdom inal  

i n c i s i o n  t o  t h e  s u b c u ta n e o u s  s i t u a t i o n *  S tag e  two, p e r fo rm ed  

a f t e r  an i n t e r v a l  o f  two weeks i n v o l v e d  l i g a t i o n  w i t h  a s t e e l  

l i g a t u r e  o f  t h e  p e d i c l e  and i t s  b lo o d  v e s s e l s ,  b u t  e x c lu d in g  

t h e  e f f l u e n t  b r a n c h  o f  t h e  b i l e  d u c t  from t h e  l o b e .  T h is  

t e c h n i q u e ,  t h e r e f o r e ,  l e f t  t h e  a u t o g r a f t  d e p e n d e n t  on a 

c o l l a t e r a l  b lo o d  s u p p ly  from t h e  s u b c u ta n e o u s  t i s s u e s  b u t  

p r e s e r v e d  i t s  no rm al  b i l e  d r a i n a g e .  I n  such  a p r e p a - r a t i o n  

Leong e t  a l . ,  were a b l e  t o  d e m o n s t r a t e  t h a t  p a r t i a l  h e p a -  

t e c to m y  o f  t h e  main p a r t  o f  t h e  l i v e r ,  one t o  t h r e e  months 

a f t e r  e a t a b l i s l i m e n t  o f  t h e  a u t o g r a f t ,  p ro d u c e d  DMA s y n t h e s i s  

and m i t o s i s  i n  t h e  g r a f t  a s  w e l l  a s  i n  t h e  r e s i d u a l  l i v e r .  

However, t h e  a u t h o r s  p o i n t e d  o u t  t h a t  t h e  n a t u r e ,  o r i g i n ,  and 

manner o f  a c t i o n  o f  t h e  b lo o d ^ b o rn e  m e d i a t o r  o f  l i v e r  

r e g e n e r a t i o n  w ere  n o t  i n d i c a t e d  by t h e i r  i n v e s t i g a t i o n #

The p r e s e n t  i n v e s t i g a t i o n  h a s  shed  some l i g h t  on 

t h i s  p ro b le m .  The c r o s s - - c i r e u l a t i o n  e x p e r i m e n t s  ( S e c t i o n  

2 .1 )  seem t o  e x c lu d e  t h e  p o s s i b i l i t y  t h a t  t h e  supposed  b lo o d s  

b o rne  f a c t o r  i s  a  s t a b l e  ho3:mone o r  hum oral  a g e n t  c a p a b le  o f  

b e i n g  tx ^ a n s f e r re d  from an im a l  t o  a n o t h e r .  The e x p e r im e n t s
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on p l a s m a p h e r e s i s  ( S e c t i o n  2 .3 )  moke i t  u n l i k e l y  t h a t  t h e  

f a c t o r  t a k e s  t h e  form o f  p lasm a p r o t e i n s .  On th e  o t h e r  hand ,  

t h e  c h a n g es  i n  ch e m ic a l  c o m p o s i t io n  o f  t h e  r e s i d u a l  l i v e r  

f r a g m e n t  ( S e c t i o n  2 ,4 )  and t h e  e x p e r im e n ts  w i t h  b ro m su lp h -  

t h a l e i n  ( S e c t i o n  2 ,5 )  a r e  c o n s i s t e n t  w i t h  t h e  v iew  t h a t  t h e  

l i v e r  f r a g m e n t  a f t e r  p a r t i a l  h e p a te c to m y  i s  s u b j e c t  t o  a 

f u n c t i o n a l  o v e r l o a d .  F i n a l l y ,  t h e  e x p e r im e n t s  on amino a c i d  

a d m i n i s t r a t i o n  ( S e c t i o n  2 .7 )  s u g g e s t  t h a t  t h e  f u n c t i o n a l  o v e r 

l o a d  may t a k e  t h e  form p a r t l y  o f  an a b n o rm a l ly  l a r g e  su p p ly  

o f  amino a c i d s .  The norm al i n t a c t  l i v e r  may be r e g a r d e d  a s  

a n a lo g o u s  t o  b a c t e r i a l  c e l l s  g row ing  v e r y  s lo w ly  on a m in im al 

medium. When t h e  l i v e r  i s  ’’s u b c u l t u r e d ” i n t o  a ’’r i c h e r  

me dium” e i  t h e r ,

a)  by  i n c r e a s i n g  t h e  l e v e l  o f  c i r c u l a t i n g  

n u t r i e n t  e s p e c i a l l y  amino a c i d s ,  o r

b) by a l t e r i n g  t h e  p r o p o r t i o n  o f  l i v e r  t i s s u e  

p r e s e n t  t o  t h e  amount o f  ’’endogenous  n u t r i e n t ” 

i . e . ,  by p a r t i a l  removal o f  l i v e r  s u b s t a n c e ,

t h e  r e m a in in g  l i v e r  c e l l s  w i l l  s t a r t  t o  grow and d i v i d e  q u i t e  

s p o n t a n e o u s l y  u n t i l  a  new e q u i l i b r i u m  i s  a t t a i n e d  be tw een  

c i r c u l a t i n g  n u t r i e n t  t o  f u n c t i o n i n g  l i v e r  t i s s u e .



, ; ‘ . Règarclod i h  t h i s  . l i g h t ,  g ro w th  l i m i t a t i o n  o f  l i v e r

c e l l s  i s  by th e .a m o u n t  o f  n u t r l e n t  p r e s e n t e d  t o  t h e ' f u n c t i o n a l  

l i v e r  s u b s t a n c e  p e r  u n i t  o f  t i m e .  T h is  v a l u e  w i l l  d e te r m in e  

, th e ,  l i m i t  o f  t h e  s i z e  t o  w hich  t h e  l i v e r  w i l l  grow, b u t  t h e  

a c t u a l  p r o c e s s  o f  g row th  i t s e l f  i s  s p o n t a n e o u s .  T h is  v iew , 

i t  w i l l  be a p p r e c i a t e d ,  g i v e s  s en se  t o  t h e  f a c t  t h a t  a 

t h r e s h o l d  amount o f  l i v e r  t i s s u e  h a s  t o  be rem oved b e f o r e  t h e  

pi^ocess o f  r e g e n e r a t i o n  i s  s e t  . i n  t r a i n ,  w h e th e r  t h e  c r i t e r i o n  

,0 f  t h i  s p ro  c e s s  b e , . BNA s y n th e  s i s ,  ENA s y n th e  s i s  {Fü j i  oka . 

e t  a l . a. 1963) g r  m i t o t i n  in d e x  (MacDonald e t  a l . .  1 9 6 2 ) .

The same in t e x ’p r e t a t i o n  may be made o f  t h e  f i n d i n g s  o f  

L ieberm an  and  S h o r t  (1965) t h a t  l i g a t i o n  o f  t h e  b r a n c h  o f  t h e  

p o r t a l  v e i n  t o  t h e  m edian  and l e f t  l a t e r a l  l o b e s  o f  th e  l i v e r  

i n  r a t s  c a u s e d  a t r o p h y  o f  t h e s e  l o b e s  t o g e t h e r  w i t h  i n c r e a s e d  

s y n t h e s i s  f i r s t  o f  ENA and th e n  o f  DNA i n  t h e  r e s i d u a l  l o b e s  

a t  a  ' r a t e  i d e n t i c a l  w i t h  t h a t  f o l l o w i n g  p a r t i a l  h e p a te c to m y .

- ' The a c t u a l  v a l u e  f d r  t h i s  th s re sh o ld  amount o f  l i v e r

t i s s u e - t o  be -removed t o  i n i t i a t e  t h e  p r o c e s s  o f  r e g e n e r a t i o n  

v a r i e s  a c c o r d i n g  to  t h e  i n v e s t i g a t o r  and c r i t e r i a  u s e d .

Thus MacDbhald e t  a l  * (1962) o b t a i n e d  a  v a l u e  o f  9*4 to  12*3 

p e r  c e n t  b e f o r e  DNA s y n t h e s i s  I s  i n c r e a s e d . ,  V e in b re n  and 

T a r sh  (1964) how ever ,  found  t h a t  rem oval o f  t h e  c a u d a t e  lo b e  

( a  p r o c e d u r e  i n v o l v i n g  t h e  removal o f  8*6 p e r  c e n t  o f  t h e
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l i v e r )  c a u s e d  a s i g n i f i c a n t  b u r s t  o f  m i t o s e s  i n  t h e  x’e s i d u a l

l i v e r  a f t e r  72 ho u rs*  Goss ( 1 9 6 4 a ) s u g g e s t s  t h a t  r e g e n e r a t i v e

g row th  i n  l i v e r  p r o b a b ly  f o l l o w s  th e  rem oval  o f  even s m a l l e r

am ounts  o f  t i s s u e  b u t  by t h e  u s u a l  c r i t e r i a ,  t h e  g row th

re s p o n s e  re m a in s  u n d e t e c t e d . Grisham (1962) h a s  p o i n t e d  o u t

t h a t  i n  t h e  norm al i n t a c t  l i v e r  c e l l u l a r  r e p la c e m e n t  o c c u r s

u n i f o r m l y  from a l l  p a r t s  o f  t h e  lo b u le *  The same p a t t e r n  i s

seen  a f t e r  p a r t i a l  h e p a te c to m y  i f  o n ly  a sm a l l  p r o p o r t i o n  o f

th e  o rg an  i s  e x c i s e d .  I f  two t h i r d s  a r e  removed, m i t o s e s  a r e

i n i t i a l l y  c o n f i n e d  t o  t h e  p e r i p o r t a l  and m id zo n a l  a r e a s *

T h is  ’’r e s t r i c t e d ” d i s t r i b u t i o n  p e r s i s t s  o n ly  f o r  t h e  f i r s t  36

h o u r s  o f  x’e g e n e r a t i o n .  T h e r e a f t e r  c e l l u l a r  r e p la c e m e n t

o c c u r s  from a l l  p a r t s  o f  th e  l o b u le *  M oreover e v id e n c e  
î"i

e x i s t s "  y  t h e  a p p e a ra n c e  o f  a  r e s t r i c t e d  ty p e  o f  p r o l i f e r a t i o n ^  

i n  w hich  c e l l  m i t o s e s  o c c u r  i n  t h e  p e r i p o r t a l  and m id zon a l  

a reaS j  may be r e l a t e d  t o  t h e  amount o f  l i v e r  removed o r  

d e s t r o y e d  and t h a t  a t  l e a s t  20 to  30 p e r  c e n t  m ust  be removed 

b e f o r e  t h i s  happ ens  * I t  may be t h a t  rem oval  o r  d e s t r u c t i o n  

o f  a  c r i t i c a l  amount o f # t i s s u e  i s  r e q u i r e d ,  b e f o r e  t h e  l e v e l  

o f  endogenous  n u t r i e n t  s u p p l i e d  to  t h e  r e s i d u a l  f r a g m e n t  i s  

i n c r e a s e d  s u f f i c i e n t l y  to  cau se  a  d e t e c t a b l e  g ro w th  r e s p o n s e  * 

I t  i s  e q u a l l y  e v i d e n t  t h a t  t h i s  t h e o r y  c o u ld  a c c o u n t  f o r  th e  

e s t a b l i s h e d  f a c t  t h a t  t h e  r a t e  o f  r e g e n e r a t i o n  f o l l o w i n g
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p a r t i a l  h e p a te c to m y  i s  more r a p i d  t h e  more t i s s u e  i s  removed 

( F i s h b a c k ,  1929; MacDonald e t  a l * ,  1962)*

I t  w i l l  be n o t e d  t h a t  t h i s  t h e o r y  d i s p o s e s  o f  t h e  

need  f o r  a  ’' s p e c i f i c  m i t o t i c ” o r  hum ora l  a g e n t  s t i m u l a t i n g  

l i v e r  c e l l  d i v i s i o n *  The q u e s t i o n  may be r a i s e d  however,  

how d oes  t h i s  t h e o r y  a c c o u n t  fo:^ t h e  " o rg a n  s p e c i f i c  n a t u r e ” 

o f  t h e  s t i m u l u s ?  I n  o t h e r  w ords ,  how l a  i t  t h a t  o n ly  l i v e r  

c e l l s  respoB.d so d r a m a t i c a l l y  t o  p a r t i a l  h o p a tec to m y ,  and n o t  

c e l l s  o f  o t h e r  t i s s u e s *  011noa (1 9 5 8 ) ,  f o r  exam ple ,  s t u d i e d  

t h e  e f f e c t  o f  p a r t i a l  h e p a te c to m y  on t h e  m i t o t i c  f r e q u e n c y  i n  

p a r o t i d  g la n d  and p a n c r e a s  i n  t h e  r a t ,  and found t h a t  no 

e f f e c t  was d e t e c t a b l e  i n  t h e s e  t i s s u e s .  However, t h e  f a c t  

t h a t  t h e  s t i m u l u s  i s  n o t  so s p e c i f i c , a s  f o r m e r l y  b e l i e v e d ,  

was d e m o n s t r a t e d  by P a s c h l i i s ,  Goddard, C an tarow , and Adi h i  

