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ABSTRACT

The c o n t r o l  o f  DNA s y n t h e s is  in  e p i t h e l i a l  c e l l s  u n d ergo in g  

h y p e r p la s ia  i s  n o t  u n d ersto o d  and a lth o u g h  c o n c u r r e n t c e l l u l a r  

h y p ertro p h y  som etim es o c c u r s  i t  ap p ears t h a t  t h e s e  tw o p r o c e s s e s  a r e  

independent. R ecen tly  the ad m in istration  o f  chem icals which s t im u la te  

h ep atic  growth in  hypophysectanised  r a t s  h as fu r th e r  u n d e r lin e d  t h e ir  

independence. I t  was suggested  th a t DNA sy n th e s is  was in h ib ite d  by th e  

p r e se n c e  o f  a " r e la t iv e ly "  in c r e a s e d  amount o f  DNA in  th e  a tr o p h ie d  

l i v e r  o f  th e  h yp op h ysectom ised  r a t .  The e f f e c t  o f  th e s e  a g e n ts  t o  

induce DNA sy n th e s is  was resto red  a f te r  p a r t ia l  hepa t e c  tony. The l e v e l  

o f  h ep atic  n u clear  DNA appeared to  r eg u la te  th is  response.

Ihe ch a lle n g in g  o f the h ypothesis formed the b asis  o f t h i s  p ro jec t. 

The c a p a c i t y  o f  p h e n o b a r b ito n e  t o  s t i m u l a t e  DNA s y n t h e s i s i n  

hypophysectcmised r a ts  was examined where th e  t o t a l  h ep a tic  DNA was not 

reduced.

H ypophysectom ised  m a le  W istar r a t s  were d iv id e d  in to  th ree  major 

groups, cne group rece iv ed  phenobarbi tone treatm ent a lo n e  and in  th e  

o th e r  tw o grou p s p a r t i a l  hepatectom y o r  p o r t a l  v e in  l i g a t i o n  was 

perform ed p r io r  t o  p h en o b a rb ito n e  tr e a tm en t and t h e i r  e f f e c t s  on th e  

l i v e r  compared t o  c o n tr o ls .

In h yp op h ysectom ised  a n im a ls  p h en o b a rb ito n e  s t im u la t e d  c e l l  

hypertrophy but n ot s ig n i f i c a n t ly  c e l l  r e p lic a t io n . However fo llo w in g  

p a r t i a l  hep atectom y a s i t u a t i o n  w here b oth  c y to p la sm  and n u c le a r  DNA 

were reduced phenobarbitone ad m in istration  induced c e l l  m u lt ip l ic a t io n  

and l i v e r  grow th in v o lv e d  b oth  c e l l  h yp ertrop h y  and h y p e r p la s ia .  

S im ila r ly  fo llo w in g  p o r ta l v e in  l ig a t io n  in  which c e l l  atrophy occurred
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w ith o u t  a l t e r a t i o n  in  h e p a t ic  DNA c o n te n t  both  c e l l  r e p l i c a t i o n  and 

hypertrophy were induced in  th e  u n lig a ted  lo b es .

This s tu d /  demonstrated th a t  DNA sy n th e s is  co u ld  be s tim u la ted  by 

c h e m ic a ls  in  th e  p r e se n c e  o f  " r e l a t i v e ” DNA e x c e s s .  B ecau se o f  th e  

r e s u l t s  w ith  procedures which reduced cytoplasm  o n ly , th e  p o s s ib i l i t y  i s  

c a n v a sse d  th a t  f a c t o r s  con cern ed  w i t h  c h e m ic a l s t im u la t io n  o f  DNA 

sy n th e s is  in  the r a t  may be a sso c ia te d  w ith  or processed  by cytop lasm ic  

or plasnalem m al components o f  th e  hepatocyte.

3



ABSTRACT 2

TABLE OF CONTENTS 4

LIST OF TABLES 12

LIST OF FIGURES 14

LIST OF ABBREVIATIONS USED IN TEXT 15

CHAPTER 1 16

1.1 General review 16

1.2 Methods used to  d e tec t polyploidy and c e ll  p ro life ra tio n  41

1.3 Methods which d e tec t c e l l  enlargement 45

1.4 R elative l iv e r  weight 46

CHAPTER 2 : MATERIAL AND METHODS 48

2.1 Rats 48

2.2 Surgical procedures 48

2.2 .1  Hypophysectomy 4 8
2 .2 .2  Sham hypophysectany 48

2 .2 .3  P a r t ia l  hepatectany 49

2.2 .4  B crtal vein l ig a tio n  49

2.2 .6  Control animals 49

2 .2 .6 .1  NDrmal con tro ls  49

2 .2 .6.2 Hypophysectomy con tro ls 50

2.3 Drugs 50

2.4 Experimental regimen 50

2.5 Macroscopic examinations 50

2 .5 .1  R e la tiv e  l i v e r  weight and r e la t iv e  weight of th e
r ig h t p o ste rio r lobe 51

2.6 Histology 51

2.7 Microscopic examinations and determ inations 52

TABUS OF CONTENTS

Page

4



2 .7 .1  M easurem ents u sed  t o  r e f l e c t  DNA s y n t h e s i s  and
c e l l  p ro life ra tio n  52

2 .7 .1 .1  Q u a n t im e t  720  im a g e  a n a l y s e r
investiga tions 52

2 .7 .1 .2  In tegra ted  microdensitometry 55

2 .7 .1 .2 .1  A n im als in c lu d e d  in  t h i s
small study 57

2 .7 .1 .2 .1 .1  Section I I I  57

2 .7 .1 .2 .1 .2  Section IV 57

2 .7 .1 .3  Determination of m ito tic  index 58

2 .7 .2  Determination of c e l l  volume 58

2.8 Arrangement of experimental groups 59

2.8 .1  P ilo t study I  59

2 .8 .2  P ilo t  s t u I I  60

2.8 .3  Section I I I  60

2 .8.3 .1  Sham hypophysectonty group (Group A) 61

2 .8.3 .2  Hypophysectomy group (Group B) 61

2 .8 .4  Section IV 62

2 .8.4 .1  Sham hypophysectcmy group (Group A) 62

2 .8.4 .2  Hypophysectomy group (Group B) 62

2.9 S ta t is t ic a l  methods 63

2.10 V alid ity  of su rg ica l procedures used in  the stucfy 64

2.10.1 \fe rifica tio n  of hypophysectcmy 64

2.10.2 V e r if ic a t io n  o f  response  by th e  l i v e r  to  PB 
treatm ent in  in ta c t  and hypophysectcmised r a t s  -
P ilo t  study I  66
2 .10 .2 .1  Sham hypophysectanised animals 66
2.10 .2 .2  Hypophysectcmised animals 66

2.10.3 The e f fe c t  of p a r t i a l  hepatectomy -  P i lo t  study
I I  67

2J.0.3.1 Shantiypophysectomisedanimals 67

Page

5



2 .10 .3 .2  Hypophysectomised animals 68
CHATER 3 : MICROSCOPIC EVALUATION OF DNA SYNTHESIS 70

3.1 The response by the l iv e r  to  p a r t ia l  hepatectany 70

3 .1 .1  Sham hypophysectcmy group (Group A) 71

3 .1 .1 .1  Sham hypophysectom y, lap aro tom y  and
s a lin e  treatm ent (contro ls -  Group 1) 71

3 .1 .1 .2  Sham hypophysectom y , 1 /3  p a r t i a l  
h e p a tec to m y  and s a l i n e  t r e a tm e n t
(Group 3) compared w ith Group 1 72

3 .1 .1 .3  Sham hypophysectom y , 2 /3  p a r t i a l  
h ep a tec to m y  and  s a l i n e  t r e a tm e n t
(Group 5) compared w ith Group 1 73

3 .1 .1 .4  Summary 74

3.1 .2  Hypophysectany group (Group B) 74

3 .1 .2 .1  H ypophysectom y, lap arotom y and s a l i n e
treatm ent (co n tro ls  -  Group 1) 75

3 .1 .2 .2  Hypophysectany, 1/3 p a r t ia l  hepatectany  
and s a l in e  treatm ent (Group 3) coipared
w ith Group 1 77

3 .1 .2 .3  Hypophysectany, 2/3 p a r t i a l  hepatectany 
and s a lin e  treatm ent (Group 5) compared
with Group 1 78

3 .1 .2 .4  Summary 78

CHAPTER 4 : THE RESPONSE BY THE LIVER TO PB IN INTACT RATS 94

4.1 Response by the l iv e r  to  PB fo llo w in g  laporotcmy 94

4.1 .1  Section I I I  94

4 .1 .1 .1  Sham hypophysectomy, laparotom y and PB
tre a tm e n t (Group 2) compared w ith  sham 
hypophysectomy, laparotom y and s a l in e  
treatm ent (Group 1 -  con tro ls) 95

4 .1 .1 .2  Summary of r e s u l ts  96

4.1 .2  Section IV 97

4 .1 .2 .1  Sham hypophysectomy, laparotom y and PB 
tre a tm e n t (Group 2) compared w ith  sham 
hypophysectomy, laparotom y and s a l in e  

» treatm ent (Group 1 -  con tro ls) 97

Page

6



Page

4.2 Response by the  l i v e r  to  PB follow ing 1/3 o r 2/3 p a r t i a l  
hepatectcmy 100
4 .2 .1 Sham hypophysectcmy, 1/3 p a r t ia l  hepatectcmy and 

PB t r e a tm e n t  (Group 4) com pared w i th  sham 
hypophysectomy, 1 /3  p a r t i a l  hepatectom y and 
sa lin e  treatm ent (Group 3) 101

4.2 .2 Sham hypophysectany, 2/3 p a r t ia l  hepatectomy and 
PB t r e a tm e n t  (Group 6) com pared w ith  sham 
hypophysectomy, 2 /3  p a r t i a l  hepatectom y and 
sa lin e  treatm ent (Group 5) 101

4.3 Surmary 102
CHAPTER 5 : THE RESPONSE BY THE LIVER TO PB IN 

HYPOPHYSECTOMISED RATS 103

5.1 Response by th e  l i v e r  to  PB in  hypophysectom ised r a t s  
following laparotomy 103

5.1 .1 Hypophysectomy, laparotom y and PB tre a tm e n t 
(Group 2) com pared w i th  h y p o p h y s e c to m y , 
laparotom y and s a l i n e  tre a tm e n t (Group 1 -  
c o n tro ls ) 104

5.1.2 Summary 106

5.2 Response by th e  l i v e r  to  PB in  hypophysectom ised r a t s  
following p a r t ia l  hepatectomy 107

5.2.1 Hypophysectomy, laparotom y and PB tre a tm e n t 
(Group 2) compared w ith  hypophysectomy, 1 /3  
p a r t ia l  hepatectcmy and PB treatm ent (Group 4) 107

5.2 .2 Hypophysectomy, laparotom y and PB tre a tm e n t 
(Group 2) compared w ith  hypophysectomy, 2/3 
p a r t ia l  hepatectcmy and PB treatm ent (Group 6) 108

5.2 .3 Hypophysectomy, 1 /3  p a r t i a l  hepatectom y and PB 
treatm ent (Group 4) compared with hypophysectomy, 
1 /3  p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 
(Group 3) 109

5 .2 .4 Hypophysectomy, 2 /3  p a r t i a l  hepatectom y and PB 
treatm ent (Group 6) coitpared with hypophysectcmy, 
2 /3  p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 
(Group 5) 109

5 .2 .5 Summary 110
CHAPTER 6 : THE RESPONSE BY THE LIVER TO 1 /3  AND 2 /3  PORTAL 

VEIN LIGATION WITH OR WITHOUT PB TREATMENT 112
6.1 The resp o n se  by th e  l i v e r  to  1 /3  and 2 /3  p o r t a l  v e in  

lig a tio n  in in ta c t  and hypophysectomised animals 113

7



Page

6.1.1 Sham hypophysectcmy group (Group A) 113

6.1.1.1 Sham hypophysectomy, laparotom y and 
sa lin e  treatm ent (contro ls -  Group 1) 113

6.1.1.2 Sham hypophysectomy, 1 /3  p o r t a l  v e in  
l ig a tio n  and s a l in e  treatm ent (Group 3) 
compared w ith Group 1 114

6.1.1 .3 Sham hypophysectomy, 2 /3  p o r t a l  v e in  
l ig a tio n  and s a l in e  treatm ent (Group 5) 
conpared w ith Group 1 115

6 .1.1.4 Summary 116

6.1.2 Hypophysectcmy group (Group B) 116

6.1.2.1 Hypophysectomy, laparotom y and s a l i n e  
treatm ent (contro ls -  Group 1) 117

6.1.2.2 Hypophysectcmy, 1/3 p o r ta l  vein  l ig a tio n  
and s a lin e  treatm ent (Group 3) conpared 
w ith Group 1 118

6.1.2.3 Hypophysectcmy, 2/3 p o r ta l  ve in  l ig a tio n  
and s a l in e  treatm ent (Group 5) conpared 
w ith Group 1 119

6.1.2.4 Summary 119

The response by the l iv e r  to  PB in  p o r ta l  ve in  l ig a te d  
animals in in ta c t  and hypophysectcmised animals 120
6.2.1 Sham hypophysectcmy animals (Group A) 120

6.2.1.1 Sham hypophysectomy, laparotomy and PB 
tre a tm e n t (Group 2) compared w ith  sham 
hypophysectomy, laparotom y and s a l i n e  
treatm ent (controls) 120

6.2.1.2 Sham hypophysectomy, 1 /3  p o r t a l  v e in  
l ig a t io n  and PB tre a tm e n t (Group 4) 
conpared w ith  sham hypophysectomy, 1 /3  
p o r t a l  v e in  l i g a t i o n  and s a l i n e  
treatm ent (Group 3) 121

6.2 .1 .3 Sham hypophysectomy, 2 /3  p o r t a l  v e in  
l ig a t io n  and PB tre a tm e n t (Group 6) 
compared w ith  sham hypophysectomy, 2 /3  
p o r t a l  v e in  l i g a t i o n  and  s a l i n e  
treatm ent (Group 5) 121

6.2.1 .4 Summary 122
6.2.2 Hypophysectcmised animals (Group B) 122

8



Page

6.2 .2 .1  The re s p o n s e  by th e  l i v e r  t o  PB 
following laparotomy 123

6.2 .2 .1 .1  Hypophysectomy, laparotom y
and PB tre a tm e n t (Group 2) 
c o m p a re d  w i th  G roup  1 
(contro ls) 123

6.2 .2 .2  The re s p o n s e  by th e  l i v e r  t o  PB 
tre a tm e n t in  an im als fo llo w in g  p o r t a l
vein l ig a tio n  conpared with laparotomy 124

6.2 .2 .2 .1  Hypophy sectom y, 1 aparotomy 
and PB tre a tm e n t (Group 2) 
compared with hypophysectcmy,
1/3 p o r ta l  vein  l ig a t io n  and
PB treatm ent ( Group 4) 124

6.2 .2 .2 .2  Hypophysectomy, laparotom y 
and PB tre a tm e n t (Group 2) 
compared w ith hypophysectomy,
2/3 p o r ta l  vein l ig a tio n  and
PB treatm ent (Qroup 6) 125

6.2 .2 .3  Summary 125

6.2 .2 .4  The r e s p o n s e  by th e  l i v e r  t o  PB
treatm ent in  p o r ta l  vein l ig a te d  animals 
compared with sa lin e  126

6.2 .2 .4 .1  Hypophysectomy, 1 /3  p o r t a l
v e in  l i g a t i o n  and s a l i n e  
tre a tm e n t (Group 3) compared 
w ith  hypophysectom y, 1 /3  
p o r t a l  v e in  l ig a t io n  and PB 
treatm ent ( Group 4) 126

6.2 .2 .4 .2  Hypophysectomy, 2 /3  p o r t a l  
v e in  l i g a t i o n  and s a l i n e  
tre a tm e n t (Group 5) compared 
w ith  hypophysectom y, 2 /3  
p o r t a l  v e in  l ig a t io n  and PB
treatm ent (Group 6) 127

6.2 .2 .5  Summary 128

CHAPTER 7 : DISCUSSION 144

7.1 P ilo t study I  144

7 .1 .1  Sham hypophysectomised animals (Group A) 145

7 .1 .1 .1  Response by the  l iv e r  to  PB treatm ent 145

7.1 .2  Hypophysectomised animals (Group B) 145

9



7 .1 .2 .1  Response hy the l iv e r  to  hypophysectany 146

7 .1 .2 .2  R e sp o n se  by t h e  l i v e r  t o  PB in
hypophysectanised animals 146

7.2 P ilo t  study I I  147

7 .2 .1  Sham hypophysectanised animals (Group A) 147

7 .2 .1 .1  R esponse  by th e  l i v e r  t o  p a r t i a l
hepatectcmy 147

7 .2 .2  Hypophysectcmy group (Group B) 147

7 .2 .2 .1  Response ty the l iv e r  to  hypophysectany 147

7 .2 .2 .2  R esponse  by th e  l i v e r  t o  p a r t i a l
hepatectcmy in hypophysectanised animals 147

7.3 M easurements used to  r e f l e c t  DNA s y n th e s is ,  c e l l  
p ro life ra t io n  and c e l l  enlargement in  Sections I I I  and
IV 148

7 .3 .1  Response to  p a r t ia l  hepatectomy -  Section I I I  150

7 .3 .1 .1  Sham hypophysectcmised animals (Group A) 150

7 .3 .1 .2  Hypophysectcmised animals (Group B) 154

7.3 .2  R esponse  by th e  l i v e r  t o  PB t r e a tm e n t  -
Section I I I  158

7 .3 .2 .1  Sham hypophysectanised group (Group A) 158

7 .3 .2 .1 .1  Response by th e  l i v e r  to  PB
following laparotomy 158

7 .3 .2 .1 .2  Response by th e  l i v e r  to  PB
following p a r t ia l  hepatectamy 159

7 .3 .2 .2  Hypophysectcmy group (Group B) 162

7 .3 .2 .2 .1  Response by th e  l i v e r  to  PB
follow ing laparotomy 162

7 .3 .2 .2 .2  Response by th e  l i v e r  to  PB
following p a r t ia l  hepatectcmy 163

7 .3 .3  Response by th e  l i v e r  to  p o r ta l  vein l ig a tio n  -
Section IV 166

7 .3 .3 .1  Sham hypophysectcmised animals (Group A) 166

7 .3 .3 .2  Hypophysectcmised animals (Group B) 168

Page

10



Page

7 .3 .3 .2 .1  R esponse by th e  l i v e r  t o
p o r t a l  v e in  l i g a t i o n  in  
hypophysectcmised animals 168

7 .3 .4  Response by th e  l i v e r  to  PB treatm ent fo llow ing
p o r ta l  vein l ig a tio n  169

7 .3 .4 .1  Sham hypophysectary group (Group A) 169

7 .3 .4 .1 .1  Response by th e  l i v e r  to  PB
following laparotomy 169

7 .3 .4 .1 .2  Response by th e  l i v e r  to  PB
f o l l o w i n g  p o r t a l  v e i n  
lig a tio n  170

7 .3 .4 .2  Hypophysectomy group (Group B) 171

7 .3 .4 .2 .1  Response by th e  l i v e r  to  PB
following laparotomy 171

7 .3 .4 .2 .2  Response by th e  l i v e r  to  PB
f o l l o w i n g  p o r t a l  v e i n  
lig a tio n  172

7.4 Conclusion 173

REFERENCES 178

APPENDIX I  : SURGICAL PROCEDURES Al

A. 1.1 Hypophysectcmy Al

A .1.2 P a r t ia l  hepatectcmy A2

A .1.3 P o rta l vein lig a tio n  A3

APPENDIX I I  : VERIFICATION OF HYPOPHYSECTOMY AND DETAILS OF
PILOT STUDIES A5

A .I I . l  V erifica tio n  of hypophysectdmy A5

A .I I .2 P ilo t  Study I  A?

A.II.3 JP ilo t Study I I  Al4
APPENDIX I I I :  FURTHER DETAILS OF LABORATORY TECHNIQUES AND 

DISCUSSION OF MORPHOMETRIC AND GEOMETRIC 
PROBLEMS RELATED TO THIS STUDY A27

A .I I I . l  D e t a i l s  o f  h i s t o l o g i c a l  s e c t io n s  and s ta in in g
techniques A27

A .I I I .2 Account o f th e  Feulgen s ta in in g  method used and
reference to  possib le  sources of v a r ia b il i ty  A31

A .I I I .3 Morphometry, geometric problems and problems r e la te d
to  these subjects ra ise d  in th is  study A34

References fo r Appendix I I I  11 A53



LIST OF TABLES

3.1 S ection  I I I  -  Sham hypophysectany group 80

3.2 S ection  I I I  -  Hypophysectamy group 82

3.3a S ection  I I I  -  Sham hypophysectany group -  group means 84

3.3b S ection  I I I  -  Hypophysectany group -  group means 85

3.4 Mean nuclear a rea  (um )̂ and mean number of nuc le i per
10 f ie ld s  -  Section I I I  86

3.5 Mean d i s t r ib u t io n  o f  n u c l e i  in t o  p lo id y  c l a s s e s  :
p a r t ia l  hepatectomy group -  S ection  I I I  88

3.6 Percentage of n u c le i per group exh ib iting  in teg ra ted
n u c le a r  d e n s i ty  in  a r b i t r a r y  u n i t s  (A.U.) a s  
determ ined  by in te g ra te d  m ic ro d e n s ito m e try  f o r  
Section I I I  89

6.1 S ection  IV -  Sham hypophysectany group 130

6.2 S ection  IV -  Hypophysectany group 132

6.3a S ection  IV -  Sham hypophysectony group -  group means 134

6.3b S ection  IV -  Hypophysectany group -  group means 135

6.4 Mean nuclear a rea  (um )̂ and mean number of nue lc i per
10 f ie ld s  -  Section IV 136

6.5 Mean d i s t r ib u t io n  o f  n u c l e i  in t o  p lo id y  c l a s s e s  :
p o r ta l v e in  l ig a t io n  groups -  S ection  IV 138

6.6 Percentage of n u c le i per group exh ib iting  in teg ra ted
n u c le a r  d e n s i ty  in  a r b i t r a r y  u n i t s  (A.U.) a s  
determ ined  by in te g ra te d  m ic ro d e n s ito m e try  f o r  
Section IV 139

A .l Body w e ig h ts  -  sham hypophysectom y grou p s -  a l l
sections A19

A.2 Body weights -  hypophysectany groups -  a l l  sections A20

A .3 A d r e n a l  w e i g h t  -  sham  h y p o p h y s e c t o m y  a n d
hypophysectany groups -  a l l  sections A21

A .4 T e s t i c u l a r  w e ig h t  -  sham h y p o p h y sec to m y  and
hypophysectany groups -  a l l  sections A22

A.5 P ilo t  Study I  -  4, 8 and 12 days PB treatm ent A23

Table Page

1 2



Table Page

A .6 P ilo t Study I  -  group means A24

A.7 P ilo t Study I I  -  group r e s u lt s A25

A.8 P ilo t Study I I  -  group means A26

13



L IS T  cap FIG U R E S

Figure Page

3.1 The mean p e rc en ta g e  d i s t r ib u t io n  o f  n u c le i  in  s iz e  
ranges of 5 unr c la s se s  fran  10-100 90

3.2 Histograms o f nuclear in teg rated  density  in  a rb itra ry  
u n its  (A.U.) fo r  p a r t ia l  hepatectomy groups 92

3.3 The e f fe c t  o f 1/3 and 2/3 p a r t i a l  hepatectany with o r 
w ith o u t PB tre a tm e n t on th e  percentage con tribu tion  
fcy ind iv idua l l i v e r  lobes to  the  t o t a l  l i v e r  weight 
in  in ta c t  and hypophysectomised r a ts 93

6.1 The mean p e rcen tag e  d i s t r ib u t io n  o f n u c le i  in  s iz e  
ranges of 5 um  ̂ c la sse s  from 10-120 140

6.2 Histograms o f nuclear in teg rated  density  in  a rb itra ry  
u n its  (A.U.) fo r  p o rta l vein l ig a tio n  groups 142

6.3 The e f f e c t  o f 1 /3  and 2 /3  p o r t a l  v e in  l i g a t io n  w ith  
o r  w ith o u t  PB t r e a tm e n t  on th e  p e r c e n ta g e  
con tribu tion  by in d iv id u a l l i v e r  lobes to  th e  t o t a l  
l i v e r  weight in in ta c t  and hypophysectcmised ra ts . 143

14



AFP

A.U.

CAMP

CPA

DNA

EGF

HCH

Indiv idu al
lo b es

In ta c t

3-MC

ODC

PB

PCN

SER

TAGH

[3H]TdR

VLDL

LIST OF ABBREVIATIONS QSED TO TEXT 

A lpha-fetoproteins

A rb itrary  u n its  of in teg rated  nuclear d ensity

Cyclic AMP

Cyproterone a ce ta te

Deoxyribonucleic acid

Epidermal growth fac to r

Alpha-hexachlorocyclohexane

liv e r
L. L. l e f t  l a te r a l  lobe
M. L. Median lobe
R.P. Right p o ste rio r lobe 
C.L. Caudate lobe

Sham hypophysectanised animals

3-methylcholanthrene

O rnithine decarboxylase

Sodium phenobarbitone (Johnson & Johnson)

Pregnenolone-16-carbonitri l e

Smooth endoplasmic reticulum

Iso ton ic  so lu tio n  o f triiodo thyron ine  (T3), amino 
ac id s, glucagon and heparin

T rit ia te d  thymidine

Very low density  protein

1 5



CHAPTER 1

ADAPTIVE GROWTH IN THE LIVER

1.1 General review

The mechanisms underlying the  reg u la tio n  of DNA syn thesis in the  

l i v e r  a re  n o t i d e n t i f i e d  and may be d i f f e r e n t  fo r  v a r i e t i e s  o f growth 

processes. D ifferen t circumstances a ttend  these v a r ie t ie s  and i t  may be 

necessary to  define them separa te ly .

In p o s t-n a ta l l i f e  i t  i s  l ik e ly  th a t  developmental o r somatic l iv e r  

grow th, a p ro cess  accompanied by growth in  th e  w hole o rganism , i s  

r e g u l a t e d  d i f f e r e n t l y  from  a d a p t iv e  growth which r e s u l t s  from 

a l t e r a t i o n s  induced by ex p erim en ta l m a n ip u la tio n , by some d ise a se  

processes or by adm inistration  of therapeu tic  drugs or o ther xenobiotics 

le a d in g  to  an in c re a s e  m ain ly  in  th e  organ i t s e l f .  The in d u c tio n  of 

adaptive growth in  the  l iv e r  may fo llow  lo ss  of functioning l i v e r  t is su e  

fo r  exam ple by s u r g ic a l  m an ip u la tio n  such as p a r t i a l  hepatectom y 

(H arkness,1957; W einbren,1959? Bucher, 1963; Grisham, 1973; Weinbren,

1979), chem ical damage induced by h e p a to to x in s  such a s  ch lo ro fo rm  o r 

carbon t e t r a c h lo r id e  (Feuer e t  a l . ,  1965; G olberg , 1966; P l a t t  and 

O o c k rill, 1969a; Grisham, 1973) and disease including v i r a l  h e p a tit is  

(P e te rs , 1975; Ish ak , 1976). A daptive  growth w ith o u t d e s t ru c t io n  o f 

hepatocytes may be induced by chemicals such as po lycyc lic  hydrocarbons, 

phenobarb itone  (PB) o r  a lp h a -h ex ach lo ro cy c lo h ex an e  (HCH) and o f te n  

invo lves induction of enzymes (Oonney and Burns, 1972; RDransky e t  a l . ,  

1966; Conney, 1967; S c h l ic h t  e t  a l . ,  1968; P l a t t  and O o c k r i l l ,  1969; 

Schulte-Hermann, 1974; Schulte-Hermann e t  a l . ,  1974; A rgyris, 1974).
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The increase in mass which occurs a f te r  damage to  or lo s s  of a p a rt 

o f the  l iv e r ,  i s  assoc ia ted  with increases in  DNA content and in numbers 

o f l i v e r  c e l l s  and i s  re fe rred  to  as compensatory hyperp lasia  w h ils t an 

in c re a s e  in  l i v e r  mass where t i s s u e  i s  n e i th e r  removed n o r damaged i s  

re fe rre d  to  here as adap tive  growth. In experim entally  induced adaptive 

growth fo llo w in g  a d m in is tra t io n  o f many d ru g s, in s e c t ic id e s  and food 

a d d i t iv e s ,  both  h y p e rp la s ia  ( in v o lv in g  DNA sy n th e s is )  and c e l l  

hypertrophy  ( in v o lv in g  p ro te in  s y n th e s is )  can u s u a l ly  be d e te c te d  

(Weinbren, 1975? Schulte-H erm ann, 1974). While seme authors conclude 

they a re  p a rt of the same process (Baserga, 1976; Schneyer e t  a l . ,  1967? 

Hamilton, 1968; Johnson, 1969), o thers consider them to  be independent 

(Malamud, 1972; Wfeinbren e t  a l . ,  1972? Vteinbren and W ashington, 1976; 

Schulte-Hermann e t  a l . ,  1977).

S e v e ra l s tu d ie s  dem onstra te  t h a t  x e n o b io tic s  produce l i v e r  

enlargement by stim u la ting :

1) C e l l  en la rgem en t in v o lv in g  in c re a s e s  in  main c e l l  c o n s t i tu e n t  

p r o te in s ,  RNA, l i p i d ,  g lycogen and w ater and in c re a s e s  in  

microsomal enzymes and endoplasmic reticulum  (ER) (Koransky e t  a l . ,  

1966? S taub li e t  a l . ,  1969? Glaunann, 1970? Glazer and S a r to r e l l i ,  

1972; Schulte-Hermann, 1974). The c e l l  enlargement is  la rg e ly  due 

t o  in c re a s e  in  p r o te in s ,  p r o l i f e r a t i o n  o f ER and enzymes w ith  a 

morphological decrease in nucleus/cy to p i asm r a t io  (Schlich t e t  a l . ,  

1968? Kunz e t  a l . ,  1966? 1966a? S taub li e t  a l . ,  1969). Hypertrophy 

i s  c o n sid e red  to  be c e l l  en la rgem en t w ithou t th e  in c re a s e  in  DNA 

c o n te n t produced by an in c re a s e  in  p lo id y  o r  numbers o f n u c le i  

(Schulte-Hermann, 1974? 1979).
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2) C e ll m u ltip lic a tio n  shown by increase in number o f c e l l s  involved 

in  DNA synthesis and m itosis . Hie t o ta l  DNA content of the organ is  

increased (Bucher, 1963).

3) In crease in  n u clear  p lo id y  (Bucher, 1963? Schulte-Hermann, 1974? 

1979). T h is i s  produced  by tr e a tm e n t w ith ,  f o r  ex a m p le , HCH and 

c y p r o te r o n e  a c e t a t e  (CPA) and i s  accom panied by a d e c r e a s e  in  

b in u clear  c e l l s .  This s h i f t  in  b in u c le a r ity  probably r e s u l t s  from 

r e p lic a t io n  o f  b in u c lea r  c e l l s  which a f te r  c y to k in e s is  produce 2 

m ononuclear c e l l s  o f  in c r e a s e d  p lo id y  (Sch u lte-H erm an n , 1979). 

H yperplasia i s  regarded as an in crea se  in  g e n e tic  m a ter ia l whether 

d er iv ed  from an in crea se  in  p lo id y  or from c e l l  d iv is io n  (S ch u lte -  

Hermann, 1974? 1979).

Other general c h a r a c te r is t ic s  o f l iv e r  enlargement are:

a) The e f f e c t s  o f  x en o b io tics  are s e l f - l im i t in g .  A c tiv e  l i v e r  growth 

and c e l l  m u lt ip l ic a t io n  occur in  th e  e a r ly  phase o f  treatm ent and 

th e  r a te  o f  c e l l  p r o lif e r a t io n  retu rn s towards normal even  i f  th e  

treatm ent i s  continued (Schulte-Hermann e t  a l . ,  1968? S c h lic h t  e t  

a l . ,  1968? S chu lte-H erm ann , 1979). For ex a m p le , f o l lo w in g  

treatm ent w ith  HCH th e  DNA con ten t o f the l i v e r  in crea ses  o n ly  in  

th e  i n i t i a l  s t a g e  o f  ex p o su re  and t h e r e a f t e r  i t  rem ain s c o n s ta n t  

(Schulte-Hermann, 1974? 1979).

b) The amount o f  h y p e r p la s ia  o r  h yp ertrop h y  c o n tr ib u t in g  t o  th e  

ad ap tive  c e l l  growth depends on th e  compound adm inistered , the dose 

o f  th e  drug a d m in is te r e d  and th e  a g e  o f  th e  a n im a l. For ex a m p le , 

HCH, CPA and lo w  d o se s  o f  PB in d u ce  l i v e r  grow th  in  young r a t s  

predom inantly by h y p erp la sia , th e  r e s u l t  o f c e l l  m u lt ip l ic a t io n .
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In c o n t r a s t  l i v e r  en la rg em en t in d u ced  by h ig h e r  d o se s  o f  PB in  

young r a t s  and by PB, HCH o r  CPA in  a d u l t  r a t s  i s  t h e  r e s u l t  o f  a 

co m b in a tion  o f  h yp ertrop h y  and h y p erp la s ia , where h yp erp lasia  i s  

represen ted  by an in crea se  in  p o ly p lo id  c e l l s  (Schulte-Hermann e t  

a l . ,  1968? Schul te-Hermann, 1974; 1979? A rgyris, 1974; A ugen lich t 

and A rgyris, 1975).

c) F o llow in g  th e  c e s sa t io n  o f  drug ad m in istra tion , l i v e r  enlargem ent 

i s  r e a d i l y  r e v e r s i b l e  e x c e p t  f o r  th e  r a is e d  DNA c o n te n t  a n d /o r  

in creased  n u clear  p lo id y  which p e r s is t s  fo r  s e v e r a l  weeks (S ch u lte -  

Hermann e t  a l . ,  1971; Schul te-Hermann, 1979? Schul te-Hermann and 

P a r z e fa l l ,  1981).

I t  has been su g g ested  t h a t  th e  in c re a s e  in  c e l l  s iz e  induced by 

phenobarb itone  (PB) i s  due to  an in c re a s e  in  smooth endoplasm ic 

reticu lum  (SER) (Barka and Popper, 1967? S taub li e t  a l . ,  1969? Schul te -  

Hermann e t  a l . ,  1972? Schulte-H erm ann, 1974? Boger e t  a l . ,  1978; 

Hardwick, 1983) and th a t  p ro te in  synthesis i s  c o n tro lle d  by microsomal 

enzymes found w ith in  th e  SER (Kato e t  a l . ,  1966? A rg y ris , 1974). Many 

drugs are  c la s s if ie d  according to  which enzymes they induce. Several 

drugs including PB, can be separated in to  f iv e  d if fe re n t c la sses  as they 

induce f i v e  d i f f e r e n t  su b se ts  o f  enzymes c o l l e c t i v e l y  known as 

cytochrome P450, each  c la s s  o f in d u cer m odula ting  gene e x p re ss io n  

th rough  d i f f e r e n t  m o le cu la r  mechanisms (Conney, 1967? A rg y ris  and 

Magnus, 1968? A rg y ris , 1969? Hodgson and Dauterman, 1980? G o ld s te in , 

1984? Lechner, 1987).

The increase in  microsomal enzymes due to  enzyme synthesis along 

w ith  some enzyme s t a b i l i z a t i o n  o f th e  smooth endoplasm ic re tic u lu m
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(Kuriyama e t  a l . ,  1969; Matsumura and Omura, 1973; Schu lte-H erm ann , 

1974) i s  p a r a l le le d  w ith  an in creased  l i v e r  w eight, but on c e ssa t io n  o f  

th e  drug both return to  normal. This appears to  be an ad ap tive  response  

by t h e  l i v e r  t o  an in c r e a s e d  work lo a d  (G ilb e r t  and G o ld b erg , 1967; 

P la t t  and O o c k e r il l ,  1969; 1969a) which le d  A rgyris (1974) to  propose 

th a t  t h is  in crease  was coupled w ith  the tr ig g er in g  o f  l i v e r  growth.

However c e l l  en la rgem en t i s  independent o f th e s e  a c t i v i t i e s  as 

hypertrophy  induced by 3 -m ethy lcho lan th rene  (3-MC) i s  not accompanied 

fcy, o r i s  only  associated  with an in s ig n if ic a n t increase  in  the  smooth 

endoplaanic reticulum  and no measurable change in  microsomal p ro te in  per 

gram of l i v e r  (Oonney and Gilman, 1963; Fouts and R ogers, 1965; 

Glaumann, 1970). In  a d d it io n  high  doses o f HCH su p p re ss  m icrosom al 

enzymes b u t c o n tin u e  to  induce l i v e r  growth (Schulte-Herm ann e t  a l . ,  

1974) and d ie th y la m in o e th y lp h e n y ld ia l ly l - a c e ta te  (CFT-1201), an 

in h ib ito r  of cytochrone P450, has no e ffe c t on DNA synthesis and m ito tic  

a c t i v i t y  in  th e  rem ain ing  lo b es  o f  p a r t i a l l y  hepatec tom ised  r a t s  

(Schulte-Herm ann e t  a l . ,  1972). These and more re c e n t s tu d ie s ,  

id e n t i fy in g  s p e c i f i c  f a c to r s  which lead to  p ro te in  syn thesis e n t i r e ly  

independent o f d rug  m e ta b o lis in g  enzymes o r  endoplasm ic re t ic u lu m , 

(Schulte-Herm ann e t  a l . ,  1972; Koransky e t  a l . ,  1966; S c h l ic h t  e t  a l . ,  

1968; R agno tti and A l e t t i ,  1974; 1978; Schulte-Herm ann e t  a l . ,  1982; 

Hardwick, 1983; O sorio-A lm eida e t  a l . ,  1986; Lechner e t  a l . ,  1987) 

su g g es t t h a t  w h ile  l i v e r  en largem en t i s  th e  r e s u l t  o f  an in c re a s e  in  

t o t a l  p ro te in  accompanied by an increase  in  t o ta l  RNA, DNA and nuclear 

count (Cbnney, 1967; Argyris, 1969; 1974) the  mechanisms responsib le  fo r 

c e l l  e n la rg e m e n t  a r e  in d e p e n d e n t o f th o s e  r e s u l t i n g  in  c e l l  

m u ltip lic a tio n .
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F o llow ing  a d m in is tra t io n  o f  a xenob io tic  th e  proportion by which 

h y p e rp la s ia  a n d /o r  hypertrophy  c o n tr ib u te s  to  th e  a d a p tiv e  resp o n se  

depends on th e  ty p e  and dose o f  x e n io b io t ic  and th e  age o f  th e  an im al. 

For exam ple, w h ile  l i v e r  growth induced by re p e a te d  in je c t io n s  of 

50 mg/kg body w eigh t o f PB in  immature r a t s  i s  l a r g e ly  due to  an 

increase  in  c e l l  number, a t  higher doses (100 mgAg body weight) c e l l  

enlargement i s  a ls o  a s ig n if ic a n t con tribu tion . In a d u lt  r a ts  however, 

l i v e r  weight is  increased to  a le s se r  degree a t  th i s  higher dose and is  

a combination of c e l l  enlargement and increase in  DNA due to  an increase  

in  p o ly p lo id y  (P a u lin i  e t  a l . ,  1970; S ta u b li  e t  a l . ,  1969? S c h u lte -  

Hermann e t  a l . ,  1968? A rg y ris , 1974? A rg y ris  and Magnus, 1968; 

A ugen lich t and A rg y ris , 1975? Koransky e t  a l . ,  1966; S c h l ic h t  e t  a l . ,  

1968). Furtherm ore 20 mg/kg body w eight o f  3-MC in  th e  immature m ale 

r a t  w i l l  s tim u la te  l iv e r  growth by c e l l  hypertrophy a lone  (Aagenlicht 

and A rg y ris , 1975) whereas tre a tm e n t w ith  CPA o r  p regneno lone-16  -  

c a rb o n itr i le  (PCN) to  young female r a t s  w i l l  induce l i v e r  enlargem ent, a 

r e s u l t  of DNA synthesis and c e l l  m u ltip lic a tio n  (Schulte-Hemann e t  a l . ,

1980).

In a d u lt  r a t s  w hile c e l l  m u ltip lic a tio n  i s  le s s  pronounced a f te r  

a d m in is tra t io n  o f drugs such as  HCH (Schulte-Herm ann e t  a l . ,  1968? 

A rg y ris , 1974), on c e s s a t io n  o f  th e  drug h ep a to cy te  en largem en t 

reg resses (Schulte-Hermann e t  a l . ,  1968? S ch lich t e t  a l . ,  1968? Argyris, 

1969; 1971) w hile  the  h y p erp lastic  ccnponent w ithin the enlarged l iv e r  

remains (Schulte-Hermann e t  a l . ,  1971). These workers a ls o  showed th a t  

i n h i b i t o r s  o f  DNA s y n t h e s i s  su ch  a s  CFT 1 2 0 1 , SKF 525A and 

actincmycin D, a c te d  e a r ly  in  th e  c e l l  c y c le  b e fo re  th e  o n se t o f DNA 

synthesis and when given in  conjunction with HCH, c e l lu l a r  enlargement
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or increased  m icrosom al a c t i v i t y  were u n a ffec ted  but i f  g iv e n  a f t e r  t h is  

e a r l y  s e n s i t i v e  p e r io d  d id  n o t  p r e v e n t  DNA s y n t h e s i s  and c e l l  

p r o l i f e r a t io n . These and other fa c to r s , in c lu d in g  th e  in f lu e n c e  o f  food 

on DNA s y n t h e s i s  r a th e r  th an  c e l l u l a r  e n la rg em en t f o l l o w in g  HCH 

t r e a t m e n t ,  s u g g e s t  t h a t  t h e  m ech a n ism s r e s p o n s i b l e  f o r  c e l l  

p r o lif e r a t io n  are independent o f th ose  re sp o n s ib le  for  c e l l  enlargem ent 

(P ard ee , 1974? Schulte-H erm ann e t  a l . ,  1976a; Sch u lte-H erm an n , 1977; 

Schulte-Hermann and D o r ff le r , 1979? I& llenbach e t  a l . ,  1983).

However w hile enzyme synthesis, c e l l  enlargement and p ro life ra t io n  

in  th e  l i v e r  can be induced by drugs in d ep en d en tly  o f each o th e r  

(G olberg, 1966; Koransky e t  a l . ,  1969; Schulte-H erm ann, 1977? 1979? 

Schulte-Hermann e t  a l . ,  1980), the  mechanism by which these  xenohiotics 

induce l i v e r  growth i s  s t i l l  unknown. I t  i s  a l s o  unknown w hether th e  

primary ta rg e t fo r these xenobiotics is  in t r a -  or ex trahepatic  (Schulte- 

Hermann, 1974). The hypophysis appeared a candidate since hypophysectamy 

le a d s  to  a tro p h y  o f th e  l i v e r  (Weinbren, 1959? Szabo e t  a l . ,  1973), 

p i t u i t a r y  hormones induce l i v e r  grcwth in  hypophysectcmised or in ta c t  

r a t s  (Di S tefano  e t  a l . ,  1955; Echave L lanos e t  a l . ,  1971? S c h u lte -  

Hermann, 1974) and fo llo w in g  hypophysectomy th e r e  i s  a re d u c tio n  in  

cy to p lasm ic  volume and RNA c o n te n t in  th e  r a t  l i v e r ,  w h ile  th e  DNA 

content remains unchanged, (Di Stefano e t  a l . ,  1955? Schulte-Hermann e t  

a l . ,  1977) thus leading  to  an increase in  hepatic  DNA concentration and 

a decrease in  th e  RNA:DNA ra t io  (Schulte-Hermann e t  a l . ,  1977).

F bllow ing p a r t ia l  hepatectany l i v e r  w eigh t i s  re sto red  to  co n tr o l  

v a lu e s  in  i n t a c t  r a t s  bu t o n ly  r e s t o r e d  t o  75%-85% o f  p r e -o p e r a t io n  

l e v e l s  fo llo w in g  hypophysectomy (Franseen e t  a l . ,  1938? D oljan sk i and 

N o v o g ro tzk y , 1959; Schulte-H erm ann e t  a l . ,  1977). T h is  i s  a s im i la r
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e f f e c t  to  s t a r v a t io n  in  i n t a c t  r a t s  and i s  th e  r e s u l t  o f a n o re x ia  as 

hypophyseal hormones con tro l food in take and body growth. Their absence 

causes cessation  of body growth and diminished food in take which a l t e r s  

th e  fu n c t io n a l  lo ad  imposed on th e  l i v e r  (Franseen e t  a l . ,  1938; 

Schulte-Herm ann e t  a l . ,  1977). DNA sy n th e s is  i s  n o t p re v e n te d  in  th e  

absence of th e  hypophysis fo llow ing p a r t i a l  hepatectany (Doljanski and 

N ovogrotzky, 1959; Schulte-Herm ann e t  a l . ,  1977) b u t s t im u la t io n  o f 

l i v e r  growth by HCH o r  PB in  hypophysectom ised r a t s  r e s u l t s  in  an 

increase in  l i v e r  mass by c e l l  hypertrophy alone as an increase  in  DNA 

fa i le d  to  occur, as shown using % -thymidine uptake in to  hepatic  DNA as 

an in d e x  o f  DNA s y n th e s i s  (S ch u lte -H erm an n  e t  a l . ,  1977). 

Hypophysectarry alone r e s u l ts  in a  decrease in  l i v e r  s ize  and RNA content 

w h ile  DNA c o n te n t rem ains unchanged. This a l t e r e d  DNA:RNA r a t i o  th ey  

proposed le d  to  a " r e l a t i v e  DNA s u rp lu s " ,  which on e lim in a tio n  by 

p a r t i a l  hepatectomy resto red  the  a b i l i ty  by these  xenobiotics to  induce 

DNA synthesis (Schulte-Hermann e t  a l . ,  1977). Such responses le d  these  

authors to  suggest th a t  stim u la tion  o f DNA synthesis by these  drugs i s  

c o n tro lle d  ty an autoregulatory  feedback system which monitors an excess 

of DNA and suppresses c e l l  re p lic a tio n  i f  DNA content exceeds the normal 

l e v e l .  They e x p la in e d  th a t  t h i s  was why c e l l  en la rgem en t a lo n e  

o ccu rs  in  hypophysectom ised an im als  (Schulte-Herm ann e t  a l . ,  1977; 

Schulte-Hermann and Schmitz, 1980).

T h ese s t u d ie s  c l e a r l y  d em o n stra ted  t h a t  s t im u la t io n  o f  c e l l  

enlargem ent and c e l l  m u lt ip l ic a t io n  can be separated  (Schulte-Hermann e t  

a l . ,  1977; Schulte-H erm ann and S ch m itz , 1980) and su p p o r t th e  c o n c e p t  

t h a t  th e s e  a n a b o l ic  p r o c e s s e s  i n v o l v e  two s e p a r a te  b io c h e m ic a l  

compartments in  th e  c e l l .
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The p o s tu la te  th a t  DNA S u rp lu s' in  hypophysectomised r a ts  prevents  

s t im u la tio n  o f  DNA fcy ch em ica ls im p lie s  th a t  th e  m o lecu le  whose presence  

or absence c o n s t itu te s  th e  s ig n a l  fo r  DNA sy n th e s is  r e s id e s  in  n u clear  

DNA o r  some c l o s e l y  a s s o c ia t e d  e n t i t y .  The c h a l l e n g in g  o f  t h i s  

h yp oth esis forms th e  b a s is  o f  t h is  p ro jec t.

H ow ever, in  o rd er  t o  u n d ersta n d  more o f  th e  p o s s i b l e  m echanism s 

in v o lv e d  in  th e  response by th e  l i v e r  t o  x e n o b io t ic s , which r e s u l t  in  

DNA s y n th e s is , i t  i s  n ecessary  to  con sid er  b r ie f ly  oth er experim ental 

s i t u a t i o n s  in  w hich  a s im i la r  r e sp o n se  i s  in d u ced . T h ese  in c lu d e  

s t u d ie s  in t o  th e  m echanism s w h ich  r e g u la t e  th e  phenomena in v o lv e d  in  

compensatory h y p erp la sia  and have in v o lv e d  th e  id e n t i f ic a t io n  o f  both  

endogenous and e x tr a h e p a t ic  f a c t o r s  (such  a s  hormones and grow th  

f a c t o r s ) ,  th e  p o s s i b i l i t y  o f  endogenous l i v e r  grow th  i n h i b i t o r s ,  i . e .  

ch a lo n es , co n sid era tion  o f  variou s biochem ical changes which acconpany 

c e l l  p r o l i f e r a t i o n  f o l l o w in g  p a r t i a l  h ep atectom y and e v a lu a t io n  o f  

m odifying fa c to r s  which may in flu e n c e  th e  p r o l i f e r a t iv e  response.

These in v e s t ig a t io n s  have in general involved

a) o b s e r v a t io n s  made on in  v i v o  ch an ges in  a n im a ls  u n d erg o in g  

compensatory h yp erp lasia ,

b) observations on attem pts to  modify the resp on se,

c) id e n t i f ic a t io n  o f p o s s ib le  growth fa c to r s  fcy in  v i t r o  methods, and

d) a tte m p ts  to  c o r r e l a t e  both in  v i t r o  and in  v iv o  s tu d ie s  (A lison , 

1986; Vteinbren and H adjis, 1988).

A fter p a r t i a l  hepatectcmy, th e  parenchymal c e l l s  in  the  r a t  l iv e r  

remnant undergo m etabolic changes which culm inate in  the  in i t ia t io n  of 

DNA s y n th e s is  and m ito s is  app rox im ate ly  16-18 and 24 hours l a t e r ,
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r e s p e c t iv e ly .  This i s  fo llo w e d  by an in crea se  in  mean n u clear  p lo id y  

w ith  a concom itant f a l l  in  th e  proportion o f  b in u c lea ted  c e l l s  (Bucher, 

1963; G risham , 1962; F a b r ik a n t, 1967; 1968; N adal and Z a jd e la , 1966; 

Gerhard, 1975). Hepatocyte c e l l  s i z e  a ls o  changes fcy 12 hours fo llo w in g  

p a r t ia l  hepatectcm y, thus lea d in g  to  in creased  s i z e  o f  th e  lo b u le s  and 

a r c h ite c tu r a l ly  a crowded appearance, but returns to  normal a f t e r  a few 

days (H arkness, 1957). P a r t i a l  h e p a te c to m y  in  e f f e c t  t r i g g e r s  

h e p a to c y te s ,  w hich  a r e  in  th e  tem porary r e s t in g  p h a se  Gq o f  th e  c e l l  

c y c le ,  back in to  th e  p r o l i f e r a t iv e  c y c le  which r e s u l t s  in  th e  u ltim a te  

re s to r a tio n  o f  th e  l i v e r  mass by 10-15 days post-hepatectcm y (Harkness, 

1957; Bucher, 1963).

F ollow in g  p a r t ia l  hepatectcm y, a r t e r ia l  l e v e l s  o f  hormones such as  

in s u l i n  and th y r o x in e  f a l l  and g lu ca g o n  l e v e l s  r i s e ,  th e  ch an ges  

c o r r e la t in g  w ith  th e  amount o f  l i v e r  rem oved ( L e f f e r t  e t  a l . ,  1975; 

Bucher e t  a l . ,  1978; 1978a). Serum l e v e l s  o f  a d r e n a lin  in c r e a s e  

f o l l o w in g  p a r t i a l  hep atectom y (M arotta  e t  a l . ,  1978) and h e p a t ic  

regeneration  i s  a cc e ler a te d  by s t r e s s  (Sakamoto e t  a l . ,  1979).

In trah ep atic  hepatotrophic substances have been id e n t i f ie d  in  r a ts  

fo llo w in g  p a r t ia l  hepatectcmy in  c r o s s -c ir c u la t io n  s tu d ie s  and e x tr a c ts  

from w e a n lin g  r a t s  a c t  s p e c i f i c a l l y  on DNA s y n t h e s i s  d u r in g  ra p id  or  

reg en era tiv e  growth both in  v i t r o  and in  v iv o  (C ristenson and Jacobsen, 

1949; S ig e l  e t  a l . ,  1963; M oolten and Bucher, 1967; F isher e t  a l . ,  1971; 

Short e t  a l . ,  1972; La Breque and Bssch, 1975; La Breque, 1979). I t  has 

been found th a t s im ila r  e x tr a c ts  i s o la t e d  from regeneratin g  dog and ra t  

l i v e r  and a t  lo w er  c o n c e n tr a t io n s  from  n o n -r e g e n e r a t in g  r a t  l i v e r ,  

augment rath er than i n i t i a t e  l i v e r  regen eration  in  c o lla b o r a t io n  w ith  

e x tr a h e p a t ic  f a c t o r s  ( S t a r z l  e t  a l . ,  1980; T erb lan ch e  e t  a l . ,  1980;
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M ichalopoulos e t  a l . ,  1982; 1984; Schwarz e t  a l . ,  1985; Diaz-Gil e t  a l . ,  

1986; 1986a). This suggested th a t  m u ltip le  fac to rs may co n tro l l iv e r  

regenera tion .

Growth in h ib i to r s  known as "chalones" (S ae tren , 1956; Bui lough, 

1962; G lin o s , 1967; V e rly  e t  a l . ,  1971; V e rly , 1973; Sekas and Gook, 

1976) in c lu d in g  VLDL (very  low d e n s i ty  l ip o p ro te in )  (L e f fe r t  and 

W ein ste in , 1976) have  been id e n t i f i e d  in  a d u l t  r a t  serum and l i v e r  

su p e rn a ta n ts . They have been shown to  reduce  DNA s y n th e s is  in  young 

p ro life ra t in g  or regenerating r a t  l i v e r  and to  in h ib it  the in i t ia t io n  of 

DNA synthesis in  f e t a l  r a t  hepatocyte c u ltu re s . These in h ib ito rs  a re  

absent in  baby r a ts ,  reduced in p ro life ra t in g  adu lt hepatocytes and they 

a re  reduced  p r o p o r t io n a l ly  to  th e  amount o f t is s u e  removed follow ing 

p a r t i a l  hepatectomy (Maugh, 1972; Nadal, 1973; 1975; P ietu  e t  a l . ,  1978; 

L e ffe rt e t  a l . ,  1978). DNA synthesis i s  a ls o  reduced fo llow ing p a r t ia l  

hepatectom y in  h y p e rlip o p ro te in em ic  r a t s  compared w ith  norm al r a t s  

(L effert and W einstein, 1976). An in h ib ito ry  a c t iv i ty  was considered to  

be removed from r a t  serum fo llow ing tw o-th ird  p a r t i a l  hepatectony thus 

a llo w in g  u n id e n t i f ie d  h e p a to tro p h ic  su b s tan ces  to  a c t  on p rim ary  

hepatocyte c u ltu re s  (Michalopoulos e t  a l . ,  1982). A lte ra tio n  of VLDL 

le v e ls  by an iso to n ic  s a l in e  so lu tio n  o f triiodo thyron ine  (T3), amino 

a c id s ', g lucagon and h e p a rin  (TAGH) w ould, however, su g g e s t t h a t  VLDL 

m odifies ra th e r  than t o t a l l y  in h ib its  DNA synthesis (L effert, 1974a; b) 

and more r e c e n t ly  th e  concept o f "chalones" being in v o lv e d  in  th e  

co n tro l of DNA synthesis has been questioned (Alison, 1986).

I n v e s t ig a t io n s  in t o  th e  k i n e t i c s  o f  e x p e r im e n ta l ly  in d u ced  

p r o l i f e r a t io n  have id e n t i f ie d  b iochem ical changes which are  a sso c ia te d  

w ith  DNA sy n th e s is  and c e l l  p r o l i f e r a t i o n .  E v id en ce  h as a ccu m u la ted
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supporting a r o le  o f  non-h istone chromosomal p ro te in s  in  th e  c o n tr o l o f  

c e l l  p r o l i f e r a t i o n  in  mammalian c e l l s  (B a serg a , 1974). For exam ple  

t h e ir  sy n th e s is  i s  in creased  in  q u ie s c e n t  c e l l s  f o l l o w in g  s t i m u l i  t o  

p r o l i f e r a t e ,  such a s fo llo w in g  p a r t ia l  hepatectany (S te in  and Baserga, 

1970? Sm ith e t  a l . ,  1970? K ostraba and Wang, 1973). In a d d it io n  non

h is to n e  p r o te in s  m igrate t o  th e  n u cleu s (Baserga, 1976) a l t e r  chromatin 

a c t i v i t y  (Marks and R if k ind, 1972? Baserga, 1974), c o n tr o l tr a n sc r ip tio n  

d u r in g  th e  c e l l  c y c l e  (S te in  and B a serg a , 1970? S t e in  e t  a l . ,  1974? 

1974a? c? S t e in ,  1975) and i n i t i a t e  g en e  a c t i v a t i o n  t h a t  t r i g g e r s  DNA 

sy n th e s is  (Baserga, 1974). L e v e ls  o f th e se  p ro te in s  can be a lt e r e d  by 

s ta r v a t io n , th yro id  hormones (De Groot e t  a l . ,  1977? Winpfheimer e t  a l . ,  

1979? Barsano e t  a l . ,  1980) and EGF (Kaneko, 1983). However, a s  y e t  the  

e x a c t  r o l e  o f  n o n -h is to n e  n u c le a r  p r o t e in s  in  th e  c o n t r o l  o f  DNA 

sy n th e s is  and c e l l  p r o l i f e r a t io n  remains u n clear .

An in c r e a s e  in  o r n i t h in e  d e c a r b o x y la s e  (ODC), t h e  r a t e - l i m i t i n g  

enzyme in  th e  polyam ine pathway, occurs during rapid growth and c e l l  

p r o l i f e r a t io n  in  mammalian system s and f o l lo w in g  p a r t i a l  h ep atectom y  

(Janne and R ain a , 1968? Inoue e t  a l . ,  1974? Takigawa e t  a l . ,  1977? 

R u s s e ll  and D urie, 1978? R u sse ll  and Snyder, 1968? Janne e t  a l . ,  1977? 

W illiam s-A shm an and C a n e l la k i s ,  1979? N agarajan  and G o sp a la k r ish n a ,  

1982). Although t h i s  a s so c ia t io n  i s  n ot understood, e le v a te d  ODC l e v e l s  

a r e  th o u g h t t o  be r e l a t e d  t o  su b seq u en t DNA s y n t h e s i s  and c e l l  

p r o l i f e r a t i o n  in  v a r io u s  t i s s u e s  in  v i v o  (Kato e t  a l . ,  1978? Boso and 

Jan n e, 1976? Takigawa e t  a l . ,  1977? K ato e t  a l . ,  1978? D anzin  e t  a l . ,  

1979? Mann and W righ t, 1984? Kato e t  a l . ,  1978? W illiam s-A shm an and 

C a n e l la k i s ,  1979), e s p e c i a l l y  a s  such  in c r e a s e s  may be b lo c k e d  by 

in h ib ito r s  o f  ODC such as diaminopropane, D L-hydrazino-am inovaleric ac id
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(DIr-AVA) andoc-dif luorcm ethy lorn ith ine (DFMO), th e re b y  p re v e n tin g  DNA 

s y n th e s is  (Poso and Janne, 1976; Kato e t  a l . f 1978; Poso and Pegg, 

1982). However w h i l s t  th e  o n se t o f DNA s y n th e s is  and ODC a c t i v i t y  

appear independent (McGowan and F austo , 1978), s tu d ie s  su g g est t h a t  

polyandries may be e s se n tia l  fo r  th e  maintenance of c e l l  p ro life ra t io n  

induced by other fac to rs  (H oltta  e t  a l . ,  1979; Goyns, 1982).

A lpha-fetoproteins (AFP) are found in the serum of growing neonatal 

and p reg n an t r a t s  and fo llo w in g  p a r t i a l  hepatectom y in  r a t s  and dogs 

(G itlin  and Boesman, 1967; Perova e t  a l . ,  1971; L effert and S e l l ,  1974; 

Madsen, 1980) with increases p a ra l le l in g  DNA synthesis (Madsen, 1980). 

However fewer hepatocytes are  engaged in  AFP synthesis compared w ith DNA 

syn thesis fo llow ing p a r t ia l  hepatectany, ind ica ting  only  an association  

between the two ( Ie ffe r t  e t  a l . ,  1978; TUczek e t  a l . ,  1981).

R ecen tly  s tu d ie s  have dem onstra ted  a  s e q u e n t ia l  and t r a n s ie n t  

expression of c e r ta in  proto-oncogenes in c lu d in g  c-myc and c - fo s  a f t e r  

p a r t i a l  hepatectom y. S tim u la tio n  o f c - fo s  mRNA l e v e l s  in  q u ie sc e n t 

a d u l t  r a t  h e p a to cy tes  by EGF, fo llo w ed  by c - r a s  mRNA between 6 and 

24 hours l a t e r  (p a ra lle lin g  the  delayed hepatic  response th a t occurs in 

v ivo  follow ing p a r t i a l  hepatectomy) suggests th a t  th is  sequen tia l pro to

oncogene  e x p re s s io n  d u r in g  l i v e r  r e g e n e r a t io n  i s  c a u se d  by 

h e p a to c e llu la r  in te rac tio n s  with s p e c i f i c  m itogens (Fausto and Shank, 

1983; Huber e t  a l . ,  1986; F austo , 1986; Krui j e r  e t  a l . ,  1986). These 

authors suggest, in  the l ig h t  of the  re la tio n sh ip  which e x is ts  between 

some p ro to -oncogenes and growth f a c to r s ,  th a t  once hepatocytes become 

competent to  progress through the  c e l l  cy c le , fu rth e r progression may 

occur by th e  p ro d u c ts  o f  th e  myc and fo s  genes inducing  s y n th e s is  o f 

h ep a to cy te  growth f a c to r s .  These would th en  c o n tro l  th e  con tinued
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progression  through th e  c e l l  c y c le .  A lte r n a t iv e ly  th e se  products may 

s t im u la t e  r e c e p to r s  in  th e  l i v e r  w hich  p erm it t h e  c e l l  t o  resp on d  t o  

fa c to r s  which c ir c u la t e  in  th e  b lood  (Fausto, 1986).

Many e x p er im en ts  h a v e  been c a r r ie d  o u t w hich h a v e  a ttem p ted  t o  

m od ify  th e  p r o l i f e r a t i v e  r e sp o n se  in  o rd er  t o  i d e n t i f y  p o s s i b l e  

in i t ia t in g  fa c to r (s )  o f  compensatory h yp erp lasia . These in c lu d e  stu d ies  

in v o lv in g  hormones. B bllow ing p erfu sion  experim ents in  th e  dog in  which 

th e  r ig h t  and l e f t  l i v e r  r e c e iv e d  p o r ta l b lood  d ra in in g  from variou s  

s p la n c h n ic  org a n s ( S t a r z l  e t  a l . ,  1973; 1975) o r  p o r t a - c a v a l  sh u n ts  

( S t a r z l  e t  a l . ,  1976), w ith  graded  n o n -h e p a t ic  s p la n c h n ic  o r  t o t a l  

sp lan ch n ic  e v is c e r a t io n  (S ta rz l e t  a l . ,  1978), in s u l in  was found la r g e ly  

t o  p ro tec t a g a in st atrophy and have a  m odifying e f f e c t  on DNA s y n th e s is ,  

a lth o u g h  g lu ca g o n  had a l e s s  c o n s i s t e n t  e f f e c t  ( S t a r z l  e t  a l . ,  1973; 

1975; 1978; 1978a). Some s t u d ie s  in  th e  r a t  h a v e  d em o n stra ted  t h a t  

g lu c a g o n  and i n s u l i n  a c t  in  a  s y n e r g i s t i c  manner d u r in g  h e p a t ic  

r e g e n e r a t io n  (Bucher and S w a f f ie ld ,  1973; Bucher e t  a l . ,  1978a; 

T ak atsu k i e t  a l . ,  1981). H owever, t h e s e  hormones f a i l  t o  e x c i t e  DNA 

sy n th e s is  in  non-hepatectcm ised e v is c e r a te d  or normal l i v e r s  fo llo w in g  

p o rta ca v a l shunt or enhance regeneration  fo llo w in g  p a r t ia l  hepatectomy 

in  r a t s  (Bucher and S w a f f ie ld ,  1973; Bucher e t  a l . ,  1978; 1978a; Junge  

and C r e u t z f e ld t ,  1978; F r e is e  e t  a l . ,  1982). T hese and c r o s s 

c i r c u l a t i o n  s t u d ie s  in  w hich  DNA s y n t h e s i s  was s t im u la t e d  in  r a t s  in  

c r o s s -c ir c u la t io n  w ith  p a r t ia l l y  h ep a tec to m ised  (F ish er  e t  a l . ,  1971; 

S h o rt e t  a l . ,  1972; M o o lten  and B ucher, 1967) o r  t o t a l  p o r t a l l y -  

e v is c e r a te d  r a ts  (G re is le r  e t  a l . ,  1979), in d ica ted  th a t  DNA sy n th e s is  

was m o d if ie d  r a th e r  th an  i n i t i a t e d  by t h e s e  f a c t o r s  ( S t a r z l  e t  a l . ,  

1978; 1978a; Bucher e t  a l . ,  1978; 1978a; Malamud and Iferrin , 1974).
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S i m i l a r l y ,  w h i l s t  h a v in g  d i s t i n c t  b io lo g ic a l  a c t i v i t y  and being  

cap ab le  o f  m odulating h ep a tic  p r o l i f e r a t io n ,  n e ith er  epiderm al growth 

f a c t o r  (EGF) (Bucher e t  a l . ,  1978? 1978a), th y r o x in e  (M o o lten  and 

Bucher, 1967? Short e t  a l . ,  1972)? I e f f e r t  and A lexander, 1976? I e f f e r t  

e t  a l . ,  1979), heparin (Short e t  a l . ,  1972) nor a d ren a lin  (Bui lough and 

L aw rence, 1964? M arotta  e t  a l . ,  1978? Sakamoto e t  a l . ,  1979? Kato and 

Shimazu, 1983) appear to  be in i t ia t o r s  o f compensatory h yp erp lasia . The 

d if f e r e n c e  in  th e  c a p a c ity  o f  t h e s e  grow th  s t im u la t o r s ,  e .g . EGF and 

th y r o x in e  t o  a c t ,  ap p ears t o  depend on w hich o th e r  s t im u la t o r s  a r e  

p r e s e n t  (Short e t  a l . ,  1972? Bucher e t  a l . ,  1978? 1978a) and a l s o  

su g g ests  th a t  th e se  hormones fu n ction  through d if fe r e n t  mechanisms.

Other s tu d ies  which have modified the environment of the hepatocyte 

during l iv e r  regeneration in d ica te  th a t  the  response may be a lte re d  by 

e n v iro n m en ta l c ircu m stan ces. These have in c lu d e d  in te r f e r e n c e  w ith  

nervous a c t iv i ty  (Kato and Shimazu, 1983? Sobczak and Duguet, 1986), th e  

a d m in is tra t io n  o f s t im u la to r y  s u b s ta n c e s  a s  a l r e a d y  d is c u s s e d  

(T erb lanche e t  a l . ,  1980? M ichalopou los e t  a l . ,  1982? 1984) and 

a l t e r a t i o n  o f b lood  volume (Weinbren, 1955? B lum gart, 1978? Rozga e t  

a l . ,  1985). Ib is  i s  emphasised fcy observations th a t \tfiile  ace ty lch o lin e  

i s  not necessary but m odifies DNA syn thesis , noradrenalin  in h ib its  DNA 

s y n th e s is  in  v iv o  bu t s t im u la te s  i t  in  v i t r o  (C ru ise  e t  a l . ,  1985? 

Sobczak and Duguet, 1986). Following haemodynamic experiments n e ith e r 

an in ta c t  p o rta l blood supply nor hepatotrophic fac to rs  were shown to  be 

required  to  induce DNA syn thesis  in  th e  re g e n e ra tin g  l i v e r  (Weinbren, 

1955? Weinbren e t  a l . ,  1972? B lum gart, 1978? S h o rt e t  a l . ,  1980). 

S im ila rly  they a re  not required during transhepatic  perfusion or hepatic  

a r t e r i a l  r e c i r c u l a t i o n  fo llo w in g  p o r t a l  vein l ig a tio n  (Rozga e t  a l . ,
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1985). This l a s t  s tu d y  em phasised how ever, t h a t  w h ile  com pensatory 

h y p e rp la s ia  was independent o f  th e  q u a l i t y  o f th e  b lood  su p p ly , th e  

quan tity  of blood may modify the  degree of coirpensatory hyperp lasia  in  

th e  u n l ig a te d  lo b e s  (C astaing  e t  a l . ,  1983? T akeshige e t  a l . ,  1982; 

R o z g a e ta l . ,  1985).

S e v e r a l  s t u d i e s  d e m o n s tr a te  t h a t  DNA s y n t h e s i s  and c e l l  

m u l t i p l i c a t i o n  can  be in d u ced  and m od u la ted  in  th e  in t a c t  and 

regen eratin g  r a t  l i v e r  by a lt e r in g  th e  concentration  o f  d ie ta r y  p ro te in s  

or more s p e c i f i c a l l y  e s s e n t ia l  amino a c id  l e v e l s  (Ieduc, 1949; Short e t  

a l . ,  1973? 1974? Gershbein, 1980; K allenbach , 1983? McGowan and Fausto, 

1978). Some o f  t h e s e  a r e  e s s e n t i a l ,  com bined w ith  th e  p r e se n c e  o f  T3 
f o r  DNA s y n t h e s i s  t o  occu r  in  p r o te in -d e p r iv e d  a n im a ls  (S h o r t e t  a l . ,  

1973? 1974). In ad d ition  i t  appears th a t  th ere a re  two p o p u la tio n s o f  

hepatocytes: one which proceeds to  DNA sy n th e s is  w ithout food in tak e and 

a seco n d  r e q u ir in g  d ie t a r y  p r o te in  in  th e  e a r l y  p r e - r e p l i c a t i v e  (Gq ) 

p h a se  and l a t e  p r e - r e p l i c a t i v e  p h ase  3-8 hours b e fo r e  DNA s y n t h e s i s ,

follow ing p a r t i a l  hepatectcny (Kallenbach e t  a l . ,  1983).
%

I t  i s  r e c o g n is e d  t h a t  c e l l s  in  c u l t u r e  p r o v id e  an e x p e r im e n ta l  

sy stem  f o r  s tu d y in g  th e  m echanism  by w hich  f a c t o r s  may c o n t r o l  DNA 

sy n th e s is  and c e l l  p r o lif e r a t io n  w ithout many o f  th e  co m p le x it ie s  and 

oth er  fa c to r s  o f  w hole animal ex p er im en ta tio n  (R ozengurt and Go 11 i n s ,  

1983). Many p o s tu la te s  have been d er iv ed  fran  th e se  in  v i t r o  s tu d ie s ,  

some o f  w hich  s u g g e s t  t h a t  l i v e r  r e g e n e r a t io n  in  a d u l t  r a t s  i s  

horm onally c o n tr o lle d  (Oohen, 1965? G lin o s , 1967? Frank e t  a l . ,  1975; 

L e f f e r t ,  1974a; b? Koch and L e f f e r t ,  1974? 1976? 1979? Bucher and 

S w a ffie ld , 1973? Bucher e t  a l . ,  1969? 1978? L e ffe r t  e t  a l . ,  1975? 1976? 

1979? L e f f e r t  and W e in s te in , 1976? G ospodarow icz, 1983). Hormones
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including growth hormone, thyroid  hormone, glucagon and in su lin  a re  a l l  

known to  s t im u la te  a d u l t  o r  n e o n a ta l  r a t  h ep a to cy te  DNA sy n th e s is  o r 

CH3” [% ] thym id ine ( [^H]dT) in c o rp o ra tio n  in to  DNA (L e f fe r t ,  1974; 

L e ffe rt e t  a l . ,  1979; Junge and C reu tz fe ld t, 1978). Thyroid and growth 

hormones enhance the  e ffe c ts  of in su lin  on DNA synthesis w hile  glucagon 

in h ib its  the in su lin -s tim u la ted  response and one homone may obv ia te  the  

necessity  fo r  another (L sffert, 1974b; l e f f e r t  e t  a l . ,  1982). However 

these  m u ltip le  fac to rs  mediate ra th e r  than i n i t i a t e  DNA synthesis and 

le d  l e f f e r t  to  propose th a t  these  hormones may a c t v ia  the c e l  1 membrane 

(L e f fe r t ,  1974).

S ev era l in  v i t r o  s tu d ie s  have demonstrated th a t  hormones, n u tr ien ts  

and serum p ro te in s  a c t  on th e  c e l l  membrane, a l t e r  p erm ea b ility , Ca++ 

concentration  and reduce in t r a c e l lu la r  c y c l i c  AMP (CAMP) l e v e l s  or may 

m o d u la te  o th e r  f a c t o r s  such  a s  h ig h ly  p h o sp h o r y la te d  n u c le o t id e  

reg u la to ry  conpounds ("HPNRC") which a c t  a t  th e  c e l l  membrane and lea d  

t o  DNA s y n t h e s i s  (H ech ter , 1957; H o l le y  and K ien an , 1974; H erschko e t  

a l . ,  1971; Paul and W alter, 1975; Frank e t  a l . ,  1975; Koch e t  a l . ,  1976; 

Koch and L e ffe r t , 1976; 1979).

EGF i s  a s tro n g  m itogen in  c u l tu r e  (Richman e t  a l . ,  1976; L e f f e r t  

and Koch, 1977; 1978; Koch and I e f f e r t ,  1979) and binds in r a t  l i v e r  to  

s p e c i f i c  EGF re c e p to rs  (O'Keefe e t  a l . ,  1974; Jacobs e t  a l . ,  1980; 

Johnson e t  a l . ,  1981) to  form complexes (Fabrikant e t  a l . ,  1977; H aigler 

e t  a l . ,  1979; Gospodarowicz, 1983) which a re  endocytosed  (H a ig le r e t  

a l . ,  1979; Gordon e t  a l . ,  1978; Carpenter and Cohen, 1979). Associated 

i n t r a c e l l u l a r  changes in c lu d e  ra p id  a c t iv a t io n  o f  a cyclic-A M P- 

independent phosphorylating system  (C arpen ter e t  a l . ,  1979; Buhrow e t  

a l . ,  1982; Yarden e t  a l . ,  1982) thought to  reside  in the recep tor i t s e l f
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(Buhrow e t  a l . f 1982) s t im u la t io n  o f  Na+ , K+f ATPase and cAMP l e v e l s ,  

a c t i v a t i o n  o f  ODC (S c h r e ib e r  e t  a l . ,  1981; Yarden e t  a l . ,  1982) and 

m o r p h o lo g ic a l ch an ges in  th e  c e l l  r e l a t e d  t o  r e - o r g a n is a t io n  o f  th e  

a c t in  m icrofilam en t c y to sk e le to n  (S ch le ss in g er  and G eiger, 1981; Yarden 

e t  a l . ,  1982). However th e  exact r e la t io n s h ip  between th ese  membrane- 

a s s o c ia t e d  ch a n ges and m ito g e n ic  a c t i v i t y  by EGF rem ain s u n c le a r .  

V a r io u s  l ig a n d s  a r e  known t o  s t im u la t e  t h i s  a c t i v i t y  b u t i f  s p e c i f i c  

recep tor  s i t e s  are  b locked  by r e la te d  m o lecu le s  occupying th e  recep tor  

s i t e s ,  t h i s  "down-regulation" w i l l  a f f e c t  c e l l u l a r  a c t i v i t y  (Earp and 

O 'K eefe, 1981).

Other fa c to r s  which s t im u la te  hepatocyte DNA sy n th e s is  in  c u ltu r e  

and sh a r e  a number o f  common p r o p e r t ie s  w ith  ep id erm a l grow th  f a c t o r  

(EGF) in c lu d e  i n s u l i n - l i k e  grow th f a c t o r s  IGF I and IGF I I  and  

somatomedin C (Cbhen, 1959; 1962; Rinderknecht and Humbel, 1978; 1978a; 

Zapf e t  a l . ,  1978; Svoboda e t  a l . ,  1980; Gospodarowicz, 1983). They are  

s im ila r  in  s tru c tu re  to  in s u l in  and comhined, c b v ia te  th e  requirement 

fo r  o th er  fa c to r s  (L e ffer t and Koch, 1980; L e ffe r t  e t  a l . ,  1982). A lone  

h ow ever , th e y  a r e  weak m ito g e n s . As w ith  th e  p r e v io u s ly  d e s c r ib e d  

horm ones, t h e s e  a r e  su p p o r te r s  o f  c e l l  p r o l i f e r a t i o n  r a th e r  than  

in i t ia t o r s ,  because w ithout them c e l l s  may not p rogress through th e ir  

c e l l  c y c l e  ( S t i l e s  e t  a l . ,  1979). A nother group o f  p r o l i f e r o g e n ic  

f a c t o r s  in c lu d e s  r a t  p l a t e l e t - d e r i v e d  grow th f a c t o r  (PDGF) w hich  

in c r e a s e s  h e p a to c y te  DNA s y n t h e s i s  in  v i t r o  (S tr a in  e t  a l . ,  1982), 

en h an ces th e  a c t io n  o f  som atom edin C ( S t i l e s  e t  a l . ,  1979) and i s  

thought to  render c e l l s  competent to  th e  action  o f  la t e r  p ro l i f  erogen ic  

f a c t o r s  (K aplan e t  a l . ,  1979). A l l  t h e s e  s t u d ie s  co n fir m  p r e v io u s  in  

v i v o  o b s e r v a t io n s  th a t  th e  d eg ree  t o  w hich  in d iv id u a l  f a c t o r s  a r e
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hepatotrophic depends on th e ir  concentration and combination with o thers 

(L e f fe r t  e t  a l . f 1982),

Several ui v i t r o  s tu d ies  show "paradoxes" regarding the  con tro l of 

hepatic  p ro l ife ra t io n  observed in  v iv o , Bor example, in su lin  promotes 

DNA s y n th e s is  in  r a t  h e p a to cy tes  iji v i t r o  w ith in  c h e m ic a lly  d e fin ed  

medium (L e f fe r t ,  1974; L e f f e r t  and Koch, 1977), w h ile  a f t e r  p a r t i a l  

hepatectom y r a t  h e p a tic  in s u l in  l e v e l s  f a l l  (L e f fe r t  e t  a l . ,  1975). 