( 1 9 5 9 ) « These l a t t e r  a u t h o r s  found  t h a t  p a r t i a l  h e p a te c to m y  

i n  t h e  r a t  c a u s e d  a  s i g n i f i c a n t  e l e v a t i o n  o f  m i t o t i c  in d e x  

i n  t h e  c o r n e a  4 days  a f t e r  t h e  o p e r a t i o n *  P a r t i a l  hepa

te c to m y  a l s o  i n c r e a s e d  t h e  com p ensa to ry  e n la r g e m e n t  o f  t h e  

r e s i d u a l  k i d n e y  a f t e r  u n i l a t e r a l  hophrec tom y ,  and a l s o  

s i g n i f i c a n t l y  i n c r e a s e d  e p i p h y s e a l  w id th  o f  t h e  p ro x im a l  

t i b i a  i n  h y p o p h y sec to m ized  r a t a *  The same a u t h o r s  a l s o  

found t h a t  g row th  o f  c e r t a i n  t r a n s p l a n t e d  r a t  tu m ors  i s  

enhanced  by  p a r t i a l  hepa tec tom y*
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When i t  i e  conceded  t h a t  é t h e r  t i s s u e s  may p a r t i c i 

p a t e  i n  t h e  g ro w th  p r o c e s s  which f o l l o w s  p a r t i a l  h e p a te c to m y ,  

i t  s t i l l  r e m a in s  n e c e s s a r y  t o  a c c o u n t ,  f o r  t h e  more d r a m a t i c  

r e s p o n s e  o f  t h e  r e s i d u a l ,  l i v e r  t i s s u e *  The answ er  t o  t h i s  

q u e s t i o n  may r e s i d e  i n  t h e  f a c t  t h a t  t h e  l i v e r  i s  e s p e c i a l l y  

s e n s i t i v e  and r e s p o n s i v e  t o  t h e  l e v e l  o f  c i r c u l a t i n g  endogenous 

n u t r i e n t s *  C o n s i d e r i n g  t h e  k e y  r o l e  o f  t h e  l i v e r  a s  t h e  

c e n t r a l  o rg a n  o r  " c l e a r i n g  h o u se"  o f  i n t e r m e d i a r y  m e ta b o l i s m ,  

e#g* ,  t h e  r e g u l a t i o n  o f  b lo o d  s u g a r ,  t h e  o x i d a t i o n  and syn

t h e s i s  o f  amino a c i d s ,  t h e  f o r m a t i o n  o f  p r o t e i n s  f o r  t h e  

r e g u l a t i o n  o f  t h e  f u n c t i o n  and n u t r i t i o n  o f  a l l  t i s s u e s ,  t h e  

t h e o r y  seems a p t*  T h a t  l i v e r  t i s s u e  i s  s e n s i t i v e  t o  t h e  

l e v e l s  o f  c i r c u l a t i n g  n u t r i e n t s  i s  w e l l  k n o im * The c l a s s i c a l  

work o f  AddiSf Poo and Lew (1936) showed t h a t  d u r i n g  a f a s t ,  

t h e  l i v e r  l o s e s  p r o t e i n  more r a p i d l y ,  and on r e f e o d i n g  w i t h  

a  74 p e r  c e p t  c a s e i n  d i e t ,  r e g a i n s  p r o t e i n  more r a p i d l y  t h a n  

a lm o s t  any  o t h e r  t i s s u e .  A lso  a  s i m i l a r  l o s s  o f  p r o t e i n ,

RNÂ and p h o s p h o l i p i d  from l i v e r  was d e m o n s t r a t e d  t o  o c c u r  i n  

r a t s  f a s t e d  o r  on a  p r o t e i n - f r e e  d i e t  ( K o s t e r l i t z ,  1947)*

I n  t h i s  c o n t e x t  a l s o ,  i t  may be r e c a l l e d  t h a t  Gurd e t  a l *> 

(1948) found  a  more r a p i d  r e g e n e r a t i o n  o f  l i v e r  p r o t e i n  a f t e r  

p a r t i a l  h e p a te c to m y  i n  p r o t e i n  d e p l e t e d  r a t s ,  i n d i c a t i n g  

t h a t  t h e  " s m a l l e r ’̂ l i v e r  f r a g m e n t  was r e s p o n d i n g  more
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d r a m a t i c a l l y  o r  t h a t  a  more p o t e n t  s t i m u l u s  t o  l i v e r  p r o t e i n  

r e c o v e r y  o c c u r r e d  i n  t h e  a n im a l s  w i th  a  more s e v e r e  r e d u c t i o n  

o f  l i v e r  s u b s ta n c e *

A n o th e r  i m p o r t a n t  o b j e c t i o n  t o  be a c c o u n te d  f o r ,  i n  

t e rm s  o f  t h i s  t h e o r y ,  c o n c e rn s  t h e  e x p e r im e n t s  o f  Leong e t  a l  * 

(1964) on t h e  h e t e r o t o p i e  l i v e r  t r a n s p l a n t #  I t  may w e l l  be 

a s k e d ,  how d o es  t h e  t r a n s p l a n t  e x p e r i e n c e  t h e  n e c e s s a r y  

" f u n c t i o n a l  o v e r lo a d "  o f  c i r c u l a t i n g  n u t r i e n t *  T h is  i s  

c l e a r l y  a  p rob lem  w hich  can  n o t  e a s i l y  be e x p la in e d *  S in c e  

t h e  b lo o d  l e v e l s  o f  f r e e  amino a c i d s  and g l u c o s e  do n o t  a l t e r  

g r e a t l y  a f t e r  p a r t i a l  h e p a te c to m y ,  t h e  o n l y  way an i n c r e a s e d  

d e l i v e r y  c o u ld  o c c u r  would be by an i n c r e a s e d  r a t e  o f  p e r 

f u s i o n *  M oreover ,  i t  i s  d i f f i c u l t  a t  p r e s e n t  to  e n v i s a g e  

how p a r t i a l  rem oval  o f  t h e  main o rg a n  c o u ld  c a u se  

dynamic ch an ges  i n  t h e  l i v e r  t r a n s p l a n t *  However, i n  v iew  

o f  t h e  t r a n s p l a n t ’ s l e s s  w e l l  d e f i n e d  b lo o d  s u p p ly ,  i t  would 

be e x p e c t e d  t h a t  any r e s p o n s e  t o  a f u n c t i o n a l  o v e r l o a d  would 

be a t t e n u a t e d ,  w hich  i s  w hat  Leong e t  a l *, have found#

F i n a l l y ,  i t  may be u rg e d  i n  s u p p o r t  o f  t h i s  t h e o r y  

r e l a t i n g  l i v e r  c e l l  g row th  t o  t h e  f u n c t i o n a l  demands made 

by t h e  t i s s u e s ,  t h a t  i t  h a s  t h e  m e r i t  o f  b e in g  p h y s i o l o g i c a l l y  

a p p r o p r i a t e *  I t  i s  f a i r l y  w e l l  e s t a b l i s h e d  t h a t  t h e  

fu n d a m e n ta l  c o n t r o l l i n g  f a c t o r  i n  t h e  r e g u l a t i o n  o f
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e r y t h r o p o i  e s i  s i a  t l ie  oxygen t e n s i o n  i n  t h e  c i r c u l a t i n g  

b lo o d  (Linman & B e th e 11, I960)  • I t  seems l i k e l y  t h a t  a t  

l e a s t  p a r t  o f  t h e  s t i m u l u s  t o  r e n a l  h y p e r t r o p h y  f o l l o w i n g  

u n i l a t e r a l  neph rec to m y  i a  due t o  t h e  i n c r e a a e d  e x c r e t o r y  

l o a d ,  s i n c e  i t  h a s  b een  shown t h a t  an  i n c r e a s e d  i n t a k e  o f  

sodium c h l o r i d e  i n c r e a s e s  r e n a l  m i t o s e s  i n  norm al  i n t a c t  

r a t s  (G oss ,  1 9 64 $ )and a l s o  i n c r e a s i n g  t h e  e x c r e t o r y  l o a d  

o f  a c i d  by  a d m i n i s t r a t i o n  o f  ammonium c h l o r i d e  s u b s t a n t i a l l y  

i n c r e a s e s  r e n a l  c e l l  m i t o s e s  ( L o t s p e i c h ,  1 9 6 5 ) .  T h e r e f o r e  

a  r e l a t i o n s h i p  o f  l i v e r  c e l l  g row th  t o  f u n c t i o n  seems b o th  

r e a s o n a b l e  and n a t u r a l  from t h e  e x p e r i m e n ta l  e v id e n c e *
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4 .0  1# The mechanism c o n t r o l l i n g  l i v e r  r e g e n e r a t i o n

a f t e r  p a r t i a l  hepatectomy- h a s  been  i n v e s t i g a t e d  i n  t h e  r a t ,  

t h e  dog and t h e  d o m e s t ic  f o w l y and t h e  p r i n c i p a l  t h e o r i e s  

p ro p o s e d  by p r e v i o u s  w o rk e rs  have been  r e - e x a n i in e d .

: . 2 .  The t h e o r y  t h a t  r e g e n e r a t i o n  m ig h t  be c o n t r o l l e d

by some "h u m o ra l” f a c t o r  c i r c u l a t i n g  i n  t h e  b lo o d  s t r e a m  was 

t e s t e d  by  i n j e c t i n g  serum from p a r t i a l l y  h o p a t e c to m i s e d  r a t s  

i n t o  norm al  r a t s #  T h is  f a i l e d  t o  p ro d uce  any s i g n  o f  g row th  

i n  th o  l i v e r s  o f  t h e  r e c i p i e n t s .  C o n v e r s e ly ,  i n j e c t i o n  o f  

nortoâl serum i n t o  p a r t i a l l y  h e p a to c tp m is e d  a n im a l s  f a i l e d  t o  

i n h i b i t  l i v e r  r e g e n e r a t i o n *  I n  an  a t t e m p t  t o  f i n d  a more 

s a t i s f a c t o r y  method o f  d e t e c t i n g  t h e  sup po sed  hum oral  f a c t o r ,

a  new t e c h n i q u e  o f  c r o s s - c i r c u l a t i o n  Was d e v i s e d  by means o f
A".

w hich  two r a t s  exchanged  a p p r o x im a t e l y  o n e - q u a r t e r  o f  t h e i r  

b lo o d  volume p e r  m i n u t e .  When one p a r t n e r  i n  such  a c r o s s -  

c i r c u l a t i o n  was p a r t i a l l y  h e j^ a tec to m ise d ,  i t s  l i v e r  f r a g m e n t  

r e g e n e r a t e d  i n  t h e  norm al  manner,  b u t  t h e  l i v e r  o f  i t s  

u n o p e r a t e d  p a r t n e r  showed no s i g n  o f  r e g e n e r a t i o n .  These 

e&per i m e n t s a p p e a r  t o  e x c lu d e  t h e  p o s s i b i l i t y  t h a t  l i v e r  

r e g o n e r a t i O h  i s  c o n t r o l l e d  by a n y t h i n g  i n  t h e  n a t u r e  o f  a  

"h u m o ra l” f a c t o r .
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3* The t h e o r y  t h a t  r e g e n e r a t i o n  i s  a  r e s p o n s e  t o  

t h e  r e s i d u a l  l i v e r  f r a g m e n t  h av in g  to  aocommodate t h e  same 

t o t a l  b lo o d  f lo w  a s  t h e  o r i g i n a l  i n t a c t  o rg a n  was i n v e s t i g a t e d  

i n  r a t s ,  dogs  and d o m e s t ic  fow ls*  I n  r a t s ,  i t  was found  

t h a t  t h e  p r e s s u r e  i n  t h e  p o r t a l  v e i n  d i d  r i s e  s h a r p l y  a f t e r  

p a r t i a l  h e p a te c to m y  h u t  t h a t  i t  r e t u r n e d  a lm o s t  t o  t h e  norm al  

l e v e l  w i t h i n  t h e  f i r s t  24 ho u rs*  I n  dogs  t h r e e  s u r g i c a l  

o p e r a t i o n s  were p e r fo rm e d  i n  an a t t e m p t  t o  p rod uce  a  sub*-» 

s t a n t i a l  i n c r e a s e  i n  b lo o d  f lo w  th r o u g h  t h e  l i v e r *  These 

weres  s i d e - t o - s i d e  p o r t o - c a v a l  a n a s to m o s i s  w i t h  l i g a t i o n  o f  

t h e  i n f e r i o r  v en a  c a v a  above t h e  l e v e l  o f  t h e  a n a s to m o s i s  

( r e v e r s e  Eck f i s t u l a ) ; s p l e n o - p o r t a l  a r t e r i o v e n o u s  s h u n t ; 

and a o r t o - p o r t a l  a r t e r i o v e n o u s  shun t#  Each o f  t h o s e  o p e r 

a t i o n s  p ro d u c e d  some i n c r e a s o  i n  p o r t a l  p r e s s u r e  * The l a t t e r  

two o p e r a t i o n s  would be e x p e c t e d  a l s o  t o  i n c r e a s e  oxygen 

t e n s i o n  i n  t h e  l i v e r .  None o f  them, how ever ,  p ro d u c ed  t h e  

s o r t  o f  g ro w th  r e s p o n s e  i n  t h e  livex* w hich  fo l lo ^ r s  p a r t i a l  

h e p a te c to m y .  I n  t h e  fo w l ,  i n c r e a s e d  b lo o d  f lo w  th r o u g h  th e  

l i v e r  was o b t a i n e d  by l i g a t i n g  th e  p o s t c a v a l  v e i n  and t h u s  

d i v e r t i n g  c a v a l  b lo o d  v i a  t h e  p o r t o - s y s te m ic  a n a s to m o s i s  

( c i r c l e  o f  J a c o b so n )  i n t o  t h e  p o r t a l  v e i n .  I n  t h i s  e a s e  

a l s o  t h e r e  was no d r a m a t i c  i n d i c a t i o n  o f  l i v e r  g ro w th .  Taken 

a l l  t o g e t h e r ,  t h e s e  r e s u l t s  a p p e a r  t o  e x c lu d e  t h e  p o s s i b i l i t y  

t h a t  t h e  r e s i d u a l  l i v e r  f r a g m e n t  r e m a in in g  a f t e r  p a r t i a l
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hépatectoffliy i s  s t i m u l a t e d  t o  grow b e c a u s e  i t  h a s  t o  a c c e p t  

more t h a n  i t s  norm al  b lo o d  flow#

4 .  The t h e o r y  t h a t  p lasm a  p r o t e i n  V;Ac o n c e n t r a t i o n  

m ig h t  p l a y  an  i m p o r t a n t  ro; |o i n  l i v e r  r e g e n e r a t i o n  was t e s t e d  

by o b s e r v i n g  t h e  f a l l  i n  t h e  p lasm a p r o t e i n  l e v e l  i n  r a t s  

a f t e r ,  p a r t i a l  hep a tec tom y#  T h is  p ro v ed  t o  be sm a l l  and 

t r a n s i e n t *  On t h e  o t h e r  hand ,  when t h e  p lasm a  p r o t e i n  l e v e l  

i n  norm al  i n t a c t  r a t s  was s u b s t a n t i a l l y  lo w e re d  by r e p e a t e d  

p l a s m a p h e r e s i s ,  o n ly  a  s l i g h t  m i t o t i c  r e s p o n s e  was o b t a i n e d  

i n  t h e i r  . l i v e r s # C o n v e r s e ly ,  l i v e r  r e g e n e r a t i o n  i n  p a r t i a l l y  

h e p a te o to rn ! so d  r a t s  was n o t  i n h i b i t e d  when t h e y  were s u p p l i e d  

w i t h  e x t r a  p lasm a  p r o t e i n  by i n t r a v e n o u s  i n f u s i o n  o f  norm al  

r a t  p lasm a# I t  seems u n l i k e l y ,  t h e r e f o r e  t h a t  p lasm a  p r o t e i n  

l e v e l s  a r e  i m p o r t a n t  i n  t h e  c o n t r o l  o f  l i v e r  r e g e n e r a t i o n #

3 y  I n v e s t i g a t i o n  o f  t h e  c h e m ic a l  ch a n g e s  i n  t h e  

r e m a in in g  l i v e r  f r a g m e n t  a f t e r  p a r t i a l  h e p a te c to m y  i n  r a t s  

showed a  s l i g h t  i n c r e a s e  i n  sodium and w a t e r  c o n t e n t  w i t h i n  

10 m in u te s  o f  t h e  o p e r a t i o n ,  a  s h a rp  f a l l  i n  g ly c o g e n  con

c e n t r a t i o n  a t  2 h o u r s ,  and a c c u m u la t io n  o f  t o t a l  l i p i d  ( b u t  

n o t  p h o s p h o l i p i d )  a t  6 h o u r s  and an  i n c r e a s e  i n  RNA p e r  c e l l  

a t  12 h o u rs#  The r a t e  a t  w hich  t h e  l i v e r  c l e a r e d  i n j e c t e d  

b r o m s u l p h t h a l e i n  was d im in i s h e d  i n  p r o p o r t i o n  t o  t h e  amount 

o f  t i s s u e  removed i n  t h e  h e p a te c to m y  and d i d  n o t  show any 

im provem ent w i t h i n  48 h o u r s  o f  t h e  o p e r a t i o n #
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6* I f  one p a r t n e r  in  a  p a i r  o f  e r o s B - ^ c i r o u l a t i n g  

r a t s  was h e p a te c t o m i s o d ,  t h e  l i p i d  c o n t e n t  o f  i t s  l i v e r  and 

t h e  RNA conjton t  p e r  l i v e r  c e l l  i n c r e a s e d  i n  t h e  same way a s  

i n  s i n g l e  p a r t i a l l y  h e p a t e c t o m i s e d  r a t s ,  b u t  t o  a  l e s s e r  

e x t e n t *  The l i v e r  o f  t h e  u n h e p a te o to m is e d  p a r t n e r  d i d  n o t  

show an  e q u i v a l e n t  i n c r e a s e  e i t h e r  i n  l i p i d  o r  i n  ENA* On t h e  

o t h e r  h and ,  t h e  r a t e  w hich  i n j e c t e d  b r o m s u l p h t h a l e i n  was 

c l e a r e d  from t h e  b lo o d  s t r e a m  o f  a  p a r t i a l l y  h e p a te c t o m i s e d  

r a t  was B i i b s t a n t i a l l y  i n c r e a s e d  i f  i t  was l i n k e d  i n  c r o s s -  

c i r c u l a t i o n  w i t h  a norm al r a t .

7 è The r e s u l t s  d e s c r i b e d  i n  p a r a g r a p h s  5 and 6 

seemed c o n s i s t e n t  w i t h  t h e  v iew  t h a t  t h e  s t i m u l u s  t o  l i v e r  

r e g e n e r a t i o n  m ig h t  be t h e  i n a b i l i t y  o f  t h e  r e m a in in g  l i v e r  

f r a g m e n t  t o  d i s c h a r g e  t h e  d u t i e s  n o r m a l ly  p e r fo rm e d  by t h e  

i n t a c t  l i v e r ,  omd t h a t  c r o s s - e i r c u l a t i o n  w i t h  a norm al r a t  i s  

i n s u f f i c i e n t  t o  make Up f o r  t h e  d e f i c i e n c y .  An a t t e m p t  was 

made t o  t e s t  t h i s  hy po the  s i  s by o v e r l o a d i n g  t h e  l i v e r  o f  norm al 

i n t a c t  m t s  by  p a r e n t e r a l  a d m i n i s t r a t i o n  o f  amino a c i d s .  T h is  

p ro d u c e d  a p ro n o u n c ed  i n c r e a s e  i n  t h e  ENA c o n t e n t  p e r  c e l l  i n  

t h e  l i v e r ,  a  l e s s  p rono un ced  i n c r e a s e  i n  p r o t e i n  c o n t e n t  p e r  

c e l l  and  u l t i m a t e l y  a  s u b s t a n t i a l  i n c r e a s e  i n  m i t o t i c  a c t i v i t y .  

I n  BO f a r  a s  t h e à e  ch an g es  r e semble t h e  c h a n g es  a s s o c i a t e d  

w i t h  l i v e r  r e g e n e r a t i o n ,  t h e y  s u p p o r t  t h e  h y ] )o th e s i s  t h a t  

l i v e r  r e g e n e r a t i o n  i s  a  r e s p o n s e  t o  a  f u n c t i o n a l  o v e r l o a d .
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APPENDIX ON EXPERIMENTAL METHODS.

5 .1  Animals*

Male and fem a le  a l b i n o  r a t s  from t h e  D e p a r tm e n ta l  

Colony w e ig h in g  150 t o  250 g . , were u se d  e x c e p t  where o t h e r 

w ise  s t a t e d .  The e x p e r im e n t s  on l i v e r  l i p i d  d e p o s i t i o n  were 

c a r r i e d  o u t  on male and fem a le  hooded r a t s  i n  t h e  same w e ig h t  

ra n g e  and from t h e  same s o u r c e . A l l  r a t s  wore m a i n t a i n e d  on 

a c o n v e n t i o n a l  d i e t  o f  " r a t - c u b e s " ,  and were  g iv e n  i m t e r  and 

fo o d  ad l i b i t u m .

The fo w ls  u s e d  were p u l l e t s  o f  t h e  "S u ssex  l e g b a r "  

s t r a i n  from t h e  West o f  S c o t l a n d  C o l le g e  P o u l t r y  School 

a p p r o x im a t e l y  26 weeks o ld  and w e ig h in g  a b o u t  1200 g .

The dogs u s e d  wore m o n g re ls  w e ig h in g  a p p r o x im a t e l y  

20 k g . ,  from t h e  Wellcome L a b o r a t o r y  o f  t h e  U n i v e r s i t y  *

5 .2  Sur m o a l  j ? ro c  e d u r e .

5*21 E x p e r im e n ts  w i t h  f o w l s ;

P a r t i a l  h e p a te c to m y  was p e r fo rm e d  th r o u g h  an 

i n c i s i o n  on t h e  l o f t  s i d e  p a r o d i e 1 t o  th o  edge o f  t h e  s te rnum  

and a b o u t  1 cm*, above i t ,  and e x t e n d i n g  f o r  t h e  f u l l  l e n g t h  

o f  t h e  l i v e r *  The e n t i r e  l e f t . l o b e  o f  t h e  l i v e r  was l i g a t e d  

and e x c i s e d .  The o p e r a t i o n  was t o l e r a t e d  w e l l  and t h e r e  was 

no m o r t a l i t y .
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L i g a t i o n  o f  t h e  p o s t c a v a l  v e i n  was a c h ie v e d  hy

making an i n c i s i o n  i n  t h e  r i g h t  f l a n k ,  d i s s e e t i n g  down t o  th o  

v e i n  and l i g a t i n g  i t  w i t h  a s t o u t  c o t t o n  t h r e a d .  P ro v id e d  

t h e  v e i n  was n o t  a c c i d e n t l y  t o r n ,  t h e r e  was no m o r t a l i t y  and 

t h e  b i r d s  a p p e a re d  q u i t e  norm al  a f t e r  t h e  o p e r a t i o n . The 

wounds wore i n  each  c a s e  c l o s e d  i n  two l a y e r s  w i t h  l n t e r r u ] ) t e d  

s u t u r e  s .

5 .2 2  E x j ie r im en ts  w i t h  d o g s .

P a r t i a l  h ep a te c to m y  i n  dogs was p e r fo rm e d  by th o  

method o f  B ig e l  ( 1 9 6 3 ) .  The t e c h n i q u e  i s  bo,sed on c a r e f u l  

d i s s e c t i o n  and i n d i v i d u a l  c l o s u r e  o f  t h e  b lo o d  v e s s e l s  and 

b i l e  d u c t s  s u p p ly in g  t h e  p o r t i o n  o f  l i v e r  to  be r e s e c t e d . 

Under g e n e r a l  a n a e s t h e s i a  t h e  abdomen was opened  t h r o u g h  a  

vex’t i o a l  m i d l i n e  i n c i s i o n .  The b r a n c h e s  o f  t h e  h e p a t i c  

a r t e r y ,  p o r t a l  v e i n  t o  and t h e  b i l e  d u c t  from t h e  l e f t  and 

c e n t r a l  d i v i s i o n s  o f  t h e  H y o v  were c a r e  f u l l e r  d i s s e c t o d  o u t ,  

l i g a t e d  and d i v i d e d .  The h e p a t i c  v e i n  from t h e  l e f t  

d i v i s i o n  was clam ped and d i v id e d *  The stump was c l o s e d  w i t h  

an  a r t e r i a l  s i l k  l i g a t u r e *  The h e p a t i c  v e i n  from t h e  

c e n t r a l  d i v i s i o n  was a l s o  l i g a t e d  and d i v i d e d .  The l i v e r  

t i s s u e  to  be r e s e c t e d  was e l e v a t e d  o u t  t h r o u g h  t h e  o p e r a t i v e  

in c  i  s i  on and a l i g a t u î : e  a p p l i e d  a round  t h e  I s th m u s  o f  t h e
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p a p i l l a r y  p r o c e s s  i n  an  o/rea o f  v i a b l e  t i s s u e  * The t i s s u e  

b r i d g e  was t h e n  s e c t i o n e d  and th e  l e f t  and c e n t r a l  d i v i s i o n s  

rem oved . The abdomen was c l o s e d  i n  tiro 1 a y o r s . The 

r e s e c t e d  spec im en  x 'e p re se n te d  71 p e r  c e n t  o f  th e  whole l i v e r .

Tho R0 verse*-*Eck f i s t u l a  (p o r to - c a v o , !  a n a s to m o s i s )  

was p e r fo rm e d  by th e  t e c h n i q u e  d o s c r i b e d  by M arkow itz  ( 1 9 5 4 ) .  