Glucagon antagonises in v i t r o  DNA synthesis promoted by in su lin  under 

c h e m ic a lly  d e fin e d  medium (L e f fe r t ,  1974), w hereas in  v iv o  a r t e r i a l  

glucagon le v e ls  r i s e  in p a r t i a l l y  hepatectomised ra ts .

However, a l t e r a t i o n s  in  l i v e r  t i s s u e  undergoing com pensatory 

hyperplasia  a re  s im ila r  in  se v e ra l respec ts  to  those noted in  c u ltu re  

systems. These include increases in  th e  ODC putrescine  system (R ussell 

and Snyder, 1968), n o n -h is to n e  n u c le a r  p ro te in s  (K ostraba and Wang, 

1973; S te in , 1975; Kaneko, 1983) and AFP le v e ls  (L effert and S e l l ,  1974; 

Madsen, 1980), p ro l i f  erogenic a c t iv i ty  in  rec ip ie n ts  of l i v e r  ex trac ts  

whether in v i t r o  or in v ivo  (La Brogue and Pesch, 1975; La Breque, 1979) 

and d e c re a se s  in  VLDL (L e f fe r t  and W einste in , 1976; l e f f e r t  e t  a l . ,  

1978). Studies which demonstrated th a t  hepatic  plasma membranes become 

p a r t i a l l y  r e s is ta n t  to  the binding of glucagon during regeneration , but 

in su lin  binding remains a l te re d  could account fo r  the  a l te r e d  in su lin , 

thyroxine and glucagon le v e ls  follow ing p a r t i a l  hepatectomy ( le f fe r t  e t  

a l . ,  1975).

Other in  v i t r o  s tu d ie s  can ex p la in  c e r ta in  changes a sso c ia te d  w ith  

in  v iv o  c e l l  p r o lif e r a t io n . Bor exan p le , th e  p r e r e p l ic a t iv e  in te r v a l  

b oth  jj i v i t r o  and f o l lo w in g  p a r t i a l  h ep a tectom y , c h a r a c t e r is e d  by

34



p r e f e r e n t i a l  r e sp o n se  t o  EGF o r  s im i la r  p e p t id e s ,  c o in c id e s  w ith  an 

in creased  Na+ in f lu x  across th e  c e l l  membrane required  fo r  amino acid  

t r a n s p o r t  (Koch and L e f f e r t ,  1979; L e f f e r t  e t  a l . ,  1982; Le Cam e t  a l . ,  

1979; Fehlman e t  a l . ,  1981; 1981a; D o la is -K ita b g i, 1981). T his le a d s  to  

RNA and p ro te in  sy n th e s is  which i s  p o te n tia te d  in  l a t e  Gj phase by CA++ 

dependent c y c l i c  AMP (Ca/cAMP) and to g eth er  w ith  Ca/cAMP dependent DNA 

su b str a te s , cu lm inates in  DNA sy n th e s is . This la t t e r  phase i s  dependent 

on i n s u l i n  and g lu c a g o n , e x p la in in g  th e  d e la y e d  p r e r e p l i c a t i v e  

req u irem en t f o r  t h e s e  p e p t id e s  both in  v i t r o  and f o l l o w in g  p a r t i a l  

hepatectomy (Bucher and S w a ff ie ld , 1975; L e ffe r t  e t  a l . ,  1982). However 

a l l  th e se  changes appear t o  r e f l e c t  th e  p r o l i f e r a t in g  s t a t e  o f  th e  c e l l s  

in v o lv e d  e ith e r  in  v iv o  or in  a monolayer system  and i t  i s  n ot l i k e l y  

t h a t  t h e s e  ch an ges r e p r e s e n t  th e  f a c t o r ( s )  w hich  i n i t i a t e ( s )  DNA 

sy n th e s is  and c e l l  m u lt ip l ic a t io n . T his i s  emphasised by, fo r  ©cample, 

DNA sy n th e s is  n o t being prevented  fo llo w in g  p a r t ia l  hepatectomy in  r a ts  

w ith  c o n g e n ita lly  high l e v e l s  o f  VLDL (L e ffer t and W einstein , 1976) and 

th a t  r a ise d  l e v e l s  o f  AFP both in  v iv o  and in  v i t r o  are  recogn ised  as an 

e a r ly  p o s t-m ito t ic  marker ( S e l l  e t  a l . ,  1974; Madsen e t  a l . ,  1980).

S tu d ie s  do however show t h a t  when comparing changes which occur 

during compensatory hyperp lasia  (seen fo llow ing p a r t i a l  hepatectcmy) or 

du rin g  a d a p tiv e  l i v e r  growth (induced by, fo r  exam ple, HCH o r  PB), 

various responses are  s im ila r and culm inate in l i v e r  enlargement e ith e r  

in the  remaining remnant or throughout the  in ta c t l iv e r .  These include 

th e  tim in g  and m agnitude o f  DNA s y n th e s is  (Bucher, 1963; W einbren and 

Wbodward, 1964; Schulte-Hermann, 1974) th e  s p a t ia l  d is tr ib u tio n  of the 

hepatocytes exh ib iting  m itoses (Harkness, 1957; S ch lich t e t  a l . ,  1967; 

Schulte-H erm ann, 1974), w a ter and l i p i d  c o n te n t (Simek e t  a l . ,  1968;
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S c h l ic h t  e t  a l . f 1968; Schulte-H erm ann, 1974), in c re a s e  in  c e l l  s iz e  

(Bucher, 1963? Schulte-H erm ann, 1974) and many b iochem ical changes 

(Schulte-Hermann, 1974; R rancav illa  e t  a l . ,  1978).

The fr e q u e n t  o c c u r r e n c e  o f  c e l l  h yp ertrop h y  and h y p e r p la s ia  

(Weinbren, 1975) observed in  ex p er im en ta lly  induced l i v e r  enlargem ent 

h as a l s o  been d em on stra ted  in  o th e r  o rg a n s  in c lu d in g  r a t  s a l i v a r y  

glands and in  th e  human h eart (Sandritter  and Sccmazzoni, 1964? Barka, 

1965; 1965a? Sch n eyer e t  a l . ,  1967). F o llo w in g  s t u d ie s  w here DNA 

sy n th e s is  was b locked , subsequent t o  an in je c t io n  o f  iso p r o te r e n o l, fcy 

in h ib it in g  p ro te in  sy n th e s is  w ith  puranycin (Baserga and S asak i, 1969), 

n ot o n ly  d id  t h is  further emphasise the in tim ate a s so c ia t io n  between DNA 

and p r o te in  s y n t h e s i s  b u t i t  l e d  Johnson t o  s u g g e s t  t h a t  in  th e  

r e g e n e r a t in g  l i v e r ,  c e l l  mass and t h e  c o n t r o l  o f  DNA s y n t h e s i s  w ere  

r e l a t e d  and t h a t  h yp ertrop h y  appeared  t o  be a p r e r e q u i s i t e  o f  c e l l  

d iv is io n  (Johnson, 1969).

However, separation  of DNA and p ro te in  syn thesis has c le a r ly  been 

ach iev ed  by s e v e r a l  d i f f e r e n t  te c h n iq u e s . For exam ple, fo llo w in g  

p a r t i a l  hepatectom y DNA s y n th e s is  was b locked  by a z a th io p r in e  but 

re g e n e ra tio n  o c cu rred  by hypertrophy  as  a sse sse d  by RNA and p ro te in  

c o n te n t and h ep a to cy te  volume (Malamud e t  a l . ,  1972). F o llow ing  

induction of hepatocyte atrophy fcy p o r ta l  ve in  l ig a tio n  or s ta rv a tio n , 

p a r t i a l  hepatectomy stim ula ted  DNA synthesis a t a time when cytoplasmic 

mass was le s s  than in normal c e l l s  (Weinbren e t  a l . ,  1972; Doljanski e t  

a l . ,  1966), discounting the  cytoplasmic mass hypothesis (Johnson, 1969). 

The independence of these  two processes was fu rth er suggested follow ing 

p o rtacava l anastomosis in  th e  r a t  l iv e r .  This procedure induced l iv e r  

atrophy and on reco n stitu tio n  of the p o r ta l  ve in , the p o r ta l  blood flow
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induced hepatocyte hypertrophy w ith  minimal DNA sy n th e s is  in  comparison 

t o  a n im a ls  s u b je c te d  t o  p a r t i a l  h ep atectom y f o l l o w in g  p o r t a l  c a v a l  

anastom osis (Vfeinbren e t  a l . ,  1975). Vtoile t h i s  stucty d id  n ot e n t ir e ly  

su p p o r t th e  s u g g e s t io n  t h a t  c e l l u l a r  hypertrophy and h yp erp la sia  are  

d i f f e r e n t  p r o c e s s e s ,  t h e i r  in d ep en d en ce  was d em o n stra ted  in  a l a t e r  

stu d y , fo llo w in g  lo n g  term p o rta ca v a l anastom osis. Here h y p erp la stic  

n o d u le s  d e v e lo p e d  in  th e  a tr o p h ie d  l i v e r  (Vfeinbren and W ashington, 

1976). However b oth  t h e s e  s t u d ie s  show t h a t  th e  l i v e r  i s  c a p a b le  o f  

s y n t h e s i s in g  DNA and u n d ergo in g  h y p e r p la s ia  in  th e  t o t a l  a b sen ce  o f  

p o r t a l  b lo o d  f lo w ,  in  a s i t u a t i o n  w here parenchym al p r o te in  (but n o t  

DNA) i s  s u b s t a n t i a l l y  red u ced  (Weinbren e t  a l . ,  1975? W einbren and 

Washington, 1976).

I t  appears th e re fo re  th a t  p o r ta l  blood flow, w ith i t s  c irc u la tin g  

hormones and n u t r i e n t s ,  i s  r e l a t e d  to  h ep a to cy te  s iz e  and f a c to r s  

in v o lv e d  in  r e g u la t in g  DNA s y n th e s is  in c lu d e  lo s s  o f  h ep a to cy te  

cytoplasm (Weinbren, 1955; Weinbren and Dowling, 1972? weinbren e t  a l . ,  

1975? Weinbren, 1978? 1979? Castaing e t  a l . ,  1983; Rozga e t  a l . ,  1986). 

I t  i s  c l e a r  t h a t  re d u c tio n  o f parenchyma in c lu d in g  DNA, (as in  

hepatectcmy), rep resen ts a s ig n a l s im ila r  to  th a t generated fcy reduction 

of parenchyma w ithout lo s s  of DNA, as occurs fo llow ing dep riva tion  of 

p o r ta l  flow. This is  a ls o  true  in  chronic circumstances where long term 

parenchymal atrophy re g u la r ly  s tim u la tes compensatory hyperp lasia . The 

common f a c to r  to  a l l  o f  th e s e  s ig n a ls  which t r ig g e r s  DNA sy n th e s is  i s  

the reduction of the  amount of cytoplasm (Vfeinbren and Washington, 1976; 

Vfeinbren, 1979? Vfeinbren, 1982).

To re tu rn  to  th e  concept proposed fcy Schulte-Hermann e t  a l .  (1977) 

in  which th ey  in te r p r e te d  th e  resp o n se  by hypophysectom ised r a t s  to
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phenobarbitone and HCH fo llow ing p a r t i a l  hepatectcmy, to  be the  r e s u l t  

of removal of a previous r e la t iv e  DNA 'su rp lu s ' p reventing  DNA synthesis 

by th e  x e n o b io tic s , th e  work re p o r te d  h e re  in v e s t ig a te s  w hether th e  

c a p a c ity  o f th e  chem ical in d u ce rs  to  s t im u la te  DNA s y n th e s is  can be 

re s to red  in  hypophyectomised r a t s  w ithout reducing the  t o t a l  amount of 

h e p a tic  DNA. T h is l a t t e r  s i tu a t io n  o ccu rs  fo llo w in g  p o r t a l  v e in  

l ig a t io n  w ith hepatic  lobar atrophy in the  in ta c t  r a t  associated  with 

hyperp lasia  o f the  s u rg ic a lly  urm anipulated l iv e r ,  a response which in 

tim ing and ex ten t i s  e n t i r e ly  comparable with the  response associated  

w ith  p a r t i a l  r e s e c t io n .  The experim ents th e re fo re  t e s t  w hether 

reduction of cytoplasm ic p ro te in  w hile  re ta in in g  a  r e l a t iv e  excess of 

h e p a tic  DNA, can r e s to r e  th e  i n i t i a t i o n  o f  DNA s y n th e s is  by chem ical 

in d u ce rs  in  hypophysectom ised r a t s ,  in d ic a t in g  t h a t  th e  o r ig in  o f th e  

p ro l if e r a t iv e  stim ulus might be sought in  cy top lasn ic  o r plasnalemmal 

conponents.

The questions to  be answered in  th is  study are  therefore:

(1) Do the  measurements used in th is  study r e f l e c t  DNA synthesis? This 

must be e s tab lish ed  in  order to  be a b le  to  d e te c t th e  follow ing:

(2) Whether DNA syn thesis i s  induced when PB is  given to

( i)  i n t a c t  r a t s

( i i )  hypophysectomised r a t s

( i i i )  hypophysectanised ra ts  follow ing one-th ird  or tw o-th ird  p a r t i a l  

hepatectomy

(iv) hypophysectom ised r a t s  a f t e r  o n e - th ird  o r  tw o - th ird  p o r t a l  

ve in  l ig a tio n .
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I t  i s  w e l l  known from  o th e r  s t u d ie s  th a t  in  r a t s  w ith  o r  w ith o u t  

p i t u i t a r ie s ,  p a r t ia l  hepatectomy r e s u l t s  in  DNA sy n th e s is  accompanied by 

a s h i f t  in  n u clear  p lo id y  c la s s e s .  There i s  a concom itant decrease in  

th e  number o f  h in u c le a te  c e l l s  a s  w e l l  as an in crea se  in  c e l l  numbers 

(Bucher, 1963? Geschwind e t  a l . ,  1958; D oljansk i and Novogrotzky, 1959). 

These responses are acconpanied by hypertrophy which can be d e tec ted  by 

a tr a n s ie n t  in crease  in  c e l l  s i z e ,  return ing  to  normal s i z e  w ith in  a few  

days (Bucher, 1963). Follow ing p a r t ia l  hepatectomy th e  increased  number 

o f  m ito s e s  f a l l  away o v e r  th e  n e x t  few  d ays but p o ly p lo id y  p e r s i s t s  

i n d e f i n i t e l y  (S u lk in ,  1943; B ucher, 1963). L iv e r  r e g e n e r a t io n  in  

hypophysectanised anim als occurs a t  a slow er r a te , com patib le w ith  th e  

o v e r a l l  d e p r e sse d  m e ta b o lic  s t a t e  o f  th e  an im al (H arkness, 1957; 

Weinbren, 1959; D oljansk i and Novogrotzky, 1959).

Hypophysectom y a lo n e  r e s u l t s  in  r e d u c t io n  o f  body, a d r e n a l and  

t e s t i c u la r  w eight and in  th e  l i v e r  reduced RNA l e v e l s  and l i v e r  atrophy. 

O v e r a l l  DNA c o n te n t  o f  th e  organ  rem ain s unchanged, r e s u l t i n g  in  th e  

RNA:DNA r a t i o  b e in g  d e c r e a se d  by a p p r o x im a te ly  25% and an in c r e a s e  in  

h e p a t ic  DNA c o n c e n tr a t io n  (Di S te fa n o  e t  a l . ,  1955; W einbren, 1959; 

B ucher, 1963; D o lja n s k i and N ov o g ro tzk y , 1959; C h r is te n s so n  e t  a l . ,  

1975; Schulte-H erm ann e t  a l . ,  1977). P r o g r e ss io n  o f  p o ly p lo id y  i s  

a r r e s t e d  by hypophysectom y and th e  DNA c o n te n t  o f  t h e  n u c l e i  rem ain  

u n a lt e r e d  ( A l f e r t  and G eschw ind, 1958; Di S te fa n o  e t  a l . ,  1955; Di 

Stefano and D ierm eir, 1956).

S im ila r ly  i t  i s  known t h a t  drugs such as HCH o r  PB cause  l i v e r  

enlargement in  r a t s  w ith or w ithout p i tu i ta r ie s  (Schulte-Hermann, 1974; 

Schulte-H erm ann e t  a l . ,  1977), PB inducing  bo th  c e l l  hypertrophy  and 

hyperp lasia  in  the  in ta c t  r a t  but hypertrophy alone in hypophysectomised
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an im als. H yperplasia  induced in  th e  in ta c t  ra t i s  th e  r e s u l t  o f  both an 

in c r e a s e  in  c e l l  numbers and s h i f t  in  p lo id y  (Schulte-H erm ann e t  a l . ,  

1968). W hile  DNA s y n t h e s i s  and m i t o t i c  a c t i v i t y  rem ain e l e v a t e d  f o r  

o n ly  a few  d ays e v e n  w ith  p r o lo n g e d  a d m in is tr a t io n  o f  some d ru gs  

( S c h l ic h t  e t  a l . ,  1968), m it o t i c  a c t i v i t y  rem ains e l e v a t e d  f o l lo w in g  

15 days PB tr e a tm e n t (Schulte-H erm ann e t  a l . ,  1968; Gunther e t  a l . ,  

1967; Koransky e t  a l . ,  1966; 1969; Schulte-Hermann, 1974). In S c h u lte -  

Hermann's study both th e  increased  in c id en ce  o f  m ito ses  and p o ly p lo id y  

p e r s is te d  fo r  a t l e a s t  sev en  weeks fo llo w in g  c e s sa t io n  o f  drug treatm ent 

(Schulte-H erm ann e t  a l . ,  1971). Herdson e t  a l .  (1964) r e p o r te d  t h a t  

a f t e r  21 d ays PB tr e a tm e n t, m ito s e s  w ere o b se r v e d  on an a v e r a g e  in  2- 

3 h e p a to c y te s  in  ea ch  l o b u l e ,  in  c o n tr a s t  to  one m i t o s i s  e v e r y  2- 

3 l o b u l e s  in  norm al r e s t in g  l i v e r .  O th ers h a v e  a l s o  r e p o r te d  t h a t  

m ito ses  are  extrem ely  rare in  a d u lt  ra t l i v e r .  Ft>r example, Brues and 

M arble (1937) found o n ly  one m ito s is  per 10,000-20,000 l i v e r  c e l l s .  The 

in d u c t io n  o f  DNA s y n t h e s i s  by PB how ever in  h yp op h ysectom ised  r a t s  i s  

blocked  (Schulte-Hermann e t  a l . ,  1977).

As th e r e  i s  a c o n s i s t e n t  s h i f t  in  p lo id y  and c e l l  p r o l i f e r a t i o n  

fo llo w in g  procedures such a s p a r t ia l  hepatectany or th e  ad m in istration  

o f  c e r t a in  d ru gs i t  seem ed r e a s o n a b le  t o  ad op t m ethods in  t h i s  stu d y  

which would d e te c t  th e se  changes, thereby r e f l e c t in g  DNA sy n th e s is . I t  

i s  c l e a r  from  t h e s e  s t u d ie s  t h a t  by u s in g  th e  regim en  d e s c r ib e d  by 

Schulte-Hermann e t  a l .  (1977), in  which hypophysectany was performed on 

day 0 ,  p a r t i a l  hep atectom y 6 d ays l a t e r  and a n im a ls  s a c r i f i c e d  a f t e r  

another 21 days, changes in  ploi<fy w i l l  s t i l l  be d e te c ted  a t  t h i s  l a t e  

tim e. However m ito t ic  a c t i v i t y ,  kncwn to  in crea se  w ith in  24 hours a f t e r  

p a r t ia l  hepatectcm y, w i l l  have d e c lin e d  and th ere fo re  not be d etec ted
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21 days post-hepatectamy (Schulte-Hermann e t  a l . ,  1968; Gunther e t  a l . ,  

1968; Sc hu I t  e-Hermann e t  a l . ,  1977). In some an im al groups in  th e se  

s tu d ies  described by Schulte-Hermann and h is  co lleagues (1977) PB was 

given fo r  8 days p r io r  to  death a t  28 days. From the knowledge of th e ir  

p re v io u s  s tu d ie s  (Schulte-Herm ann e t  a l . ,  1971) i t  i s  re a so n a b le  to  

su g g es t t h a t  p lo id y  changes and in c re a se d  m ito se s  m ight be d e te c te d  

24 hours a f t e r  8 days o f PB tre a tm e n t in  i n t a c t  a n im a ls , b u t n o t in  

hypophysectamised animals.

Thus in  th e  p resen t study responses to  p a r t i a l  hepatectomy and PB 

tre a tm e n t in  i n t a c t  r a t s  were checked, in  o rd er to  dem onstra te  DNA 

syn thesis, by in v es tig a tin g  changes in nuclear p loidy and m ito tic  index. 

These param ete rs  were th en  employed to  compare DNA sy n th e s is  in  

hypophysectcmised animals fo llow ing p a r t i a l  hepatectomy and PB treatm ent 

w ith  s i m i l a r ly  t r e a te d  i n t a c t  an im als  in  o rd e r  t o  confirm  resp o n ses 

described by Schulte-Hermann e t  a l .  (1977). Then these  responses were 

compared w ith  th o se  fo llo w in g  p o r t a l  v e in  l i g a t io n  in  i n t a c t  and 

hypophysectcmised ra ts .

F ollow in g  procedures such a s  p a r t ia l  hepatectomy, th e  p r o l i f e r a t iv e  

response on the w hole appears to  be more a c t iv e  in  th e  parenchymal than 

non-parenchym a 1 c e l l s  (B ucher, 1963). Thus when c h o o s in g  m ethods t o  

d e te c t  s h i f t s  in  p lo id y  and in creased  m ito se s , i t  appeared reasonab le  to  

ad o p t m ethods in  t h i s  s tu d y  w hich  w ould  a l lo w  i n v e s t i g a t i o n  o f  th e  

parenchymal c e l l s .

1.2 Methods used to  de tec t polyploidy and c e l l  p ro life ra tio n

Some m ethods commonly u sed  t o  d e t e c t  DNA s y n t h e s i s  in  l i g h t  o f  

t h e s e  p r e c e d in g  comments w ould  h a v e  c e r t a in  d is a d v a n ta g e s  i f  u sed  in
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t h i s  s tu d y . For ex a m p le , when u s in g  hom ogenates o f  l i v e r  fo r  

biochem ical a n a ly s is  o f  DNA and p ro te in  sy n th e s is  i t  i s  not p o s s ib le  t o  

d is t in g u i s h  t h e  parenchym al c e l l  p o p u la t io n  from  th e  o th e r  c e l l u l a r  

ty p e s .  The s h i f t  in  p lo id y  w hich  o c c u r s  f o l l o w in g  p ro ced u res  su ch  a s  

p a r t ia l  hepatectcmy cannot s p e c i f i c a l l y  be id e n t i f ie d  u sin g  biochem ical 

a s s a y s ,  a lth o u g h  an o v e r a l l  in c r e a s e  in  DNA s y n t h e s i s  w i l l  be 

id e n t if ie d . B iochem ical a n a ly s is  does tend to  e lim in a te  any s u b je c t iv e  

disadvantage which may occur w ith  other methods.

S im ila r ly  u n le s s  s p e c i f ic  e lu t io n  methods a re  used to  ob ta in  pure 

f r a c t io n s  o f  h e p a to c y te s  (Wanson e t  a l . ,  1980) th e  d e te r m in a t io n  o f  

n u c le a r  v o lu m e , a n a l y s i s  o f  n u c le a r  p lo id y  and d e te r m in a t io n  o f  DNA 

c o n te n t  u s in g  m ethods su ch  a s  e l e c t r o n i c  p a r t i c l e  c o u n te r s  and p u l s e  

cytophotcm etry or DNA assa y s (Romagna and Zbinden, 1981; Schulte-ffermann 

e t  a l . ,  1976) a re  again obtained from mixed p op u la tion s o f c e l l s .

In v es tig a tio n  using au to rad iography  can however d e f in e  th e  c e l l  

populations in  which DNA synthesis occurs. Because o f i t s  s p e c if ic i ty  

fo r DNA, the  incorporation of t r i t i a t e d  thymidine ([%]TdR) in to  DNA i s  

th e  most w id e ly  used p re c u rso r  f o r  measurements o f  DNA sy n th e s is  and 

c e l l  p r o l i f e r a t i o n .  However c e r t a in  p i t f a l l s  may e x i s t  u s in g  t h i s  

p re c u rso r . For exam ple, n o n -s p e c if ic  l a b e l l i n g  may occur in  th e  

p resen ce  o f impure [^H] thym id ine (Wand e t  a l . ,  1967? Diab and Roth,

1970), s in g le  in tra p e rito n e a l in jec tio n s  (1 uCi/g mouse? 5 Ci/irmol) may 

induce m ito t ic  d e la y  in  l a b e l l e d  c e l l s  and m ito t ic  a c t i v i t y  in  

u n lab e lled  c e l l s  a ris in g  from synchronization (Olsson, 1976) leading  to  

inaccurate  r e s u l t s ,  and doses of 1-2 uCi/g may be cyto toxic to  c e rta in  

c e l l s  (Cheng and Leblond, 1974). [%] TdR added to  in ta c t animal c e l l s  

may only  be m inim ally incorporated in to  DNA due to  se v e ra l enzymes of
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TdR m etabolism  which degrade [^H] Tdr, th u s  d e p le t in g  th e  q u a n ti ty  

a v a i l a b l e  f o r  DNA 1 a b e l l in g  (M aurer, 1981), In  a d d it io n  up take  o f 

[% ] TdR must n o t n e c e s s a r i ly  be c o r r e l a t e d  w ith  c e l l  d iv is io n  as 

[% ] Tdr can be in c o rp o ra te d  in to  n o n - p r o l i f e r a t in g  c e l l s  which a re  

repa iring  DNA (unscheduled DNA synthesis) (Ifcrbers, 1975? Maurer, 1981). 

I t  i s  th e re fo re  recommended fo r  in v ivo  s tu d ies  th a t  the  s u i ta b i l i ty  of 

using thymidine incorporation should be checked against o ther methods of 

m easuring changes in  DNA in  o rd e r  to  de term ine  w hether any o f  th e se  

a r te fa c ts  are  causing inaccurate r e s u l ts  (Maurer, 1981).

While morphanetric s tu d ies  may have a disadvantage as th e re  may be 

a su b jec tiv e  element invo lved  in  the  in v es tig a tio n s , random and b lind  

exam ination  o f h i s t o lo g i c a l  s l i d e s  and re p e a te d  in v e s t ig a t io n s  can 

overcome in a d v e r te n t  b ia s . The parenchym al c e l l  p o p u la tio n  can be 

d istingu ished  from o ther c e l l  populations in  the  l i v e r  and th is  allow s 

data to  be generated which is  sp e c if ic  to  parenchymal c e l l s .  M itotic  

index has been a w id e ly  used h i s t o lo g i c a l  c r i t e r i o n  o f  a d a p tiv e  c e l l  

growth r e s u l t i n g  in  c e l l  p r o l i f e r a t i o n  (Bucher, 1963). However th e  

m ito t ic  peak may be s h o r t - l iv e d  and may be m issed , o r may d i f f e r  

depending on which p a rt of the hepatic  lobu le  is  examined (Bucher, 1963) 

but fo r reasons a lready  discussed th is  i s  a  reasonable method to  use to  

measure c e l l  p ro life ra t io n  fo llow ing PB treatm ent in th is  study.

The use o f  n u clear  area (or volume) a s  an in d ica to r  o f DNA con ten t  

in  h epatocytes i s  based on var iou s s tu d ie s  which have shown th a t n u clear  

enlargem ent i s  p rop ortion a l t o  DNA con ten t and may r e f l e c t  p rev iou s DNA 

sy n th e s is . The n u c lea r  enlargem ent a sso c ia te d  w ith  an in crea se  in  DNA 

con ten t occurs when c e l l s  f a i l  t o  undergo m ito s is  and s h i f t  to  a higher  

n u clear  p lo id y  c la s s .  I t  has been suggested  th a t t h i s  occurs when th e
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c e l l  cycle i s  blocked in  G2 and then when stim ulated  to  d iv id e , m itosis 

i s  bypassed and th e  c e l l  e n te r s  a new S phase (McLean, 1970; Hendy and 

G rasso , 1977). N uclear en largem en t due to  an in c re a s e  in  p lo id y  has 

been re p o r te d  in  th e  sk in  (Ingram and G rasso, 1985; 1987), in  c e l l  

c u l tu r e  (Sutou and Tokuyama, 1974) and in  th e  l i v e r  (Jackson, 1974; 

Ingram, 1979).

In order to  confirm th a t  the  increase in  nuclear area  observed in 

r a t  hepatocytes tre a te d  with xenobiotics i s  due to  an increase in  p lo idy  

r a th e r  th an  changes such a s  n u c le a r  s w e l l in g ,  s e v e r a l  a u th o rs  have 

combined the  determ ination of nuclear s iz e  w ith measuring DNA content. 

T his has been a ch iev ed  by combining th e  u se  o f  an e le c t r o n i c  p a r t i c l e  

co u n te r fo r  d e te rm in a tio n  o f c e l l  s iz e  w ith  b iochem ical a ssa y , 

microdensitcmetry o r p u lse  cytophotonetry methods (Schulte-Hermann e t  

a l . ,  1968; 1971; Crissman and Tobey, 1974; Barlogie e t  a l . ,  1976; wanson 

e t  a l . ,  1980; Romagna and Zbinden, 1981). These authors have found th a t 

the two measurements are  h igh ly  c o rre la te d , w ith PB treatm ent causing a 

s h i f t  from d ip lo id  to  te tra p lo id  (4n) n u c le i and a  sm all but s ig n if ic a n t 

increase in  octop lo id  nuc le i (Ranagna and Zbinden, 1981). In addition 

i t  has been dem onstra ted  fo llo w in g  carcinogen-treatm ent to  r a t s ,  th a t  

enlarged n u c le i contain increased DNA proportionate  to  th e i r  increased 

volume. The e n la rg e d  n u c le i  in d ic a te  r e l a t iv e  stepwise increases in  

p lo id y  co rresp o n d in g  to  2n, 4n, 8n, 16n and 32n (C h r is t ie  and Le Page, 

1961) w ith a s h i f t  towards the higher c la sse s  being increased follow ing 

lo n g -te rm  carc inogen  tre a tm e n t (Hendy and G rasso , 1977). Changes in  

n u c le a r  a re a  have a ls o  been used  to  in d ic a te  a l t e r a t i o n  in  p lo id y  in  

ep iderm is (Ingram and G rasso, 1985; 1987). This method i s  th e re fo re  

considered re le v a n t to  the p resen t study.
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As already  ind icated , se v e ra l authors have c le a r ly  confirmed using 

o th e r  methods t h a t  an in c re a se  in  n u c le a r  s iz e  c o r r e l a t e s  w ith  an 

in c re a s e  in  DNA c o n te n t. I t  was th e r e fo re  decided  to  in c lu d e  a  sm a ll  

study in  th is  p ro je c t to  confirm th a t  changes in nuc lear s iz e  detected  

by m orphom etric a n a ly s is  u s in g  th e  Quantim et 720 image a n a ly s in g  

com puter c o r r e l a t e d  w ith  an in c re a s e  in  DNA c o n te n t as in d ic a te d  by 

s h i f t s  in  p lo id y . Using s e c t io n s  tak en  from th e  same sam ple o f  l i v e r  

fo r  each an im al in v e s t ig a te d ,  p a ra f f in  s e c t io n s  were s ta in e d  w ith  

Feulgen and th e  DNA c o n te n t o f th e  parenchym al c e l l  p o p u la tio n  

in v es tig a ted  by in te g ra te d  m icro d en sito m etry , u sing  th e  M85 scann ing  

m icrodensitaneter.

The Quantimet 720 was a lso  used to  count the  number o f nu c le i per 

10 f ie ld s  from each section .

1.3 Methods which d e tec t c e l l  enlargement

L iv e r  en largem en t i s  f r e q u e n t ly  observed  in  la b o ra to ry  an im als  

e x p o sed  t o  x e n o b io t i c  compounds (S c h u lte -H e rm a n n , 1974) and 

in v e s t ig a t io n s  o f l i v e r  en largem en t fo llo w in g  c e r t a in  ch em ica ls  

undertaken over th ree  decades ago demonstrated th a t  l i v e r  enlargement 

invo lved  s tr ik in g  c e l lu l a r  hypertrophy associated  w ith an increase  in 

m ito tic  a c t iv i ty  o f hepatocytes (Brazda and Ooulson, 1948; Wilson and 

Leduc, 1950; R achm ilew itz e t  a l . ,  1950). This was confirm ed  l a t e r  by 

s e v e r a l  w orkers (Kunz e t  a l . ,  1966; S c h l ic h t  e t  a l . ,  1967; 1968; 

Schul te-H erm ann, 1968; Oonney, 1957; Herdson e t  a l . ,  1964; S ta u b li  e t  

a l . ,  1969).

The onset o f l i v e r  enlargement fo llow ing treatm ent w ith conpounds 

such as HCH or PB occurs approximately 24 hours a f te r  treatm ent (Kunz e t
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a l . ,  1966; Schulte-H erm ann, 1974). With PB, DNA s y n th e s is  commences 

a f te r  48 hours (S ch lich t e t  a l . ,  1968).

On c e s s a t io n  o f tre a tm e n t th e  h y p e rtro p h ic  component o f th e  

enlarged l i v e r  i s  reversed  fo llow ing PB treatm ent by about 5 days (P la tt  

and C o c k e rill, 1969) and by 14 days using HCH (Schulte-Hermann e t  a l . ,

1971). Thus in  t h i s  s tudy  fo llo w in g  8 days PB tre a tm e n t c e l l u l a r  

enlargement may s t i l l  be detected  24 hours a f te r  the  f in a l  dose. Mean 

c e l l  volumes were there fo re  estim ated, by counting th e  number of c e l l s  

p e r 10 f i e l d s  u s in g  th e  n u c leu s  o f  th e  c e l l  a s  a gu ide. B in u c le a te  

c e l l s ,  where p resen t were included, in  the one c e l l  count.

In  t h i s  s tudy  an in c re a s e  in  c e l l  volume p e r  u n i t  a re a  in d ic a te s  

th a t  c e l l  enlargement i s  induced by PB treatm ent conpared with co n tro l 

anim als. Reduction in c e l l  s iz e  conpared with in ta c t  co n tro l animals in 

hypophysectomised anim als would in d ica te  c e l l  atrophy.

The tra n s ie n t c e l lu l a r  enlargement known to  occur fo llow ing p a r t i a l  

hepatectom y and p o r t a l  v e in  l i g a t io n  (Duchen, 1961? Bucher, 1963? 

Weinbren and Tarsh, 1964) should not be detected  in  th is  stucfy 21 days 

post-hepatectomy.

1.4 R elative l iv e r  weight

R e la t iv e  l i v e r  w eight to  body w eigh t i s  a rec o g n ise d  method o f 

iden tify ing  re s to ra tio n  of l i v e r  mass fo llow ing su rg ica l procedures such 

as  p a r t i a l  hepatectom y (Bucher, 1963? A rg y ris , 1974). T his was 

c a lc u la te d  in  t h i s  s tu d y  from th e  w eigh t o f th e  rem ain ing  l i v e r  p e r 

100 g body w e ig h t f o l lo w in g  p a r t i a l  h e p a tec to m y  o r  from  th e  

unmanipulated lobes follow ing p o r ta l  vein  l ig a tio n . This e s tab lish ed  

the  degree to  which coqpensatory grcwth resto red  the l iv e r  mass to  th a t
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o f  c o n tro l l e v e l s .  Changes in  r e la t i v e  l i v e r  w eight were a l s o  used to  

d e te c t  th e  a d a p tiv e  response by th e  l i v e r  to  PB treatm ent. The e f f e c t s  

o f  hypophysectcmy can a l s o  be d etected  u sin g  t h i s  method.

Ihe r e l a t iv e  weight o f the  r ig h t  p o s te rio r lobe was a ls o  c a lc u la te d  

a s  t h i s  a llo w s  a more s p e c i f ic  e s tim a tio n  o f th e  a d a p tiv e  growth 

resp o n se  in  a c o n s ta n t  p a r t  o f  th e  l i v e r ,  which i s  p a r t  o f th e  remnant 

fo llo w in g  p a r t i a l  hepatectom y and one o f th e  unm an ipu lated  lo b e s  

fo llow ing p o r ta l  vein l ig a tio n .

Using these  methods alone as an index of th e  adaptive  response to  

these  procedures may not be e n t i r e ly  r e l i a b le  as l iv e r  weight may change 

with deposits of l ip id s ,  glycogen, water o r o ther m ate ria ls  not d ir e c t ly  

r e la te d  to  the  p ro l i f e r a t iv e  response (Bucher, 1963) but they a re  usefu l 

in d ic a to r s  o f th e  response  in  c o n ju n c tio n  w ith  o th e r  methods which 

r e f l e c t  changes in  DNA synthesis and c e l l  p ro life ra tio n .
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CHAPTER 2

MATERIALS AND METHODS

2.1 Rats

M ale w h ite  W ista r  r a t s  b red  in  N ottingham  L a b o r a to r ie s  F i e ld  

S ta tio n  (U n iv ersity  o f  Nottingham) w eighing between 150-200 grams were 

kept on a balanced  d ie t  o f standard ra t cubes (Labsure 41B), g iv e n  water 

ad l ib i t u n  and housed in  groups o f  s i x  r a ts  per 'c lo se d  bottom' cage.

2.2 Surgical procedures

A ll operations were conducted under e ther anaesthesia  and included

(a) hypophysectomy, (b) sham hypophysectomy, (c) o n e - th ird  p a r t i a l  

hepatectom y (33%), (d) tw o - th ird  p a r t i a l  hepatectom y (67%), (e) one- 

t h i r d  p o r t a l  v e in  l i g a t io n ,  (f)  tw o - th ird  p o r t a l  v e in  l i g a t io n ,  (g) 

con tro l laparotcmy. Animals continued to  feed ad lib itu m  up to  the  time 

of each operation . All animals were weighed p rio r  to  each operation .

2 .2 .1  Hypophysectcmy

Hypophysectorny was performed using a m odified  method based on th ose  

o f  Sm ith (1930) and Weinbren and F its c h e n  (1959). A p a ra p h a ry n g ea l 

approach was used and d e t a i l s  o f  th e  procedure are  g iv en  in  Appendix I ,  

su b section  A . I . l .

2.2 .2  Sham hypophysectany

I d e n t i c a l  p ro ced u res  w ere c a r r ie d  o u t fo r  sham hypophysectom y  

exc lu d in g  th e  rem oval o f th e  p itu ita r y  a f te r  the dura mater was p ierced . 

P o s t - o p e r a t iv e  p ro ced u res  w ere a l s o  i d e n t i c a l  t o  th o s e  d e s c r ib e d  in  

Appendix I .
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2.2 .3  P a r t ia l  hepatectomy

O n e -th ird  (33%) and tw o - th ird s  (67%) p a r t i a l  hepatectom y were 

performed under e ther anaesthesia  using a technique based on the  method 

of Higgins and Anderson (1931 )f d e ta i l s  of which appear in  Appendix I ,  

subsection A.1 .2 .

2 .2 .4  P o rta l vein l ig a tio n

O ne-third and tw o-thirds p o r ta l  vein  l ig a tio n  were performed under 

e th e r  a n a e s th e s ia  em ploying th e  method o f Weinbren and Tarsh (1964), 

using when necessary the  a id  o f a Zeiss d issec tin g  microscope. D e ta ils  

of the  operations appear in  Appendix I ,  subsection A .1 .3.