Under g e n e r a l  a n a e s t h e s i a  t h e  abdomen was oponod th r o u g h  a 

l a r g e  r i g h t  s u b c o s t a l  i n c i s i o n *  The p o r t a l  v e i n  and i n f e r i o r  

v en a  ca v a  were d i s s e c t e d  f r e e ,  and a l i g a t u r e  p l a c e d  a round  

t h e  v en a  cav a  b u t  n o t  t i e d .  The p o s t e r i o r  a s p e c t s  o f  t h e  

two v e s s e l s  wore a p p ro x im a te d  by a c o n t i n u o u s  40 b r a i d e d  

n y lo n  su tux’e . A 20 b r a i d e d  n y lo n  s u t u r e  on a s t r a ig h t  round-» 

b o d ie d  n e e d le  was t h e n  p a s s e d  t h r o u g h  t h e  p o r t a l  v e i n  c l o s e  

t o  t h e  s u t u r e  l i n e  and r e t u r n e d  th ro u g h  t h e  v en a  cava  ( t h e  

c u t t i n g  s u t u r e ) . The c l o s e d  a n a s to ra o s i s  was c o m p le ted  

a n t e r i o r l y  so t h a t  i t  i n c l u d e d  t h e  c u t t i n g  s u t u r e ,  and t h e  

f i s t u l a  was opened by sawing th ro u g h  t h e  v e s s e l  w a l l s  w i th  

t h e  c u t t i n g  s u t u r e . B le e d in g  from t h e  s u t u r e  l i n o  was 

e a s i l y  c o n t r o l l e d  by p r e s s u r o  from a sw ab. Tho o p e r a t i o n  

was co m p le ted  by l i g a t i o n  o f  th o  i n f e r i o r  v e n a  c a v a .  A f t e r  

t h e  s e l e c t e d  p e r i o d  o f  t im e  t h e  dogs wore r e —a n a e s t h e t i s e d ,  

and th o  a n a s to m o s i s  e x c i s e d  be tw een  c lam ps and examined
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c l o s e l y *  U n le s s  t h e  f i s t u l a  was une q u i vo o a l l y  open, t h e  

an im a l  was n o t  i n c l u d e d  i n  t h e  s tüdy*  L i v e r  b i o p s i e s  were 

t a k e n  b e f o r e  e s tab3J.Bhment o f  th e  f i s t u l a  and a t  i n t e r v a l s  o f  

t im e  d u r i n g  th o  c o u r s e  o f  t h e  e x p e r im e n t  *

The s p l e n o - p o r t a l  a r te r io » ^ v en o u s  a n a s to m o s i s  * Under 

g e n e r a l  a n a e s t h e s i a ,  t h r o u g h  a m id l in o  abdom ina l  i n c i s i o n ,  th o  

s p l e n i c  a r te r y  was m o b i l i s e d  and im p la n te d  e n d - t o - s i d e  i n t o  

t h e  p o r t a l  v e in ,  n e a r  i t s  o r i g i n *  S p lenec tom y  was pe r fo rm ed^  

L i v e r  b i o p s i e s  wéx’e t a k e n  b e f o r e  e s t a b l i s h m e n t  o f  t h e  

a n a s to m o s i s  and a t  i n t e r v a l s  o f  t im e  d u r i n g  t h e  cou rse o f  t h e  

e x p e r im e n t  *

The 0 ,0 r t o - u o r i a l  a r t e r i o - v e n o u s  a n a s t o m o s i s . Under 

g e n e r a l  a n a e s t h e s i a  a  r i g h t  t h o r a c o - a b d o m in a l  i n c i s i o n  was 

made. U s ing  a . j u g u l a r  v e i n  g r a f t ,  a  s h u n t  was made be tw een  

th e  lo w e r  t h o r a c i c  a o r t a  and t h e  p o r t a l  v e i n .  Again  l i v e r  

b i o p s i e s  were t a k e n  b e f o r e  th e  c r e a t i o n  o f  t h e  s h u n t ,  and  a t  

i n t e r v a l s  d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t .
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o rime n t  s yri  t  h r a t s .

P a r t i a l  h e p a t e c to m y . T h is  was c a r r i e d  o u t  u n d e r  

e t h e r  a n a e s t h e s i a  by  the method of H ig g in s  and A nderson  

( 1931) * A midline abdomina?*. . i n c i s i o n  was made from a b o u t  

1 cm,, above th o  xiphoid p r o c e s s  downwards to a b o u t  2 cm,,  

b e lo w .  U s ing  g e n t l e  p r e s s u r e  on the lower p a r t  o f  th e  t h o r a x  

and u p p e r  abdomen, t h e  median and l e f t  l a t e r a l  l o b e s  were 
d e l i v e r e d  th r o u g h  t h e  i n c i s i o n ,  A lo o p  o f  l i n e n  t h r e a d  was 

p a s s e d  a ro u n d  t h e s e  l o b e s  and s e c u r e d  i n  p o s i t i o n , The 

l i g a t u r e  was t h e n  t i g h t e n e d  so t h a t  t h e  m edian  and l e f t  

l a t e r a l  l o b e s  c o u ld  be cleaxûly e x c i s e d *  The abdom inal  

wound was c l o s e d  w i t h  i n t e r r u p t e d  s u t u r e s .

L i v e r  b i o n ^ .  Two m ethods were  u s e d ,

a) Method i , The l e f t  l a t e r a l  l o b e  o f  t h e  

l i v e r  was d e l i v e r e d  th ro u g l i  a  m i d l i n e  

i n c i s i o n  and a  sm a l l  t r i a n g u l a r  p i e c e  of 
t i s s u e  (w e ig h in g  about 100 mg*,)  e x c i s e d  

from i t s  a n t e r i o r  edge * The c u t  ed g e s  o f  

t h e  l i v e r  were b ro u g h t  to  g e t  l ie r  and s e c u r e d  

by moans o f  two s u t u r e s  * The abdom ina l  

wound was c l o s e d  w i t h  i n t e r r u p t e d  s u t u r e s .



b) Method 2 , The median and l e f t  l a t e r a l  

l o b e s  were d e l i v e r e d  t h r o u g h  a m i d l i n e  

abdom ina l  i n c i s i o n »  a s  i n  t h o  operation o f  

p a r t i a l  hepa tec tom y*  A lo o p  o f  l i n e n  t h r e a d  

was p a s s e d  a ro u n d  t h e  l e f t  r a d i c l e  o f  t h e  

m edian  lo b e s  s e c u r e  l i g a t u r e  was made 

a t  t h e  p e d i c l e  o r  i s th m u s  j o i n i n g  t h e  

rad ic leB j ,  and t h e  l e f t  r a d i c l e  s u b s e q u e n t l y  

e x c i s e d .  T h is  f ra g m e n t  r e p r e s e n t s  l e s s  t h a n  

10 p e r  c e n t  o f  t h e  t o t a l  l i v e r  s u b s t a n c e .

The abdomina], wound was c l o s e d  w i t h  

i n t e r r u p t e d  s u t u r e s .

O roB S '-^e irou la t ion  a^ m e r im en ts , G r o s s - c i r o u l a / o i o n

was e s t a b l i s h e d ,be tw een  p a i r s  o f  r a t s  o f  t h e  same sex  and 

body w e ig h t  a s  f o l l o w s  * B oth  a n im a ls  were p r e m e d ic a t e d  w i t h  

nembutal (10 m g . / k g *, body w e i g h t ) .  Under  ether a n a e s t h e s i a  

t h e  f i r s t  an im a l  was p a r t i a l l y  h e p a t e c t o m i s e d .  A midline 
s k i n  i n c i s i o n  was t h e n  made from i t s  c h i n  t o  t h e  a n t e r i o r  end 

o f  t h e  s t e rn u m .  Through t h i s  i n c i s i o n  t h e  r i g h t  e x t e r n a l  

j u g u l a r  v e i n  was l o c a t e d  and g e n t l y  d i s s e c t e d  f r e e  from 

c o n n e c t iv e  t i s s u e  f o r  5 -  10 mm,, d i s t a l  t o  i t s  junction w i t h  

t h e  a x i l l a r y  v e i n .  I t  was t h e n  e a n n u l a t e d  i n ' l t h e  u s u a l
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manner ( M a r k o v ! t z ,  1954) w i t h  a 30 cm.^ n y l o n  o a n n u l a ( b o r e *

O '75 mm. I e x t e r n a l  d i a m e t e r  0*94 mm*) j>reY:lously f i l l e d  w i t h  

p h y s i o l o g i c a l  B a l in e  c o n t a i n i n g  5 m g . / m l . j  h e p a r in ,  and c l i p p e d  

a b o u t  h a l fw a y  down, i t s  l e n g t h  w i t h  a s m a l l  B ie f fe n b ac l i*  s bull«^ 

dog e l  amp. Through t h e  same i n c i s i o n  t h e  s l igh t  common c a r o 

t i d  a r t e r y  was l o c a t e d  by b l u n t  d i s s e c t i o n  deep  be tw een  the 
s t e r n o - m a a t o i d  and s t o r n o ^ e l o o i d  m u sc le s  and s im i la r ly  

o a n n u l a t è d .  By t h e  same p ro c e d u re  tho  f r e e  ends  o f  t h e s e  

e a n n u la e  were i n t r o d u c e d  i n t o  t h e  c o r r e s p o n d i n g  b lo o d  v e s s e l s  

o f  t h e  second  a n im a l ,  so t h a t  t h e  c a r o t i d  a irbery  of each  

an im a l  was c o n n e c te d  t o  t h e  j u g u l a r  v e i n  o f  i t s  partner.
B oth  a n im a l s  w e r e ^ th e n  l a i d  s i d e  by  s i d e  on a framework over 
a, warm t a b l e  and t h e  B i e f f e n b à e h * s c lam ps opened  t o  a l lo w  

exchange  o f  b lo o d  be tw een  them . Both a n im a l s  u s u a l l y  r e ^  

c o v e re d  c o n s c i o u s n e s s  w i t h i n  20 m in u te s  o f  t h e  o p e r a t i o n .  

C r o s B - o i r c u l a t i o n  was c o n t i n u e d  for up t o  48 h o u r s .  D u r in g  

t h i  s p e r i o d  b o t h  an im a l  a were s e d a te d ,  w i th 'phex i .oba rb i  to n e  

and k e p t  h e p a r i n i s e d .  The f o l l o w i n g  s c h e d u le  gave s a t i s -  

f a c  t o r y  r e  s u i t s  * A ll i n j  e c t i o n s  were -made s u b e u ta n e  ous l y .

F i r s t  days

10 :00  .â*M, p a r t i a l  h e p a te c to m y ; cross-*

c i r c u l a t i o n  e s t a b l i s h e d .

1 1s30 Afli.  p h e n o b a r b i to n e ,  30 m g . / k g .
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5 s00 P.M. -  h e p a r i n ,  5 m g . / k g . ;  p h an o -

ha r h  11oiio * 70 mg, / k g .

Second clay:

9 :0 0  A *M, -  h e p a r i n ,  3 m g . /k g  *

5 :00  P.M. hepa r in , ,  3 m g# /kg . ;  phano«^

b a r b i t o n e , 20rag. / k g .

T h i r d  day :

1 0 :0 0  A.M* -  b o t h  a n i m a l 8 k i l l e d .

From t im e  t o  t im e  d u r i n g  t h e  b r o e e - o i r e i i l a t i o n  b o th  a n im a ls  

were a l lo w e d  t o  d r i n k  w a t e r  c o n t a i n i n g  10 p e r  c e n t  g l u c o s e  ad 

l i b i t u m *  I n  ag re e m e n t  w i t h  o b s e r v a t i o n s  o f  o t h e r  w o rk e rs  

on dogs  ( F i r 03?g 1931; -O r e o n f i e ld  & H o rv a th ,  1959; R o b e r t s o n  

& H o rv a th ,  1958) c r o s s - e l : r c u l a t i o n  a p p e a r e d  t o  p3?oduoe no i l l  

e f f e c t s #

F o r  t h e  6 h o u r  o r o s s - o l r o u l a t i o n  eacperiments  r e 

p o r t e d  i n  S e c t i o n '2* 4 ,  i t  was c o n s i d e r e d  more s a t i s f a c t o r y  t o  

k ee p  t h e  a n im a l s  f u l l y  a i m e s t h e t i a e d * In o r d e r  to  c o n t r o l  

t h e  d e p t h  o f  a n a e s t h e s i a  s a t i s f a c t o r i l y ,  e a ch  e x t e r n a l  j u g u l a r  

v e i n  was c a n n u l a t e d  i n  t h e  way d e s c r i b e d .  One e a n n u la  was 

l e d  i n t o  t h e  c a r o t i d  a r t e r y  o f  i t s  p a r t n e r .  To t h e  end o f  

t h e  o t h e r  c a n n u la  was i n s e r t e d  a  n e e d le  a t t a c h e d  t o  a  2 ml#, 

s y r i n g e  w i t h  a  s o l u t i o n  o f  p h y s i o l o g i c a l  s a l i n e  c o n t a i n i n g  

p h e n o b a r b i to n e  2 mg./ml* By t h i s  means, i t  was p o s s i b l e  to
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k ee p  a c o n s t a n t  s u rT e i l la .B c e  o v e r  t h e  . s t a t e  o f  each  a n i m a l .

Blood p r e s s u r e  m easu rem en t .  P o r t a l  pressure was
î *#a v»J*a pa « tgiWBWcarïa»?WËWKatet!tfSHsgAg»ra

e s t i m a t e d  u n d e r  e t h e r  a n a e s t h e s i a  by i 311producing a  Ho # 14 

hypocIe3?mic n e e d l e  a t t a c h e d  t o  a n y lo n  c a n n u l  a  into a b r a n c h  

o f  t h e  s p l e n i c  v e i n  and m e a s u r in g  t h e  p r e s s u r e  by means o f  a 

manometer c o n t a i n i n g  h e p a r i n i s e d  .s a l i n e  * P r e s s u r e  i n  t h e

ju g u la r* -v e in  was m easured  d i r e c t l y  w i t h  a  s i m i l a r  can n u la *  

S in ce  t h e  a b s o l u t e  v a l u e s  o f  b o th  t h e s e  p r e s s u r e s  v a r y  w i t h  

t h e  p o s t u r e , o f  t h e  an im a l  and t h e  p o s i t i o n  o f  t h e  manometer* 

o n ly  t h e  d i f f e r e n c e  be tw een  them i s  shown on T ab le  12 and 

F i g .  12* ’

Aminosol a d m i n i s t r a t i o h * Aminosol V i t rum 10 p e r

c e n t  (M a n u f a c tu r e r I  V i t rum, S tockholm , Sweden) c o n s i s t s  o f  

amino a c i d s  and low-*molecula3? w e ig h t  p e p t i d e s  o b t a i n e d  by 

e n sy m a t io  h y d r o l y s i s  o f  a d e q u a te  p r o t e i n s ,  and a l s o  c o n t a i n s  

Na, i o n  i n  a  c o n c e n t r a t i o n  o f  160 m E q . / l i t r e  and K i o n  i n  t h e  

c o n c e n t r a t i o n  0*5 inKt] . / l i t 3 ? e  *

a) F o r  a d m in i s t s ? a t io n  o f  Amino s o l  i n t r a 

v e n o u s l y  o v e r  a p e r i o d  o f  12 h o u r s ,  t h e  

r a t  had  t o  be k e p t  u n d e r  a n a e s t h e s i a *

The an im al  was p r e m e d ic a te d  and p r e p a r e d
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:Ln th e  same way as  d e s c r i b e d  f o r  c r o s s -  

c i r c u l a t i o n .  Both e x t e r n a l  j u g u l a r  v e i n s  

were ex po sed  and e a n n u la te d *  I n j e c t i o n s  

o f  Ami nosol ( t e s t  s e r i e s )  o r  g lu c e  se ( c o n t  r o 1 

s e r i e s )  were p e r fo rm ed  th ro u g h  one c a n n u la  

from an a t t a c h e d  2 m l â, s y r i n g e ,  a t  15 

m in u te  i n t e r v a l s  for a p e r i o d  o f  up to  

12 h o u rs#  Injections o f  a s a l i n e  s o l u t i o n  

o f  p h e n a b a r b i t o n e  (2 m g . /m l . )  were made 

throiAgh t h e  o t h e r  o a n n u l  a  a s  n e e d e d ,

b) I n  o r d e r  t o  s tu d y  t h e  e f f e c t  o f  Aminosol

o v e r  a  l o n g e r  period o f  t i m e , i t  had  t o  bo 

a d m i n i s t e r o d  intraperltoneally into c o n s c io u s  

an im a l  a i  U s u a l l y  a b o u t  4 t o  3 m l . ,  o f

Am i n o s o l  ( t e a t  acries) o r  e a l i n o  (control 
a e r i e s )  wore i n j e c t e d  a t  4 o r  5 h o u r l y  

in te ^ rv a la  f o r  a  period o f  44 t o  48 h o u r s  *

« UndGr a n a o s-

t h e  s i  a  w i t h  p l i e n o b a rb i to n o  and o t h e r ,  1 ml*, o f  0*5 p e r  cent 
( w / t )  b r o m s u lp l r t h a l e in  (sodium Balt«*Koch^*îjight L a b o r a t o r i e s )  

i n O » 9  p e r  c e n t  (w/v) sodium c h l o r i d e  was injected v i a  e i t h e r  

t h e  l e f t  e x t e r n a l '  jugular v e i n  o r  t h e  t a i l  v e i n ,  and sam ples
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o f  b lo o d  removed from t h e  r i g h t  e x t e r n a l  j u g u l a r  v e i n  a t  

one m inu te  i n t e r v a l e * ,  s t a r t i n g  one m in u te  a f t e r  i n j e c t i o n *  

0*2 m l . ,  o f  each  sample was added to  a  c e n t r i f u g e  tube con

t a i n i n g  4 m l . ,  o f  0*9 p e r  c e n t  s a l i n e , and t h e  tu b e  spun a t  

1 ,500  r . p . m . ,  f o r  f i v e  m i n u t e s .  The s u p e r n a t a n t  was 

p i p e t t e d  o f f  i n t o  a c l e a n  t e s t  tube and 0*2 m l . ,  o f  M NaÔH 

a d d e d .  The c o l o u r  d e v e lo p e d  was t h e n  r e a d  on t h e  Unicam 

SP500 spq.otropho tome t e r  a t  580 mp. As a  b l a n k ,  0*2 m l . ,  o f  

2i iiaOH was added t o  4 ml*, 0*^9 p e r  c e n t  H a d .

Serum i n j e c t i o n . Serum f o r  i n j e c t i o n  was o b t a i n e d  

by p o o l i n g  b lo o d  w i thd raw n  by s y r i n g e  from th e  i n f e r i o r  

v e n a  cav a  o f  d o n o r  r a t s  u n d e r  e t h e r  a n a e s t h e s i a *  a l l o w i n g  i t  

t o  c l o t  and t h e n  c e n t r i f u g i n g .  I t  was s t o r e d  a t  - 1 5 *̂0 . 

I n j e c t i o n s  o f  serum were made v i a  a  t a i l  v e i n  u n d e r  l i g h t  

e t h e  r  anae  s t h e  s i  a  *

P la sm ap h e re  s i  s * Under e t h e r  ânae  sth© s i a * th e

j u g u 1a r  v e i n  waa exposod  by a s k i n  i n o 1 s i o n  and b Xùnt 

d i s s e c t i o n  * F o r t h e  o p e r a t i o n  a  5 ml*, s y r i n g e  f i t t e d  w i th  

a  No. 14 hypoderm ic  n e e d le  was u sed  * The b a r r e l  o f  t h e  

s y r i n g e  was m o ls to n e d  w i t h  h e p a r i n i sod s a l i n e  t o  p r e v e n t  

c l o t t i n g .  The n e e d le  was c a r e f u l l y  inserted i n t o  t h e  v e i n
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and a b o u t  3*3 to  4*5 ml.* o f  b lo o d  v j i thd raw n .  The s y r i n g e  

was i n v e r t e d  s e v e r a l  t i m e s  to  e n s u re  a d e q u a te  mixing* and th e  

b lo o d  t h e n  d e l i v e r e d  i n t o  a 15 ml.* c e n t r i f u g e  t u b e  and t h e  

c e l l s  spun down* (2 ,0 0 0  r.p#m* f o r  a b o u t  5 m in * * ) .  The 

s u p e r n a t a n t  serum was removed and p r e s e r v e d  f o r  plasma, p%*otein 

e s t i m a t i o n *  The c e l l s  were s u b s e q u e n t l y  made up to  t h e  same 

volume w i t h  s t e r i l e  ( p h y s i o l o g i c a l )  s a l i n e  and r e i n j e c t e d  i n t o  

t h e  v e in *  T h is  p r o c e d u r e  was r e p e a t e d  o v e r  2 o r  3 d ay s  a f t e r  

w hich  t h e  a n im a l s  were s a c r i f i c e d  and sam p les  o f  l i v e r  t a k e n  

f o V h i s t o l o g y .

3*30 A n a l y t i c a l  Methods a
  ...... n in im n 'a j .u i , .  i puiiim . i w n i w É i ^

3 .31  H i s t o l o / g i c a l  m ethods and m i t o t i c  coun t  a . .

Specimens o f  l i v e r  were t a k e n  from a l l  a n im a l s  a t  

d e a t h  and f i x e d  i n  B ouin*s  f i x a t i v e *  S e c t i o n s  were c u t  

a p p r o x i mat e l y  7 t h i c k  and s t a i n e d  w i t h  haenialum and e o s in *  

The m i t o s e s  i n  an e n t i r e  s e c t i o n  were c o u n te d  * The a r e a  o f  

t h e  s e c t i o n  was t h e n  dete3:mined by  p r o j e c t i n g  i t s  image w i t h  

a  photographic enlarger a t  a  known m a g n i f i e a t i o n  and m e a su r in g  

t h e  a r e a  o f  t h e  image w i t h  a  p l a n i m e t e r *  The number o f  

n u c l e i  p e r  sq*mm.* o f  t h e  s e c t i o n  was e s t i m a t e d  by c o u n t i n g  

t h e  number o f  n u c l e i  i n  t e n  o i l - ’i inmersion  f i e l d s  t a k e n  a t  

random * From t h e s e  m easurem ents  t h e  number o f  m i t o s e s  p e r  

1 9 0 * 0 0 0  n u c l e i  was c a l c u l a t e d .
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5 .32  Removal and s t o r a g e  o f  t i s s u e s *

The a n im a l s  were k i l l e d ,  by c e r v i c a l  d i s l o c a t i o n  o r  , 

by e x s a n g u i n a t i o n  u n d e r  e t h e r  a n a e s t h e s i a  * Where t o t a l  

l i v e r  w et  w e ig h t  was r e q u i r e d ,  the, o rg a n  was c a r e f u l l y  

d i s s e c t e d  o u t ,  b l o t t e d  f r e e  o f  e x c e s s  b lo o d  and w eighed  on a  

t o r s i o n  b a l a n c e .  Â sm a l l  p i e c e  o f  t i s s u e  was f i x e d  f o r  

h i s t o l o g i c a l  exam in a t io n , ,  and a b o u t  0*5 g *, was a c c u r a t e l y  

ifoi giied o u t  / fo  r  who l e  11 s sue . a n a l y  s i  s * T i s  sue s we r e  p re  se rv e d  

by f r e e z i n g ,  i n  a  m ix tu r e  o f  s o l i d  ca rb o n  d i o x i d e  and e t h a n o l  

and s t o r e d  a t  - 7 5 ^c *

5 .33  E x t r a c t i o n  o f  l i p i d  from b lo o d  p la s m a .

The method d e s c r i b e d  by F o lc h ,  AscoXi, L ee s ,  Meath 

and, LeBairona (1951) was used* The r e a g e n t s  were a s  f o l l o w s :

A A b s o lu te  m e thano l  (A .R .)

B C h lo ro fo rm  (A.R*)

C C h lo ro fo rm -m et lm no l  m ix tu r e  2 s i  ( v /v )

1 m l . ,  o f  p lasm a  was added t o  20 ml*, o f  t h e  c h l o r o -  

fo rD M n e th an o l■ ( 2 s i )  r e a g e n t  and t h e  m ix tu r e  t h o r o u g h l y  

shaken  i n  a  m e a s u r in g  . c y l in d e r*  The m ix tu r e  was t h e n  t r a n s 

f e r r e d  t o  a v o l u m e t r i c  f l a s k ,  t h e  m e a s u r in g  c y l i n d e r  b e in g  

r i n s e d  w i th  t h r e e  s u c c e s s i v e  p o r t i o n s  o f  s o l v e n t - r e e .g e n t  

w hich  were combined w i t h  t h e  m i x t u r e .  A f t e r  m ix in g ,  and
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making u%) t o  vo.lame, t h e  f l a s k  c o n t e n t s  were f i l t e r e d  i n t o  

a g l a s  8-* s to p p e  r e d  v e s s e l  * A b e a k e r  o f  s l i g h t l y  l a r g e r  

c a p a c i t y  t h a n  t h e  volume o f  e x t r a c t  t o  be washed ,  was sub

merged i n  a l a r g e r  b e a k e r  9 / l O t h s  f u l l  o f  w a te r*  The a l i q u o t  

o f  e x t r a c t ,  o r  t o t a l . e x t r a c t  was t h e n  d e l i v e r e d  i n t o  t h e  

s m a l l  b e a k e r  from a  v o l u m e t r i c  pipette♦ The sys tem  was 

o.llowed t o  s t a n d  o v e r n ig h t *  The. f o l l o w i n g  day ,  the w a t e r  

p h ase  was removed a s  co m p le te ly ,  a s  p o s s i b l e  w i t h o u t  d is--  

t i i r b i i ig  t h e  ihterfaeial f l u f f  be tw een  t h e  p h a s e s ,  a  l ^ y e r  o f  

w a t e r  o n l y  3 or, .4 mm *, t h i c k  b e in g  l e f t #  M ethanol  wa-s added  

to  t h e  c h lo r o f o r m  s o l u t io n *  f l u f f  and w a t e r . i n  t h e  b e a k e r  

u n t i l  a  s i n g l e  p h ase  wae formed* T h is  was t r a n s f e r r e d  t o  a 

v o l u m e t r i c ’f l a s k ,  t h e  b e a k e r  b e in g  r i n s e d  w i t h  three successive 
a l i q u o t s  o f  chloroform^^methanol m ix tu r e  and  t h e  flask 
c o n t e n t s  made up t o  v o lu m e .

5*34 E x t r a c t i o n  o f  l i p i d  from l i v e r  t i s s u e * .