2 .2 .5  Control laparotomy

T his was undertaken  under e th e r  a n a e s th e s ia  and th e  an im al was 

f i r s t l y  weighed and the  abdominal w a ll shaved. A median l in e  inc ision  

was made from the  xiphoid process extending 4 cm caudally . The l iv e r  

was exposed and manipulated and ligaments severed to  m obilise the  l iv e r  

more f r e e ly  and then  p la c e d  back in to  th e  p e r i to n e a l  c a v i ty .  The 

abdom inal w a l l  was su tu re d  w ith  c a t -g u t  s u tu re  m a te r ia l  and th e  sk in  

c lo s e d  w ith  s u r g ic a l  c l i p s .  P o s t-o p e ra t iv e  c a re  was a s  p re v io u s ly  

described fo r o ther su rg ic a l procedures in  Appendix I .

2 .2 .6  Control animals

2 .2 .6 .1  Normal con tro ls

Bach animal underwent a sham hypophysectcmy and laparotomy. This 

was in order to  e lim ina te  any of the  p o ss ib le  e f fe c ts  of o ther fac to rs , 

such as m u ltip le  anaesthe tics, may have on th e  response of the  animal to  

p ro ced u res  such as hypophysectomy and p a r t i a l  hepatectom y. These 

animals may be re fe rred  to  in the te x t as " in tac t"  anim als.
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2.2.6.2 Hypophysectcmy controls

Each an im al underwent hypophysectomy and laparotom y o p e ra tio n s  

under ether anaesthesia .

2.3 Drugs

Sodium phenobarb itone  (PB) (Johnson & Johnson) was d is s o lv e d  in  

water and adm inistered o r a l ly  by gavage u sing  a f l e x i b l e  p o ly s ty re n e  

ca th e te r in to  th e  stomach. Adm inistration of sodium phenobarbitone i s  

r e f e r r e d  to  in  th e  t e x t  as 'PB tre a tm e n t '.  C o n tro l gavage was by 

adm inistration  of an equal volume of normal s a l in e  in to  the  stomach and 

w i l l  be re fe rred  to  in the  te x t as " sa lin e  treatm ent".

2.4 Experimental regimen

The experim ental regimen was c a rr ied  out as described by S chu lte - 

Hermann e t  a l .  (1977). Hypophysectomy o r  sham hypophysectomy was 

c a r r ie d  ou t on day zero . Hepatectomy, p o r t a l  v e in  l ig a t io n  o r 

laparotomy were performed s ix  days l a t e r  and on day 20 the  drug regimen 

was commenced. 40 mg/kg of phenobarbitone was adm inistered to  animals 

f o r  4 c o n se c u tiv e  days and 50 mg/kg f o r  a f u r th e r  4 days. Animals in  

groups which d id  n o t r e c e iv e  PB were a d m in is te re d  an eq u a l volume o f 

norm al s a l in e  o v e r th e  same tim e p e rio d . The a n im a ls  were k i l l e d  

24 hours l a t e r .  The dose o f  phenobarb itone  was h a l f  t h a t  used by 

Schulte-Hermann e t  a l .  (1977) as the  anim als did not su rv iv e  on higher 

doses, d e ta i ls  of which a re  given in  Appendix I I ,  subsection A.II.2.

2.5 Macroscopic examinations

The animals were weighed p r io r  to  k i l l i n g  w ith e th er anaesthesia. 

The l iv e r ,  te s te s  and adrenals were removed. A ll organs were weighed and 

in  addition  th e  in d iv id u a l lobes of th e  l iv e r  were weighed and weights
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recorded. Samples were taken from th e  r ig h t  p o s te r io r  lo b e  o f th e  l i v e r  

and f i x e d  in  p h o sp h a te  b u ffe r e d  fo rm a l a l c o h o l  f o r  h i s t o l o g i c a l  

exam ination. Oampleteness o f  hypophysectany was checked by d is s e c t io n  

o f  th e  s e l l a  tu r c ic a  and fcy body, adrenal and t e s t i c u la r  w eigh ts. Vfaere 

any remnant o f  th e  p i t u i t a r y  was found on d i s s e c t io n  o f  th e  s e l l a  

tu r c ic a , th e  animal was excluded  from th e  study.

2.5 .1  R e la tiv e  l i v e r  weight and r e la t iv e  weight of the  r ig h t  p o ste rio r 
lobe

From body, l i v e r  and in d iv id u a l  l i v e r  lo b e  w e ig h ts , p e rcen tag e  

l i v e r  to  body weight, percentage r ig h t  p o s te rio r lobe to  body weight and 

p e rcen tag e  lo b e  to  l i v e r  w eigh t were c a lc u la te d .  D e ta i ls  fo r  each 

animal per group and the mean value fo r each group appear in  Tables 3.1, 

3.2, 6 .1 , 6 .2 , 3.3 and 6.3. For th e  mean p e rcen tag e  each l i v e r  lobe  

c o n tr ib u te d  to  th e  l i v e r  a s  a w hole fo llo w in g  PB tre a tm e n t, p a r t i a l  

hepatectony or p o r ta l  vein l ig a tio n  per group compared w ith co n tro ls  see 

Figures 3.3 and 6.3.

2.6 Histology

The r i g h t  p o s te r io r  lo b e  from th e  l i v e r  o f  each r a t  was p a r a f f in  

wax embedded using rou tine  lab o ra to ry  p rocedu res (RPMS H isto p a th o lo g y  

D epartm ent). S e c tio n s  from th e  r e s u l t i n g  b lo c k s  were c u t 5 u in  

th ic k n e s s  and s ta in e d  ro u t in e ly  w ith  haem atoxylin  and e o s in  (H&E). 

F u rth e r  s e c t io n s  were c u t ,  5 u in  th ic k n e s s  and were s ta in e d  to  

dem onstra te  d eo x y rib o n u c le ic  a c id  (DNA) u sin g  a Feulgen s ta in in g  

technique based on the o r ig in a l (Feulgen and Rossenbeck, 1924).
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2.7 Microscopic examinations and determ inations

2 .7 .1  Measurements used to  r e f l e c t  DNA synthesis and c e l l  p ro life ra tio n  

S e c tio n s  o f th e  r i g h t  p o s te r io r  lo b e  of th e  l i v e r  from a l l

e x p e r im e n t a l  g r o u p s  s t a i n e d  w i t h  H&E, w e r e  e x a m in ed  f o r  t h e  

determ ination  o f  hepatocyte mean n u clear  area , th e  number o f  hepatocyte  

n u c le i  per 10 f i e l d s  and d is tr ib u t io n  o f  th e ir  p lo id y  c la s s e s  u sin g  a 

Quantimet 720 im age a n a ly s e r  (Cambridge In stru m en ts  L td ., R oyston ,

H erts. ) .

H&E s e c t io n s  were a l s o  used to  e s t im a te  m ito t ic  index o f th e  

hepatocytes.

The Feu lgen  s ta in e d  s l i d e s  were used to  de te rm ine  th e  r e l a t i v e  

amount o f h ep a to cy te  DNA u sin g  a V ickers M85 scanning  in te g ra te d  

microdensitcmeter (Vickers Instrum ents, York).

2 .7 .1 .1  Quantimet 720 image analyser investiga tions

A Quantim et 720 im age-ana ly sing  com puter (Cambridge Instruments 

Ltd., Royston, H erts.), linked  to  a Hewlett I&ckard computer HP9830 was 

used fo r nuclear size  measurement.

S l id e s  were taken  a t  random and u s in g  a  x40 o b je c t iv e  and a red  

f i l t e r  in  th e  l i g h t  p a th , (to  exclude  th e  image o f e o s in  s ta in e d  

m a te r ia l)  a re a s  were s e le c te d  by tra c k in g  a c ro ss  th e  h i s to lo g ic a l  

sec tion  from l e f t  to  r ig h t. Careful observation separated parenchymal 

c e l l  p o p u la tio n  from o th e r  c e l l  p o p u la tio n s  and th e  form er only,! f c 

included in the  measurements. Repeat analyses on sections again chosen _  

a t  random were undertaken to  reduce any su b jec tiv e  element.

52



The a re a  of in d iv id u a l  c l e a r l y  d e fin e d  h e p a to cy te  n u c le i  was 

o u tlin ed  using the  l ig h t  pen (covered) on the  te le v is io n  monitor screen. 

The programme was s e t  to  stop once 100 n u c le i had been measured. Nuclei 

w ith i l l - d e f in e d  margins were avoided as these  a re  frequen tly  those th a t 

a re  c u t t a n g e n t i a l l y  and n o t se c tio n e d  th rough  th e  c e n tre  (Ingram 

and Qrasso, 1985). The mean nuclear area  was obtained fo r  each r a t  and 

th e  group mean n u c le a r  a re a  determ ined . S t a t i s t i c a l  a n a ly s i s  was 

undertaken. The mean nuclear area  fo r  each animal per group was ranked 

and oonpared between groups using the Wilcaxon 2 sairple te s t .

The Quantimet was a ls o  programmed to  g ive  th e  frequency of n u c le i 

in  a sequence o f s iz e  ranges in  5 um  ̂ c la s s e s  from 10-120. By summing 

the  s iz e  d is tr ib u tio n s  of the  n u c le i of anim als w ith in  a group, a mean 

group size  percentage d is tr ib u tio n  was obtained and conparisons between 

th e  d i f f e r e n t  ex p erim en ta l groups examined (see  F ig s . 3.1 and 6.1). 

Using in d iv id u a l animal nuclear s ize  d is tr ib u tio n  by inspection  of th e  

computer p r in t-o u t, peaks fo r  2n and 4n n u c le i were id en tifie d . Vhere 

one peak was not obvious i t s  p o sitio n  was estim ated by c a lc u la tin g  the  

r e l a t iv e  nuclear area. This estim ation  was e ffec ted  by converting the  

area  of the  id e n tif ia b le  peak in to  i t s  volume, doubling or ha lv ing  the 

volume as required  and converting back in to  the a rea ,

e .g . Peak area —̂  Volume —■> Area

Peaks fo r  2n were found c o n s is te n t ly  w ith in  each group a t  th e

and th e  a re a  f o r  4n

co rrespond ing  n u c le a r  s i z e  range o f 25-30 um  ̂ o r  30-35 um^. The 4n
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p eak s co rresp o n d ed  r e s p e c t i v e l y  a t  e i t h e r  40-45 um  ̂ and 45-50 um^. 

These peaks v a r ied  between d if f e r e n t  anim als w ith in  th e  same group. I t  

was considered  whether to  in c lu d e  a l l  n u c le i  in  th e  n u clear  s i z e  range 

im m ediately b efo re  th e  4n peak, i .e .  35-40 um  ̂ or 40-45 um  ̂ in  order to  

in c lu d e  n u c l e i  in  th e  4n ran ge  w hich  may h a v e  been e x c lu d e d  due t o  

e x p e r im e n ta l e r r o r . However a s th e  35-40 um  ̂ ra n ge  i s  known t o  be 

c l o s e r  t o  t h e  ra n ge  o f  2n p lo id y  c l a s s  ( C h r is t ie  and L ePage, 1961) i t  

was d e c id e d  t h a t  in  ord er  t o  a n a ly s e  th e  n u c l e i  f o r  s h i f t s  in  p lo id y  

c la s s  un iform ly throughout th e  w hole experiment a cu t o f f  p o in t  sh ou ld  

be used a t  th e  nuclear s iz e  range 40-45 um  ̂ and th a t  any n u c le i  measured 

w ith in  t h e  ran ge  o r  ab ove w ere c o n s id e r e d  in  t h e  4n p lo id y  c l a s s  and 

above. Those n u c le i below  t h i s  p o in t were considered  to  f a l l  w ith in  th e  

2n p lo id y  c la s s e s .  These 2n/4n or above d iv is io n s  were ejqpressed a s a 

p e r c e n ta g e  f o r  th e  a n im a l group (T a b le s  3.5 and 6.5) but th e  a c t u a l  

t o t a l  numbers o f n u c le i  f a l l i n g  w ith in  th e se  d iv is io n s  from in d iv id u a l  

a n im a ls  w ere u sed  t o  s t a t i s t i c a l l y  a n a ly s e  d i f f e r e n c e s  betw een  

experim ental groups using th e  W ilcoxon 2 sample t e s t .

A d d it io n a l ly  th e  number o f  h ep a to cy te  n u c le i  p e r  10 f i e l d s  were 

counted. All hepatocyte nuclei were counted including h inucleates.

These in v e s t ig a t io n s  u s in g  th e  Quantimet 720 were c a rr ied  out in 

th e  m ajor p a r t  o f th e  s tu d y  (S ec tions I I I  and IV) as a means of 

e s t im a t in g  ch an g e s  in  DNA s y n t h e s i s ,  f o l lo w in g  p r e l im in a r y  

in v e s t ig a t io n s  in  th e  p i l o t  s tu d ie s  (I and I I )  which se rv e d  as 

in d ica to rs  of an adaptive growth response to  inducers of such a response 

which included PB and p a r t i a l  hepatectomy.
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S e c t i o n s  from  t h e  m a j o r i t y  o f  a n im a ls  from  e a c h  g ro u p  in  

S ec tio n s  I I I  and IV w ere i n v e s t i g a t e d  and th e  s i z e s  o f  th e  group  

rem ained  la r g e  enough t o  a n a ly s e  s t a t i s t i c a l l y .  At a l l  t im e s ,  th e  

s l i d e s  were chosen a t  random.

2 .7 .1 .2  In tegrated  microdensitcroetry

A sm a ll  study  was c a r r ie d  o u t on a l im i te d  number o f an im als in  

order to  confirm th a t  the data generated ty the  use of th e  Quantimet 720 

re f le c te d  the  d ifference  in hepatocyte DNA content between experimental 

groups.

T his was undertaken  using  a pho tom etric  techn ique  em ploying a 

Vickers M85 scann ing  in te g r a t in g  m icro d en sito m eter. By c a r ry in g  ou t 

in te g r a te d  m icrodensitom etry  on Feulgen s ta in e d  5 u th ic k  p a r a f f in  

sec tions a t  480 nm wavelength the  amount o f DNA in  50 hepatocytes per 

s e c t io n  from th e  r i g h t  p o s te r io r  lo b e , was q u a n ti f ie d  and reco rd ed . 

D u p lic a te  re a d in g s  were taken  fo r  each n u c le u s  and exp ressed  in  

a r b i t r a r y  machine u n i ts  (A.U.) and from th e s e  th e  mean in te g ra te d  

d e n s i ty  o b ta in ed  (A.U.). These u n i ts  can be c o n v e rte d  in to  a b s o lu te  

o p t i c a l  d e n s i t i e s  by m u lt ip ly in g  by 3927.5 which was th e  c o r re c t io n  

fa c to r  fo r  the  mask s iz e  (0.02 mm), machine and ob jec tive .

In a d d itio n  th e  machine measured th e  area  o f  th e  f i e l d  o f  Fsulgen  

s ta in e d  image w ith in  th e  h ep atocy tes, the area scanned having an o p t ic a l  

d e n s i t y  g r e a te r  than  t h a t  s e t  by th e  " th r e sh o ld  c o n tr o l" . T h is  was 

ach ieved  by s e t t in g  th e  area th resh o ld  c o n tr o l a t  zero.

U sin g  th e  a r b it r a r y  u n i t s  f o r  in t e g r a te d  d e n s i t y  (A.U.), th e  mean 

in teg ra ted  d e n s ity  fo r  each anim al was c o l la t e d  in to  0.5 a rb itra ry  u n its  

from 0.0 -  18.0. The group mean fo r  each  in t e g r a t e d  d e n s i t y  v a lu e  was
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th en  ex p ressed  as  a p e rcen tag e  o f th e  t o t a l  number o f n u c le i  examined 

per group (Tables 3.6 and 6.6). Histograms fo r  each group were prepared 

which dem onstra ted  th e  mean p e rcen tag e  o f n u c le i  w ith  g iv en  v a lu e s  

compared w ith another experimental group, changes in  in teg ra ted  density  

being in d ic a tiv e  of changes in p lo idy  c la sse s  (Figs. 3.2 and 6.2).

BOr each group peaks of nuclear in teg rated  density  were id en tified . 

The f i r s t  peak c o rre la tin g  w ith 2n p lo idy  hepatocytes occurred between 

in te g ra te d  d e n s i ty  3 - 4  (A.U.). Thus in  a s im i la r  manner to  th a t  

employed in  the  an a ly sis  of the  Quantimet 720 image analysing computer 

(Cambridge In stru m en ts  L td ., Royston, H erts) d a ta  in  o rd er to  keep 

a n a ly s is  uniform  th roughou t th e  groups and to  a l lo w  fo r  ex p erim en ta l 

e rro r  such as minute a l te ra t io n s  in  th ickness of sec tions which would 

a l t e r  d e n s i ty ,  a c u t  o f f  p o in t  a t  in te g ra te d  d e n s i ty  5 (A.U.) was made 

so th a t  n u c le i with va lues on the  downward curve from the f i r s t  peak on 

th e  histogram were included in  2n p lo idy  c la sses  and those beginning the  

upward curve towards a second curve were included in  the  4n ploidy and 

above c la s s e s .  Thus u sin g  th e  c u t o f f  p o in t  a t  in te g ra te d  d e n s ity  5 

(A.U.), n u c le i  showing in te g ra te d  d e n s i t i e s  up to  t h i s  a r b i t r a r y  u n i t  

were considered to  be 2n p lo idy  c lasses  and 4n and above p lo idy  c la sses  

had va lues beyond th is  a rb itra ry  u n it.

The number o f n u c le i  p e r an im al w ith  v a lu e s  fo r  th e  4n and above 

p lo id y  c la s s e s  were ranked and compared between th e  groups u s in g  th e  

Wilcoxon 2 sarrple te s t .  Where s t a t i s t i c a l  a n a ly s is  was made between two 

groups, where the sairple s ize  was too sm all to  conpare a t  th e  5% le v e l ,  

s t a t i s t i c a l  an a ly s is  was c a rried  out a t  th e  10% le v e l .
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2.7.1.2.1 Animals included in this small study

F i f t e e n  h y p o p h y s e c to m is e d  a n im a l s  f ro m  f o u r  o f  t h e  

hypophysectomised groups in  Sections I I I  and IV (described in  d e ta i l  in  

subsections 2.8.3 and 2.8.4) were included in  th is  in v es tig a tio n . These 

included anim als from:-

2 .7 .1 .2 .1 .1  Section I I I

Bl -  Hypophysectomy, laparotom y and s a l i n e  tre a tm e n t (Group 1 -  

c o n tro ls , n = 5).
B2 -  Hypophysectomy, laparotomy and PB treatm ent (Group 2 , n = 4 ).

B5 -  Hypophysectomy, 2/3  p a r t i a l  hepatectom y and s a l i n e  tre a tm e n t 

(Group 5, n = 3 ).

B6 -  Hypophysectcmy, 2/3 p a r t i a l  hepatectomy and PB treatm ent (Group 6, 

n = 3 ).

Comparisons were drawn between r e s u l t s  from d i f f e r e n t  groups as 

in d ic a te d  in  th e  t e s t  in  su b se c tio n s  3.1.2.1, 5.1.1, 3.1.2.3 and 5.2.4.

2 .7 .1 .2 .1 .2  Section IV

F if te e n  hypophysectom ised an im als were in c lu d e d  in  t h i s  sm a ll  

i n v e s t ig a t io n ,  from fo u r o f th e  hypophysectom ised groups. These 

included anim als from:-

Bl -  Hypophysectomy, laparotom y and s a l in e  tre a tm e n t (Group 1 -  

co n tro ls , n = 3).

B2 -  Hypophysect any, laparotcmy and PB treatm ent (Group 2, n = 4 ).

B5 -  Hypophysectomy, 2 /3  p o r t a l  v e in  l ig a t io n  and s a l i n e  tre a tm e n t 

(Group 5, n = 3 ).

B6 -  Hypophysectcmy, 2/3 p o r ta l  vein  l ig a tio n  and PB treatm ent (Group 6, 

n = 5 ).
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In th is  section  conparisons were drawn between r e s u l ts  frcxn these 

d i f f e r e n t  groups which appear in  su b se c tio n s  6.1.2.1, 6 .2.2.1.1, 6.1.2.3 

and 6 .2 .2 .4 .2 .

2 .7 .1 .3  Determination of m ito tic  index

S l id e s  were s e le c te d  a t  random and read  b l in d  u s in g  a C a rl Z eiss 

r e s e a rc h  m icroscope and an o p t ic  g r a t i c u l e  w ith  an a re a  o f 0.361 mm .̂ 

M itoses were counted  f o r  100 f i e l d s  a t  a  m a g n if ic a tio n  o f  x 400 (x 40 

o b jec tiv e  x 10 op tic ) and expressed in  terms of number per 1,000 c e l l s .  

M ito tic  f ig u re s  in  p rophase , m etaphase, anaphase and te lo p h a s e  were 

coun ted . In o rd e r  to  s ta n d a rd is e  th e  co u n tin g  o n ly  c e l  I s  and m ito ses  

which la y  w ithin squares on the  l in e  to  the  r ig h t  o r on th e  l in e  above 

each square  o f th e  g r a t i c u l e  were coun ted . IWo f u r th e r  sam ples o f th e  

h is to lo g ic a l  s l id e s  were read b lin d  on two independent occasions and the  

r e s u l t s  compared w ith  th e  f i r s t  re a d in g . As th e s e  r e s u l t s  were 

ccnparable, th e  f i r s t  reading was considered v a lid  and these  r e s u l ts  a re  

recorded.

2 .7 .2  Determination of c e l l  volume

HSE sections of the  r ig h t p o ste rio r lobe from the l i v e r  of animals 

from a l l  groups were examined.

Using an o p t ic  g r a t i c u l e  w ith  an a re a  o f 0.361 mm th e  number o f 

c e l l s  p e r  10 f i e l d s  were reco rd ed  a t  a m a g n if ic a tio n  o f x 400 (x 40 

o b je c t iv e  x 10 o p t ic ) .  Mean c e l l  volume was e s tim a te d  using  th e  

formula:

Ib is  estim ates the  mean in d iv id u a l c e l l  volume per 10 f ie ld s  fo r 

each animal and l a t e r  in th e  te x t  when d iscussing  changes in  th is  volume

C e ll volume

58



p e r an im al group where means o f th e  groups a re  compared, t h i s  w i l l  be 

re fe rre d  to  as mean estim ated c e l l  volume.

2.8 Arrangement of experimental groups

Permutations o f 40 groups o f r a t s  were used in v o lv in g

a) Hypophysectamy and sham hypophysectcmy

b) Cne-third (33%) and tw o-th irds (67%) p a r t ia l  hepatectomy

c) O ne-third p o r ta l  vein  l ig a tio n  (1/3 PV) and tw o-th irds p o rta l vein 

l ig a t io n  (2/3 PV)

d) Iaparotany

e) Phenobarbitone by gavage (PB)

f ) Control gavage

These animals were placed in to  2 sm all p i lo t  s tud ies which checked 

experimental procedures and 2 major s e c t io n s .  The l a t t e r  c o n s t i tu te d  

th e  m ajor p a r t  of th e  study  which examined th e  resp o n se  to  p a r t i a l  

hepatectomy and p o r ta l  ve in  l ig a t io n  in  PB t r e a te d  hypophysectom ised 

r a t s .

2 .8 .1  P ilo t Study I

Experimental procedures included:

a) Phenobarbitone to  sham hypophysectom ised and hypophysectom ised 

r a t s .

b) C o n tro l gavage to  sham hypophysectom ised and hypophysectom ised 

r a t s .

These groups se rv e d  a s  a p i l o t  study  to  e s t a b l i s h  t h a t  ( i)  

hypophysectomy was su c c e s s fu l  u s in g  s ta n d a r d  c r i t e r i a  o f  body, 

t e s t i c u la r  and adrenal weight and d issec tio n  of the  s e l l a  tu rc ic a , ( i i )  

phenobarb itone  (PB) c o u ld  be ad m in is te re d  in  doses co m p atib le  w ith
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animal su rv iv a l and good h e a lth , ( i i i )  the adm inistration of PB to  sham 

hypophysectcmised and hypophysectcmised r a t s  induced l i v e r  grcwth with 

o r  w ith o u t c e l l  d iv is io n ,  and ( iv )  to  e s t a b l i s h  w hether th e  number o f 

days fo r  drug a d m in is tra t io n  were c r i t i c a l  e i t h e r  t o  s t im u la te  l i v e r  

changes or in th e  degree of response e l ic i te d .  D e ta ils  o f the  r e s u l ts  

ap p ear in  Appendix I I ;  r e s u l t s  v e r i fy in g  hypophysectany a re  included 

w ith  th o se  from o th e r  s e c t io n s  under th e  head ing  " V e r if ic a t io n  o f 

hypophysectomy" (A II.l) and th e  rem aining  r e s u l t s  under th e  g e n e ra l 

subsection  A II.2 .

2 .8 .2  P ilo t Study I I

Pour sm all groups of animals were included in  th is  stucfy to  check 

th e  resp o n se  by th e  l i v e r  to  p a r t i a l  hepatectom y in  both sham 

hypophysectcmised and hypophysectomised anim als conpared with laparotomy 

c o n tro l  an im als . D e ta i l s  o f  th e  s tu d y  a p p e a r  in  A ppendix I I ,  

subsection A ll .3.

As P i l o t  S tu d ie s  I  and I I  were o n ly  p re lim in a ry  in v e s t ig a t io n s  

p r io r  to  continuing with the major p a rt of the study sim ple methods were 

used to  check th e  response  by th e  l i v e r  to  hypophys ectomy, PB and 

p a r t i a l  hepatectom y. These in c lu d e d  ( i)  r e l a t i v e  l i v e r  w e ig h t, ( i i )  

changes in m ito tic  index and ( i i i )  changes in c e l l  volume.

Sections I I I  and IV co n stitu ted  the  major p a rt of the experiment.

2 .8 .3  Section I I I

S e v e n ty -e ig h t an im als were in c lu d e d  in  th is  section . There were 

tw o m a jo r  g r o u p s  (A a n d  B ), w i th  36 a n im a l s  in  t h e  sham  

hypophysectcmised group (Group A) and 42 in  the  hypophys ec t cmi s ed group 

(Group B). Within these two la rg e  groups these anim als were a llo c a te d
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to  s ix  s m a lle r  groups. These were e i t h e r  sham hypophysectom ised o r  

hypophysectanised animals which received  e ith e r  a laparotomy, o r one- 

t h i r d  p a r t i a l  hepatectom y o r  tw o - th ird  p a r t i a l  hepatectom y and were 

gavaged w ith e ith e r  normal s a l in e  o r phenobarbitone (PB), th e  methods 

fo r each procedure a lready  described.

Thus th e  two groups were as fo llo w s:

2 .8 .3 .1  Sham hypophysectany group (Group A)

A (l) Sham hypophysectom y, lap aro tom y  and s a l in e  treatm ent (co n tro ls  -  

Group 1 ) .

A(2) Sham hypophys ec t cmy, laparotomy and PB treatm ent (Group 2 ) .

A(3) Sham hypophysectany, 1/3 p a r t ia l  hepatectomy and s a l in e  treatm ent 

(Group 3 ) .

A(4) Sham hypophysectomy, 1 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 

(Group 4).

A(5) Sham hypophysectany, 2/3 p a r t i a l  hepatectomy and s a l in e  treatm ent 

(Group 5).

A(6) Sham hypophysectomy, 2 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 

(Group 6).

2 .8 .3 .2  Hypophysectany group (Group B)

B (l) Hypophysectomy, laparotomy and sa lin e  treatm ent (con tro ls -  Qroup 1). 

B(2) Hypophysectany, laparotomy and PB treatm ent (Group 2 ).

B(3) H ypophysectom y, 1/3  p a r t i a l  h ep atectom y and s a l i n e  tr e a tm en t  

(Group 3 ) .

B(4) Hypophysectomy, 1/3 p a r t i a l  hepatectcmy and PB treatm ent (Group 4 ) . 

B(5) Hypophysectomy, 2/3  p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 

(Group 5 ).

B(6) Hypophysectany, 2/3 p a r t i a l  hepatectcmy and PB treatm ent (Group 6 ).
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2.8 .4  Section IV

Seventy-five animals were included in  th is  sec tion  and s im ila r ly  to  

Section I I I  d iv id e d  in to  two m ajor groups (A and B). T h ir ty -e ig h t  

a n im a ls  w ere  sham h y p o p h y se c to m ised  (Group A) and  37 w ere  

hypophysectanised (Group B). These an im als  were f u r th e r  d iv id e d  in to  

s ix  s m a lle r  groups w ith  1 /3  o r  2/3  p o r t a l  v e in  l i g a t i o n  r e p la c in g  

p a r t i a l  hepa tec  teeny, the  method for th e ir  su rg ic a l procedure as a lready  

described. Thus the  groups were as follow s:

2 .8 .4 .1  Sham hypophysectcnty group (Group A)

A(l) Sham hypophysectomy, laparotom y and s a l in e  treatm ent (contro ls -  

Group 1 ).

A(2) Sham hypophysectcmy, laparotomy and PB treatm ent (Group 2 ).

A(3) Sham hypophysectany, 1/3 p o r ta l v e in  l ig a t io n  and s a l in e  treatm ent 

(Group 3 ).

A(4) Sham hypophysectomy, 1 /3  p o r t a l  v e in  l ig a t io n  and PB tre a tm e n t 

(Group 4).

A(5) Sham hypophysectomy, 2/3 p o r ta l  ve in  l ig a tio n  and sa lin e  treatm ent 

(Group 5).

A(6) Sham hypophysectomy, 2 /3  p o r t a l  v e in  l i g a t io n  and PB tre a tm e n t 

(Group 6).

2 .8 .4 .2  Hypophysectany group (Group B)

B(l) Hypophysectomy, laparotom y and s a l i n e  tre a tm e n t ( c o n tro ls  -  

Group 1 ) .

B(2) Hypophysectany, laparotomy and PB treatm ent (Group 2 ).

B(3) H ypophysectom y, 1 /3  p o r t a l  v e in  l i g a t i o n  and s a l i n e  tr e a tm en t  

(Group 3 ).

B(4) Hypophysectcmy, 1/3 p o r ta l  vein  l ig a tio n  and PB treatm ent (Group 4).
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B(5) H ypophysectom y, 2 /3  p o r t a l  v e in  l i g a t i o n  and  s a l i n e  t r e a tm e n t

(Group 5 ) .

B(6) Hypophysectany, 2 /3  p o r t a l  v e in  l i g a t i o n  and PB tre a tm e n t (Group 6).

For each an im al group th e  r e s u l t s  from  m acroscopic and m icroscop ic  

i n v e s t i g a t i o n s  w ere  r e c o r d e d  and  p re s e n te d  under th e  g e n e ra l  headings 

E f f e c t  on l i v e r  ( i )  R e l a t i v e  l i v e r  w e ig h t ,  ( i i )  R ig h t p o s t e r i o r  lo b e ,  

In v e s t ig a t io n s  o f  th e  r i g h t  p o s te r io r  lo b e ; M easurements used  to  r e f l e c t  

DNA s y n th e s is  and c e l l  p r o l i f e r a t i o n  a) Mean n u c le a r  a r e a ,  b) N uclear 

p l o i d y  c l a s s e s ,  c ) I n t e g r a t e d  m i c r o d e n s i t o m e t r y ,  d) M ito s e s ,  

D eterm ination  o f  c e l l  volum e, number o f  n u c le i /1 0  f i e l d s .

Taking th e  a p p ro p r ia te  t e s t  and c o n tro l  group from S e c tio n s  I I I  and 

IV  t h e  r e s u l t s  o f  a )  t h e  r e s p o n s e  by t h e  l i v e r  t o  1 /3  and  2 /3  p a r t i a l  

h e p a te c to m y  i n  i n t a c t  and  h y p o p h y sec to m ise d  r a t s  a r e  p r e s e n te d  in  

C hapter 3 , b) t h e  r e s p o n s e  by t h e  l i v e r  t o  PB t r e a tm e n t  in  i n t a c t  r a t s  

f o l l o w i n g  la p a ro to m y , 1 /3  o r  2 /3  p a r t i a l  h e p a te c to m y  i s  p r e s e n te d  in  

C hapter 4 , c) th e  response  by th e  l i v e r  t o  PB in  hypophysectan ised  r a t s  

f o l l o w i n g  la p a ro to m y , 1 /3  o r  2 /3  p a r t i a l  h e p a te c to m y  i s  p r e s e n te d  in  

C hapter 5 and  d) t h e  r e s p o n s e  by t h e  l i v e r  t o  1 /3  and  2 /3  p o r t a l  v e in  

l i g a t i o n  in  i n t a c t  and  h y p o p h y sec to m ise d  r a t s  and  th e  r e s p o n s e  t o  PB 

t r e a tm e n t  f o l l o w i n g  1 /3  o r  2 /3  p o r t a l  v e in  l i g a t i o n  in  i n t a c t  and  

hypophysectcm ised r a t s  i s  p re sen te d  in  C hapter 6 .

2 .9  S t a t i s t i c a l  methods

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  w as by m eans o f  n o n -p a ra m e tr ic  

methods. N on-param etric a n a ly s is  was s e le c te d  because th e  d a ta  d id  n o t 

m eet t h e  a s s u m p tio n s  i m p l i c i t  in  t h e  u s e  o f  p a r a m e t r ic  s t a t i s t i c a l  

te ch n iq u es . These assum ptions a r e  th a t ;
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a ) The d a ta  a r e  c o n t in u o u s .  Some o f  t h e  p r e s e n t  d a ta  a r e  o f  a 

d isco n tin u o u s  n a tu re , e .g . m i to t ic  index .

b) The d a ta  a re  n o rm a lly  d i s t r ib u te d .  Some o f th e  p re s e n t  d a ta  c o n s is t  

o f  r a t i o s ,  e .g . r e l a t i v e  l i v e r  w eigh t = l i v e r  w eight/body w eight. 

Data such as th e se  canno t be assumed to  be n o rm a lly  d is t r ib u te d .

The t e s t  employed was th e  W ilcoxon 2 s a n p le  t e s t  (synonymous w ith  

th e  W ilcoxon ran k  sum t e s t )  (Sokal and R o h lf , 1981? Itearson and H a rtle y , 

1976).

The t e s t s  w ere c a r r ie d  o u t a s  two t a i l e d  t e s t s .  C r i t i c a l  v a lu e s  fo r  

t h e  W ilcoxon  2 s a m p le  t e s t  w ere  ta k e n  from  T a b le  22 in  P e a rso n  and  

H a r t le y  (1976) and th e  d a ta  t e s t e d  a t  1% and 5% l e v e l s  o f  s ig n if ic a n c e . 

Where t h e  num bers o f  t h e  a n im a ls  in  th e  g ro u p s  t o  be com pared  w ere  

s m a l l ,  e .g . l e s s  th a n  6 com pared w i th  4 a n im a ls ,  t h e  g ro u p s  w ere  

a n a ly se d  a t  th e  5% l e v e l  b u t where g roups t o  be conpared  in c lu d e d  3 o r  

4 an im als th e se  cou ld  o n ly  be an aly sed  a t  th e  10% le v e l .

2 .10  V a lid i ty  o f  s u rg ic a l  p rocedures used  in  th e  s tu d y

2 .1 0 .1  V e r if ic a t io n  o f  hypophysectany

The e f f e c t  o f  hypophysectom y was c h ec k e d  f o r  e a c h  a n im a l w hich  

u n d e rw en t t h e  p ro c e d u re  th ro u g h o u t  t h e  e n t i r e  s tu d y .  The r e s u l t s  a r e  

t h e r e f o r e  p u b l i s h e d  in  A ppendix  I I ,  s u b s e c tio n  A II.1 , w ith  d e t a i l s  o f  

body, a d re n a l and t e s t i c u l a r  w eigh ts  d e sc r ib e d  f o r  P i l o t  Study I ,  I I  and 

th e  m a jo r  p a r t  o f  t h e  s tu d y  S e c t io n s  I I I  an d  IV . D e t a i l s  o f  w e ig h ts  

a l s o  appear fo r  each an im al p e r group and f o r  th e  mean group w eigh ts  in  

T ab les A1-A8.
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In summary the effect of hypophysectany was as follows:

( i ) Body w eight

I n  e s s e n c e  b o d y  w e i g h t  i n c r e a s e d  i n  1 0 1  o f  1 1 1  sh am  

h y p o p h y sec to m ise d  r a t s  and  re d u c e d  in  131 o f  133 h y p o p h y sec to m ise d  

a n im a ls ,  t h e  a l t e r a t i o n  w i th in  t h e  m a jo r i t y  o f  a n im a l g ro u p s  b e in g  

s ig n i f i c a n t  (p <0.05) by th e  end o f  th e  s tu d y  (28 days). This confirm ed 

o th e r  s tu d ie s  (Schulte-Hermann e t  a l . , 1977).

The m a jo r ity  o f  groups were homogenous in  t h a t  m ost groups showed 

s i m i l a r  i n i t i a l  an d  f i n a l  body w e ig h ts  and g a in e d  o r  l o s t  s i m i l a r  

amounts o f w eigh t d u ring  th e  s tudy  p e r io d .

( i i )  A drenal w eigh t

A l l  133 hypophysectonised  r a t s  showed a  re d u c tio n  in  a d re n a l w eigh t 

com pared  w i th  t h e  111 sham h y p o p h y sec to m ise d  a n im a ls  i n d i c a t i n g  t h e  

ex pec ted  a tro p h y  fo llo w in g  hypophysectcmy.

( i i i )  T e s t ic u la r  w eight

At th e  end o f  th e  study p e rio d  t e s t i c u l a r  w eigh t was reduced  in  a l l  

133 h y p o p h y s e c t o m i s e d  a n i m a l s  c o m p a r e d  w i t h  t h e  1 1 1  sh a m  

hypophysectcm ised an im a ls  confirm ing  t h a t  renova 1 o f  th e  p i t u i t a r y  le a d s  

to  t e s t i c u l a r  a tro p h y  (9m ith, 1930).

P h e n o b a rb ito n e  t r e a tm e n t ,  p a r t i a l  h ep a tec to m y  o r  p o r t a l  v e in  

l i g a t i o n  d id  n o t  e f f e c t  any  o f  t h e s e  r e s p o n s e s  by t h e  a n im a ls  t o  

hypophysectany, when s t a t i s t i c a l l y  a n a ly se d  using  th e  W ilcoxon 2 s a n p le  

t e s t .
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2 .1 0 .2  V e r i f ic a t io n  o f  response  by th e  l i v e r  to  PB tre a tm e n t in  i n t a c t  
and hypophysectan ised  r a t s  -  P i l o t  S tudy I

D e ta i l s  o f  r e s u l t s  appear in  Appendix I I ,  s u b se c tio n  A II.2 , b u t in  

summary:

2 .1 0 .2 .1  Sham hypophysectanised  an im als

PB t r e a tm e n t  in  i n t a c t  a n im a ls  in d u c e d  a  s i g n i f i c a n t  i n c r e a s e  in  

mean r e l a t i v e  l i v e r  w e ig h t, mean e s tim a te d  c e l l  volum e and nunber o f  

m i to s e s  p e r  1 ,000  c e l l s  com pared  w i th  t h e  c o n t r o l  a n im a ls .  T h is  

in d ic a te d  th a t  l i v e r  en largem ent i s  th e  r e s u l t  o f  a  c o n tr ib u t io n  by bo th  

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

(Sc hu I t  e-Hermann, 1974).

2 .1 0 .2 .2  Hypophysectcmised an im als

In  c o n tr a s t  fo llo w in g  hypophysectomy r e l a t i v e  l i v e r  w eigh t and mean 

e s t im a te d  c e l l  v o lu m e  a r e  s i g n i f i c a n t l y  re d u c e d  com pared  w i th  sham 

hypophysectom y c o n t r o l s ,  w h ich  in d ic a te s  t h a t  hypophysectcmy le a d s  t o  

l i v e r  a tro p h y . However fo llo w in g  PB tre a tm e n t th e r e  i s  a  s ig n i f i c a n t  

in c re a s e  in  mean r e l a t i v e  l i v e r  w eigh t and mean e s tim a te d  c e l l  volume 

b u t no in c re a se  in  m ito ses  in  c o n tr a s t  w ith  th e  hypophysectomy c o n tr o ls .  

T h is  s u g g e s te d  t h a t  t h e  in d u c t io n  o f  l i v e r  e n la r g e m e n t  by PB in  

h y p o p h y sec to m ise d  a n im a ls  i s  t h e  r e s u l t  o f  c e l l  h y p e r tro p h y  a lo n e .  

T h ese  f i n d i n g s  a r e  c o n s i s t e n t  w ith  th o s e  o f  S c h u lte -H e rm a n n  e t  a l .  

(1977).

Exam ination o f  th e  r i g h t  p o s te r io r  lo b e  shewed t h a t  th e  e f f e c t  o f  

t r e a tm e n t  w i th  PB f o r  12 d ay s  was s i m i l a r  to  t h a t  a f t e r  8 d ay s  a s  

e s t im a te d  by c h a n g e s  in  t h e  mean e s t im a te d  c e l l  vo lu m e an d  num ber o f  

m i t o s e s  p e r  1 ,0 0 0  c e l l s  e i t h e r  i n  sham  h y p o p h y s e c to m is e d  o r  

h y p o p h y sec to m ise d  a n im a ls .  T h e re fo re  t h e  8 day  PB t r e a tm e n t  reg im en
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d e s c r ib e d  by Sc hu I t  e-H erm ann e t  a l .  (1977) was f o l l o w e d  in  a l l  

subsequen t ex p e rim en ts .

2 .1 0 .3  The e f f e c t  o f  p a r t i a l  h ep a tec tan y  -  P i l o t  Study I I

D e ta i l s  o f  r e s u l t s  appear in  Appendix I I ,  su b se c tio n  A II.3 , b u t in  

suim ary:

2 .1 0 .3 .1  Sham hypophysectan ised  anim als

By 21 days p o s t-h e p a te c ta n y  th e re  was no s ig n i f i c a n t  d if f e r e n c e  in  

t h e  mean r e l a t i v e  l i v e r  w e ig h t in  G roup 2 com pared w i th  Group 1 

c o n t r o l s ,  i n d i c a t i n g  t h a t  th e  c o m p en sa to ry  h y p e r p l a s i a  w h ich  had 

o ccu rred  in  th e  l i v e r  rem nant had r e s to re d  th e  l i v e r  to  c o n tro l  v a lu e s .

F o l lo w in g  o n e - t h i r d  p a r t i a l  h e p a te c to m y  t h e r e  w as a  s i g n i f i c a n t  

i n c r e a s e  in  t h e  r e l a t i v e  w e ig h t o f  t h e  r i g h t  p o s t e r i o r  lo b e  by 39.52% 

com pared  w i th  c o n t r o l s  i n d i c a t i n g  some c o m p en sa to ry  g ro w th  h a s  ta k e n  

p l a c e  f o l l o w in g  h e p a te c to m y . The mean e s t im a te d  c e l l  v o lu m es  and  

m ito se s  p e r  1,000 c e l l s  w ere 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  conpared  w ith  

c o n t r o l s .

I t  would appear th e re fo re  frcm  t h i s  s m a ll  p re lim in a ry  s tu d y  t h a t  in  

th e  sham hypophysectomy a n im a ls , fo llo w in g  p a r t i a l  hepatectom y th e  c e l l s  

h a v e  r e v e r t e d  t o  t h e  s i z e  o f  t h e  c o n t r o l s ,  t h i s  b e in g  s i m i l a r  t o  

p re v io u s  d e s c r ip t io n s  (Bucher, 1963). F o llow ing  p a r t i a l  hepatectom y th e  

p eak  o f  m i t o t i c  a c t i v i t y  o c c u r s  b e tw een  28 h o u rs  and  3 d a y s , f a l l i n g  

away d u r in g  t h e  n e x t  few  days (B rues and  M a rb le , 1937; Jo h n so n  and  

A l b e r t ,  1952; H a rk n e s s , 1957; W ein b ren , 1959; B u ch e r, 1 963 ). In  

Group 2, t h e  m i t o t i c  in d e x  by 21 d ays p o s t-h e p a te c to m y  was s i m i l a r  t o  

c o n t r o l  an im a ls . This su g g ested  t h a t  th e  m ito t ic  a c t i v i t y  had faded , 

c o n s is te n t  w ith  p re v io u s  f in d in g s .
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The response by th e  l i v e r  to  p a r t ia l  hepatectcmy i s  c o n s is te n t  and 

e n t ir e ly  independent o f  any other e f f e c t s  such as a n a e s th e tic s  a s  th e se  

ch a n g es d id  n o t occur in  sham h yp op h ysectom ised  a n im a ls  in  w hich  a 

laparotany was performed. Ebcd did not in flu en ce  th e  response e ith e r  as  

a l l  animals were fed  ad lib itu m  p r io r  to  a l l  o p era tion s.

2 .10 .3 .2  Hypophysectomised animals

Hypophysectcmy r e su lte d  in  l i v e r  atrophy confirm ed by a s ig n if ic a n t  

r e d u c t io n  in  th e  r e l a t i v e  l i v e r  w e ig h t ,  r e l a t i v e  w e ig h t  o f  th e  r ig h t  

p o s t e r io r  lo b e  and r e d u c t io n  in  c e l l  v o lu m es com pared w ith  in t a c t  

anim als. There was no a lt e r a t io n  in  th e  number o f m itoses corrpared w ith  

in ta c t  c o n tr o ls . These r e s u lt s  again were c o n s is te n t  w ith  other authors 

(Schulte-Hermann e t  a l . f 1977).

Hypophysectany in th is  study did  not a l t e r  the con tribu tion  made by 

each  lo b e  to  th e  w hole l i v e r  w eigh t. Hypophysectomy d id  n o t p re v e n t 

re sp o n se  by th e  l i v e r  to  a s tim u lu s  such a s  p a r t i a l  hepatectom y and 

conpensatory growth occurred as ind icated  by the increase  in  r e la t iv e  

and abso lu te  weights of the  r ig h t  p o s te rio r lobes in  Group 2 corpared 

with co n tro ls . However by 21 days re s to ra tio n  was incom plete, the  mean 

r e l a t iv e  l iv e r  weight being on ly  74.87% o f co n tro l v a lu e . There was a 

s ig n if ic a n t increase in  mean estim ated c e l l  volume by 43.35%, ind ica ting  

hypertrophy  o f  th e  c e l l s  o f th e  r i g h t  p o s te r io r  lo b e  b u t th e r e  was no 

d e tec tab le  hyperplasia  conpared w ith hypophysectomy c o n tro ls . However 

th e  mean estim ated c e l l  volumes in hypophysectomised Group 2 were s t i l l  

s ig n if ic a n tly  sm aller in  comparison w ith sham hypophysectcmised co n tro ls  

(A Group 1) which in d ic a te d  t h a t  a tro p h y  had been induced fo llo w in g  

hypophysectomy and was s t i l l  d e te c ta b le  even fo llo w in g  p a r t i a l  

hepatectomy in  corparison to  the  in ta c t  con tro ls.
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The inccnp le te  re s to ra tio n  of the l i v e r  compared w ith con tro ls  was 

s im ila r  to  th a t  found by Schulte-Hermann and h is  co lleagues (1977) when 

fo llow ing 1/3 o r 2/3 p a r t i a l  hepatectany they found th a t  only 70-80% of 

th e  l i v e r  was r e s to re d  in  hypophysectom ised r a t s  by 20 days p o s t -  

hepatectcnry. This they associated  to  a reduced func tiona l load in  the  

l i v e r ,  in  p a r t  due t o  c e s s a t io n  o f body growth and d im in ished  food 

requirements (Schulte-Hermann e t  a l . ,  1977).
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CHAPTER 3

MICROSCOPIC EVALUATION OF ENA SYNTHESIS

3.1 The response by the  l iv e r  to  p a r t ia l  hepatectomy

The r e s u l t s  presented  here a re  to  confirm  th a t  th e  methods used in  

t h i s  s tu d y  r e f l e c t  ch a n ges in  DNA s y n t h e s i s  known t o  occu r  f o l lo w in g  

p a r t i a l  hep atectom y both  in  i n t a c t  and  h y p o p h y s e c to m is e d  r a t s  

(Harkness, 1957; weinbren, 1959? Bucher, 1963? Geschwind e t  a l . ,  1958; 

Schulte-Hermann e t  a l . ,  1977). These r e s u l t s  a l s o  confirm  th a t  changes 

in  mean n u c lea r  area and d is tr ib u t io n  o f  n u clear  s iz e  on th e  histogram s 

(F ig . 3.1) r e f l e c t  a s h i f t  in  p loicty and th a t th ese  are s u ita b le  methods 

t o  d e t e c t  i n c r e a s e s  in  DNA c o n t e n t  in  su b se q u e n t  e x p e r im e n ta l  

procedures. Measurements used t o  r e f l e c t  th e  ad ap tive growth response by 

the  l iv e r  and c e l lu l a r  enlargement are  a ls o  included and the  r e s u l ts  

a re  d isc u sse d  in  C hapter 7. The r e le v a n t  groups in v e s t ig a te d  and 

re p o r te d  h e re , form p a r t  o f S e c tio n  I I I  d e sc r ib e d  in  th e  M a te r ia l  and 

Methods subsec tion  2.8.3.

For d e ta i l s  o f the  r e s u l ts  fo r  in d iv id u a l animals from each group 

se e  T ab les  3.1 and 3.2, and f o r  a summary o f th e  group means T ab le  3.3. 

The mean percentage con tribu tion  each l iv e r  lobe made to  the l i v e r  as a 

w h o le  f o l lo w in g  1 /3  o r  2 /3  p a r t i a l  h ep a tec to m y  in  i n t a c t  and  

hypophysectomised r a t s  i s  expressed in  Figure 3.3 D e ta ils  of the  mean 

nuclear a rea  (urn ) and mean number o f n u c le i/10 f i e ld s  fo r each animal 

in v es tig a ted  per group using th e  Quantimet 720 image analyser are given 

in  Table 3.4 and a summary of the  mean percentage d is tr ib u tio n  of n u c le i 

in to  p lo id y  c la s s e s  p e r  group i s  g iv en  in  T ab le  3.5. H istogram s 

demonstrating the  mean percentage d is tr ib u tio n  of nuc le i in to  5 um  ̂ s ize  

ranges from 10-100 which s e p a ra te  th e  n u c le i  in to  p lo id y  c la s s e s  fo r
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each group a re  p re s e n te d  in  F igure  3.1. R e su lts  of th e  in te g ra te d  

m icro d en sito m etry  in v e s t ig a t io n s  a r e  a l s o  p resen ted  in  Table 3.6 and 

h is to g ram s o f p e rc en ta g e  d i s t r ib u t io n  o f  n u c le i  f o r  g iv en  in te g ra te d  

d e n s i ty  (A.U.) shown in  F ig u re  3.2.

3 .1 .1  Sham hypophysectany group (Group A)

3 .1 .1 .1  Sham hypophysectany, laparatony, s a lin e  treatm ent (G on tro ls -  
Group 1)

E ffe c t  on l iv e r

( i )  R e la t iv e  l i v e r  w eight

The mean r e l a t i v e  l i v e r  w eigh t in  th e  sham hypophysectomy 

laparotomy sa lin e  tre a te d  animals was 3.35% (SD + 0.09, n = 6) .

The l e f t  l a t e r a l  lo b e  c o n tr ib u te d  fcy a mean 32.46% (SD +2.20, 

n = 6) th e  median lo b e  fcy a mean 31.80% (SD +0.87, n = 6) th e  r ig h t  

p o s te r io r  by a mean 25.36% (SD +2.37,n = 6) and th e  cau d a te  lo b e  by a 

mean of 10.38% (SD +1.62, n = 6).

( i i )  R ight p o s te r io r  lob e

The mean r e l a t i v e  w eight o f th e  r i g h t  p o s te r io r  lo b e  was 0.85% 

(SD +0.07, n = 6) and by com parison o f t h i s  lo b e  w ith  th e  R.P. lo b e  in  

o ther study groups ind icated  whether th e re  was a response fcy th e  l iv e r  

fo llow ing hypophysectomy, hepatectcmy, PB treatm ent o r  combinations of 

these  procedures. Adaptive l iv e r  growth detected in  th is  lobe may be 

th e  r e s u l t  o f c e l l  hypertrophy, c e l l  re p lic a tio n  o r a mixture o f both.

In v e s tig a tio n  o f  th e  r ig h t  p o ste r io r  lo b e

Measurements used to  r e f l e c t  DNA sy n th e s is  and c e l l  p r o life r a t io n  

a) Mean nuclear area

The mean nuclear area  was 42.13 um  ̂ (SD + 3.13, n = 5).
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b) Nuclear p loidy c lasses

57.8% o f  n u c le i  were in  th e  2n p lo id y  c la s s e s  and 42.2% in  th e  4n 

and above p lo idy  c la sse s .

c) M itoses

The mean number o f m itoses per 1,000 c e l l s  in  th e  r ig h t  p o s te rio r 

lo b e s  was a l s o  c a lc u la t e d  and w ith in  t h i s  c o n tr o l  group th e s e  were 

bare ly  detected , th e  mean number being 0.1081 (SD +0.12, n = 6).

Determination of c e l l  volume

The mean e s tim a te d  c e l l  volume in  th e  sham hypophysectom ised 

laparotomy s a l in e  tre a te d  anim als was 6.60 x 10“^ mrn̂  (SD +0.27, n = 6). 

In c re a se s  w ith in  th e  study  groups compared w ith  th e  mean c o n tro ls  

indicated  c e l l  hypertrophy w hile a decrease ind icated  c e l lu l a r  atrophy.

Number of nuclei/10 f ie ld s

The mean number o f n u c le i  p e r  10 f i e l d s  was 418.0 (SD +11.24, 

n = 5).

3 .1 .1 .2  Sham hypophysectom y 1 /3  p a r t i a l  hepatectom y and s a l in e  
treatm ent (Group 3) ccmpared with Group 1

Following 1/3 p a r t i a l  hepatectcmy by 21 days the  mass of th e  l iv e r  

rem nant was s im i la r  to  c o n tr o ls  (3.44%, SD +0.35 compared w ith  3.35%, 

SD +0.09) in d ic a t in g  t h a t  l i v e r  growth had re p la c e d  th e  l i v e r  t i s s u e  

removed du rin g  hepatectom y. There was c l e a r  en largem en t in  th e  

r i g h t  p o s te r io r  lo b e  (R.P. 42.98% in s te a d  o f  25.36%, p <0.01) w ith  a 

r e l a t i v e  w eight o f th e  R.P. 1.48% v s . 0.85% (p <0.01), a 74.59% in c re a s e  

compared with c o n tro ls .

There was an in c re a s e  in  th e  number o f 4n and above p lo id y  c l a s s  

n u c le i (59.2% vs. 42.2%, p <0.01) but the  mean nuclear a rea  was s im ila r
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to  c o n tr o l s  (43.72 um2, SD +2.57 v s . 42.13 um2 , SD +3.13). V arious 

p o s s ib le  reaso n s  f o r  t h i s  d isc rep an cy  a re  d isc u sse d  in  d e t a i l  in  

Chapter 7. The most l ik e ly  explanation however i s  th a t  there  was some 

v a r ia b i l i ty  noted in  the mean nuclear area of in d iv id u a l animals w ithin 

th e  c o n tro l  group. This would r e s u l t  in  a "group mean" v a lu e  f o r  

Group 1 c lo se  to  th a t  obtained fo llow ing p a r t i a l  hepatectany, instead  of 

being s n a l le r  in  value . This would mask any r e a l  change in  nuclear s iz e  

which may have tak en  p la c e . T his p o s s ib le  e x p la n a tio n  i s  d isc u sse d  

fu rth er in  Chapter 7. There was no s ig n if ic a n t d ifference in th e  number 

o f  m ito ses compared w ith  c o n tr o ls  (0.2380, SD +0.08 v s . 0.1081, 

SD +0.12) as expected by 21 days post-hepatectony (Bucher, 1963).

E stim ated  c e l l  volume was s im i la r  to  c o n tr o ls  (6.33 x 10”^ mm ,̂ 

SD +0.21 vs. 6.60 x 10“^ mrrr*, SD +0.27) but th e re  were fewer n u c le i per 

10 f i e ld s  (376.2 vs. 418.0, p <0.01) conpared with Group 1. This l a t t e r  

o b se rv a tio n  i s  most l i k e l y  th e  r e s u l t  o f  a re d u c tio n  in  th e  number o f 

b inuclea te  c e l l s ,  which is  known to  occur follow ing p a r t ia l  hepatectomy 

(Sulkin, 1943? Bucher, 1963).

3 .1 .1 .3  Sham hypophysectomy 2/3 p a r t i a l  hepactectom y and s a l in e  
treatm ent (Group 5) ccmpared with Group 1

A fter 2/3 p a r t i a l  hepatectany th e re  was obvious enlargement of the 

r i g h t  p o s te r io r  lo b e  (R.P. 75.28% v s . 25.36%, p <0.01) w ith  a r e l a t i v e  

w eight o f  th e  R.P. 1.80% in s te a d  o f  0.85% (p <0.01), a  112.5% in c re a s e  

compared w ith c o n tro ls . The t o ta l  l i v e r  only reached 77.91% of co n tro ls  

(2.4% v s . 3.35%, p >0.01), 21 days post-hepatectcmy.

There was an increase in the number o f 4n and above ploicty c la sse s  

(63.2% v s . 42.2%, p <0.01) b u t no s ig n i f i c a n t  d if f e re n c e  in  th e  mean 

nuclear a rea  conpared with c o n tro ls  (44.64 urn2, SD +2.71 vs. 42J.3 mm2,
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SD +3.13). This discrepancy i s  s im ila r to  th a t  described fo llow ing 1/3 

p a r t i a l  hepatectcny (subsection 3JL.1.2) and i s  discussed in  more d e ta i l  

in  C hapter 7. M itoses were s im i la r  to  c o n tr o ls  (0.1194, SD +0.13 v s . 

0.1081, SD +0.12).

E stim ated  c e l l  volume was e n la rg e d  (7.50 um  ̂ x 10” ^ mm̂  v s.

6.60 x 10"^ mm^, p <0.01), a 13.66% in c re a se  compared w ith  c o n tr o ls .

The mean number o f n u c le i  p e r  10 f i e l d s  were s i g n i f i c a n t l y  reduced

(345.6 v s . 418.0 c o n t r o l s ,  p <0.01), t h i s  e f f e c t  most l i k e l y  seenA
because the  c e lls  were enlarged.

3 .1 .1 .4  Sum m ary: E f f e c t  o f  p a r t i a l  h e p a te c to m y  in  sham
hypophysectcxnised animals

These r e s u l ts  confirm th e  response by th e  l i v e r  fo llow ing 1/3 or 

2/3 p a r t i a l  hepatectcmy reported  in other s tu d ies  (Harkness, 1957; Ieong 

e t  a l . ,  1959, W einbren, 1959? Bucher, 1963). The s h i f t  in  p lo id y  from 

2n to  4n and above c la s s e s  compared w ith  c o n tr o ls  dem onstra ted  h e re , 

confirmed th a t  fo llow ing p a r t i a l  hepatectomy DNA synthesis i s  induced 

(Sulkin, 1943? A lfe r t  and Geschwind, 1958; Bucher, 1963? Schulte-Bfermann 

e t  a l . ,  1977). Neither sham hypophysectcmy nor laparotomy a ffec ted  th is  

response.

3 .1 .2  Hypophysectcmy group (Group B)

Following hypophysectany the  body weights, adrenal and te s t ic u la r  

weights were reduced coirpared with the sham hypophysectcmised laparotomy 

s a l i n e  t r e a t e d  c o n t r o l s  (as  a l r e a d y  d e s c r ib e d ) ,  v e r i f y i n g  

hypophys ectomy.
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3 .1 .2 .1  Hypophysectomy, laparotom y and s a l in e  tre a tm e n t (C o n tro ls  -  
Group 1)

E ffec t on l iv e r

( i ) R e la tiv e  l iv e r  weight

At th e  end o f th e  28 day study  th e  mean r e l a t i v e  l i v e r  w eight in  

Group 1 was 2.97% (SD +0.01, n = 6). This was s i g n i f i c a n t l y  reduced 

(p <0.01) by 11.46% compared with a mean r e l a t iv e  l iv e r  weight of 3.35% 

(SD +0.09, n = 6) in  the  sham hypqphysectomised co n tro ls .

The mean percentage contributed by the l e f t  l a t e r a l  lobe was 30.85% 

(SD +1.07, n = 6) , th e  median lo b e  32.75% (SD +1.99, n = 6) , th e  r i g h t  

p o s te r io r  lo b e  27.22% (SD +2.73, n = 6) and th e  caudate  lo b e  9.18% 

(SD +1.64, n = 6). This d is tr ib u tio n  was s im ila r to  the  d is tr ib u tio n  in  

the  sham hypophysectcmised con tro ls .

( i i)  Right p o ste rio r lobe

F o llow ing  hypophysectomy th e  mean r e l a t i v e  w eigh t o f  th e  r i g h t  

p o s te rio r  lobe was 0.81% (SD +0J.0, n = 6). This was not s ig n if ic a n tly  

d if fe re n t  frcm the  mean r e l a t iv e  weight o f the  r ig h t  p o s te rio r  lobe in 

th e  sham hypophysectom ised c o n tr o ls  (0.85% (SD +0.07, n = 6)). This 

discrepancy may be re la te d  to  d ifferences in  the  amount o f handling of 

th e  l i v e r  lo b es  du ring  th e  laparotom y and i s  d isc u sse d  fu r th e r  in  

Chapter 7. However th e re  was a s ig n if ic a n t reduction (p <0.01) in  mean 

abso lu te  weight of the  r ig h t p o s te rio r lobe in the  Group 1 coirpared w ith 

th e  sham hypophysectom ised c o n tr o l s ,  th e  mean values being 1.28 grams 

(SD +0.11, n = 6) and 2.10 grams (SD +0.17, n = 6) r e s p e c t iv e ly ,  

ind ica ting  th a t follow ing hypophysectomy c e l lu l a r  atrophy occurs w ithin 

the hepatocytes of the r ig h t  p o ste rio r lobe.
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In v e s t ig a t io n  o f  th e  r ig h t  p o ster io r  lo b e

Measurements used to  r e f l e c t  DNA sy n th e s is  and c e l l  p r o life r a t io n

a) Mean nuclear area

The mean nuclear a rea  fo r  Group 1 was 31.43 um  ̂ (SD + 2.40, n = 6). 

T h is  was s i g n i f i c a n t l y  s m a l l e r  (p <0.01) com pared w ith  sham 

hypophysectomy co n tro ls  (42.13 um^, SD + 3.13, n = 5).

b) Nuclear p lo id y  c la s s e s

There were 84.33% o f n u c le i in  the  2n p lo idy  c la s se s  and 15.67% in  

th e  4n and above p lo idy  c la sses  in  Group 1. The d is tr ib u tio n  in  p lo idy  

c la s s e s  was s ig n i f i c a n t l y  d i f f e r e n t  (p <0.01) compared w ith  sham 

hypophysectcmised co n tro ls  (57.8% v s  42.2%).

c ) In te g ra te d  m icrodens ito m e try

In  Group 1 (c o n tro ls )  92.4% o f hepatocy te  n u c le i  had v a lu e s  o f 

in teg rated  density  ranging from 0-5 (A.U.) with a peak occurring betvreen 

v a lu e s  3-4 (A.U.). These v a lu e s  c o r r e la te d  w ith  n u c le i  o f 2n p lo id y  

c la sse s . 7.6% of hepatocytes showed in tegrated  density  values of 5.0-

7.5 (A.U.). These va lues corresponded to  nu c le i of 4n and above p lo idy  

c la s se s .

d) Mitoses

The mean nunber of m itoses per 1,000 c e l l s  in  the  r ig h t  p o ste rio r 

lo b e s  in  th e  hyophysectom ised laparotom y s a l in e  t r e a te d  c o n tr o ls  a t  

28 days was 0.0151 (SD + 0.03, n = 6). T h is was s im i la r  to  t h a t  found 

in  the  sham hypophysecteeny co n tro ls  (0.1081 SD + 0.12, n = 6).

Determination of c e l l  volume

At th e  end o f th e  28 day study  th e  mean e s tim a te d  c e l l  volume in  

th e  r i g h t  p o s te r io r  lo b e s  o f Group 1 was 2.78 x 10” ^ mm̂  (SD +0.16,
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n = 6) which was s ig n i f i c a n t l y  reduced (p <0.01) compared w ith  6.60 x 

10”^ mm̂  (SD +0.27, n = 6) in  th e  sham hypophysectomy c o n tr o l s .  This 

was a re d u c tio n  by 57.8% and confirm s th a t  c e l l u l a r  a trophy  occurs 

fo llow ing  hypophysectany.

Mean number of nuclei/10 f ie ld s

The mean number o f n u c le i  p e r  10 f i e l d s  was 656.8 (SD + 19.5, 

n = 6). There were s i g n i f i c a n t l y  more (p <0.01) compared w ith  418.0 

(SD + 11.2, n = 5) in  the  sham hypophysectany co n tro ls .

3 .1 .2 .2  Hypophy sec  tomy 1/3  p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 
(Group 3) compared with Group 1

A fter 1/3 p a r t ia l  hepatectomy by 21 days the  l iv e r  remnant achieved 

c o n tro l  v a lu e s  (2.94% SD +0.19 v s . 2.97% SD +0.01 c o n tro l)  w ith  c l e a r  

enlargement in the  r ig h t  p o s te rio r lobe (R.P. 42.41% instead  of 27.22%, 

p <0.01) w ith  th e  r e l a t i v e  w eigh t o f  th e  R.P. 1.25% compared w ith  0.81% 

(co n tro ls , p <0.01), an increase fcy 54.7%.

In th e  R.P. lo b e  n u c le i  showed an in c re a sed  mean n u c le a r  a re a  

(38.63 um  ̂ v s . 31.44 um  ̂ c o n t r o l s ,  p <0.01), in c re a se d  in c id en c e  o f 4n 

and above p lo idy  c la s s  nuc le i (42.5% vs. 15.67% c o n tro l, p <0.01) but no 

s ig n i f i c a n t  d if f e re n c e  in  m ito t ic  index  (0.0183 SD +0.04 v s . 0.0151 

SD+0.03, c o n tro l) .

E stim ated  c e l l  volume was a l s o  e n la rg e d  (3.63 x 10”  ̂ mm̂  v s . 

2.78 x 10”^ mm^, p <0.01, an in c re a s e  by 30.51%) and th e  mean number of 

nuclei/10 f i e l d s  were s ig n i f i c a n t ly  few er (533.3 v s . 656.8, p <0.01) 

com pared  w ith  c o n t r o l s .  However when com pared w ith  sham 

hypophysectom ised c o n tr o l s ,  c e l l  volum es were s ig n if ic a n tly  sm alle r

(p <0.01) .
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3 .1 .2 .3  Hypophysectomy 2/3 p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 
(Group 5) compared with Group 1

A fte r  2 /3  p a r t i a l  hepatectom y th e  rem nant in c re a s e d  in  mass (R.P. 

1.67% r e la t iv e  weight vs. 0.81% (p <0.01) a 106% increase  compared with 

c o n tro ls )  w ith  obv ious en largem en t in  th e  r i g h t  p o s te r io r  lo b e  (R.P. 

75.5% in s te a d  o f 27.2% c o n tr o l s ,  p <0.01). However by 21 days th e  

conpensatory growth did not achieve the  r e la t iv e  weight of the  in ta c t  

l i v e r  in hypophysectcmised r a ts  (2.22% instead  o f 2.97%, p <0.01) t o t a l  

l i v e r  being equ ivalen t to  74.84% of th a t  of co n tro ls .

The mean nuclear a rea  was increased (38.17 urn instead  of 31.44 urrr 

c o n tro ls , p <0.01) and a la rg e r percentage of n u c le i f e l l  in  th e  4n and 

above p lo id y  c la s s e s  (39.13% v s . 15.67% c o n tro l, p <0.01). In teg ra ted  

m icrodensitom etry  d em onstra ted  t h a t  81.3 4% o f  n u c l e i  e x h ib i t e d  

in teg ra ted  density  va lues corresponding to  4n and above p lo idy  c la sse s , 

th e  h istog ram s dem onstra ting  peaks a t  5.5-6.0 (A.U.) and 8.5-9.0 (A.U.), 

t h i s  re p re s e n tin g  a 970.3% in c re a s e  (p <0.05) compared w ith  c o n tro ls .  

M ito tic  index was s im i la r  to  c o n tr o ls  (0.0612 SD+0.07 v s . 0.0151 

SD jH) .04).

The c e l l s  o f th e  R.P. lo b e  were 60.4% la r g e r  th an  c o n tro ls  (mean 

estim ated volume 5J.0 x 10”^ nm  ̂ vs. 2.78 x 10“^ mnr*, p <0.01) but 22.6% 

sm alle r (p <0.01) compared with sham hypophysectcmy co n tro ls  (6.60 x 10” 

 ̂ mrn̂ ). ffewer nuc le i/10  f i e ld s  (440.1 vs. 656.8 co n tro l) re f le c te d  th is  

increase in c e l l  s ize .

3 .1 .2 .4  Summary: E f fe c t  o f p a r t i a l  hepatectom y in  hypophysectom ised 
animals

The e ffe c t of hypophysectamy is  a s ig n if ic a n t reduction in  r e la t iv e  

l i v e r  w e ig h t, a b s o lu te  r i g h t  p o s te r io r  w eight and re d u c tio n  in  c e l l
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s i z e ,  in d ic a tin g  l i v e r  atrophy and a reduced in cid en ce  o f  h igher p lo id y  

n u c l e i  a lo n g  w ith  red u ced  mean n u c le a r  a r e a  compared w ith  in t a c t  

c o n tr o ls .  The number o f m ito ses were b a re ly  p e r c e p tib le . These changes 

co n firm  o th e r  s t u d ie s  (D o lja n sk i and N ov o g ro tzk y , 1959? A l f e r t  and 

Geschwind, 1958; Brues and M arble, 1937).

F o llo w in g  1 /3  and 2/3 p a r t i a l  hepatectom y an in c r e a s e  in  DNA 

sy n th e s is  in  th e se  hypophysectomised r a ts  was confirmed by an increased  

mean n u c lea r  area and a s h i f t  towards p o ly p lo id y , th e  l a t t e r  confirm ing  

oth er  s tu d ie s  (Geschwind e t  a l . ,  1958? D oljansk i and Novogrotzky, 1959? 

Schulte-Hermann e t  a l . ,  1977).

The r e s u l ts  confirm th a t  the  Quantimet 720 image analysing  computer 

(Cambridge In stru m en ts  L td ., Royston, H erts .) and th e  M85 scann ing  

m icrodensitaneter (both of which d e tec t s h if ts  in nuclear ploidy) may be 

used to  d e te c t  th e  in d u c tio n  o f DNA s y n th e s is  fo llo w in g  p a r t i a l  

hepatectom y bo th  in  i n t a c t  and hypophysectom ised r a t s .  Changes in  

nuc lear area  and s h i f t s  in  ploitty are  appropriate measurements to  use in  

th i s  study to  r e f le c t  DNA synthesis.
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Table 3.1 Section III - Sham hypophysectcnry group
% Rt

Rat
no.

At s t a r t  At end
to ta l  body to ta l  body Liver
vt(grams) wt(grams) wt(grams)

post
% l iv e r /  lobe/ 
body wt body wt LL

Liver
ML RP

Adrenals 
CL (grains)

Tastes
(grams)

No.mitoses 
/1000 c e l ls

N o.cells 
/  10 P

C ell vol 
xl0~nirr

Al - Sham hYPOphvsectaw, laparotany and sa lin e
HO 205 235 vTff 3.34 1)78510 2.57 2.50 2.0 0.78 0.04 2.68 0.0 617 6.52

32.74% 31.85% 25.48% 9.94%
HU 200 250 8.14 3.26 0.952 2.42 2.50 2.38 0.84 0.04 3.05 0.0 604 6.73

29.73% 30.71% 29.24% 10.32%
H19 160 240 8.31 3.46 0.900 2.50 2.75 2.16 0.90 0.04 2.92 0.1569 637 6.22

30.08% 33.09% 25.99% 10.83%
H20 210 270 9.29 3.44 0.829 3.29 3.0 2.24 0.76 0.04 2.80 0.1715 583 7.10

35.41% 32.29% 24.11% 8.18%
H21 210 265 8.59 3.24 0.713 2.91 2.66 1.89 1.13 0.04 2.84 0.3205 624 6.41

33.88% 30.97% 22.0% 13.15%
H22 175 230 7.69 3.34 0.847 2.53 2.45 1.95 0.76 0.04 2.58 0.0 612 6.60

32.9% 31.86% 25.36% 9.88%

A2 -  
hT?~

Sham hvpophysectcmv, 
2T0 535

laparotany and PB 
"5781“ 1.28 3.81 3.67 3.01 0.81 0.045 2.82 0.9333 560 7.54

33.72% 32.48% 26.64% 7.17%
H18 205 250 10.65 4.26 1.09 3.28 3.79 2.74 0.84 0.04 4.0 0.7380 542 7.92

30.8% 35.59% 25.73% 7.89%
H23 150 185 8.44 4.56 1.14 2.85 2.90 2.10 0.59 0.04 3.29 ' 0.5586 537 8.03

33.77% 34.36% 34.88% 6.99%
H24 160 230 9.29 4.04 1.16 2.93 2.83 2.67 0.86 0.04 2.82 0.5555 540 7.96

31.54% 30.46% 28.74% 9.26%
U25 175 225 10.12 4.50 1.05 3.25 3.46 2.36 . 1.05 0.04 3.03 0.7590 527 8.26

32.11% 34.19% 23.32% 10.38%
H28 200 235 10.88 4.63 1.25 3.65 3.48 2.95 0.8 0.04 3.00 0.5555 540 7.96

33.55% 31.99% 27.11% 7.35%

•3B Sham hypophysectany,
130 260

1/3 hepatectany and sa lin e  
9T7T" 3TT3 1751— 4.25 4.19 1.27 0.04 3.72 0.1658 603 6.75

H4
43.76% 43.15% 13.09%

150 220 8.06 3.66 1.64 3.78 3.61 0.67 0.03 3.17 0.3194 626 6.38
46.89% 44.78% 8.31% '

H5 160 240 9.27 3.86 1.75 4.14 4.20 0.93 0.03 2.78 0.3164 632 6.29

H3
44.66% 45.3% 10.03%

220 260 8.20 3.15 1.50 3.25 3.92 1.03 0.03 4.09 0.3149 635 6.24

H4
39.63% 47.8% 12.56%

190 220 6.87 3.12 1.17 3.44 2.59 0.84 0.03 3.08 0.1567 638 6.20

H5
50.0% 37.7% 12.22%

220 260 8.12 3.12 1.22 3.51 3.18 1.43 0.04 2.94 0.1552 644 6.11
43.2% 39.16% 17.6%



Table 3.1 (contd)
% Rt

Rat
no.

At s t a r t  
to ta l  body 
wt(grans)

At end
to ta l  body Liver 
wt(grams) wt(grams)

post
% l i v e r /  lobe/ 
body wt body wt LL

Liver
ML RP a

Adrenals
(grams)

Testes
(grams)

Mo .mitoses 
/1000 c e lls

No.cells 
i /  10 F

Cell vol 
xl0~^mnr

A4 - Sham hypophysectorny, 1/3 hepatectomy and PB
HI 150 230 10.30 4.47 1.80 4.77 4.14 1.39 0.035 2.98 1.677 596 6.87

46.31% 40.19% 13.49%
H2 160 240 9.66 4.02 2.02 3.90 4.86 0.90 0.04 2.91 0.5263 570 7.34

40.37% 50.31% 9.3%
H3 150 230 10.12 4.4 1.83 4.30 4.23 1.59 0.045 2.80 0.5217 575 7.25

42.49% 41.79% 15.71%
HO 210 240 9.48 3.95 1.783 4.03 4.28 1.17 0.04 3.08 1.1532 607 6.68

42.51% 45.14% 12.34%
HI 190 220 8.42 3.8 1.65 3.68 3.65 1.09 0.04 2.69 0.5119 586 7.04

43.7% 43.34% 12.94%
H2 210 250 9.81 3.92 1.84 3.40 4.62 1.79 0.04 3.08 0.6711 592 6.94

34.65% 47.09% 18.24%.