The method d e s c r i b e d  by F o lc h ,  Lees  and  S lo an  

S t a n l e y  (1957) was used* The r e a g e n t s  were a s  f o l l o w s :

A G h lo ro fo rm -m e th an o l  m ix tu r e  2 :1  ( v /v )

B P u re  s o l v e n t s  ^^upper p h a s e m i d  " lo w e r  ph ase"*

C h io ro f ro m ,  m ethano l  and aqueous  0*58 p e r  

p e n t  NaGl were mixed i n  a  s e p a r a t o r y
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ftmneX in  the  p ro p o r t io n s  8 : 4 : 3  by 

volume# A f te r  s tan d in g  a b ip lm sio  

system was o b ta in e d |  the  two p h a s e s  

were c o l l e c t e d  s e p a r a t e ly  and s to re d  

i n  g l a s s  b o t t l e s #

About O '5 g*, l i v e r  t i s s u e  was homogenised w ith  

about 10 ml*, of  the  ohioroform-methano1 m ix ture  (2 s l )  u s in g ’ 

a Haring b len d o r ,  3 . minutes  u s u a l l y  being  adequate# The 

t o t a l  e x t r a c t  and th e  washings from the  homogenising v e s s e l  

were f i l t e r e d  th rough  a  f i l t e r  paper  i n to  a m e a s u r in g  c y l in d e r#  

The f i l t e r e d  e x t r a c t  was mixed thorough ly  w i th  O '2 volume of 

0*29 p e r  c e n t  HaCl by shaking thorough ly  i n  the  cy l in d e r#

The m ixture  was th en  allowed to  s e p a ra te  i n t o  two phases ,  w ith 

ou t i n t e r f a c i a l  f l u f f ,  by s tanding# As much as p o s s ib le  of 

the  upper phase was removed by. siphonin.g, and removal of  i t s  

s o lu te s  was completed by r i n s in g  the i n t e r f a c e  th r e e  t im es  

w ith  small amounts of  pure s o lv e n ts  "upper phase" i n  such a 

way as  n o t  to  d i s t u r b  the  lower phase .  F i n a l l y ,  the  lower 

phase and remaining r in s in g  f l u i d  were made in t o  one phase by 

the  a d d i t i o n  o f  methanol, and the  r e s u l t i n g  s o lu t i o n  d i l u t e d  

to  the  d e s i r e d  volume.by the  a d d i t io n  o f  2 si  c h lo r o f o r m -  

methanol m ixture  *
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A BioclifiearbioîA■ o f  B l o o r ' s  method ( P a u l ,  1958) was

used f o r  e s t im a t in g  t o t a l  l i p id #  The re a g e n t  was as  fo l lo w s :  

A Chromic Acid#- This r e a g e n t  was 

p repa red  by d i s s o lv in g  8*5 g*, of 

potass ium  diohroma,to i n  a minimum 

volume of w ate r  and making up to  a 

f i n a l  volume of 500 ml*, w ith  con

c e n t r a t e d  (o rd in a ry  g r a d e ) #

An a l i q u o t  of  the  ç h lo ro fo rm-methano1 e x t r a c t  was 

t r a n s f e r r e d  to  a b o i l i n g  tube and evapo ra ted  to  dryness  i n  a 

7 0 ^ G , w a te r  b a th ,  3 ml#, of  the  chromic a c id  re a g e n t  were 

added to  the  r e s id u e  o b ta ined ,  and the  b o i l i n g  tube placed i n  

a b o i l i n g  water b a th  f o r  15 m in u te s # The tube was removed, 

coo led ,  3 uilé, of  w a te r  added and then  th e  green  c o lo u r  

measured i n  a Unicam SP500 spec tropho tom eter  a t  620 mp#

S te a r i c  a c id  d i s s o lv e d  in  methanol was used as  a s tandard#

5 #36 E s t im a t io n  of phosphorus i n  l i p i d  e x t r a c t s #

A n a ly s is  of  th e  l i p i d  r e s id u e s  f o r  phosphorus was 

performed accord ing  to  a m o d i f ic a t io n  of the  method of 

A llen  (1940)# The re a g e n ts  used, were as fo l lo w s :

Â 10 H su lp h u r ic  ac id

B 100 v o l # ,  hy d rogen  p e r o x id e  (M#A*B#)
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0 Amidol reagent#  1 g *, amidol

(2 :4-diaminophenol h y d ro ch lo r id e )

' d ie so lv e d  i n  100 ml#, of  a s tock  20

. , p e r  cen t  (w/ y). s o lu t i o n  of sodium

m e ta h is u lp h i te  # '

I) 8*3 p e r  cen t  (w/ y ) araEioiiium raolybdate

' ■ s o lu t io n  c o n ta in in g  a few drops of

. ammon i  urn hyd rox ide  *

An a l i q u o t  of  th e  ohloroform*-methanoX e x t r a c t ,  

e s t im a te d  to  c o n ta in  between 20 and 150 \.ig o f  phosphorus, was 

evapora ted  to  d ryness  i n  a b o i l i n g  tube which was p laced  in  

a w a te r  b a th  a t  70^c* The d r ie d  re s id u e  was th e n  d ig e s te d  

w ith  1*2 ml*, 1 0 .N su lp h u r ic  a c id  and a few drops of 100 

vo l* ,  hydrogen perox ide  in  a g raduated  m icro -K jeIdah l  f l a s k  

u n t i l  the  r e s id u e  became c o lo u r le s s*  When d i g e s t i o n  was 

complete th e  f l a s k  was allowed to  cool and about 5 ml*, 

d i s t i l l e d  w a te r  were added fo llowed by 2 ml*, amidol r eag en t  

and 1 ml*, 8*3 p e r  c e n t  (w/v) ammonium m olybda te* The 

s o lu t i o n  i n  the  f l a s k  was then  made up to  a t o t a l  volume of 

25 ml * g w ith  d i s t i l l e d  water* The. i n t e n s i t y  of the  blue  

co lo u r  which developed Was measured between 10 and 30 minutes  

a f t e r  the  a d d i t i o n  of the  r e a g e n t s ,  i n  an SP500 sp e c t ro 

photom eter  a t  720 mp* A c a l i b r a t i o n  curve f o r  the  method
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was p rep a red  u s in g  s e r i a l  d i l u t i o n s  of a s tan d a rd  s o lu t io n  

of  potass ium dihydrogen phosphate #

5*37 E x t r a c t i o n  and. e s t im a t io n  o f  glycogen in  l i v e r *

0?he method used was t h a t  of C a r r o l l ,  Longley, and 

Hoe (1956)* The re a g e n ts  used wore as  fo l low s :

A Anthrone reagent*  This i s  a

s o lu t i o n  made by adding 50 mg*, 

an throne and 10 g . ,  t h i o u r e a  to

make a t o t a l  volume of  1000 m l#,'

w i th  72 p e r  cen t  aqueous su lp h u r ic  

acid* Complete s o lu t i o n  i s  e f f e c t e d  

by warming the  mixture  g e n t ly  to  80°o 

to  90°o* o c c a s io n a l ly  shaking the  f l a s k  

to  mix the  con ten ts#

B , 5 pe r  c en t  t r i c h l o r a c e t i c  a c id

C 95 p e r  cen t  e th an o l

D Glucose Btan d a rd  #

a)‘ Stock s o lu t io n  100 mg*, of  dry , 

g lucose  i n  100 ml*, of s a tu r a t e d  

benzoic  a c id  so lu t io n *

b) Working s tanda rd  -  5 ml*, of the 

s tock  s o lu t io n  mad© up to  100 m l , ,  w ith
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s a tu r a t e d  b en zo iC 'ac id  so lu t io n o  

2 m l . ,  of  t h i s  s o lu t io n - c o n ta in in g  

0*1 mg., of  g lucose  were used  as 

s t a n d a r d .

A p iece  o f  t i s s u e  weighing about 0*5 g . ,  was homo

gen ised  i n  about 5 ml*, of  t r i c h l o r a c e t i c  a c id  for 3 minutes* 

The horaogenate was c e n t r i f u g e d  and the  s u p e rn a ta n t  f i l t e r e d  

in to  a g radua ted  cy l in d e r*  The re s idue was th e n  t r a n s f e r r e d  

q i m n t i t a t i v e l y  to  the  b lendor  w ith  an a p p r o p r ia t e  volume of 

triqhloraootic a c id  and homogenised aga in  for one minute#

The m ix ture  was a g a in  c e n t r i f u g e d  and the  s u p e rn a ta n t  f l u i d  

poured through  the  same filter# Two more e x t r a c t i o n s  were 

made i n  the  same way,- and trichloracetic a c id  added to  the  

e x t r a c t  i n  the  measuring c y l in d e r  to  g ive  a  f i n a l  volume 

c o n ta in in g  10 to  200 jAg. of glycogen p a r  m l . /  1 ail*, of  the  

t r x o h l o 3?aoetic  a c id  f i l t r a t e  was p i p e t t e d  i n t o  a 15 ml*, 

pyrex centrifuge tube* D up lica te  samples of  each unlmomi 

were analysed* To each tube were added 5 volumes of 95 p e r  

cen t  e th an o l  w ith  careful m ixing . The tubes  were than  capped, 

and p la ced  in a w ate r  ba th  a t  40°c . f o r  3 hours   ̂ A f te r  

p re c1p i t a t i o n  was complete , the p r e c i p i t a t e  i n  the  tubes  was 
spun down a t  3,000 r .p .m .  f o r  15 minutes  * The c l e a r  liquid 
was g e n t ly  decan ted  from the  packed glycogen and the  tubes



-  139 -

were a l lo w e d  t o  d r a i n  i n  an i n v e r t e d  p o s i t i o n  f o r  10 m i n u t e s .

The g ly c o g e n  was t h e n  d i s s o l v e d  by a d d i t i o n  o f  2 m l . ,  o f  

d i s t i l l e d  w a t e r .  2 m l . ,  w a t e r  were u s e d  a s  r e a g e n t  b l a n k  

and 2 m l .  o f  s t a n d a r d  g lu c o s e  s o l u t i o n  ( c o n t a i n i n g  0*1 m g.,  

o f  g l u c o s e )  were u s e d  a s  s t a n d a r d .  10 m l . ,  o f  a n th r o n e  r e 

a g e n t  was t h e n  d e l i v e r e d  i n t o  each  tu b e  w i t h  v i g o r o u s  b lo w in g ,  

and t h e  t u b e s  c o v e re d  w i th  m e ta l  c a p s .  The t u b e s  were t h e n  

p l a c e d  on a  c o l d  w a t e r  b a t h  u n t i l  t h e y  had  r e a c h e d  t h e  

t e m p e r a t u r e  o f  t h e  c o l d  w a t e r .  They were t h e n  immersed i n  a 

b o i l i n g  w a t e r  b a t h  f o r  15 m in u te s ,  a f t e r  w hich  t h e y  were 

removed and c o o le d  t o  room t e m p e r a t u r e .  The c o n t e n t s  o f  each  

tu b e  were r e a d  a t  620 mp i n  an Unioam SP300 s p e c t r o p h o t o m e t e r .

5 .3 8  E x t r a c t i o n  o f  ENA and DMA from l i v e r  t i s s u e .

These t i s s u e  components  were e x t r a c t e d  and RNA 

e s t i m a t e d  by a  m o d i f i c a t i o n  o f  t h e  method o f  Schm idt  and 

T h an n h a u se r  (1945) ( F l e c k  & Munro, 1962; H u tc h i s o n  & Munro, 

1 9 6 1 ) .  BNA was e s t i m a t e d  by t h e  method o f  G e r i o t t i  (1952y;A955) 

The r e a g e n t s  u s e d  f o r  e x t r a c t i o n  and s e p a r a t i o n  were a s  

f o l l o w s s

A 0*3 H p o ta s s iu m  h y d ro x id e

B 0*6 N p e r c h l o r i c  a c i d

C 0*2 N p e r c h l o r i c  a c i d
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The l i v e r  t i s s u e  was hom ogenised  i n  20 v o l s  *, i c e -  

c o l d  d i s t i l l e d  w a t e r  i n  a  c o o le d  Nelco B le n d o r  f o r  5 m i n u t e s .

5 m l . ,  o f  t h i s  homogenate  (5250 mg., wet w e ig h t  t i s s u e )  

were p i p e t t e d  i n t o  a  c e n t r i f u g e  tu b e  and 2*5 m l . ,  o f  i c e - c o l d  

0*6 N p e r c h l o r i c  a c i d  a d d e d .  A f t e r  t h o ro u g h  a g i t a t i o n  t h e  

m ix tu r e  was a l lo w e d  to  s t a n d  10 m in u te s  i n  an  ioe- . ,ba th .

The m ix tu r e  was t h e n  c e n t r i f u g e d ,  t h e  s u p e r n a t a n t  d i s c a r d e d ,  

and t h e  p r e c i p i t a t e  washed tw ic e  w i t h  i c e - c o l d  O' 2 H p e r 

c h l o r i c  a c i d .  F o l lo w in g  t h e  second  wash, t h e  e x c e s s  a c i d  

was d r a i n e d  o f f  by i n v e r t i n g  t h e  tu b e  b r i o f l y  o v e r  f i l t e r  

p a p e r*  A f t e r  t h i s  t r e a t m e n t ,  4 m l . ,  0*3 N p o ta s s iu m  h y d ro x id e  

were added  to  t h e  s e d im en t  and t h e  m ix tu r e  i n c u b a t e d  i n  an  

a i r  oven a t  3T^c .  f o r  one h o u r .  The tu b e  and c o n t e n t s  were 

t h e n  c o o le d  i n  i c e ,  3 ml*, 0*ô . ,  p e r c h l o r i c  a c i d  added ,  

and a f t e r  s t a n d i n g  10 m in u te s  i n  t h e  c o l d ,  t h e  m ix tu r e  was 

t h e n  c e n t r i f u g e d .  T h i s  p r e c i p i t a t e  was washed tw ic e  w i t h  

3 m l . .  O '2 N p e r c h l o r i c  a c i d  and t h e  s u p e r n a t a n t  and w ash in g s  

added  t o  a 100 m l . ,  c y l i n d e r #  10 m l . ,  0*6 N p e r c h l o r i c  a c i d  

were added t o  t h e  c y l i n d e r ,  and th e  s o l u t i o n  was made up 

t o  100 m l . ,  w i t h  w a t e r .  T h is  g i v e s  t h e  RNA f r a c t i o n  i n  

O' 1 N p e r c h l o r i c  a c i d .