A5 - Sham hypophysectcmy, 2/3 hepatectony and sa lin e
H2 275 275 6.35 2.30 1.96 5.40 0.95 0.04 3.70 0.1782 561 7.52

85.03% 14.96%
H3 210 225 5.94 2.64 1.95 4.39 1.55 0.04 3.25 0.3590 557 7.60

73.90% 26.09%
H5 280 275 6.54 2.37 1.75 4.83 1.71 0.04 3.00 0.1792 558 7.58

73.85% 26.14%
H7 315 325 7.06 2.17 1.65 5.38 1.68 0.04 4.65 0.0 553 7.68

76.20% 23.79%
HI 280 295 7.24 2.45 1.81 5.36 1.88 5 0.04 3.10 0.0 575 7.25

74.03% 25.96%
H30 250 310 7.70 2.48 1.70 5.29 2.41 0.04 3.18 0.0 569 7.36

68.70% 31.29%

AS - Sham hypophysectanv, 2/3 hepatectomy and PB
HO 295 290 7.54 2.6 1.86 5.40 2.14 0.04 3.01 0.9469 528 8.24

71.61% 28.38%
H4 215 260 8.6 3.3 2.33 6.06 2.54 0.04 2.92 1.6363 550 7.74

70.46% 29.53%
H6 215 245 8.44 3.44 2.53 6.20 2.24 0.04 2.87 0.5376 558 7.58

73.45% 26.54%
H9 220 230 7.3 3.17 2.426 5.58 1.72 0.04 3.07 2.5641 546 7.83

76.43% 23.56%
m i 215 245 9.22 3.76 2.65 6.50 2.72 0.04 3.03 1.8315 540 7.96

70.49% 29.50%
HI 275 295 7.24 2.45 1.81 5.36 1.88 0.04 3.0 1.5094 530 8.19

74.03% 25.96%
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Table 3.2 Section III - Hypophysectany group

At start At end post
% Rt

Rat to ta l  body to ta l  body Liver % l iv e r /  lobe/ Liver Adrenals Tastes No .m itoses N o.cells Cell,.vol
no. wt (grains) wt (grains) wt(grams) body wt body wt LL ML RP CL (grains) (grams) /1000 c e l ls /  10 P xl0_5nm3

Bl - Hypophysectany , laparotany and sa lin e
H12 215 175 5.0 2.86 0.714 1.59 1.62 1.25 0.54 0.01 0.60 0.0 1062 2.88

31.8% 32.4% 25.0% 10.8%
H18 200 150 4.68 3.12 0.78 1.45 1.63 0.17 0.43 0.01 0.53 0.0909 1100 2.74

30.98% 34.82% 25.0% 9.18%
H4 220 145 4.46 3.08 0.993 1.45 1.30 1.44 0.27 0.01 0.395 0.0 1064 - 2.88

32.51% 29.15% 32.29% 6.05%
H7 230 160 4.72 2.95 0.806 1.44 1.52 1.29 0.47 0.01 0.46 0.0 1042 2.97

30.51% 32.2% 27.33% 9.96%
H8 235 165 4.57 2.77 0.684 1.34 1.61 1.13 0.49 0.01 0.44 0.0 1182 2.46

29.32% 35.23% 24.73% 10.72%
H9 230 160 4.83 3.02 0.875 1.45 1.58 1.40 ’ 0.40 . 0.01 0.4 0.0 1096 2.75

30.02% 32.71% 28.99% 8.28%

B2 - Hypophysectany, laparotany and PB
H10 225 175 6.69 3.82 1.017 2.17 2.06 1.78 0.68 0.01 0.45 0.0 650 ■ 6.03

32.43% 30.79% 26.6% 10.16%
H15 205 150 5.77 3.85 1.00 1.90 1.73 1.50 0.64 0.01 0.53 0.0 655 5.96

32.92% 29.98% 25.99% 11.0%
H19 220 155 5.76 3.72 0.909 1.79 2.05 1.41 0.51 0.01 0.46 0.0 675 5.76

31.07% 35.59% 24.47% 8.85%
H3 230 160 6.26 3.91 1.05 1.71 2.17 1.68 0.70 0.01 ‘ 0.52 0.0 660 5.89

27.32% 34.66% 26.84% 11.18%
H5 225 160 6.11 3.82 0.725 2.22 2.12 1.16 • 0.61 0.015 0.76 0.0 660 5.89

36.33% 34.70% 18.99% 9.88%
H6 235 165 6.95 4.21 1.248 1.74 2.36 2.06 0.79 0.015 0.52 0.0 630 6.32

25.04% 33.96% 29.64% 11.37%

B3 - Hvpcphysectomy , 1/3 hepatectany and sa lin e
HO 240 170 5.10 3.0 1.088 2.48 1.85 0.77 0.01 0.66 0.0 912 3.63

48.62% 36.29% 15.09%

H3 240 170 5.10 3.0 1.317 2.36 2.24 0.50 0.01 0.56 0.0 963 3.34
46.27% 43.92% 9.8%

H4 260 190 5.50 2.89 1.073 2.78 2.04 0.68 0.01 0.50 0.0 927 3.54
50.54% 37.09% 12.36%

HO 190 170 5.03 2.95 1.34 2.139 2.28 0.624 0.009 0.615 0.0 890 3.76
42.34% 45.32% 12.32%

H4 220 170 4.47 2.62 1.170 1.94 1.99 0.54 0.01 1.08 0.0 874 3.87
43.4% 44.51% 12.08%

H7 210 160 5.13 3.20 1.518 1.84 2.435 0.864 0.01 0.395 0.110 908 3.65
35.86% 47.36% 16.76%



Table 3.2 (contd)

00
00

At start At end post
% Rt

Rat to ta l  body to ta l  body Liver % l iv e r /  lobe/ Liver Adrenals Testes No.mitoses N o.cells Cell^vol
no. wt (grains) wt (grains) wt (grains) body wt body wt LL ML RP CL (grains) (grams) A000 c e l ls /  10 F xlO 5mnr

B4 - Hypophysectomy, 1/3 hepatectany and PB
HO 220 150 5.53 3.68 1.54 2.38 2.31 0.84 0.01 0.46 0.1197 835 4.14

43.03% 41.77% 15.18%
H3 220 160 5.10 3.18 1.412 2.02 2.26 0.82 0.01 0.48 0.2528 791 4.49

39.60% 44.3% 16.07%
H4 210 160 5.19 3.24 1.275 2.40 2.04 0.75 0.01 1.02 0.5221 766 4.71

46.24% 39.3% 14.45%
Hi 210 160 5.63 3.51 1.543 2.47 2.47 0.69 0.01 0.54 0.7692 780 4.59

43.7% 43.87% 12.25%
H3 200 170 6.40 3.76 1.752 2.07 2.98 1.35 0.01 0.49 0.1250 800 4.41

32.34% 46.56% 21.0%
H4 210 160 6.15 3.84 1.518 2.83 2.43 0.89 0.01 0.49 0.2509 797 4.44

46.0% 39.51% 14.47%

B5 - Hypophysectcmy, 2/3 hepatectany and sa lin e
H3 225 175 4.33 2.47 1.862 3.26 1.07 0.01 0.52 0.0 740 4.96

75.28% 24.71%
H4 200 155 2.44 1.57 1.483 2.30 0.14 0.015 0.48 0.1396 716 5.21

94.26% 5.73%
H5 215 165 3.90 2.36 1.757 2.90 1.0 0.015 0.52 0.0 725 5.12

74.35% 25.64%
H7 190 165 3.44 2.08 1.539 2.54 0.90 0.015 0.50 0.0 720 5.17

73.83% 26.16%
H4 165 130 3.19 2.45 1.861 2.42 0.77 0.01 0.40 0.00 704 5.16

75.86% 24.13%
H8 190 150 3.48 2.32 1.653 2.48 1.0 0.01 0.44 0.1366 732 5.04

71.26% 28.73%
H9 160 110 2.64 2.4 1.70 1.87 0.77 0.01 0.40 0.1386 721 •’ 5.16

70.83% 29.16%
H12 210 170 3.82 2.24 1.69 2.88 0.94 0.01 0.465 0.00 700 5.07

75.39% 24.66%
H14 210 150 3.18 2.12 1.45 2.18 1.0 0.01 0.46 0.1360 735 5.01

68.55% 31.44%

B6 - Hypophy sec tony, 2/3 hepatectany and PB
HO 195 155 3.97 2.56 1.87 2.90 1.07 0.015 0.46 0.0 712 5.26

73.04% 26.95%
HI 195 145 4.1 . 2.82 2.13 3.09 1.01 0.015 0.50 0.417 718 5.19

75.36% 24.63%
H2 180 140 4.15 2.96 2.213 3.10 1.05 0.01 0.40 0.7092 705 5.34

74.69% 25.30%
H8 170 140 3.79 2.70 1.973 2.76 1.03 0.01 0.54 1.134 705 5.34

72.82% 27.17%
HO 195 155 4.46 2.87 2.21 3.44 1.02 0.01 0.32 1.4224 703 5.36

77.13% 22.86%
H3 175 155 4.15 2.67 1.93 3.0 1.15 0.015 0.41 0.2773 721 5.35

72.28% 27.71%
H5 185 160 3.67 2.29 1.73 2.78 0.89 0.01 0.32 2.40 708 5.30

75.74% 24.28%
H6 195 160 3.62 2.49 1.68 2.69 0.93 0.015 0.39 0.2739 730 5.39

74.3% 25.69%
H2 195 155 3.85 2.48 1.74 2.70 1.15 0.015 0.45 0.9957 703 5.36

70.12% 29.87%



Table 3.3a Section III - Sham hypophysectoray group - Group means

No.
Experiment animals

Body wt. 
(av)grams

Body wt. 
end exp. 
(av)grams

Av. l iv e r  
(av)grams

Av.%
1iv e r /  
body wt.

Av.% 
r t.p o s t. 
body wt. LL

Liver
ML

A irenals
RP CL av (grans)

Testes 
(av)grams

Av.no. 
mitoses 
/1000 c e lls

N ojcells
/10F

Mean c e l l  
vo l.
x io -W

Al -  Group 1 
Sham 6 
hypophysectamy, 
laparotomy and 
sa lin e

193.33
+20.90

248.33
+16.33
28.45%

8.31
+0.58

3.35
+0.09

0.8486
+0.0731

2.70
+0.3
32.46%
+2.20

2.64
+0.21
31.80%
+0.87

2.10
+0.19
25.36%
+2.37

0.86 
+0.14 
TO.38% 
+1.62

0.04
+0.00

2.81
+0.17

0.1081
+0.1201

612.833
+16.80

6.5966
+0.2749

A2 -  Group 2 
Sham 6 
hypophysectcmy, 
laparotomy and 
PB

183.33
+25.23

226.67
+22.06
45.46%

10.11
+1.07

4.47
+0.28

1.1616
+0.0815

3.30
+0.38
32.58%
+1.27

3.36
+0.40
33.18%

+1.87

2.64
+0.35
27.74%

+3.93

0.83
+0.15
8.17%
+1.36

0.04
+2.04
xl0“ 3

3.16
+0.45

0.6833
+0.1410

541.00
+9.7979

7.945
+0.2127

A3 -  Group 3 
Sham 6 
hypophysectcray, 
1/3 hepatectomy 
and sa lin e

181.67
+33.12

243.33
+19.66

8.37
+1.00

3.44
+0.35

1.4816
+0.2158

3.73
+0.40
44.70%
+3.53

3.62
+0.63
42.98%
+4.31

1.03
+0.28
12.30%
+3.16

0.03
+0.01

3.30
+0.50

0.2380
+0.0789

629.66
+13.123

6.3283
+0.2057

A4 -  Group 4 
Sham 6 
hypophysectony, 
1/3 hepatectoray 
and PB

178.33
+28.58

235.0
+10.49

9.63
+0.66

4.10
+0.27

1.820
+0.1090

4.01
+0.48
41.67%
+3.95

4.30
+0.42
44.62%
+3.69

1.32
+0.33
13.67%
+3.05

0.04
+3.16
xlO"3

2.92
+0.16

0.8435
+0.4348

587.6
+12.49

7.0206
+0.2

A5 -  Group 5 
Sham 6 
hypophysectcray, 
2/3 hepatectoray 
and sa lin e

268.33
+32.23

284.16
+31.93

6.805
+0.588

2.40
+0.147

1.8033
+0.1177

5.10
+0.376
75.28%
+4.911

1.69
+0.432
24.705%
+4.91

0.04
+0.0

3.48
+0.56

0.1194
+0.1336

562.166
+7.536

7.4983
+0.1479

A6 -  Group 6 
Sham 6 
hypophysectcray, 
2/3 hepatectomy 
and PB

239.17
+36.11

260.83
+26.35

8.06
+0.81

3.12
+0.50

2.2676
+0.3213

5.85
+0.47
72.75%
+2.34

2.21
+0.38
27.25%
+2.34

0.04
+0.0

2.98
+0.07

1.5043
+0.6445

542.0 7.926 
+10.6458 +0.2345



Table 3.3b Section III - Bypophysectotny group - Group means

NO.
Experiment animals

Body wt. 
(av)grams

Body wt. 
end exp. 
(av)grams

A v.liver 
(av)grans

Av.% 
l iv e r /  
body wt.

Av.% 
r t .p o s t .  
body wt. LL

Liver 
ML 1

Adrenals 
RP CL av( grams)

Testes 
(av)grams

Av.no. 
m itoses 
/1000 c e lls

No .c e l ls  
/10F

Mean c e l l  
vo l.
x io -W

Bl -  Group 1 
Hypophysectomy, 6 
laparotany and 
sa lin e

221.67
+12.91

159.17
+10.68

4.71
+0.1739

2.966
+0.0122

0.8086
+0.1030

1.45
+0.08
30.85%
+1.066

1.54
+0.13
32.75%
+1.99

1.28
+0.02
27.22%
+2.73

0.43
+0.09
9.165%
+1.64

0.01
+2.04
xlO” 3

0.47
+0.08

0.0151
+0.0338

1091.00
+45.38

2.7826
+0.1649

B2 -  Group 2 
Hypophysectcray, 6 
laparotany and 
PB

223.33
+10.33

160.83
+8.61

6.26
+0.48

3.89
+0.17

0.9915
+0.1569

1.92
+0.22
30.85%
+4.08

2.08
+0.21
33.28%
+2.32

1.60
+0.31
25.42%
+3.57

0.66
+0.09
10.41%
+0.96

0.01
+2.58
x l0 -J

0.54
+0.11

0.00
+0.00

654.166
+12.388

5.9803
+0.1733

B3 -  Group 3 
Hypophysectany, 6 
1/3 hepatectany 
and sa lin e

226.67
+25.03

171.67
+9.83
24.25%

5.06
+0.33

2.94
+0.19

1.251
+0.1572

2.26
+0.35
44.51%
+5.24

2.14
+0.2
42.41%
+4.6

0.66
+0.14
13.07%
+2.47

0.01
+4.08
xlO”’

0.64
+0.24

0.0183
+0.0409

912.33
+28.193

3.6316
+0.1668

B4 -  Group 4 
Hypophysectany, 6 
1/3 hepatectany 
and PB

211.67
+7.53

160.0
+6.32

5.67
+0.52

3.54
+0.28

1.5066
+0.1445

2.36
+0.29
41.85%
+5.24

2.42
+0.32
42.55%
+2.88

0.89
+0.24
15.57%
+2.95

0.01
+0.00

0.58
+0.21

0.3399
+0.2336

794.83
+21.25

4.4633
+0.1758

B5 -  Group 5 
Hypophysectany, 9 
2/3 hepatectany 
and sa lin e

196.11
+22.19

152.22
+20.78

3.38
+0.60

2.22
+0.28

1.6661
+0.1425

2.54
+0.42
75.51%
+7.45

0.84
+0.28
24.48%
+7.45

0.01
+2.5Q
xlO"3

0.47
+0.04

0.0612
+0.0684

721.44
+12.685

5.10
+0.0794

B6 -  Group 6 
Hypophysectany, 9 
2/3 hepatectomy 
and PB

187.22
+10.03

150.0
+7.50

3.97
+0.27

2.76
+0.21

1.9411
+0.1942

2.94
+0.25
73.94%
+2.11

1.03
+0.09
26.05%
+2.11

0.01
+2.64
xl0_J

0.42
+0.07

0.8477
+0.7009

711.666
+8.9193

5.32
+0.0583
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Table 3.4 Mean n u c le a r  a re a  (umi.) and mean number o f  n u c le i  p e r  
10 f ie ld s  ^  Section I I I

Animals Mean nuclear area (um2) Mean no.nuclei/10 f ie ld s

A(l) Sham hypophyBectcmy, laparotomy and sa lin e  treatm ent (Group 1)
Hll 37.280232 (SD + 9.120918697) 436
Hi 9 41.1119865 (SD + 11.36145846) 412
H10 42.287886 (SD + 11.27861452) 426
H20 46.9789695 (SD + 7.04477089) 410
H21 42.988698 (SD + 29.18715933) 406

Mean nuclear area ** 42.129554 um2 (SD + 3.1251045)
Mean n o .n u d e i/1 0  f ie ld s  « 418.0 (SD + 11.242775)

A(2) Sham hypophysectcmy, laparotomy and PB treatm ent (Group 2)
H18 40.5520785 (SD + 10.5520785) 310
H23 43.919406 (SD t  10.28009636) 322
H24 43.52265 (SD + 11.0925992) 289
H12 44.343972 (SD + 11.80109002) 318
H25 42.406542 (SD + 12.33708059) 282

Mean n u d ea r area « 42.94893 un2 (SD + 1.3606031)
Mean no .n u d ei/1 0  f ie ld s  -  304.2 (SD + 15.904716)

A(3) Sham hypophysectcmy, 1/3 p a r t i a l  hepatectcmy and sa lin e  treatm ent
(Group 3)

H4 40.876992 (SD + 7.710828282) 375
HO 42.093216 (SD 4- 9.593321820} 369
H5 41.850342 (SD + 8.327936124) 373
H5 48.37086 (SD + 8.132257536) 377
H3 43.45776 (SD + 8.526852823) 379
H4 45.660312 (SD + 9.552270178) 384

Mean n u d ea r area ■ 43.718247 um2 (SD + 2.5719254)
Mean n o .n u d e i/1 0  f ie ld s  « 376.16667 (SD + 4.7051984

Animals Mean nuclear area  (un2) Mean n o .n u d e i/1 0  f ie ld s

A(4) Sham hvpophysectomy, 1 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 
(Group 4)

Hi 47.099016 (SD + 7.783853019) 349
H3 45.035514 (SD + 6.328452497) 347
H2 46.89693 (SD + 11.43715594) 343
HI 50.471442 (SD + 10.01644901) 345
H2 49.388706 (SD + 9.008161418) 350
HO 46.783836 (SD + 8.48825439) 249

Mean n u d ea r area -  47.612574 an2 (SD + 1.7996158)
Mean n o .n u d e i/1 0  f ie ld s  “  330.5 (SD + 36.522824)

A(5) Sham hypophysectomy, 2/3 p a r t i a l  hepatectcmy and s a l in e  treatm ent 
(Group 5)

H7 40.660074 (SD + 10.09341239) 350
H2 42.2712 (SD + 9.10912256) 339
H5 45.67329 (SD + 10.21798275) 358
H7 47.015586 (SD + 12.1388591) 350
HI 47.566224 (SD + 11.26753367) 331

Mean n u d ea r a re a  ■» 44.637275 on2 (SD + 2.7101613)
Mean no .n u d ei/1 0  f ie ld s  -  345.6 (SD + 9.47839650)

A(6) Sham hypophysectomy, 2 /3  p a r t i a l  hepatectom y and PB tre a tm e n t
(Group 6)

H ll 46.65591 (SD + 10.34572927) 343
H9 50.667966 (SD + 10.08961402) 328
HO 48.980826 (SD + 9.172468226) 340
H6 47.8512765 (SD + 11.90308476) 313
H4 48.543282 (SD + 11.38121229) 329

Mean n u d ea r area  -  48.539852 un2 (SD + 1.3226272)
Mean no .nudei/10  f ie ld s  «  330.6 (SD + 10.594338)



Table 3.4 (continued)

Animals Mean nuclear area  (um2) Mean n o .n u d e i/1 0  f ie ld s

B(l) Hypophysectany, laparotcnry find saline treatment (Group
H12 29.854962 (SD + 6.731350898) 635
H7 32.40792 (SD + 7.611464954) 668
H4 32.828778 (SD + 7.380767792) 685
H8 27.398412 (SD + 7.435991572) 657
H18 31.106412 (SD + 6.581605308) 629
H9 35.033184 (SD 4- 8.557009625) 667

1)

Mean nuclear a re a  ** 31.438278 um2 (SD + 2.4060544)
Mean no.nuclei/10 f ie ld s  -  656.8333 (SO + 19.462928)

00
B(2) Hypophysectany, laparotany and PB treatm ent (Group 2)
H10 29.3859 (SD + 6.020434304) 418
Hl9 32.747202 (SD + 8.272628046) 405
H15 31.36968 (SD -1- 6.080944144) 391
H6 30.140478 (SD + 7.45164853) 341
H5 37.213488 (SD + 9.198715092) 395
H3 32.354154 (SD + 7.817083530) 391

Mean nuclear a rea  ~ 32.201817 un? (SD + 2.5268048)
Mean no.nuclei/10 f ie ld s  -  390.16667 (SD + 23.9333357)

B(3) Hypophysectomy, 1 /3  p a r tia l  hepatectomy and s a lin e  treatment 
(Group 3)

HO 42.534468 (SD + 8.538172481) 517
H3 38.42415 (SD + 8.68589851) 525
H4 40.342113 (SD -1- 8.842483336) 499
HO 36.77409 (SD 4- 7.496575282) 559
H4 38.687418 (SD + 7.752034802) 572
H7 35.010936 (SD + 9.248127708) 528

Mean nuclear area -  38.628863 un2 (SD + 2.4070691)
Mean no.nuclei/10  f ie ld s  -  533.3333 (SD + 24.823824)

Animals Mean nuclear area  (un?) Mean no.nuclei/10 f ie ld s

B(4) Bypophysectany, 1/3 p a r t i a l  hepatectany and PB treatm ent (Group 4)
H4 41.477688 (SD + 11.2485285) 428
HI 45.875376 (SD + 11.40255508) 439
H3 48.947454 (SD + 11.39543297) 426
H3 39.725658 (SD + 6.949277165) 482
HO 42.29901 (SD 4- 8.33945667) 485
H4 46.181286 (SD + 9.702871779) 404

Mean nuclear area -  44.084412 un2 (SD + 3.1684648)
Mean no .nucle i/10  f ie ld s  « 444.0 (SD + 29.804921)

B(5) Hypophysectomy, 2 /3  p a r tia l hepatectomy and s a lin e  treatment
(Group 5)

H9 38.344428 (SD + 9.141022425) 475
H8 42.541884 (SD -I- 10.34005737) 425
H4 34.658676 (SD 4- 8.37893391) 423
H14 39.17502 (SD + 10.0841132) 439
H7 36.75833 (SD + 10.211591) 436
H3 38.583594 (SD + 9.405711756) 425
H4 38.474208 (SD ?  9.265447405) 460
H5 36.8570565 (SD + 9.235786967) 438

Mean
Mean

nuclear area ■ 38.17415 urn2 (SD + 2.1349284) 
no.nuclei/10  f ie ld s  -  440.125 (SD + 17.265844)

H6 38.0782817 (SD + 11.86398719) 417
H3 46.592874 (SD 4 -  12.74564666) 407
HO 40.286493 (SD 4 - 11.68217173) 400
H5 47.347452 (SD 4 -  12.64300033) 411
HI 39.645009 (SD 4* 10.99202323) 420
HO 42.76251 (SD 4 -  11.28825449) 411
H2 41.3984295 (SD + 10.18752141) 405
HI 39.3048 (SD 4 -  9.150195281) 430
H8 39.197268 (SD 4 -  9.265885828) 415

Mean nuclear area  *■ 41.623072 um? (SD + 3.1336638)
Mean no.nuclei/10 f ie ld s  » 414.0 (SD + 9.8092926)



Table 3.5 Mean d i s t r ib u t io n  o f  n u c le i*  in to  p lo id y  c la s s e s ;  p a r t i a l  
hepatectomy group -  Section I I I

4n and
2n above
c la sse s  c la sses

Group % %

A. Sham hypophysectcmy qroup

A(l) Sham hypophysectony, laparotomy and 
sa lin e  treatm ent (Group 1) 57.8 42.2

A(2) Sham hypophysectony, laparotomy and 
PB treatm ent (Group 2) 44.0 56.0

A(3) Sham hypophysectony, 1/3 p a r t i a l  hepatectomy 
and sa lin e  treatm ent (Group 3) 40.84 59.16

A(4) Sham hypophysectomy, 1/3 p a r t i a l  hepatectomy 
and PB treatm ent (Group 4) 17.84 82.16

A(5) Sham hypophysectcny, 2/3 p a r t i a l  hepatectomy 
and sa lin e  treatm ent (Group 5) 36.8 63.2

A(6) Sham hypophysectony, 2/3 p a r t i a l  hepatectomy 
and PB treatm ent (Group 6) 20.6 79.4

B. Hypophysectomy qroup

B(l) Hypophysectcmy, laparotcny and sa lin e  
treatm ent (Group 1) 84.34 15.66

B(2) Hypophysectomy, laparotcny and PB 
treatm ent (Group 2) 84.67 15.33

B(3) Hypophysectony, 1/3 p a r t i a l  hepatectcny 
and s a lin e  treatm ent (Group 3) 57.5 42.5

B(4) Hypophysectcny, 1/3 p a r t ia l  hepatectony 
and PB treatm ent (Group 4) 36.17 63.83

B(5) lypophysectary, 2/3 p a r t i a l  hepatectcmy 
and sa lin e  treatm ent (Group 5) 60.875 39.125

B(6) Hypophysectony, 2/3 p a r t ia l  hepatectony 
and PB treatm ent (Group 6) 52.23 47.77

As determined by th e  Quantimet 720 image analyser described  in  the  
M aterial and Methods Section 2 .7 .1 .1
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Table 3.6 P e rcen tag e  o f  n u c le i  p e r group ex h ib itin g  given in teg ra ted  
n u c le a r  d e n s i ty  in  a r b i t r a r y  u n i ts  (A.U.) a s  d e te rm ined  by 
in te g ra te d  microdensitcmetry fo r  Section I I I

Density

Group B(l) 
n=5
% nucle i

Group B(2) 
n=4
% nuclei

Group B(5) 
n=3
% nuclei

Group B(6) 
n=3
% n u c le i

0.5 - 1.0 0.4
1.0 - 1 .5 2.0 1.1
1.5 - 2.0 8.0 4.3
2.0 - 2.5 13.2 8.6 0.67
2.5 - 3.0 15.6 12.9
3.0 - 3.5 17.2 19.9 1.33
3.5 - 4.0 19.2 19.9 2.0
4.0 - 4.5 11.6 9.14 6.67 0.67
4.5 - 5.0 5.2 4.84 9.33 0.67
5.0 - 5.5 4.8 4.3 6.67 7.33
5.5 - 6.0 2.0 2.67 10.0 20.66
6.0 - 6.5 3.23 8.0 22.66
6.5 - 7.0 0.4 2.69 6.0 18.66
7.0 - 7.5 0.4 2.69 6.67 6.6
7.5 - 8.0 2.69 6.0 1.33
8.0 - 8 .5 0.5 9.33 4.66
8.5 - 9.0 0.5 10.0 1.33
9.0 - 9.5 9.33 1.33
9.5 - 10.0 4.67 2.0
10.0 - 10.5 2.0 1.33
10.5 - 11.0 2.0
11.0 - 11.5 2.66
11.5 - 12.0 0.66
12.0 - 12.5 1.33
12.5 - 13.0 2.0
13.0 - 13.5 1.33 0.67
13.5 - 14.0

16.5 - 17.0 0.67
17.0 - 17.5
17.5 - 18.0 0.67

B(l) = Hypophysectomy, laparotomy and sa lin e  treatm ent
B(2) = I^pophysectomy, laparotany and PB treatm ent
B(5) = Hypophysectomy, 2/3 p a r t ia l  hepatectomy and sa lin e  treatm ent
B( 6) = Hypophysectcmy, 2/3 p a r t ia l  hepatectcmy and PB treatm ent

= Number of animals investigated per groupn
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Figure 3.1 Ttie raan percentage d istribution  of nuclei in size ranges of 
5 u ir classes fran 10 -  100

A. Group 1

A. Group 2 
A. Group 3

A. Group 4

A. Group 5

A. Group 6

Sham hypophysectomy, laparotomy and s a l in e  treatm ent 
(controls) (n=5)
Sham hypophysectomy, laparotomy and PB treatment ' n“-> _ 
Sham hypophysectomy, 1/3 p a r t i a l  hepatectomy and s a l in e
treatment (n=6)
Sham hypophysectomy, 
treatment (n=6)
Sham hypophysectomy, 
treatment (n=5)
Sham hypophysectomy, 
treatment (n=5)

1/3 p a r t i a l  hepatectomy and PB 

2/3 p a r t i a l  hepatectomy and s a lin e  

2/3 p a r t i a l  hepatectomy and PB

2 A Group 1 A Group 2
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Figure 3.1 (contd)

B. Group 1 •  Hypophysectomy, laparotomy and sa lin e  treatment (controls) 
(n=6)

B. Group 2 * Hhypophysectomy, laparotomy and PB treatment (n=6)
B. Group 3 “  Hypophysectomy, 1/3 p a r t ia l  hepatectom y and s a l i n e  

treatment (n*€)
B. Group 4 “ Hypophysectomy, 1/3 p a r t ia l hepatectomy and PB treatment 

(n**6) ,
B. Group 5 “  Hypophysectoroy, 2 /3  p a r t i a l  hepatectoray and s a l in e  

treatment (n-6)
B. Group 6 “  Hypophysectomy, 2/3 p a r t i a l  hepatectcmy and PB treatment 

(n-9)

4n « Nuclei oE 4n and above ploidy classes a t 40 um2 and above diameter 
n -  Nunber of animals investigated per groqp

2 t) Group 1 

31)

n  Grtxp 3 * BG toub.4

I) Oioup 5
X X D Group 6
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Figure 3.2 Histograms of nuclear integrated density in arbitrary units 
(A.U.) for partial hepatectany groups

n ■ * niznber of animals investigated per group
%N = percentage of nuclei per group with arbitrary density
Groups:
B (l) ® Hypophysectoray, laparo tom y and s a l i n e  tre a tm e n t (c o n tro ls  -  

Group 1)
B(2) = Hypophysectcny, laparotomy and PB treatm ent (Group 2)
B(5) = Hypophyectomy, 2/3 p a r t i a l  hepatectom y and s a l i n e  tre a tm e n t 

(Group 5)
B(6) ** H ypophyectom y, 2 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 

(Group 5)
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HYPOPHYSECTOMISEO ANIMALS 

PS * PHENOBARBITONE

LL*LATERAL LOBE 
ML* MEDIAN LOBE 
RP« RIGHT POSTERIOR 
CL* CAUDATE LOBE

Figure 3.3 The e f fe c t  of 1/3 and 2/3 p a r t i a l  hepatectomy with o r  w ithout 
PB t r e a tm e n t on th e  p e rc en ta g e  c o n tr ib u t io n  by in d iv id u a l  
l i v e r  lo b e s  to  th e  t o t a l  l i v e r  w eight in  i n t a c t  and 
hypophysectomised ra ts
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CHAPTER 4

THE RESPONSE BY THE LIVER TO PB IN INTACT RATS

R e s u lts  p re se n te d  in  t h i s  c h a p te r  in d ic a te  th e  resp o n se  by th e  

l i v e r  to  PB treatm ent in  in ta c t  animals and the response to  PB in in ta c t 

animals fo llow ing p a r t i a l  hepatectcxrry.

4.1 Response by the l iv e r  to  PB following laparotomy

R e s u lts  from two s e p a ra te  groups o f  i n t a c t  r a t s  a d m in is te re d  PB 

w i l l  be p re se n te d  in  t h i s  c h a p te r  a s  one group was in c lu d e d  in  

Section I I I  together with groups undergoing p a r t i a l  hepatectorny and the  

second group was in c lu d e d  on a subsequen t o ccasio n  w ith  th o se  groups 

undergoing p o r ta l  vein l ig a tio n  (Section IV). The e f fe c t  of PB on the  

l i v e r  was coirpared with sham hypophysectomised co n tro ls  and the  purpose 

o f  t h i s  p a r t  o f th e  study  was to  confirm  that.DNA s y n th e s is  i s  induced 

in  in ta c t  laparotcm ised animals fo llow ing PB treatm ent.

4 .1 .1  Section I I I

D eta ils  o f r e s u l ts  fo r  in d iv id u a l animals are  given in  Table 3.1 

and fo r  group means in  Table 3.3. The mean percentage con tribu tion  by 

each l i v e r  lo b e  to  th e  whole l i v e r  w eight per group fo llo w in g  PB 

tre a tm e n t i s  found in  F igu re  3.3. D e ta i ls  o f th e  mean n u c le a r  a re a  

(um )̂ and the  number o f nuc le i/10 f i e ld s  fo r  each animal in v estig a ted  

per group using  th e  Quantim et 720 image a n a ly s e r  a re  p re se n te d  in  

Table 3.4. The mean pe rcen tag e  d i s t r ib u t io n  of n u c le i  in to  p lo id y  

c la sse s  per group a re  given in  Table 3.5 and histograms fo r each group 

d em onstra ting  th e  p e rc en ta g e  d i s t r ib u t io n  of n u c le i in to  s ize  ranges, 

separating then in to  p lo idy  c la sse s  a re  presented in  Figure 3.1.
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4 .1 .1 .1  Sham hypophysectomy, laparotom y and PB tre a tm e n t (Group 2) 
compared w ith  sham hypophysectomy, laparotom y and s a l in e  
treatm ent (Group 1 — con tro ls)

E ffec t on l iv e r

( i)  R elative  l iv e r  weight

In Group 2 fo llow ing 8 days PB treatm ent, the  mean r e l a t iv e  l iv e r  

w eigh t was s i g n i f i c a n t l y  in c re a se d  (p <0.01) compared w ith  c o n tro ls  

(Group 1) where th e  mean v a lu e s  were 4.47% (SD +0.28, n = 6) and 3.35% 

(SD +0.09) r e s p e c t iv e ly .  This was an in c re a s e  by 33%. The r i g h t  

p o s te rio r  lobe in  Group 2 contribu ted  to  the  l iv e r  by a  mean of 27.74% 

(SD +3.93, n = 6) compared w ith  25.36% (SD +2.27) in  Group 1. These 

were not s ig n if ic a n tly  d iffe re n t.

However th e  mean r e l a t i v e  r i g h t  p o s te r io r  w eigh t in  Group 2 was 

1.16% (SD +0.08, n = 6) which was s ig n i f i c a n t l y  g r e a te r  (p <0.01) th an  

0.85% (SD +0.07, n = 6) in  the  co n tro ls  (Group 1), an increase  by 36.9%.

Investiga tion  of the  r ig h t  p o s te rio r lobe

Measurements used to  r e f le c t  DMA synthesis and c e l l  p ro life ra tio n

a) Mean nuclear area

The mean nuclear a rea  fo r  Group 2 was 42.95 um  ̂ (SD + 1.36, n = 5) 

which was 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 th e  mean n u c le a r  a re a  in  

Group 1 (42.13 um^, SD +3.13, n = 5). T h is unexpected concordance i s  

discussed la te r .

b) Nuclear ploidy c la sses

In Group 2 44% of th e  nuc le i ware in the 2n ploidy c la sse s  and 56% 

were in  th e  4n and above p lo id y  c la s s e s .  This was a s ig n i f i c a n t  

increase  (p <0.05) fo llow ing PB treatm ent compared w ith Group 1 (57.8% /  

42.2%).
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c) Mitoses

At th e  end o f  th e  28 day study th e  mean number o f m ito ses  p e r 1,000 

c e l l s  f o l l o w i n g  PB t r e a tm e n t  in  Group 2 w as 0.6833 (SD ±0.14,  n = 6) 

w h ich  was s i g n i f i c a n t l y  h ig h e r  (p <0.01) th a n  t h e  c o n t r o l s  (Group 1) 

(0.1081 SD +0.12, n = 6).

D eterm ination  o f  c e l l  volume

F o llow ing  PB tre a tm e n t th e re  was a s ig n i f i c a n t  in c re a s e  in  c e l l  

volume (p <0.01) in  Group 2 tre a te d  w ith PB conpared w ith the  co n tro ls  

(Group 1) where th e  mean e s tim a te d  c e l l  volum es were 7.95 x 10” ^ mm̂  

(SD +0.21) and 6.60 x 10” ^ mm̂  (SD +0.2749, n = 6) r e s p e c t iv e ly ,  an 

in c re a s e  o f 20.44%.

Mean number of nuclei/10 f ie ld s

T h ere  w ere  304.2 (SD + 15.90, n = 5) in  Group 2 f o l l o w i n g  PB 

t r e a tm e n t  w hich  was a  s i g n i f i c a n t  r e d u c t io n  (p <0.01) c o n p a re d  w i th  

Group 1 (418.0, SD + 11.24, n = 5).

4 .1 .1 .2  Summary of re s u lts

Thus, PB induced l i v e r  enlargement as id e n tif ie d  by the  increase in  

mean r e l a t i v e  w eight conpared  w ith  c o n tr o ls .  A daptive growth was 

id e n tif ie d  in  the  r ig h t  p o ste rio r lobe which was s ig n if ic a n tly  heav ier 

compared w ith  c o n t r o l s ,  th e  resp o n se  to  PB was a com bination o f 

h y p e rp la s ia  and hypertrophy . There was ev idence  of in c re a sed  DNA 

s y n th e s is , id e n t i f i e d  by a s ig n i f i c a n t  s h i f t  in  4n and above p lo id y  

c la sse s  conpared w ith co n tro ls  along with c e l l  re p lic a tio n  as id e n tif ie d  

by an in c re a se  in  m ito se s  p e r 1,000 c e l l s  compared w ith  c o n tr o ls .  

Hypertrophy was id e n tif ie d  ky an increase in mean estim ated c e l l  volume
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conpared w ith c o n tro ls , th is  c e l l u l a r  en largem en t r e s u l t i n g  in  few er 

n u c le i per 10 f ie ld s .

An in c re a s e  in  mean n u c le a r  a re a  i s  a l s o  known to  occur a s  th e  

r e s u l t  o f  an in c re a s e  in  DNA s y n th e s is  r e f l e c t i n g  a s h i f t  in  n u c le a r  

p lo idy . The sm all but s t a t i s t i c a l l y  in s ig n if ic a n t d ifference  found in 

th e  mean n u c le a r  a r e a  betw een th e s e  two g ro u p s  may be due t o  

ex p erim en ta l e r r o r  a s  d e sc r ib e d  p re v io u s ly  (Ingram and Grasso, 1985). 

I f  nuc le i w ith i l l - d e f in e d  margins were included in the recording, (e.g. 

in  Group 1 ), t h i s  may have le d  t o  in accu racy  as  th e s e  n u c le i  a re  more 

l i k e l y  to  be t a n g e n t i a l l y  c u t  (Ingram and G rasso , 1985). This would 

r e s u l t  in  th e  mean n u c le a r  a re a  being  l a r g e r  th an  i t  a c t u a l l y  was. 

Another l i k e l y  e x p la n a tio n  i s  t h a t  th e r e  was v a r i a b i l i t y  o f th e  mean 

n u c le a r  a re a  f o r  in d iv id u a l  an im als  w ith in  th e  sham hypophysectomy 

laparotomy co n tro l group (Group 1). When looking a t  the  "mean nuclear 

area" of th e  in d iv id u a l anim als, one animal had an obviously  la rg e r  mean 

n u c le a r  a re a  th an  th e  r e s t  o f th e  group which m ight account fo r  th e  

s t a t i s t i c a l  s im ila r i ty  between the  two group means although the  p lo idy  

d ifferences a re  obvious.

4 .1 .2  Section IV

4 .1 .2 .1  Sham hypophysectomy, laparotom y and PB tre a tm e n t (Group 2) 
compared w ith  sham hypophysectomy, laparotom y and s a l in e  
treatm ent (Group 1 -  c o n tro ls)

These two groups were in c lu d e d  w ith  th e  p o r t a l  v e in  l i g a t io n  

g roups, form ing p a r t  o f S ec tio n  IV. These experim ents were n o t 

concurrent w ith those described in  subsection 4.1.1.2 and a re  th e re fo re  

reported separa te ly .
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Changes s im i la r  to  th o se  a lre a d y  d e sc r ib e d  in  4.1.1.2 occu rred  

fo llow ing PB treatm ent in in ta c t animals conpared with c o n tro ls . L iver 

enlargement was again the  r e s u l t  o f DNA. syn thesis, c e l l  m u ltip lic a tio n  

and c e l l  enlargement.

D e ta ils  fo r  in d iv id u a l animals a re  given in  Table 6.1, group means 

in  Table 6.3 and the  mean percentage con tribu tion  by in d iv id u a l l i v e r  

lo b e s  to  th e  w hole l i v e r  w eigh t fo llo w in g  PB tre a tm e n t compared w ith  

c o n tr o l s  dem onstra ted  in  F igu re  6.3. The mean n u c le a r  a re a  (unr) and 

nuelei/10 f i e l d s  f o r  e ac h  a n im a l p e r  g roup  exam ined  u s in g  th e  

Quantimet 720 image a n a ly s e r  i s  g iv en  in  T ab le  6.4 and th e  summary o f 

d is tr ib u tio n  o f n u c le i in to  p lo idy  c la s se s  per group fo r  Section IV i s  

g iv en  in  T ab le  6.5. F igu re  6.1 dem onstra tes th e  mean p e rc en ta g e  o f 

n u c le i in  5 um  ̂ s ize  ranges from 10-100 per group, thus separa ting  the  

n u c le i in to  p lo idy  c la sses .

The t o t a l  l i v e r  was 22.7% la rg e r  fo llow ing PB treatm ent (4.48% vs. 

3.65%, c o n tro ls , p <0.01). Obvious adap tive  growth occurred w ith in  the  

r i g h t  p o s te r io r  lo b e  (R.P. r e l a t i v e  w eigh t 1.12% v s . 0.92%, c o n tro ls  

(p <0.05) an in c re a s e  o f  21.2r*%), w ith  each  l i v e r  lo b e  c o n tr ib u t in g  to  

th e  whole l i v e r  w eigh t w ith  a s im i la r  d i s t r ib u t io n  to  c o n tr o ls  (R.P. 

25.46% + SD 1.68 v s . 25.34% SD 1.68, c o n tr o ls ) .

The mean nuclear area was enlarged by 16.87% conpared w ith co n tro ls  

(36.66 um  ̂ v s . 31.37 um^, p <0.05) w ith  an obvious in c re a s e  in  th e  

number of 4n and above p lo idy  c la s s  n u c le i (35.33% vs. 13.83% c o n tro ls , 

p <0.05). Pol lowing 8 days PB treatm ent the  m ito tic  index was increased 

(0.6314 v s . 0.1180 c o n tr o l s ,  p <0.01).
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E s t im a te d  c e l l  vo lum e was in c r e a s e d  (10.58 x 10“  ̂ mm̂  v s . 

7.21 x lO”^ mrn̂  c o n t r o l s ,  p <0.01) by 46.73% and th e r e  were few er 

nuclei/10 f i e l d s  (312.0 v s . 466.5 c o n t r o l s ,  p <0.01), m ost l i k e l y  th e  

r e s u l t  of the c e l l  enlargement.

Ihe in te re s tin g  d ifference  in  th is  group i s  th a t  a d d itio n a lly  the  

mean nuclear area was s ig n if ic a n tly  enlarged  (p <0.05) conpared with 

co n tro ls  whereas in  Group 2 in  Section I I I  th is  was not de tec tab le . A 

possib le  reason fo r th is  is  th a t  u n lik e  Group 1 in  Section I I I  th e  mean 

nuclear a rea  fo r  in d iv id u a l animals in  th e  co n tro l group in Section IV 

showed l e s s  v a r i a b i l i t y .  T heir v a lu e s  were a l l  s m a lle r  th an  th o se  

obtained fo llow ing PB treatm ent (Group 2) and there fo re  the mean nuclear 

area  fo r  the  co n tro l group was s ig n if ic a n tly  s n a l le r  (p <0.05) than the  

mean value obtained fo r Group 2.

Another d ifference  between the  PB tre a te d  animals from Sections I I I  

and IV i s  t h a t  w h ile  56% o f n u c le i  were in  th e  4n and above p lo id y  

c la s s e s  in  Group 2 from S e c tio n  I I I  and 35.33% in  Group 2 from 

Section IV, th e  s h i f t  tow ards p o ly p lo id y  was g r e a te r  in  t h i s  l a t t e r  

group when compared w ith resp ec tiv e  c o n tro ls . Ihe s h i f t  was from 13.83% 

of nu c le i in  the  4n and above c la sse s  in  Section IV (155.45% increase) 

compared w ith  42.2% in  th e  c o n tro l  group from S ec tio n  I I I  (33.3% 

in c re a s e ) . T his d i s p a r i ty  in  2n:4n d i s t r ib u t io n  in  th e s e  c o n tro l  

animals re s u ltin g  in  a sm a lle r  s h i f t  towards polyploidy in  Group 2 in  

Section I I I  may be an a l te rn a t iv e  reason to  th a t a lready  suggested fo r 

th e  mean n u c le a r  a re a  o n ly  being  m a rg in a lly  in c re a se d  conpared  w ith  

c o n tro ls  and th e re fo re  s t a t i s t i c a l l y  in s ig n if ic a n t. However th e  a b i l i ty  

to  d e te c t  changes in  mean n u c le a r  a re a  in  PB t r e a te d  an im als  in  t h i s
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s tu d y  u sin g  a  r e l a t i v e l y  low  dose  PB i s  c l e a r l y  dem onstrated  and a lo n g  

w ith  th e  s h i f t s  in  n u c le a r  p lo id y  r e f l e c t s  changes in  DNA s y n th e s is .

PB in d u c e d  DNA s y n t h e s i s  and  c e l l  m u l t i p l i c a t i o n  in  a n im a ls  in  

which sham hypophysectcmy and laparo tom y had been perform ed.

The response  to  PB by th e  l i v e r  was s im i la r  in  some r e s p e c ts  to  

th a t  de tected  follow ing p a r t i a l  hepatectony (Bucher, 1963) in  th a t  DNA 

synthesis could be detected  by changes in  p lo idy .

In comparison however, DNA synthesis could a ls o  be detected  by an 

increased mean nuclear area  and c e l l  re p lic a tio n  by increased m itoses 

fo llo w in g  8 days PB tre a tm e n t whereas th e se  changes r e f l e c t i n g  an 

increase in  DNA content were no t d e te c ta b le  21 days post-hepatec tom y . 

Again the  degree of increase in  4n and above p lo idy  c la s se s  (40.28% and 

49.76% in c re a s e  fo llo w in g  1 /3  and 2 /3  hepatectom y, r e s p e c t iv e ly )  may 

account fo r  th e  mean n u c le a r  a re a  be ing  s im i la r  to  c o n tro l  v a lu e s  

desp ite  the  obvious s h i f t  in p loidy.

C e l l u l a r  en largem en t was d e te c te d  a f t e r  8 days PB tre a tm e n t and 

21 days p o s t-2 /3  p a r t i a l  hepatectom y su g g es tin g  hypertrophy  had been 

induced and fewer nuclei/10 f ie ld s  re f le c ted  c e l l  enlargement.

4.2 R esponse  by th e  l i v e r  to  PB f o l lo w in g  1 /3  o r  2 /3  p a r t i a l
hepatectany

The purpose o f p re s e n tin g  th e s e  r e s u l t s  i s  to  dem onstra te  th a t  

p a r t i a l  hepatectomy does not in fluence  th e  way in  which PB induces l iv e r  

enlargement.
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4.2 .1  Sham hypophysectomy, 1 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 
(Group ±)  com pared w ith  sham hypophysectom y 1 /3  p a r t i a l  
hepatectany and s a lin e  treatm ent (Group 3)

A fter 8 days PB treatm ent the  l i v e r  remnant was enlarged (4.10% vs.

3.44% in  Group 3 f p <0.01) w ith  obv ious a d a p tiv e  growth in  th e  r i g h t

p o s te rio r  lobe (R.P. r e l a t iv e  weight 1.82% vs. 1.48% Group 3, p <0.01).

DNA s y n th e s is  was d e te c te d  by an in c re a se d  mean n u c le a r  a re a  

(47.6 um^ v s . 43.72 um^ Group 3, p <0.05) an in c re a s e  in  number o f 4n 

and above p lo id y  c la s s e s  (82.16% v s . 59.2% Group 3, p <0.01) and c e l l  

r e p l i c a t io n  by an in c re a se d  m ito t ic  index (0.8435 v s . 0.2380 Group 3,

p <0.01).

_ c o
E s tim a te d  c e l l  vo lum e was in c r e a s e d  (7.02 x 10 J mmJ v s .  

6.33 x 10“5 ^ 3  Qj-oup p <0.01) and th e re  were fewer n uc le i/10  f ie ld s  

(330.5 v s . 376.2 Group 3, p <0.01), most l i k e l y  r e f l e c t i n g  th e  c e l l  

enlargement.

4 .2 .2  Sham hypophysectomy, 2 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 
(Group 6) com pared w ith  sham hypophysectom y , 2 /3  p a r t i a l  
hepatectany and s a lin e  treatm ent (Group 5)

S im ilar changes occurred a f te r  PB treatm ent (Group 6) as conpared

w ith  s a l i n e  tre a tm e n t w ith  th e  w hole o f  th e  l i v e r  rem nant e n la rg in g

(3.12% v s . 2.61% Group 5, p <0.01) and R.P. r e l a t i v e  w eigh t (2.27% v s .

1.80% Group 5, p <0.01).

The mean n u c le a r  a re a  in c re a se d  (48.54 urn*6 v s . 44.64 unr Group 5, 

p <0.05), more nuc le i were in th e  4n and above p lo idy  c la sse s  (79.4% vs. 

63.2% Group 5, p <0.01) and m ito se s  were d e te c te d  (1.5043 v s . 0.1194 

Group 5, p <0.01).
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C e l l  v o lu m e s  w e re  s l i g h t l y  l a r g e r  (7.93 x 10” ^ mm^ v s .  

7.50 x 10“^ mm^ G ro u p  5 , p <0.05) r e f l e c t e d  by f e w e r  n u c l e i  p e r  

10 f i e l d s  (330.6 v s .  345.6 Group 5 , p  <0.01).

4.3 Summary

Thus th e  e f f e c t  o f PB in  th e  l i v e r  o f r a t s  fo llo w in g  1 /3  and 2/3 

p a r t i a l  hepatectomy i s  s im ila r  to  th a t  fo llow ing laparotomy, the  drug 

inducing fu rth e r adap tive  growth compared w ith s a l in e  treatm ent. These 

r e s u l t s  confirm  o th e r  s tu d ie s  t h a t  th e  l i v e r  en la rgem en t i s  a 

com bination o f h y p e rp la s ia  and hypertrophy  (Schulte-H erm ann, 1974; 

Schulte-Hermann e t  a l . ,  1977). DNA synthesis was id e n tif ie d  by (i) an 

in c re a s e  in  mean n u c le a r  a re a , ( i i )  a s h i f t  in  4n and above p lo id y  

c la sse s  and ( i i i )  an increase  in  m itoses per 1,000 c e l l s  conpared with 

s a l in e  trea te d  anim als.

H y p e rtro p h y  i s  t h e  r e s u l t  o f  c e l l u l a r  e n la rg e m e n t  and  was 

i d e n t i f i e d  by an in c r e a s e  in  mean e s t im a te d  c e l l  v o lu m e , w i th  fe w e r 

n u c le i  p e r  10 f i e l d s  m ost p ro b ab ly  r e f l e c t i n g  t h i s  change in  c e l l  s iz e .

A gain  t h e s e  r e s u l t s  c o n f irm  t h a t  t h e  m easu rem en ts  c h o se n  a r e  

c l e a r ly  ab le  to  dem onstrate  changes in  DNA s y n th e s is .
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CHAPTER 5

THE RESPONSE BY THE LIVER TO PB IN HYPOPHYSECTQMI SEP RATS

The r e s u l ts  presented in  th is  chapter in d ica te  the  response by the 

l i v e r  in  hypophysectom ised r a t s  to  PB, th e  e f f e c t  t h a t  p a r t i a l  

hepatectom y may have on t h i s  resp o n se  and^to)examine th e  f in d in g s  o f  *7 

Schulte-Hermann e t  a l .  (1977). They suggest^ed)that in hypophysectomised 

r a t s  PB does no t induce DNA sy n th e s is  b u t t h i s  a b i l i t y  i s  r e s to re d  

fo llow ing  p a r t ia l  hepatectcmy.

D e ta ils  o f the  r e s u l ts  fo r  in d iv id u a l animals and group means a re  

g iv e n  in  T ab les 3.2 and 3.3. The p e rcen tag e  c o n tr ib u t io n  made by 

in d iv id u a l  l i v e r  lo b e s  to  th e  w hole l i v e r  w eight i s  p re se n te d  by 

h istog ram s m  F igure  3.3. For d e t a i l s  o f mean n u c le a r  a re a  (unr) and 

nuclei/10  f i e l d s  fo r  each anim al in v e s tig a te d  using the  Quantimet 720 

image a n a ly se r  and group means see  T ab le  3.4, th e  d i s t r ib u t io n  o f 

nuc lear p lo idy  per group i s  summarised in  Table 3.5 and demonstrated by 

th e  mean p e rcen tag e  d i s t r ib u t io n  o f n u c le i  s iz e  ranges 10-100 in  

Figure 3.1. R e su lts  o f  in te g ra te d  m icrodensitom etry  a re  p re se n te d  in  

Table 3.6 and F igu re  3.2.

5.1 Response by th e  l i v e r  to  PB in  hypophysectom ised r a t s  fo llo w in g  
laparotomy

R e s u lts  f o r  th e  hypophysectomy c o n tro l  group have been p re se n te d  

p rev io u s ly  in  Chapter 3, su b sec tio n  3.1.2.1.
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5 .1 .1  Hypophysectany, laparotomy and PB treatm ent (Group 2) compared 
with hypophysectcmy, laparotomy and s a lin e  treatm ent (Group 1 -  
co n tro ls )

E f fe c t  on l i v e r

( i )  R e la tiv e  l i v e r  w eight

F o llo w in g  8 days PB tre a tm e n t th e  mean r e l a t i v e  l i v e r  w eigh t was 

s ig n i f i c a n t ly  in c re a se d  (p <0.01) in  Group 2 compared w ith  Group 1 where 

th e  mean r e l a t i v e  l i v e r  w eigh ts  w ere 3.89% (SD +0.17, n = 6) and 2.97% 

(SD +0.0122, n = 6) r e s p e c t i v e l y ,  PB th u s  in d u c e d  an i n c r e a s e  in  

r e l a t i v e  l i v e r  w eigh t o f  31.15%.

( i i )  R igh t p o s te r io r  lobe

The c o n tr ib u tio n  made by th e  r ig h t  p o s te r io r  lo b e  in  th e s e  PB 

t r e a te d  an im als was a mean o f  25.42% (SD +3.57, n = 6) which was n o t 

s ig n if ic a n tly  d if fe re n t  compared with Group 1 where the  mean was 27.22% 

(SD +2.73, n = 6).

There was a s ig n i f i c a n t  in c re a s e  (p <0.01) in  th e  mean r e l a t i v e  

w eigh t o f th e  r i g h t  p o s te r io r  lo b e  (0.99% SD +0.16, n = 6) in  Group 2 

compared w ith  0.81% (SD +0.10, n = 6) in  Group 1. T his i s  an in c re a s e  

by 22.61%.

In v e s t ig a t io n  o f th e  r i g h t  p o s te r io r  lo b e

Measurements used  to  r e f l e c t  DNA s y n th e s is  and c e l l  p r o l i f e r a t i o n  

a )  Mean n u c le a r  a re a

The mean n u c le a r  a re a  was 32.20 urn2 (SD + 2.53, n * 6) in  Grcup 2. 

T h is  was 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  com pared  w i th  Group 1 c o n t r o l s  

(31.44 urn2 , SD + 2.41, n = 6).
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b) Nuclear ploidy classes

84.67% o f n u c le i were in the  2n p lo idy  c la sse s  and 15.3% in  the  4n 

and above p lo idy  c la sse s . There was no s ig n if ic a n t d ifference  conpared 

w ith  Group 1.

c) In te g ra te d  m icrodens i  to n e  t r y

80.65% o f n u c le i had va lues o f in teg ra ted  density  ranging from 0-5 

(A.U.), ag a in  w ith  a peak o c c u rr in g  between in te g ra te d  d e n s i ty  3-4 

(A.U.), c o rre la tin g  with the  peak fo r  the  2n ploidy c la sse s . 19.35% of 

n u c le i  had in te g ra te d  d e n s i ty  v a lu e s  o f 5.0 (A.U.) and above ran g in g  

from 5.0-9.0 (A.U.), these  f a l l in g  in to  the  4n and above p lo idy  c la sse s .

There was no s ig n if ic a n t d ifference between th e  p lo id y  d is tr ib u tio n  

conpared  w ith  hypophysectom ised co n tro ls  confirming th a t  fo llow ing PB 

tre a tm e n t th e re  was no d e te c ta b le  in c re a s e  in  DNA c o n te n t. These 

r e s u l ts  confirm th e  r e s u l ts  o f th e  data  using the  Quantimet 720 image 

a n a ly s in g  com puter in  which no in c re a se d  DNA sy n th e s is  fo llo w in g  PB 

tre a tm e n t in  hypophysectom ised an im als  was reco rd ed , in  c o n tr a s t  to  

in ta c t  animals.

d) M itoses

F o llo w in g  8 d ay s  PB t r e a tm e n t  m i to s e s  w ere  n o t  d e t e c t e d  in  t h e  

r i g h t  p o s te r io r  lo b e . T his was n o t s ig n i f i c a n t l y  d i f f e r e n t  coirpared w ith  

Group 1 where th e  mean number o f m ito ses  p e r 1,000 c e l l s  f o r  b o th  groups 

w ere 0.00 (SD +0.00, n = 6) and 0.0151 (SD +0.03, n = 6) r e s p e c t iv e ly .

D eterm ination  o f  c e l l  volume

At th e  end o f  th e  8 day PB tre a tm e n t th e r e  was a s ig n i f i c a n t  

in c re a s e  in  mean e s tim a te d  c e l l  volume (p <0.01) in  Group 2 in  

com parison to  Group 1 in  which th e  mean e s tim a te d  volum es were
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5.98 x 10“5 mm  ̂ (SD + 0 .1 7 , n = 6) and  2.78 x 10“ ^ mm  ̂ (SD +0 .16) 

re sp e c tiv e ly , th is  being an increase ty  114.90%. This mean c e l l  volume 

was however s t i l l  s i g n i f i c a n t l y  s m a lle r  (p <0.01) than  th e  sham 

hypophysectomy c o n tro ls  (6.60 x 10”^ mrn̂  SD +0.27, n = 6) in d ic a t in g  

th a t  the  a troph ic  e f fe c ts  of the  hypophysectcmy can s t i l l  be detected  

d esp ite  PB treatm ent.

Mean number of nuclei/10 f ie ld s

The mean number o f n u c le i  p e r 10 f i e l d s  was 390.2 (SD + 23.9, 

n = 6). This i s  s i g n i f i c a n t l y  few er (p <0.01) th an  Group 1 (656.8, 

SD + 19.5, n = 6).

5 .1 .2  Suninary

F o llow ing  PB tre a tm e n t to  hypophysectom ised an im als a d a p tiv e  

resp o n se  o ccu rred  in  th e  l i v e r  confirm ed by an in c re a s e  in  r e l a t i v e  

w e ig h t o f  th e  l i v e r  and r i g h t  p o s t e r i o r  lo b e  com pared w ith  

hypophysectomy co n tro ls  (Group 1).

However th e re  was no ev id en ce  o f DNA sy n th e s is  a s  th e r e  was no 

change in  th e  mean n u c le a r  a re a  or s h i f t  in  p lo id y  c la s s e s  and no 

ev id en ce  fo r  c e l l  r e p l i c a t io n  w ith  no m ito se s  d e te c te d  in  th e  r i g h t  

p o s te rio r  lobe. C e ll enlargement was detected. These re s u l ts  ind icated  

t h a t  th e  DNA c o n te n t rem ained th e  same as  th e  c o n tro ls  (Group 1) and 

a d a p tiv e  growth was th e  r e s u l t  o f hypertrophy  a lo n e  c o n s is te n t  w ith  

o th e r  s tu d ie s  (Sc hu I t  e-Hermann e t  a l . ,  1977). An in c re a s e  in  mean 

estim ated c e l l  volume would account fo r the  fewer number of n u c le i in 

the  PB tre a te d  group compared w ith con tro ls .
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5.2 Response by th e  l i v e r  to  PB in  hypophysectom ised r a t s  fo llo w in g  
p a r t ia l  hepatectomy

In  o rd e r  to  d e m o n s tra te  th e  e f f e c t  o f PB on th e  l i v e r  in  

hypophysectonised animals fo llow ing 1/3 o r 2/3 p a r t i a l  hepatectcmy the 

r e s u l ts  from these  animal groups were conpared w ith the  response to  PB 

in  hypophysectom ised an im als  in  which laparo tom y had tee n  perform ed 

(Group 2), ju s t  described.

5 .2 .1  Bypophysectcmy, laparotomy and PB treatm ent (Group 2) compared 
w ith  hypophysectomy, 1 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 
(Group 4)

Following 1/3 p a r t i a l  hepatectcmy th e re  was c le a r  enlargement of 

th e  r i g h t  p o s te r io r  lo b e  (R.P. 42.55% v s . 25.42% Group 2, p <0.01) w ith  

a r e l a t i v e  w eigh t o f  th e  R.P. 1.51% in s te a d  o f  0.99% in  Group 2

(p <0.01).

DNA s y n th e s is  was d e te c te d  by an in c re a se d  mean n u c le a r  a re a  

(44.08 um̂  vs. 32.20 um̂  Group 2, p <0.01) and an increase in  number of 

n u c le i  in  4n and above p lo id y  c la s s e s  (63.83% v s . 15.33% Group 2, 

p <0.01). G ell re p lic a tio n  was confirmed by an increased m ito tic  index 

(0.3399 v s. 0.0 Group 2,  p <0.01).

Estimated c e l l  volume was s n a l le r  than Group 2 (4.46 x 10“^ mm̂  vs.

5.98 x 10”^ mm̂  p <0.01) and th ere  were more nuc le i/10  f ie ld s  (444.0 vs.

390.2 Group 2, p <0.01), t h i s  e f f e c t  most p ro b ab ly  th e  r e s u l t  o f  c e l l  

r e p l ic a t io n .
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5.2 .2  Rypophysectcmyf laparotomy and PB treatm ent (Group 2) compared 
w ith  hypophysectomy, 2/3 p a r t i a l  hepatectom y and PB trea tm e n t 
(Group 6)

A fter 2/3 p a r t i a l  hepatectcmy obvious enlargement occurred in  the 

r i g h t  p o s te r io r  lo b e  (R.P. 73.94% v s . 25.42% Group 2, p <0.01) w ith  a 

r e l a t iv e  l iv e r  weight o f th e  R.P. 1.94% instead  of 0.99% (p <0.01).

An increased mean nuclear area  was detected  (41.62 um̂  instead  of 

32.20 um  ̂ Group 2, p <0.01) and th e re  were more n u c le i  in  th e  4n and 

above ploidy c lasses (47.8% v s . 15.33% Group 2, p <0.01).

In tegra ted  microdensitometry demonstrated th a t in Group 6 th e re  was 

a l a r g e  number of n u c le i  w ith  h ig h e r v a lu e s  of in te g ra te d  d e n s ity  

com pared w ith  Group 2,  r a n g in g  from  3 .0-13.5  (A.U.) w ith  a peak 

o c c u rr in g  a t  6.0-6.5 (A.U.) and a second a t  8.0-8.5 (A.U.). 2.67% o f

the  n u c le i had in teg ra ted  density  va lues in  the  2n ploidy c la s se s  and 

97.33% in  th e  4n and above p lo id y  c la s s e s  in  c o n tr a s t  to  80.65% and 

19.35% r e s p e c t iv e ly  in  Group 2. In  Group 6 th e  number o f  n u c le i  w ith  

in teg ra ted  d e n s itie s  in  4n and above p lo idy  c la sses  was s ig n if ic a n tly  

increased (p <0.05) conpared w ith hypophysectcmy co n tro ls  (Group 1) and 

a t  th e  10% le v e l  s ig n if ic a n tly  increased (p <0.1) by 403% conpared with 

Group 2.

As th e re  was no s ig n i f ic a n t  d if f e re n c e  in  th e  d i s t r ib u t io n  of 

in te g r a te d  n u c le a r  d e n s i ty  between Group 1 and 2 t h i s  d a ta  confirm s 

s t a t i s t i c a l l y  t h a t  f o l l o w i n g  2 /3  p a r t i a l  h e p a tec to m y  in  

hypophysectomised anim als the  a b i l i ty  of PB to  induce DNA synthesis i s  

res to red  and confirms the  Quantimet 720 data .

There was an increased m ito tic  index conpared w ith Group 2 (0.8477 

v s . 0.0 Group 2,  p <0.01) ind ica ting  c e l l  re p lic a tio n .
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The mean e s tim a te d  c e l l  volume was s m a lle r  (5.32 x 10“ 5 mnr* v s .

5.98 x 10“^ mnr* Group 2, p <0.01) and th e re  were more nuc le i/10  f ie ld s  

(414 v s .  390 Group 2, p <0.01), t h i s  m ost p ro b ab ly  th e  e f f e c t  o f c e l l  

m u ltip lic a tio n .

In order to  confirm th a t  in  hypophysectanised anim als th is  a b i l i ty  

by PB to  induce DNA sy n th e s is  fo llo w in g  p a r t i a l  hepatectom y i s  

independent of o ther fac to rs  and i s  the  r e s u l t  of the action  of th e  drug 

on th e  l iv e r ,  r e s u l ts  were compared between Groups 3 and 4, and Groups 5 

and 6.

5.2 .3  H ypophysectom y, 1 /3  p a r t i a l  hepatectom y and PB tre a tm e n t 
(Group 4) compared with hypophysectomy, 1/3 p a r t i a l  hepatectom y 
and sa lin e  treatm ent (Group 3)

The w hole o f  th e  l i v e r  remnant was 20.4% la r g e r  fo llo w in g  PB 

tre a tm e n t (3.54% v s . 2.94% Group 3, p <0.01) w ith  a r e l a t i v e  w eigh t o f 

the  R.P. lobe 1.51% instead  of 1.25% in  Group 3 (p <0.01).

The mean n u c le a r  a re a  was e n la rg e d  (44.08 unr v s . 38.63 urn 

Group 3 , p <0.05), th e r e  was a g r e a te r  number o f n u c le i  in  th e  4n and 

above p lo idy  c la sse s  (63.8% vs. 42.5% Group 3, p <0.05) and th e  m ito tic  

index was increased (0.3399 vs. 0.0183 Group 3, p <0.01).

The mean e s tim a te d  volume was in c re a se d  (4.46 x 10” ** mm̂  v s . 

3.63 x 10“5 mn  ̂ Group 3, p <0.01) and th e re  were fewer nuc le i/10  f ie ld s  

(444.0 v s . 533.3 Group 3, p <0.01).

5 .2 .4  H ypophysectom y, 2 /3  p a r t i a l  hepatectom y and PB trea tm e n t 
(Group 6) compared with hypophysectomy, 2/3 p a r t i a l  hepatectom y 
and sa lin e  treatm ent (Group 5)

S im ila rly  in  Group 6 the  l iv e r  rotmant enlarged by 21% fo llow ing  PB 

tre a tm e n t (2.76% in s te a d  o f 2.22% Group 5, p <0.05) w ith  an in c re a se d

109



r e l a t i v e  w eight o f th e  R.P. lo b e  1.94% compared w ith  1.66% (Group 5),

p <0.01).

Evidence of increased DNA synthesis was based on an increased mean 

n u c le a r  a re a  (41.62 um  ̂ compared w ith  38.17 um  ̂ Group, p <0.01) and an 

increase  in  nu c le i in  4n and above p lo idy  c la sse s  (47.8% compared with 

39.13% Group 5, p <0.05), confirmed fcy in teg ra ted  microdensitometry.

A lthough i t  was n o t p o s s ib le  t o  a n a ly se  s t a t i s t i c a l l y  a t  th e  5% 

l e v e l ,  using the  Wilcoxon 2 sample t e s t ,  i t  appears th a t  PB did induce 

DNA sy n th e s is  in  Group 6 and t h i s  was n o t j u s t  th e  e f f e c t  o f  th e  2/3 

p a r t i a l  hepatectany (as in  Group 5). There was a 19.66% increase  in  the  

number o f n u c le i  w ith  v a lu e s  o f  in te g r a te d  d e n s i t i e s  (A.U.) in  th e  4n 

and above p lo idy  c la sses  conpared w ith Group 5. The values ranged from 

5.0-13.5 (A.U.) w ith  an obv ious peak between 6.0-6.5 (A.U.). T h is was a 

s ig n if ic a n t increase  (p <0.1) a t  the  10% le v e l .

The m ito t ic  index was in c re a se d  (0.8477 v s . 0.0612 Group 5, 

p <0.01) demonstrating c e l l  re p lic a tio n .

_  C o
The mean e s tim a te d  c e l l  volum es were s im i la r  (5.32 x 10 3 mitr 

SD +0.06 v s . 5.10 x 10”^ mm̂  SD +0.08 Group 5) but th e re  were few er 

nuclei/10  f i e l d s  in  Group 6 (414 v s . 440.1 Group 5, p <0.01) which 

cannot re a d ily  be explained.

5 .2 .5  Summary

These r e s u l t s  th e r e fo re  confirm  th e  in v e s t ig a t io n s  by S c h u lte -  

Hermann e t  a l .  (1977) t h a t  PB f a i l s  to  induce DNA s y n th e s is  in  

hypophysectom ised r a t s  but i t s  a b i l i t y  i s  res to red  fo llow ing  p a r t i a l  

hepatectomy.

110



In add ition , w hile fo llow ing 1/3 p a r t i a l  hepatectomy (Qroup 3) the  

mass was r e s to re d  to  th e  c o n tro l  v a lu e  (Group 1 ), fo llo w in g  PB 

treatm ent (Group 4) fu rth e r adaptive growth occurred in  the l i v e r  which 

was detected  by increased mean r e l a t iv e  weights o f th e  l iv e r  and r ig h t  

p o s te rio r lobe. A fter 2/3 p a r t i a l  hepatectany (Group 5) w hile  l iv e r  

mass reached 77.84% of con tro l v a lu es by 21 days, i t  reached 93.01% of 

co n tro l values a f te r  PB treatm ent (Group 6). Ib is  a fep tiv e  growth was a 

com bination of c e l l  h y p e rp la s ia  and hypertrophy . H y p e rp la s ia  was 

detected  by the  evidence of DNA syn thesis  (a la rg e r  mean nuclear a rea , a 

la rg e r  s h i f t  towards polyploidy and c e l l  m u ltip iic a tio n ).

v/
PB induced hypertrophy  in  Group 4 a s  d e te c te d  by la r g e r  c e l l  

volumes compared w ith Group 3. In Group 6 c e l l  s iz e  was the  same as in  

Group 5 bu t th e y  were both s i g n i f i c a n t l y  e n la rg e d  compared w ith  

c o n tro ls .

The resp o n se  by th e  l i v e r  to  PB tre a tm e n t in  hypophysectom ised 

an im als fo llo w in g  p a r t i a l  hepatectom y i s  s im i la r  to  t h a t  fo llo w in g  

laparotomy or p a r t i a l  hepatectomy in in ta c t  animals.
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CHAPTER 6

THE RESPONSE BY THE LIVER TO 1/3 AND 2/3 PORTAL VEIN LIGATION WITH OR
WITHOUT PB TREATMENT

F or d e t a i l s  o f  t h e  r e s u l t s  fro m  e a c h  g ro u p  s e e  T a b le s  6.1 and  6.2 

a n d  f o r  a  sum m ary  o f  t h e  g r o u p  m ean s  T a b l e  6 .3 . H is to g r a m s  

dem onstra ting  th e  p e rcen tag e  c o n tr ib u t io n  made by th e  in d iv id u a l  l i v e r  

lo b e s  t o  th e  w hole l i v e r  w eigh t fo llo w in g  hypophysectomy, PB tre a tm e n t 

a n d /o r p o r t a l  v e in  l i g a t io n  bo th  in  i n t a c t  and hypophysectam ised r a t s  

a r e  p re se n te d  in  F ig u re  6.3.

o
D eta ils  of the  mean nuclear area  (urrr) fo r  each animal in v es tig a ted  

per group using th e  Quantimet 720 image analyser a re  given in  Table 6.4 

and a summary of percentage d is tr ib u tio n  of n u c le i in to  p lo idy  c la s se s  

p e r  group i s  g iv en  in  T able 6.5. H istogram s dem onstra ting  th e  mean 

percentage d is tr ib u tio n  of n u c le i o f a given area separating the nuc le i 

in to  p lo idy  c la sses  per group are  given in  Figure 6.1.

The r e s u l t s  and  h is to g ra m s  o f  t h e  i n t e g r a t e d  m ic ro d e n s i to m e try  

in v e s t ig a t io n  a r e  a l s o  p re se n te d  in  T ab le  6.6 and F ig u re  6.2.

The p u rp o s e  o f  t h i s  c h a p te r  i s  t o  r e p o r t  r e s u l t s  o f  t h i s  p a r t  o f  

t h e  s tu d y  w h ich  exam ined w h e th e r  t h e  a b i l i t y  o f  PB t o  in d u c e  DNA 

s y n th e s is  in  hypophysectcm ised r a t s  co u ld  be r e s to re d  fo llo w in g  p o r t a l  

v e in  l i g a t i o n ,  in  a  m anner s i m i l a r  t o  t h a t  w hich  o c c u rs  f o l l o w i n g  

p a r t i a l  hepatectam y.

However i t  i s  f i r s t  n e ce ssa ry  t o  r e p o r t  th e  re sp o n se  by th e  l i v e r  

t o  p o r t a l  v e in  l i g a t io n  a lo n e ,  bo th  in  i n t a c t  and hypophysectcm ised r a t s  

and to  dem onstrate  t h a t  p o r t a l  v e in  l i g a t io n  in duces DNA s y n th e s is  in
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t h e  s u r g i c a l l y  u n m a n ip u la te d  lo b e s  i n  t h e  l i v e r ,  t h e  r e s p o n s e  b e in g  

s im i la r  to  t h a t  fo llo w in g  p a r t i a l  hepatectcm y.

Separate co n tro l anim als were included in th is  section  in  order to  

carpare the response fcy th e  l iv e r  to  PB and p o r ta l  vein  l ig a t io n  both in 

in ta c t and hypophysectanised r a t s .

6 .1  The response  by th e  l i v e r  to  1 /3  and 2 /3  p o r ta l  v e in  l ig a t io n  in  
in ta c t  and hypophysectanised animals

6 .1 .1  Sham hypophysectan ised  an im als (Group A)

6 .1 .1 .1  Sham hypophysectcrny, laparotomy and sa lin e  treatm ent (C o n tro ls  
-  Group 1)

E ffect on l iv e r

( i)  R elative  l iv e r  weight

The mean r e la t iv e  l iv e r  weight in these con tro ls  animals was 3.65% 

(SD + 0 .2 1 , n = 6 ).

At th e  end o f  th e  28 day study  th e  mean p e rcen tag e  o f  th e  l e f t  

l a t e r a l  lo b e  was 31.75% (SD + 2 .2 7 , n = 6 ) , th e  median lo b e  32.89% 

(SD + 1 .8 3 , n = 6 ) ,  th e  r i g h t  p o s te r io r  25.34% (SD + 2 .7 2 , n = 6) and 

the  caudate lobe 9.95% (SD + 0.71 , n = 6).

( i i )  Right p o s te rio r lobe

The mean r e l a t i v e  w e ig h t  o f  t h e  r i g h t  p o s t e r i o r  lo b e  w as 0.93% 

(SD +0.10, n = 6) and co irparison  w ith  th e  s tu d y  groups in d ic a te d  w hether 

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

hypophysectany, p o r t a l  v e in  l i g a t i o n ,  PB tre a tm e n t o r  com binations o f  

th e se  v a r ia b le s .
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In v e s t ig a t io n  o f  th e  r ig h t  p o s te r io r  lo b e

Measurements to  r e f l e c t  DNA sy n th e s is  and c e l l  r e p lic a t io n

a) Mean nuclear area

The mean n u clear  area fo r  Group 1 was 31.37 um̂  (SD + 1.18, n = 6).
b) Nuclear p lo id y  c la s s e s

86.17% o f  n u c le i  were in  th e  2n p lo id y  c la s s e s  and 13.83% were in  

th e  4n and above p lo idy  c la sse s .

c) M itoses

The mean number o f m ito se s  p e r 1,000 c e l l s  was 0.1180 (SD +0.13, 

n = 6) which i s  w ithin normal re s tin g  values for r a t  l iv e r .

Determ ination o f  c e l l  volume

The mean e s tim a te d  c e l l  volume was 7.21 x 10“^ mm̂  (SD + 0.27, 

n = 6).

Mean number of nuclei/10 f ie ld s

The mean number of n u c le i  per 10 f i e l d s  was 466.5 (SD + 50.34, 

n = 6 ).

6 .1 .1 .2  Sham hypophysectomy 1/3  p o r t a l  ve in  l ig a t io n  and s a l in e  
treatm ent (Group 3) compared with Group 1

Following 1/3 p o r ta l  vein  l ig a tio n  th e re  was obvious atrophy of the  

median lobe (7.06% instead  of 32.89% c o n tro ls , p <0.01) and enlargement 

o f  th e  r i g h t  p o s te r io r  lo b e  (R.P. 37.97% in s te a d  o f  25.34% c o n tr o l s ,  

p <0.01) w ith  a 25.2% in c re a s e  in  r e l a t i v e  w eight o f  th e  R.P. (1.16% v s . 

0.92% c o n t r o l s ,  p <0.01). Compensatory growth in  th e  u n l ig a te d  lo b es  

was however, in su ff ic ie n t to  re s to re  the l iv e r  to  the  co n tro l va lue  as 

t o t a l  l i v e r  w eight was o n ly  83.01% o f c o n tro ls  (3.03% v s . 3.65% 

c o n tro ls , p <0.05).
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DNA sy n th e s is  was d e te c te d  by an in c re a se d  mean n u c le a r  a re a  

(38.63 urn2 vs. 31.37 urn2 c o n tro ls , p <0.01) and an increase  in  number of 

4n and above p lo idy  c la s s  nu c le i (41.75% vs. 13.83% c o n tro ls , p <0.05). 

No change in  m ito t ic  index was d e te c te d  compared w ith  c o n tro ls  as 

expected  by 21 days p o s t - p o r t a l  v e in  l i g a t io n  (0.1234 SD +0.18 v s . 

0.1180 SD +0.13).

_c o
E stim ated  c e l l  volume was s im i la r  t o  c o n tro ls  (7.29 x 10 mnr 

SD +0.18 v s .  7.21 x 10” 5 mm3 gD +0.27) b u t  th e  mean number o f  

nuclei/10  f i e l d s  were fewer compared w ith  c o n tro ls  406.25 v s . 466.5 

c o n t r o l s ,  p <0.01). This l a t t e r  e f f e c t  was most p ro b ab ly  due to  a 

reduction in  the  number of b inuc lea te  c e l l s  which i s  kncwn to  occur in  

a sso c ia tin  with a s h i f t  towards a higher p lo idy  (Sulkin, 1943? Bucher, 

1963).

6 .1 .1 .3  Sham hypophysectomy 2/3 p o r t a l  v e in  l ig a t io n  and s a l in e  
treatm ent (Group 5) compared with Group 1

Following 2/3 p o r ta l  vein l ig a tio n  atrophy occurred in  th e  a n te rio r  

lo b e s  (15.7% and 24.32% in s te a d  o f 31.72% and 32.89% c o n t r o l s ,  p <0.01) 

w hile  in the  un lig a ted  r ig h t  p o s te rio r lobe c le a r  enlargement occurred 

(R.P. 48.51% instead  of 25.34% c o n tro ls , p <0.01) with a r e l a t iv e  weight 

o f th e  R.P. 1.54% a s  compared w ith  0.92% o f  c o n tro ls  (p <0.01), an 

in c re a s e  by 89.48%. However by 28 days com pensatory growth in  th e  

unm anipulated  lo b e s  had n o t r e s to re d  th e  l i v e r  to  c o n tro l  v a lu e s  as 

t o t a l  l i v e r  reached 3.14% coirpared w ith 3.65% (equivalent to  85.94% of 

c o n tro ls ) .