The p r e c i p i t a t e  was d i s s o l v e d  i n  5 m l . ,  0*3 N 

p o ta s s iu m  h y d ro x id e  and t r a n s f e r r e d  t o  a 50 m l* ,  c y l i n d e r .
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w ith  the  a d d i t io n  of 12 ml#, 0*3 N potass ium  hydroxide#

The volume was made up t o  30 ml#, w i th .w a te r#  f l i i s  gave 

the  DMA f r a c t i o n  i n  0*1 H potass ium  hydroxide#

5^39. E s t im a t io n  o f  RNA i n  the  e x t r a c t .

ENA was e s t i m a t e d  i n  t h e  p e r c h l o r i c  a c i d  e x t r a c t

by i t s  e x t i n c t i on a t  260 mp; e x t i x i c t i o n  o f  1*00 ss 2*94 fig#

BNAP/ml.

5 .4 0  E s t im a t io n  o f  DMA i n  the  e x t r a c t .

The BNA f r a c t i o n  of the  e x t r a c t  was e s t im a te d  f o r

DMA by the  method of G e r i o t t i  (1952; 1955)# The reagents
used were as  f o l l o w s : -

A Indo le  # 0*04 p e r  cen t  i n  d i s t i l l e d

water*

B c o n c e n t ra te d  h y d ro c h lo r ic  a c id  (S.G*

1 .19-Analar).
G chloroform ( a n a e s th e t i c  g r a d e ) •

D BNA s ta n d a r d . C alf  thymus BNA p repared

by the  method of K ay , , Simmons and Bounce 

(1952) was used* About 20 mg., DMA were 

d i s s o lv e d  in  50 m l . ,  d i s t i l l e d  im te r  w ith  

the  a id  of a l i t t l e  NaOH to  g ive  a s tock
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s t a n d a r d  s o l t î t i o n * .  2 ml*, o f  t h i s  

s to o k  s t a n d a r d  s o l u t i o n  were d i l u t e d  

t o  50 ml*, w i t h  w a t e r  t o  g iv e  a

s t a n d a r d  s o l u t i o n  f o r  r o u t i n e  u s e

(16 DMA/ml*) *

2 ml*, o f  t h e  DMA s o l u t i o n ,  1 ml*, i n d o l e  r e a g e n t  

and 1 ml*, c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  were t h o r o u g h l y  

mixed i n  a  g round  g l a s s  s t o p p e r e d  t e s t  t u b e  and p l a c e d  i n  a  

b o i l i n g  w a t e r  b a t h  f o r  10 m in u te s*  The tu b e  was t h e n  c o o le d  

i n  ru n n in g  w a te r*  A s t a n d a r d  DMA s o l u t i o n  and a  blanl^ 

c o n s i s t i n g  o f  w a t e r ,  were s i m i l a r l y  t r e a t e d *  Each t e s t  

s o l u t i o n  was examined i n  d u p l i c a t e .  The r e s u l t i n g  s o l u t i o n  

was t h e n  e x t r a c t e d  t h r e e  t im e s  w i t h  4 ml», o f  c h lo ro f o rm  

u s i n g  a  P a s t e u r  p i p e t t e  and d i s c a r d i n g  t h e  c h lo r o f o r m  l a y e r  

on e a ch  o c c a s io n *  On t h e  l a s t  e x t r a c t i o n ,  t h e  m ix tu r e  was 

c e n t r i f u g e d  a t  500 r . p . m .  f o r  5 m in u te s  t o  o b t a i n  c l e a r  

s e p a r a t i o n  o f  t h e  p h a s e s .  The c o l o u r  i n  t h e  aqueous  p h ase

was t h e n  r e a d  i n  a  Unicam SP500 o r  Beckman DB s p e c t r o 

p h o to m e te r  a t  490 B1Î.U



.** 143 —

5 #41 E s t im a t i o n  o f  t h e  -phosnhorua q on t e n t  o f  IMA*

The method u s e d  wae t h a t  o f  G r i s w o ld ,  H um olle r  and 

M cIn ty re  (1951)*  The r e a g e n t s  were a s  f o l l o w s  §

A 10 H s u l p h u r i c  a c i d

B 4 M' p e r c h l o r i c  a c i d

G p o ta s s iu m  d ih y d ro g e n  p h o s p h a te  s t a n d a r d

(2*193 g », i n  500 ml*, o f  d i s t i l l e d  w a t e r ) » 

B e fo re  u s e  th e  s t a n d a r d  was d i l u t e d  1 i n  

5 0 0  w i t h  d i s t i l l e d  w a t e r  t o  g iv e  a f i n a l  

c o n c e n t r a t i o n  o f  2 pg P/ral*

D r e d u c i n g  a g e n t ;  13*6 g . ,  sodium m eta

b i s u l p h i t e ,  1 g*, sodium s u l p h i t e  (N 

(Na2B0^*6 H2 O) and 0*25 g* ,  2 - n a p h t h o l -  

1 am ino-4  s u lp h o n ic  a c i d  (BDH) i n  250 

ml*, d i s t i l l e d  w a te r*

S aq ueou s  2*5 p e r  c e n t  (w /v) ammonium

m o lyb da te  *

An a l i q u o t  o f  t h e  aqueous  BNA s o l u t i o n  was added  t o  

a  g r a d u a t e d  t e s t  t u b e  which was t h e n  p l a c e d  i n  a sand b a t h  a t  

100°c* t o  e v a p o r a t e  o f f  t h e  w a t e r .  To t h e  e v a p o r a t e d  r e s i d u e  

o f  BNA i n  t h e  g r a d u a t e d  t e s t  t u b e  were added  0*5 ml*, 10 N 

s u l p h u r i c  a c i d  and 0*5 ml*, 4N p e r c h l o r i c  a c i d  and t h e  

m i x tu r e  d i g e s t e d  u n t i l  t h e  s o l u t i o n  was c l e a r .  1 ml * o f
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t h e  d i l u t e d  s t a n d a r d  s o l u t i o n  and 1 ml*, o f  w a t e r  were 

t r e a t e d  i n  t h e  same way t o  g iv e  s t a n d a r d  and b lan l i  r e a d in g s #  

The t u b e s  were poùl e d  and t h e  s o l u t i o n s  d i l u t e d  t o  a p p r o x i 

m a te ly  3 ml* To t h i s  0*5 ml*, r e d u c i n g  a g e n t  was added 

f o l lo w e d  by 0*5 m l , ,  2*5 p e r  c e n t  (w /v)  ammonium m olybda te  

w i t h  c a r e f u l  m ix in g  a f t e r  e ach  a d d i t i o n .  The s o l u t i o n s  were 

made up  t o  5 ml*, and th e  t u b e s  h e a t e d  i n  a  b o i l i n g  w a t e r  

b a t h  f o r  10 m i n u t e s .  The i n t e n s i t y  o f  t h e  c o l o u r  was r e a d  

i n  t h e  Unicam BF500 s p e c t r o p h o to m e t e r  a t  820 a g a i n s t  a  

b l a n k  s o l u t i o n *

5 *42 E s t i m a t i o n  o f  p la sm a  n ro te i i iB  *

P lasm a p r o t e i n s  were e s t i m a t e d  by t h e  method o f  

G o m a i l ,  B a r d a w i l l  and David (1949)*  The r e a g e n t s  were a s  

f o l l o w s :

A 0*9 p e r  c e n t  (w/v) sodium c h l o r i d e

B 22*6 p e r  c e n t  (w/v) sodium s u l p h a t e

( s t o r e d  a t  3 7 ° c)

G e t h e r

D b i u r e t  r e a g e n t*  1*5 g*,  cup%%lc s u l p h a t e

(CuSO^.S II2 O) and 6*0 g *, sodium p o ta s s iu m  

t a r t r a t e  (NaKG^H^O^ #411^0) were d i s s o l v e d  i n  

a b o u t  5 0 0  m l . ,  w a t e r ;  300 ml*, o f  10 p e r
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c e n t  (w/v) HaOH were t h e n  added w i th  

c o n s t a n t  m ix ing  and t h e  volume made 

up t o  1000 ml*, w i t h  d i s t i l l e d  watei?#

The r e a g e n t  was s t o r e d  i n  a p a r a f f i n -  

l i n e d  b o t t l e *

O '3 ml*, p la sm a  was d i l u t e d  w i t h  9*5 ml*, o f  2 2 '6  

p e r  c e n t  sodium s u l p h a t e *  2*0 m l . ,  o f  t h e  s o l u t i o n  were 

p i p e t t e d  o f f  f o r  t h e  e s t i m a t i o n  o f  t o t a l  p r o t e i n 3*0 ml*, 

e t h e r  were added t o  t h e  r e m a in d e r  o f  t h e  s o l u t i o n *  The two

p h a s e s  were mixed f o r  30 seco n d s  by f l i c k i n g  t h e  t u b e  and 

t h e n  s e p a r a t e d  by c e n t r i f u g a t i o n  * 2 ' 0  m l . ,  o f  t h e  aqueous

p h ase  were p i p e t t e d  o f f  f o r  t h e  e s t i m a t i o n  o f  a lbum in*

T o t a l  p r o t e i n  and a lbu m in  were e s t i m a t e d  by a d d in g  8 ml*, o f  

b i u r e t  r e a g e n t  t o  e a c h  and m ea su r in g  t h e  c o l o u r  d e v e lo p e d  a t  

340 mp a f t e r  s t a n d i n g  f o r  30 m in u te s  a t  room t e m p e r a t u r e .  A 

s t a n d a r d  s o l u t i o n  o f  b o v in e  serum a lbu m in  wae u s e d  to  

c a l i b r a t e  t h e  method *

3*43 Es t i m a t i o n o f  l i v e r  t o t a l  p r o t e i n *

E s t i m a t i o n  o f  t o t a l  l i v e r  p r o t e i n  was by t h e  

method o f  Lowry, Bosebrough ,  F a r r  and R a n d a l l  ( 1 9 3 1 ) .  The 

r e a g e n t s  u se d  were a s  f o l l o w s :

A 2 p e r  c e n t  (w/v) sodium c a r b o n a t e  i n  

O' 1 M sodium h y d r o x i d e .
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B 0# 5 p e r  c e n t  (w/v) c u p r i c  s u l p h a t e

(CtiBO^.5 H^O) i n  1 p e r  o e n t  sodium 

o r  x>ota0 Biitm t a r t r a t e .

C a l k a l i n e  c o p p e r  s o l u t i o n ;  1 m l . ,  o f

r e a g e n t  B was added t o  50 ml*, o f  

. r e a g e n t  A.

D d i l u t e d  F o l i n  r e a g e n t ;  F o l l n -

G io ea , l te a u  r e a g e n t  (The B r i t i s h  p ru g  

Houses L t d . ,  P o o le ,  E n g lan d )  was . 

t i t r a t e d  w i t h  NaOH u s i n g  p h e n o l^  

p h t h a l e i n  a s  i n d i c a t o r .  ,<0n t h e  b a s i s  

o f  t h i s  t i t r a t i o n ,  i t  was d i l u t e d  t o

make i t  1 N w i t h  r e s p e c t  t o  a c id *

B) a  s t a n d a r d  s o l u t i o n  o f  b o v in e  serum

a lb u m in  i n  w a t e r  was u s e d  t o  c a l i b r a t e  

t h e  m ethod .

1 ml#, o f  t h e  t e s t  s o l u t i o n  ( c o n t a i n i n g  25 t o  500

p g .  p r o t e i n )  was added  to  a  t e s t  t u b e  f o l l o w e d  by 5 m l . ,  o f

a l k a l i n e  e o p p e r  s o l u t i o n . A f t e r  10 m in u te s  0*5 m l , ,  d i l u t e d  

F o l i n  r e a g e n t  was added  r a p i d l y  and t h e  s o l u t i o n s  mixed 

i m m e d ia t e l y .  A f t e r  s t a n d i n g  30 m in u te s  o r  l o n g e r ,  t h e  

c o l o u r s  o f  d u p l i c a t e  sam ples  were r e a d  i n  t h e  Beckman DB 

s p e c t r o p h o t o m e t e r  a t  500 o r  750 mp. A c a l i b r a t i o n  cu rv e
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f o r  t h e  method was made u s i n g  t h e  s t a n d a r d  b o v in e  serum 

a lb u m in  s o l u t i o n .  .

5*44 E x t r a c t i o n  o f  f r e e  amino a c i d s  from l i v e r .

The method u sed  was a  m o d i f i c a t i o n  o f  t h a t  d e s c r i b e d  

by T a , l ian ,  Moore and S t e i n  ( 1 9 5 4 ) ,  The r e a g e n t s  were a s  

f o l l o w s  g

A 1 p e r  c e n t  p i c r i c  a c i d  (w/v)

B . 3)ow0x 2 r e s i n  ( p u rc h a s e d  from Galbiochem

L t d . ,  Log A n ge lo s ,  U .S .A .)  \

A w eighed  amount o f  l i v e r  t i s s u e  ( u s u a l l y  a b o u t  0*4 

g . , )  was hom ogenised  i n  a Nelco b l e n d o r  w i t h  10 volum es o f  1 

p e r  c e n t  p i c r i c  a c i d . The p r e c i p i t a t e  was p ro m p t ly  

removed by c e n t r i f u g a t i o n *  To remove e x c e s s  p i c r i c  from t h e  

p r o t e i n - f r e e  t i s s u e  e x t r a c t s ,  t h e  s o l u t i o n s  we re  p a s s e d  

th r o u g h  columns o f  Dowex 2 (0*8 cm*, i n  d i a m e t e r ) |  a  bed  2 

cm*, h ig h  was u s e d  f o r  10 m l . ,  o f  e x t r a c t .  The w a l l s  o f  t h e  

c h ro m a to g rap h  tu b e  and t h e  r e s i n  bed were washed 54t im c 's tw f th  

0*4 m l . ,  q u a n t i t i e s  o f  0*02 M HGl, The c o l o u r l e s s  e f f l u e n t  

was c o l l a e t e d  i n t o  15 m l . ,  g r a d u a te d  c e n t r i f u g e  t u b e s  anil 

made up t o  volume w i t h  d i s t i l l e d  w a t e r ,  a  f i n a l  volume o f  .

10 m l . ,  b e in g  o b t a i n e d  from 0*4 to  0*5 g . ,  l i v e r  t i s s u e *
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5#45 E x t r a c t i o n  o f  f r e e  amino a c i d s  from b l o o d .

The method u s e d  was a  m o d i f i c a t i o n  o f  t h a t  d e s c r i b e d  

by T a l l a n ,  Moore and S t e i n  (1954)*  The r e a g e n t s  were t h e  

same a s  t h o s e  d e s c r i b e d  i n  t h e  l a s t  s e c t i o n .  0*2 ml#, o f  

b lo o d  was added t o  G*8 m l . ,  1 p e r  c e n t  (w/v) p i c r i c  a c id #

The m ix tu r e  was t h o r o u g h l y  mixed by f l i c k i n g  t h e  tu b e  s e v e r a l  

t i m e s  and t h e n  c e n t r i f u g e d  a t  2 ,000  r . p . m .  f o r  5 m i n u t e s .

The s u p e r n a t a n t  was t h e n  p a s s e d  th ro u g h  a  column o f  Dowex 2 

( O '8 cm., i n  d i a m e t e r ) ;  a bed 1 cm., h i g h  was used*  The 

p r e c i p i t a t e  was washed 5 t im e s  w i t h  0*2 n i l . ,  q u a n t i t i e s  o f  

0#02 N HGl and t h e  w ash in g s  u s e d  to  wash th e  co lum n. The 

e f f l u e n t  e x t r a c t  was c o l l e c t e d  i n  g r a d u a t e d  c e n t r i f u g e  t u b e s  

and made up to  a t o t a l  volume o f  4 m l .  A p p r o p r i a t e  a l i q u o t s  

o f  t h e  e x t r a c t s  were t a k e n  f o r  t h e  e s t i m a t i o n  o f  t o t a l  f r e e  

amino n i t r o g e n .

5 .4 6  E s t i m a t i o n  o f  t o t a l  amino a c i d  n i t r o g e n .

The method u s e d  was a m o d i f i c a t i o n  o f  t h a t  d e s c r i b e d  

by îemm and  Cocking (1955)*  The r e a g e n t s  were a s  f o l l o w s :

A 0*2 N c i t r a t e  b u f f e r ,  pH 5 ; 21*008 g .

c i t r i c  a o i d  (G^EgOy#H^0) were d i s s o l v e d  

i n  200 m l . ,  o f  d i s t i l l e d  w a t e r ,  200 ml#, 

o f  N sodium h y d ro x id e  were added  and  t h e

m ix tu r e  was d i l u t e d  t o  500 ml#
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B 0*01 M p o ta s s iu m  c y a n id e

G p o ta s s iu m  o y a n id e - m e th y l  o e l l o s o l v e

s o l u t i o n .  5 m l . ,  o f  0*01 M p o ta s s iu m  

c y a n id e  d i l u t e d  t o  250 m l . ,  w i t h  m ethy l  

o e l l o s o l v e .

D m e th y l  c e l l o  bo I v e - n i n l i y d r i n  s o l u t i o n .

5 p e r  c e n t  (w /v)  s o l u t i o n  o f  n i ix hy d r in  

i n  m e th y l  o e l l o s o l v e .

0*1 m l . ,  c l e a r  l i v e r  e x t r a c t  ( S e c t i o n  5*44) was 

p i p e t t e d  i n t o  a t e s t  t u b e ;  t h i s  amount was .found to  c o n t a i n  

n o t  more th an .  5*6 p g . ,  o f  amino a c i d  n i t r o g e n .  To t h i s  were 

added  2*9 m l . ,  o f  c i t r a t e  buffer pH, 0*4 m l . ,  o f  t h e  m e thy l  

c e l l o B o l v e - n i n h y d r i n  s o l u t i o n  and 2 m l . ,  o f  t h e  p o ta s s iu m  

c y a n id e - m e th y l  c e l l o s o l v e  s o l u t i o n .  A b l a n k  s o l u t i o n  was 

made up  o m i t t i n g  t h e  amino a c i d  e x t r a c t  and u s i n g  3*0 m l . ,  o f  

c i t r a t e  b u f f e r . Each t e s t  was p e r fo rm e d  i n  d u p l i c a t e *

A f t e r  m ix in g  w e l l ,  t h e  s o l u t i o n s  were h e a t e d  a t  100°c f o r  15 

m in u te s ,  and t h e n  c o o le d  i n  ru n n in g  t a p  w a t e r  f o r  5 m in u te s*  

I n  t h e  c a s e  o f  t h e  b lo o d ,  0*25 m l e x t r a c t  was 

u s e d ,  w i t h  2*75 m l . ,  c i t r a t e  b u f f e r .

The c o l o u r  d e v e lo p e d  was r e a d  i n  th e  Beckman BB 

s p e c t r o p h o t o m e t e r  a t  570 m|x# A c a l i b r a t i o n  c u rv e  was 

c o n S t ru G te d  u s i n g  s e r i a l  d i l u t i o n s  o f  a  s t a n d a r d  s o l u t i o n  o f  

g l y c i n e .
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S #.47 E a i ima t i o n  o f  t h e w a te r  c o n t e n t  o f  l i v e r  t i s s u e .

At s a c r i f i c e ,  a  v e r y  sm a l l  p i e c e  o f  l i v e r  t i s s u e  

was l a y e r e d  on t o  a w e ig h e d , c l e a n  w a t c h - g l a s s  and weighed* 

The w a t c h - g l a s s  and t i s s u e  were t h e n  i n c u b a t e d  i n  a  h o t  a i r  

oven a t  7 0 ° o f o r  24 h o u r s  and r e w e ig h e d .  The w a t e r  c o n t e n t  

was o b t a i n e d  by d i f f e r e n c e *

5 .  48 E s t im a t i o n  o f  sodium and  not a ss lum  i n  l i v e r  t i s s u @* 

E s t i m a t i o n  o f  sodium and p o ta s s iu m  was made i n  a 

5 p e r  c e n t  t r i c h l o r a c e t i c  a c i d  e x t r a c t  o f  l i v e r  t i s s u e .

The r e a g e n t s  u s e d  were a s  fo l lo w s s

A S ta n d a r d  sodium c h l o r i d e .  A

s o l u t i o n  c o n t a i n i n g  1*27 g #, sodium 

c h l o r i d e  p e r  l i t r e  was u s e d  a s  s t a n d a r d .

F or  us©, t h i s  s o l u t i o n  was d i l u t e d  1 i n  

100 w i t h  d i s t i l l e d  w a t e r  t o  g iv e  a 

c o n c e n t r a t i o n  o f  5 m g . , sodium i o n / l i t r o .

B S ta n d a rd  p o ta s s iu m  c h l o r i d e . A

s o l u t i o n  c o n t a i n i n g  960 m g . p o t a s s i u m  

c h l o r i d e  p e r  l i t r e  was u s e d  a s  s t a n d a r d .

F o r  u s e ,  t h i s  s o l u t i o n  was d i l u t e d  1 i n  

50 w i t h  d i s t i l l e d  w a t e r  t o  g iv e  a 

c o n c e n t r a t i o n  o f  10 mg.,  p o ta s s iu m  i o n /  

l i t r e .
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A p i e o e  o f  l i v e r  t i s s u e ^  u s u a l l y  a b o u t  0*5 g . f  

(w e t  w e ig h t )  was hom ogenised  i n  10 volum es o f  5 p e r  c e n t  

t r i c h l ô ï t a e e t i o  a o i d  a t  O^o i n  a  Neloo b l e p d o r  f o r  3 m in u te s * ,  

The m ix tu r e  was t h e n  c e n t r i f u g e d  and t h e  s u p e m e t t a n t  poured, 

o v e r  a f i l t e r  p a p e r  i n  a  f u n n e l j  i n t o  a m e a s u r in g  c y l i n d e r #  

The p r e c i p i t a t e  was washed twiù-è w i t h  5 vo lum es 5 p e r  c e n t  

t r i c h l o r a c e t i c  a c i d j  and t h e  w ash in g s  a l s o  f i l t e r e d  i n t o  th e  

m e a s u r in g  c y l i n d e r #  The e x t r a c t  was made up  t o  10 ml#

1 ml.# q u a n t i t i e s  o f  t h i s  e x t 3?act were u s e d  f o r  i n o r g a n i c  

p h o s p h o ru s  e s t i m a t i o n .  A 1 i n  25 d i l u t i o n  o f  t h e  e x t r a c t  i n  

w a t e r  was made f o r  sodium and p o ta s s iu m  e s t i m a t i o n . As a 

blanî^ f o r  t h e  l a t t e r  e s t i m a t i o n s  a  1 i n  25 d i l u t i o n  o f  5 p e r  

c e n t  t r i c h l o r a c e t i c  a c id jw a s  used*  B e fo re  ea ch  e s t i m a t i o n  

t h e  f lam e p h o to m e te r  c a l i b r a t i o n  was ch e c k e d  u s i n g  th e  

a p p r o p r i a t e  s t a n d a r d  s o l u t i o n #  A f t e r  each  e s t i m a t io n #  t h e  

i n s t r u m e n t  was f l u s l i e d  th r o u g h  w i th  d i s t i l l e d  w a t e r  u n t i l  t h e  

z e ro  p o s i t i o n  was a g a in  a t t a i n e d .



5 . 4;9 Estimation o f
In o rg a i i i e  p h o sp h o ru s  e s t i m a t i o n  was made i n  a 5 

p e r  c e n t  t r i c h l o r a c e t i c  a c i d  e x t r a c t  o f  l i v e r  t i s s u e  # The 

r e a g e n t s  u s e d  were a s  fo l lo w s ?

A m olybd ic  a c i d  solutions 25 g*

ammonium m olybda te  were d i s s o l v e d  i n  

300 ml# d i s t i l l e d  w a te r*  A c o o le d  

m ix tu r e  o f  75 ml.# concentrated s u l p h u r i c  

a c i d  and 125 m l .# d i s t i l l e d  w a te r  was 

added  and t h e  s o l u t i o n  made up t o  a 

f i n a l  volume o f  300 ml»

B h y d ro q u in o n e  s o l u t i o n ?  5*0 g .  hydro-*

q u i  none were d i s s o l v e d  i n  1 l i t r e  

d i s t i l l e d  w a t e r  an d  10 d ro p s  ooneo n t r a t e d  

s u l p h u r i c  a c i d  were added*

C sodium s u l p h i t e s  200 g* c r y s t a l l i n e

sodium s u l p h i t e  HpO) were

d i s s o l v e d  i n  d i s t i l l e d  w a t e r  and  t h e  

s o l u t i o n  made up t o  a  f i n a l  volume o f  

1 l i t r e  *

I) s t a n d a r d  p h o s p h a te  s o l u t i o n s  0"0439 g .

p o t a s s iu m  d ih y d ro g e n  p h o s p h a te  i n  1 l i t r e  

d i s t i l l e d  w a t e r  (2 ml * es 0*02 mg* Phosphorus)
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A 5 per cent trichloracetic acid extract of liver 
tissue was made in the way^described in the previous Section 
(5*48)* 1 ml## of this extract was pipetted into a 10 ml.#
graduated cylinder followed by 2 ml## molybdic acid, and 
after mixing# 1 ml*# sodium sulphite and 1 ml## hydroquinone* 
The mixture was made up to a final volume of 10 m l . A blank 
was prepared in the same way using water in place of the 
tissue extract solution* A standard was prepared using 2 ml *# 
standard phosphate solution (containing 0*02 mg., phosphorus) 
instead of the tissue extract* After allowing to stand for 
30 minutes# the colours were read in a Unicam BP500 spectro
photometer at 720 m|i*

Tests of Statistical Bij^nificance
In the experiments in which statistical analysis 

was performed# two types of approach have been used* Where 
three groups of data are compared simultaneously they were 
analysed using an analysis of variance (Snedecor# 1946).
Where only two groups of data are compared# they were analysed 
by the Students* t test# The expressions F <  0*05 and 
P <  0*01 are used in the conventional sense to indicate 
significance at the 5 per cent and 1 per cent levels 
respectively.
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