Mean nuclear area  was increased (45.93 urn2 vs. 31.37 urn2 c o n tro ls , 

p <0.01) and th e  number o f n u c le i  in  4n and above p lo id y  c la s s e s  

increased (68.2% instead  of 13.83%, c o n tro ls , p <0.01). No s ig n if ic a n t
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ch a n g es in  m i t o t i c  in d ex  w ere d e t e c t e d  (0.1183 SD +0.13 v s .  0.1180 

SD +0.13).

Mean e s tim a te d  c e l l  volume was s l i g h t l y  e n la rg e d  compared w ith  

c o n tr o l s  (7.60 x 10” ^ mm̂  v s . 7.20 x 10"^ mm̂  c o n t r o l s ,  p <0.05) by 

5.48% and th ere  were fewer nucle i/10  f i e ld s  (354.8 compared w ith 466.5, 

p <0.01) compared w ith  c o n t r o l s ,  most p ro b ab ly  r e f l e c t i n g  th e  s l i g h t  

c e l l  enlargement.

Thus in  summary f o l l o w in g  b oth  1 /3  and 2/3 p o r t a l  v e in  l i g a t i o n  

atrophy occurred in  l ig a t e d  lo b e s  acconpanied by compensatory growth in  

th e  rem a in in g  s u r g i c a l l y  unm anipulated  lo b e s , in v o lv in g  h y p erp la s ia , 

d e te c ted  by an increased  n u clear  area and a s h i f t  towards p o lyp lo icfy .

M itotic  a c t iv i ty  which occurs e a r ly  in  the response was undetected 

by 21 days p o s t - p o r t a l  v e in  l i g a t io n ,  and s i m i l a r ly  fo llo w in g  1 /3  

p o r t a l  v e in  l i g a t io n  c e l l  en la rgem en t was n o t d e te c te d  by 21 days 

although i t  was ju s t  d e tec tab le  fo llow ing 2/3 p o rta l ve in  l ig a tio n .

6 .1 .1 .4  Summary

T hese r e sp o n se s  a r e  c o n s i s t e n t  w ith  o th e r  s t u d ie s  (W einbren and 

Tarsh, 1964; Weinbren, 1978) and very  s im ila r  to  th ose  reported  in  t h i s  

study and by o th ers , fo llo w in g  1/3 or 2/3 p a r t ia l  hepatectany (Bucher, 

1963? w ein b ren , 1959), DNA s y n t h e s i s  b e in g  d e t e c t e d  f o l l o w in g  both  

procedures by a s h i f t  in p o ly p lo id y .

6 .1 .2  Bypophysectonised animals (Group B)

As a lread y  d escrib ed  fo llo w in g  hypophysectcnry in  a l l  groups t o t a l  

body w eigh t, adrenal and t e s t i c u la r  w eight were reduced conpared w ith  

th e  sham hypophysectcmised laparotomy s a l in e  trea ted  group.
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6 .1 .2 .1  Hypophysectomy, laparotom y and s a l in e  tre a tm e n t (C o n tro ls  -  
Group 1)

At th e  end o f  th e  28 day study  th e  mean p e rc en ta g e  o f  th e  l e f t  

l a t e r a l  lobe was 34.64% (SDflJ.9), the  median lobe 31.5''% (SDf2.16), the 

r i g h t  p o s te r io r  lo b e  23.75% (SEH-1.70) and th e  cau d a te  lo b e  9.63% 

(SD+2.40).

Following hypophysectomy atrophy occurred in  the l iv e r  detected fcy 

a  14.8% re d u c tio n  in  r e l a t i v e  l i v e r  w eigh t (3.11% v s . 3.65% sham 

hypophysectomy c o n t r o l s ,  p <0.01) and a 19.67% re d u c tio n  in  r e l a t i v e  

w eigh t o f th e  R .P . lo b e  (0.74% in s te a d  o f 0.92% sham hypophysectomy 

c o n tr o l s ,  p <0.05). The resp o n se  was confirm ed by a reduced  mean 

e s tim a te d  c e l l  volume (2.40 x 10*"  ̂ mm̂  v s . 7.21 x 10” ^ mm̂  sham 

hypophysectomy c o n tro ls  (p <0.01) e q u iv a le n t  to  66.7% re d u c tio n ) and 

in c re a se d  n u c le i /1 0  f i e l d s  (715.3 v s .  46 6.5 sham hypophysectom y 

c o n tro ls , p <0.01), th is  l a t t e r  e f fe c t  re f le c tin g  the  reduction in c e l l  

s iz e .  There were no changes in  m ito se s  (0.0152 SD +0*03 v s . 0.1180 

SD +0.1326). The m a jo r ity  o f n u c le i  were in  th e  2n p lo id y  c la s s e s  

(92.83%) s im ila r  to  hypophysectomy c o n tro ls  in  Section I I I .  In tegrated  

m icrodensitom etry  confirm ed t h i s  2n:4n d i s t r ib u t io n  w ith  80.64% o f  

n u c le i  w ith  in te g ra te d  d e n s i ty  ran g in g  from 1.5-5.0 (A.U.) w ith  a peak 

a t  in te g ra te d  d e n s i ty  3.0-3.5 (A.U.). These v a lu e s  and d i s t r ib u t io n  

correspond to  2n p lo idy  c la sse s  and were s im ila r to  those reported  fo r 

hypophysectom ised an im als (Group 1) in  S ec tio n  I I I ,  in d ic a t in g  t h a t  

hypophysectomy a r r e s ts  progression of polyploidy. The mean nuclear area  

was sm a lle r than sham hypophysectcmy c o n tro ls , again suggesting a r r e s t  

o f development o f polyplo idy  (28.45 um̂  instead  of 31.37 um^, p <0.05).
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The p e rc en ta g e  of n u c le i  in  th e  2n p lo id y  c la s s e s  (92.83%) were 

however not s ig n if ic a n tly  d if fe re n t from the  d is tr ib u tio n  in  the  sham 

hypophysectomy c o n tr o l s  (86.17%) a s  opposed  t o  th e  s i g n i f i c a n t  

d ifference  found in  hypophysectcmy co n tro ls  in  Section I I I  compared w ith 

i n t a c t  c o n tr o ls  (84.34% v s . 57.8% i n t a c t  c o n t r o l s ,  p <0.01). This may 

be influenced by th e  somewhat lower development in  polyploidy fo r  the  

age and weight of the  sham hypophysectomy c o n tro ls  in  th is  sec tion  and 

w i l l  be discussed l a t e r .

6 .1 .2 .2  Hypophysectomy 1/3 p o r t a l  v e in  l ig a tio n  and s a lin e  treatm ent 
(Qconjp 3) compared with Group 1

Following 1/3 p o r ta l  vein l ig a t io n , by 21 days th e re  was atrophy in  

the  median lobe (7.58% vs. 31.85% c o n tro ls , p <0.01) w ith enlargement in  

th e  unm anipulated  r i g h t  p o s te r io r  lo b e  (R.P. 36.35% in s te a d  o f  23.75% 

c o n t r o l s ,  p <0.01) w ith  th e  mean r e l a t i v e  w eigh t o f th e  R.P. in c re a se d  

by 79.27% (1.33% v s . 0.74% c o n t r o l s ,  p <0.01). The t o t a l  l i v e r  w eigh t 

exceeded co n tro l l e v e ls  (3.66% in stead  of 3.11%, p <0.01) fcy 17.68%.

DNA s y n th e s is  was d e te c te d  by an in c re a se d  mean n u c le a r  a re a  

(33.88 um̂  vs. 28.45 um̂  c o n tro ls , p <0.01) and an increase  in  n u c le i in 

4n and above p lo id y  c la s s e s  (15.67% v s . 7.17% c o n t r o l s ,  p <0.05). 

M ito tic  index was s im i la r  to  c o n tr o l s  (0.0191 SD +0.04 v s . 0.0152 

SD +0.03).

C e l l s  w ere  e n la r g e d  by 66.17% com pared w ith  c o n t r o l s  

(3.99 x lO"^ mm̂  vs. 2.40 x 10”^ mm̂ ) w ith fewer n u c le i/1 0  f i e ld s  (554.3 

v s . 715.3 c o n t r o l s ,  p <0.01) b u t were a tro p h ie d  compared w ith  sham 

hypophysectcmy control® (3.99 x 10”^ mm̂  vs. 7.21 x 10”^ mm^, p <0.01).
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6 .1 .2 .3  Hypophysectccny, 2/3 p o r ta l  vein  l ig a tio n  and s a lin e  treatm ent 
(Group 5) compared with Group 1

S im ila rly  fo llow ing 2/3 p o r ta l  ve in  l ig a tio n  th e re  was atrophy of 

th e  a n te r io r  lo b e s  (31.51% v s . 66% c o n t r o l s ,  p <0.01) b u t th e  R.P. lo b e  

was much in c re a se d  (51.25% v s . 23.75% c o n t r o l s ,  p <0.01) th e  r e l a t i v e  

w eight in c re a s in g  by 59.22% from 0.74% (c o n tro ls )  to  1.18% (p <0.01). 

Compensatory growth in  th e  unm anipu lated  lo b e s  d id  n o t r e s to r e  l i v e r  

w eight to  c o n tro l  v a lu e s  a s  t o t a l  l i v e r  w eight was 2.37% in s te a d  o f 

3.11% (p <0.01) (equivalent o f 76.21% of co n tro ls).

Mean nuclear a rea  was increased (37.38 um  ̂ vs. 28.45 um  ̂ co n tro ls , 

p <0.01) and th e  number o f n u c le i  in  th e  4n and above p lo id y  c la s s e s  

in c r e a s e d  (39.3% v s .  7.17% c o n t r o l s ,  p < 0 .01). I n t e g r a t e d  

microdensitcmetry confirmed th is  s h i f t  in  p lo idy  with higher in teg ra ted  

d e n s ity  v a lu e s  compared w ith  c o n tro ls  ran g in g  from 4.0-17.0 (A.U.). 

Peaks o ccu rred  a t  6.0-6.5 (A.U.), 8.5-9.0 (A.U.) and 11.5-12.0 (A.U.), 

88.5% o f  n u c le i  in  th e  4n and above p lo id y  (p <0.01) an in c re a s e  by 

357.64% compared w ith  c o n t r o l s ,  th e s e  measurements d e te c t in g  DNA 

synthesis. M ito tic  index was s im ila r  to  co n tro ls  (0.0423 SD +0.06 vs. 

0.0152 SD +0.03).

Estimated c e l l  volume was increased by 82.7% conpared w ith co n tro ls  

(4.39 x 10“^ mm^ v s .  2 .40  x 1 0 “ 3 mm^, p < 0 .01 ) w i t h  f e w e r  

nuclei/10  f i e l d s  (496.5 v s . 715.3 c o n t r o l s ,  p <0.01) b u t conpared  w ith  

sham hypophysectcmy co n tro ls  atrophy was d e te c te d  (4.39 x 10”3 mm̂  v s . 

7.21 x 10”5 mm3, p <0.01).

6 .1 .2 .4  Summary

Thus in  summary conpensatory growth was d e tec ted  in  th e  s u r g ic a l ly  

unm an ip u lated  u n l ig a t e d  r ig h t  p o s t e r io r  lo b e  in  h yp op h ysectom ised
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an im als fo llo w in g  1 /3  and 2 /3  p o r t a l  v e in  l i g a t io n ,  th e  response  

consisting  o f both hyperplasia  and hypertrophy.

These r e s u l t s  confirm  th a t  fo llo w in g  p o r t a l  v e in  l ig a t io n  in  

hypophysectcmised anim als, DNA synthesis can be detected  by a s h i f t  in 

polyploicty’ as w e ll as in  in ta c t  animals and the  response i s  s im ila r  to  

th a t  seen follow ing p a r t i a l  hepatectany reported both in th is  study and 

by o th e r  a u th o rs  (H arkness, 1957; W einbren, 1959; Weinbren and T arsh, 

1964; Leong e t  a l . ,  1959; Bucher, 1963; Schulte-Hermann e t  a l . ,  1977).

6.2 The response by the  l i v e r  to  PB in  p o r ta l  vein l ig a te d  animals both 
in  in ta c t  and hypophysectanised animals

6.2 .1  Sham hypophysectcmised animals (Group A)

6 .2 .1 .1  Sham hypophysectomy, laparotom y and PB tre a tm e n t (Group 2) 
compared w ith  sham hypophysectomy, laparotom y and s a l in e  
treatm ent (con tro ls)

In th e  i n t a c t  an im al in  which a laparotom y has been perform ed PB 

induces adaptive growth in  the  l iv e r  w ith l i v e r  enlargement. D e ta ils  of 

th e  r e s u l t s  o f t h i s  group have a lre a d y  been re p o r te d  in  C hapter 4, 

subsection 4.1.2.1 but in  summary the  ac&ptive response was detected  fcy 

an increase in the  mean r e l a t iv e  weight o f th e  l iv e r  and r ig h t  p o s te rio r 

lobe compared with co n tro ls .

The adaptive growth consisted  of both hyperplasia  and hypertrophy.

In t h i s  study when PB was adm inistered t o  an im als in  which p o r ta l  

v e in  l ig a t io n  had been performed, th a t  response to  PB was compared w ith  

s a l in e  tr e a te d  anim als. The r e s u l t s  are as fo l lo w s .
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6 .2 .1 .2  Sham hypophysectany, 1/3 p o r ta l  vein  lig a tio n  and PB treatm ent 
(Group 4) compared w ith  sham hypophysectomy, 1 /3  p o r t a l  v e in  
l ig a tio n  and s a lin e  treatm ent (Group 3)

The whole l iv e r  increased by 40.59% follow ing PB treatm ent in  1/3 

p o r ta l  ve in  l ig a te d  anim als (4.26% vs. 3.03% Group 3, p <0.01) coirpared 

with s a l in e  treatm ent, w ith a 59.03% increase  in r e la t iv e  weight of the 

R.P. lo b e  (1.75% in s te a d  o f 1.16% Group 3, p <0.01). In  c o n tr a s t  to  th e  

response  in  Group 3 in  which t o t a l  l i v e r  o n ly  reached  83.01% of 

c o n tro ls , t o t a l  l i v e r  increased by 16.71% coirpared w ith co n tro ls  (4.26% 

vs. 3.65%, p <0.01) fo llow ing  PB treatm ent.

DNA sy n th e s is  was d e te c te d  by an in c re a se d  mean n u c le a r  a re a  

(41.63 urn2 as ccnpared w ith 38.63 urn2 Group 3, p <0.01) and an increased 

number o f n u c le i  in  4n and above c la s s e s  (57.17% v s . 41.75% Group 3, 

p <0.01). The m ito t ic  index was in c re a se d  (1.7392 v s . 0.1234 Group 3, 

p <0.01) and c e l l s  were enlarged (12.36 x 10“^ mm̂  instead  of 7.29 x 10~ 

** mm̂  Group 3, p <0.01) w ith  few er n u c le i /1 0  f i e l d s  (363 v s . 406.25, 

p <0.01) fo llow ing PB treatm ent in  c o n tra s t to  sa lin e  treatm ent.

6 .2 .1 .3  Sham hypophysectary, 2/3 p o r ta l  vein l ig a tio n  and PB treatm ent 
(Group 6 ) compared w ith  sham hypophysectomy, 2 /3  p o r t a l  v e in  
l ig a tio n  and s a lin e  treatm ent (Q?oup 5)

F o llow ing  PB tre a tm e n t in  2 /3  p o r t a l  v e in  l ig a t e d  an im a ls  t o t a l  

l i v e r  reached 3.72% coirpared w ith 3.14% (p <0.01) in  Group 5, and w hile 

in the  l a t t e r  on ly  85.94% of the co n tro l value was reached, t o ta l  l i v e r  

was in c re a se d  by 2% compared w ith  c o n tro ls  in  Group 6. PB o b v io u s ly  

induced a d a p tiv e  growth in  th e  r i g h t  p o s te r io r  lo b e  (R.P. 2.31% v s . 

1.54% Group 5, p <0.01).

Mean n u c le a r  a re a  was e n la rg e d  (56.23 urn2 v s . 45.93 urn2 Group 5, 

p <0.05) and a g re a te r  number o f n u c le i  in  th e  4n and above p lo id y
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c la sse s  (90.8% conpared w ith 68.2%, p <0.01) fo llow ing PB in  co n tra s t to  

s a l in e  tre a tm e n t. M ito tic  index was in c re a se d  (2.1543 v s . 0.1183 

Group 5, p <0.01) and c e l l s  w ere  e n la r g e d  (13.58 x 10"^  mm  ̂ v s .  

7.60 x 10“5 iran̂  Group 5, p <0.01) w ith  few er n u c le i/1 0  f i e l d s  (336.8 

instead  of 354.8 Group 5, p <0.001).

6 .2 .1 .4  Summary

Thus PB induces an adap tive  response in  th e  l iv e r  already  subjected 

to  both  1 /3  and 2/3  p o r t a l  v e in  l i g a t io n ,  d e te c te d  by g r e a te r  mean 

r e l a t iv e  weights o f th e  l iv e r  and r ig h t  p o s te rio r lobes compared w ith 

s a lin e  tre a te d  anim als (Groups 3 and 5).

Both hyperplasia  and hypertrophy were detected in  the  enlargement. 

The response  to  PB i s  s im ila r  to  th a t  found in  t h i s  s tu d y  on r a t s  

p rev io u sly  subjected to  laparotomy (Chapter 4) and to  changes reported 

by o th e r  au th o rs  (Schulte-H erm ann, 1974). This in d ic a te s  t h a t  th e  

resp o n se  by th e  l i v e r  to  th e  drug i s  n o t a f f e c te d  by p o r ta l  v e in  

l ig a tio n . These r e s u l ts  a re  a ls o  s im ila r  to  the responses to  PB in r a ts  

su b je c te d  p re v io u s ly  to  p a r t i a l  hepatectom y as  a lre a d y  d e sc rib e d  

(Chapter 3 ).

6 .2 .2  Hypophysectcmised animals (Group B)

The rem ainding r e s u l t s  a re  re p o r te d  in  o rd e r  to  e s t a b l i s h

(i)  w hether th e  a b i l i t y  o f  PB t o  induce DNA sy n th e s is  a s  dem onstra ted  

h e re  in  i n t a c t  a n im a ls , o ccu rs  in  hypophysectom ised an im als  and

( i i )  w hether PB induces DNA sy n th e s is  in  hypophysectcmised animals in 

which p o r ta l  vein  l ig a tio n  had been ca rried  out.
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6 .2 .2 .1  The response by the  l iv e r  to  PB following laparatany

6 .2 .2 .1 .1  Hypophysectomy, laparotom y and PB tre a tm e n t (Group 2) 
compared w ith Group 1 (Controls)

The whole of th e  l iv e r  enlarged by 33.44% follow ing PB treatm ent 

(4.15% vs. 3.11% c o n tro ls , p <0.01) w ith obvious adaptive growth in the  

R.P. lobe ( r e la t iv e  weight 1.1% compared w ith 0.74% co n tro ls  (p <0.01), 

an in c re a s e  o f  42.15%).

There was no increase  in  mean nuclear area (29.46 unr SD +1.85 vs. 

28.45 um  ̂ SD +1.83, p <0.01), in number of nuc le i in  4n and above ploicty 

c la s s e s  (10.5% in s te a d  o f  7.15%) o r  m i to t ic  index (0.0260 SD +0.06 v s . 

0.0152 SD +0.03) fo llow ing PB treatm ent coitpared with s a l in e  (con tro ls). 

In te g ra te d  m icrodensitom etry  confirm ed th a t  PB did  not induce a s h i f t  

tow ards p o ly p lo id y  as  in te g ra te d  d e n s i ty  v a lu e s  ranged  from 1.5-7.5 

(A.U) w ith  th e  in te g ra te d  d e n s ity  peak a t  3.0-3.5 (A.U.), 77.5% o f  th e  

nuc le i with in teg ra ted  d e n sitie s  c o rre la tin g  with 2n p lo id y  c la sse s  and 

22.5% w ith  4n and above p lo id y  c la s s e s .  W hile s t a t i s t i c a l  a n a ly s is  

could not be made a t  th e  5% le v e l  using th e  Wilcoxon 2 sample t e s t ,  th e  

d is tr ib u tio n  of 2n/4n p lo idy  n u c le i was not s ig n if ic a n tly  d if fe re n t  to  

Group 1 a t  t h e  10% l e v e l .  T h is  c o n firm s  p r e v io u s  f in d in g s  in  

Section I I I  and the  Quantimet 720 s tu d ies  th a t  fo llow ing PB treatm ent in  

hypophysectomised anim als PB does not induce DNA synthesis and the  DNA 

content remains the  same.

E stim ated  c e l l  volum es were in c re a se d  by 157.5% (6.18 x 10”^ mm̂  

i n s t e a d  o f  2.40 x 1 0 “  ̂ mm  ̂ c o n t r o l s ,  p < 0 .0 1 ) w i t h  f e w e r  

nuclei/10  f i e ld s  (435.3 vs. 715.3 c o n tro ls , p <0.01) r e f le c t in g  the  c e l l  

enlargement.
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Thus l iv e r  enlargement in hypophysectomised animals detected  by an 

increase  in mean r e la t iv e  weights of the  l iv e r  and r ig h t po ste rio r lobe 

fo llow ing PB treatm ent conpared w ith s a l in e  i s  the  r e s u l t  o f c e l lu l a r  

enlargement alone; no evidence of DNA synthesis and c e l l  m u ltip lic a tio n  

were observed.

Fewer n u c le i  per 10 f i e l d s  in  Group 2 may be th e  r e s u l t  o f PB 

inducing c e l l  enlargement.

These r e s u l t s  were c o n s is te n t  w ith  th o se  in  S ec tio n  I I I  and 

previous s tu d ies  (Schulte-Hermann e t  a l . ,  1977).

6 .2 .2 .2  The response by the  l iv e r  to  PB treatm ent in  anim als fo llow ing 
p o rta l ve in  l ig a tio n  compared with laparotomy

6 .2 .2 .2 .1  Hypophysectomy, laparotom y and PB tre a tm e n t (Group 2) 
compared with hypophysectcmy, 1/3 p o rta l vein  l ig a tio n  and PB 
treatm ent (Group A)

Following 1/3 p o r ta l  vein l ig a t io n  th e re  was c le a r  enlargement of 

th e  r i g h t  p o s te r io r  lo b e  (R.P. 36.53% v s . 25.39% Group 2, p <0.01) w ith  

a r e l a t i v e  w eigh t o f R.P. 1.58% in s te a d  o f 1.1% in  Group 2 (p <0.01).

DNA s y n th e s is  was d e te c te d  by an in c re a se d  mean n u c le a r  a re a  

(35.44 uirr vs. 29.46 unr Group 2, p <0.01), increase m  number o f nuc le i 

in  4n and above p lo id y  c la s s e s  (26.33% in s te a d  o f  10.5% Group 2, 

p <0.01) and c e l l  r e p l i c a t io n  by an in c re a se d  m ito t ic  index (0.2664 

instead  of 0.0260 Group 2, p <0.01).

C e l l s  were s m a lle r  (4.14 x 10” ^ mm̂  v s . 6.18 x 10“^ mm̂  Group 2, 

p <0.01) and th e r e  were more n u c le i /1 0  f i e l d s  (464 in s te a d  o f 435.33 

Group 2 , p <0.01), most probably the  r e s u l t  of the sn a lle r  c e l ls .
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6 .2 .2 .2 .2  Hypophysectomy, laparotom y and PB tre a tm e n t (Group 2) 
compared with hypophysectany, 2/3 p o r ta l  vein l ig a tio n  and PB 
treatm ent (Group 6)

S im ila rly  follow ing 2/3 p o r ta l  ve in  l ig a tio n  enlargement of the  

r i g h t  p o s te r io r  lo b e  o ccu rred  (R.P. 58.25% in s te a d  o f  25.39% Group 2, 

p <0.01) w ith  a  78.3% in c re a s e  in  r e l a t i v e  w eigh t o f  R.P. (1.89% v s . 

1.06% Group 2, p <0.01). The t o ta l  l i v e r  however was la rg e r  in  Group 2 

(4.15% in s te a d  o f  3.26% Group 6 , p <0.01).

O 9
Mean n u c le a r  a re a  was in c re a se d  (44.35 uni in s te a d  o f  29.46 urn 

Group 2, p <0.01) and 59.75% of nuc le i ware in 4n and above p lo idy  c la sse s  

compared w ith  10.5% (Group 2, p <0.01). This in c re a s e  tow ards h ig h e r 

p lo idy  le v e ls  was confirmed by in teg ra ted  microdensitcmetry in  which th e  

n u c le i  dem onstra ted  in te g ra te d  d e n s i ty  v a lu e s  ran g in g  from 3.0-15.5 

(A.U.) w ith  peaks o c cu rrin g  a t  5.5-6.0 (A.U.), 7.5-8.0 and 15-15.5

(A.U.) f 92% of nucle i in  4n and above p lo idy  c la sse s  conpared w ith 10.5% 

in  Group 2 (p <0.05). M ito tic  index was in c re a se d  (0.8966 in s te a d  o f 

0.0260 Group 2, p <0.01) ind ica ting  c e l l  re p lic a tio n .

Mean e s tim a te d  c e l l  volume was reduced (4.85 x 10“'* mrn̂  compared 

w ith  6.18 x 10” ^ mm̂  Group 2, p <0.01) w ith  an in c re a se d  number o f 

nuclei/10 f i e l d s  (448.5 v s . 435.3 Group 2, p <0.05), m ost p ro b ab ly  th e  

re s u lt  of the smaller c e l ls .

6 .2 .2 .3  Surrmary

Pd 1 lowing PB treatm ent (Group 4) th e  l iv e r  mass was g rea te r than 

w ith 1/3 p o r ta l  vein  l ig a tio n  a lone (Group 3) so th a t  th e  r e l a t iv e  l iv e r  

weight was s im ila r  to  Group 2, and fo llow ing 2/3 p o r ta l  vein  l ig a tio n  

(Group 6) PB in c re a sed  th e  l i v e r  mass to  c o n tro l  l e v e l s .  However
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desp ite  th is  response the mean r e la t iv e  l iv e r  weight was le s s  than th a t  

fo llow ing PB treatm ent in 1 aparotcmised anim als (Group 2).

However the  mean r e la t iv e  weight of th e  un liga ted  r ig h t  p o s te rio r 

lobe was g rea te r both in  Group 4 and Group 6 compared w ith Group 2, the  

adaptive response a r e s u l t  o f hyperplasia  including  both DNA synthesis 

and c e l l  re p lic a tio n , demonstrating th a t  fo llow ing 1/3 and 2/3 p o r ta l  

vein  l ig a tio n  the  a b i l i ty  fo r  DNA synthesis to  be induced by PB had been 

res to red .

H ypertrophy was induced in  both  groups but th e  c e l l s  in  Group 2 

were 40% la rg e r than Group .4 and 27.5% la rg e r  than Group 6.

I t  was c o n firm e d  t h a t  f o l lo w in g  p o r t a l  v e in  l i g a t i o n  in  

hypophysectom ised an im als th e  observed  a b i l i t y  by PB to  induce DNA 

synthesis compared with i t s  absence in 1 aparotcmi sed animals was the  

e f f e c t  o f PB a lo n e  because i t s  e f f e c t  in  Groups 4 and 6 were g r e a te r  

than  t h a t  o f th e  p o r t a l  v e in  l ig a t io n  a lo n e  (Groups 3 and 5). These 

r e s u l ts  a re  presented below.

6 .2 .2 .4  The response  by th e  l i v e r  to  PB tre a tm e n t in  p o r t a l  v e in  
l ig a te d  animals compared with s a lin e

6 .2 .2 .4 .1  Hypophysectomy, 1 /3  p o r ta l  v e in  l ig a t io n  and s a l in e
treatm ent (Group 3) compared with hypophysectcmy, 1 /3  p o rta l 
vein l ig a tio n  and PB treatm ent (Group A)

The w hole l i v e r  in c re a se d  by 18.3% fo llo w in g  PB tre a tm e n t (4.33% 

v s . 3.66% Group 3, p <0.01) w ith  obv ious a d a p tiv e  growth in  th e  

r i g h t  p o s te r io r  lo b e  (R.P. 1.58% in s te a d  o f  1.33% Group 3, an in c re a s e  

o f  18.7%, p <0.01), th e  R.P. showing s im i la r  c o n tr ib u tio n  to  th e  whole 

l iv e r  as Group 3 (36.53% SD +2.76 and 36.35% SD +1.57 re sp ec tiv e ly ) .
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Mean n u c le a r  a re a  was e n la rg e d  (35.44 um  ̂ v s . 33.88 um  ̂ Group 3, 

p <0.01), th e re  were more nuc le i in  4n and above p lo idy  c la s s e s  (26.33% 

in s te a d  o f 15.6% Group 3, p <0.05) and an in c re a se d  m ito t ic  index 

(0.2664 v s. 0.0191 Group 3, p <0.01).

Estimated c e l l  volume was increased (4.41 x 10”^ mm̂  conpared with 

3.99 x 10"5 mm3 Group 3f p <0.01) w ith fewer nuc le i/10  f i e ld s  (464.0 vs.

554.3 Group 3, p <0.01).

6 .2 .2 .4 .2  Bypophysectary, 2/3 p o rta l vein lig a tio n  and s a l in e  treatm ent 
(Group 5) compared w ith  hypophysectomy, 2 /3  p o r t a l  v e in  
l ig a tio n  and PB treatm ent (Group 6)

S im ila rly  fo llow ing PB treatm ent in  Group 6, s ig n if ic a n t adaptive

grow th was d e t e c t e d  in  th e  r ig h t  p o s t e r io r  lo b e  (R.P. r e l a t i v e  w e ig h t

1.89% in s te a d  o f  1.18% Group 5, p <0.01), th e  whole l i v e r  be ing  37.55%

la r g e r  by 28 days conpared w ith  Group 5 (3.26% in s te a d  o f  2.37%,

p <0.01).

Mean n u c le a r  a re a  was c o n s id e ra b ly  e n la rg e d  (44.35 um£ v s . 

37.38 um  ̂ Group 5, p <0.01), 59.75% o f n u c le i  were in  th e  4n and above 

p lo idy  c la s se s  compared w ith 39.38% in  Group 5 (p <0.01), the  increased 

p lo idy  confirmed by in te g ra te d  m icrodensitom etry . T his dem onstra ted  

th a t  PB did induce an increase in  DNA synthesis in  Group 6 ra th e r  than 

the  p o r ta l  ve in  l ig a tio n  a lone as th e re  was a 3.84% increase  (p <0.05) 

in  th e  number o f n u c le i  w ith  in te g ra te d  d e n s ity  v a lu e s  in  th e  4n and 

above p lo id y  c la s s e s  compared w ith  Group 5 (92% v s . 88.6% Group 5). 

In te g ra te d  d e n s i ty  v a lu e s  ranged from 3.0-15.5 (A.U.) w ith  peaks 

o c c u r r in g  a t  5 .5 -6 .0  (A.U.), 7 .5 -8 .0  (A.U.) and  1 5 -1 5 .5  (A.U.) in  

c o n tra s t to  Group 5 where in teg ra ted  density  va lues ranged from 4.0-17.0
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(A.U.) w ith  peaks o c c u rr in g  a t  6 .0-6.5 (A.U.), 8.5-9.0 (A.U.) and 11.5- 

12.0 (A.U.).

M ito tic  index was a l s o  in c re a se d  (0.8966 v s . 0.0423 Group 5,

p <0.01).

Mean estim ated c e l l  volume was enlarged by 10.5% (4.85 x 10- ^ im? 

v s. 4.39 x lO”^ mm̂  Group 5, p <0.05) w ith fewer n uc le i/10  f ie ld s  (448.5 

compared w ith 496.5 Group 5, p <0.01).

Thus the inductive  a b i l i ty  by PB to  increase l i v e r  mass was seen in  

Groups 4 and 6, th e  mean r e l a t i v e  w eight o f th e  l i v e r  and r i g h t  

p o s te r io r  lo b e s  being  h e a v ie r  compared w ith  Groups 3 and 5. The 

adaptive growth was a combination of both hyperplasia  and hypertrophy. 

Hyperplasia was detected  fcy an increased mean nuclear area  and a g rea te r 

s h i f t  tow ards p o ly p lo id y  and an in c re a s e  in  m ito se s  p e r  1,000 c e l l s  

fo llow ing 8 days PB treatm ent p rio r to  sa c r if ic e  24 hours la te r .

PB fu rth er induced hypertrophy in  Groups 4 and 6 the  c e l l  volumes 

be ing  e n la rg e d  compared w ith  Groups 3 and 5. T his e f f e c t  by PB on th e  

c e l l s  follow ing 1/3 and 2/3 p o r ta l  ve in  l ig a tio n  was however s n a l le r  

th an  th e  e f f e c t  o f  PB on c e l l s  in  l i v e r  in  r a t s  which had undergone 

laparotom y (Group 2) where PB induced l i v e r  en la rgem en t by 157.45% 

compared with co n tro ls  (Group 1).

6 .2 .2 .5  Summary

These r e s u l t s  confirm  th a t  th e  response  by th e  l i v e r  to  PB in  

hypophysectomised anim als p rev iously  subjected to  p o r ta l  ve in  lig a tio n  

i s  s im ila r to  th a t  seen fo llow ing adm inistration  o f PB to  in ta c t  animals 

in  which laparotomy has been performed (Schulte-Hermann, 1974; Schulte-
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Hermann e t  a l . f 1 9 7 7 ). The resp o n se  i s  s im i la r  to  t h a t  found in  th e  

l i v e r  of in ta c t  animals fo llow ing 1 /3  and 2/3  p o r ta l  vein  l ig a tio n  and 

s im ila r  a lso  to  th a t  seen in th e  hypophysectcmised animals subjected to  

1 /3  or 2 /3  p a r t i a l  hepatectamy before being given PB (Schulte-Hermann e t  

a l . ,  1977).
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Table 6.1 Section IV - Sham hypophysectcmy group
% Rt

At start At end post
Bat to ta l  body to ta l  body Liver % l iv e r /  lobe / Liver Adrenals Testes No. m itoses N o.cells Oell^vo],
no. wt (grams) wt(grams) wt(grans) body wt body wt LL ML RP CL (grams) (grams) /1000 c e l ls /  10 F xlO Jimr

Al - Sham hypophysectany, laparotomy and sa lin e
HT 195 250 9.69 3788 0.968 3.01 3.38 2.42 0.88 0.035 2.95 0.1748 572 7.30

31.06% 34.8% 24.9% 9.0%
HI 195 240 8.65 3.60 1.0958 2.42 2.63 2.63 0.97 0.04 3.01 0.1763 567 7.406

27.97% 30.4% 30.4% U.2%
H2 185 240 8.97 3.74 0.8916 3.09 2.85 2.14 0.89 0.035 2.88 0.3571 569 "'7.546

34.4% 31.77% 23.85% 9.9%
H7 185 170 5.65 3.32 0.8588 1.84 1.79 1.46 0.56 0.03 2.76 0.00 588 7.013

32.74% 31.68% 25.8%' 9.9%
H10 210 210 7.04 3.52 0.7900 2.35 2.42 1.58 0.69 0.04 2.96 0.00 605 6.7199

33.3% 34.3% 22.44% 9.8%
Hll 195 240 9.16 3.82 0.9416 2.84 3.15 2.26 0.91 0.03 2.95 0.00 574 7.2716

31.0% 34.38% 24.67% 9.9%

A2 - Sham hypophysectarry, laparotomy and PB
Hi 180 200 8.63 4.32 0.98 2.75 3.11 1.96 0.81 0.04 2.90 0.6849 438 10.909

31.86% 36.0% 22.71% 9.38%
H4 210 210 9.04 4.52 1.255 2.91 2.88 2.51 0.74 0.04 2.90 0.4842 413 11.914

32.19% 31.85% ' 27.76% 8.1%
H5 175 190 8.04 4.73 1.0789 2.38 2.63 2.05 0.98 0.04 2.35 0.8264 484 9.3914

29.60% 32.71% 25.49% 12.18%
H6 205 200 8.92 4.46 1.1300 2.99 2.99 2.26 0.68 0.04 3.6 0.3929 509 8.7080

33.52% 33.52 25.33% 7.6%
H8 185 210 8.63 4 .U 1.0285 2.88 2.92 2.16 0.67 0.04 2.62 0.7009 428 11.293

33.37% 33.83% 25.0% 7.6%
H9 170 185 8.76 4.74 1.2540 2.64 3.01 2.32 0.79 0.04 2.69 0.6993 429 11.254

30.13% 34.36% 26.48% 9.0%

A3 - Sham hypophysectany, 1/3 p o rta l vein lig a tio n  and sa lin e
15"

11o00 180 4.57 2.54 0.9333 1.87 0.32 1.68 0.70 0.04 2.38 0.0 571 7.3290
40.91% 7.0% 36.76% 15.81%

H8 190 225 7.88 3.50 1.3911 3.14 0.47 3.13 1.14 0.05 2.77 0.1680 595 6.8900
39.84% 5.76% 39.72% 14.46%

H9 195 165 4.18 2.53 1.0363 1.650 0.27 1.71 0.55 0.04 0.80 0.0 565 7.4460
39.47% 6.4% 40.9% 13.15%

H10 175 220 7.36 3.35 1.600 2.75 0.39 3.52 0.70 0.04 2.83 0.0 566 7.4263
37.36% 5.29% 47.82% 9.51%

HU 155 200 5.53 2.77 0.500 2.95 0.55 1.00 1.03 0.05 2.86 0.5217 575 7.2526
53.34% 9.9% 18.0% 18.62%

H12 160 135 3.7 2.74 1.2593 1.30 0.28 1.70 0.42 0.04 0.41 0.1745 573 7.2906
35.18% 7.56% 45.94% 11.35%

H14 160 210 7.91 3.77 1.3809 3.54 0.60 2.90 0.87 0.04 2.73 0.0 566 7.4263
44.75% 7.5% 36.66% 10.99%



Table 6.1 (contd)

% Rt
At start At end post

Rat to ta l  body to ta l  body Liver % l iv e r /  lobe/ Liver Adrenals Testes No.mitoses No.cells Oell,.vo\
no. wt (grams) wt(grams) wt(grams) body wt body wt LL ML RP a (grams) (grams) /1000 c e l ls /  10 P xl0“5mnr

A4 - Sham hypophysectany, 1/3 p o r ta l vein lig a tio n  and PB
HO 185 220 9.32 4.24 1.377 3.33 1.72 3.03 1.24 0.048 2.88 1.699 412 11.957

35.72% 18.45% 32.51% 13.3%
HI 155 190 8.13 4.28 1.7157 3.48 0.18 3.26 1.21 0.05 2.45 2.2900 393 12.835

42.8% 2.2% 40.0% 14.88%
H2 175 220 9.82 4.46 2.000 3.19 0.94 4.40 1.29 0.04 3.36 2.2784 395 12.738

32.48% 9.5% 44.8% 13.1%
H3 165 200 8.61 4.31 1.700 2.82 1.10 3.40 1.29 0.04 2.73 1.9559 409 12.089

32.75% 12.77% 39.48% 14.98%
H4 150 200 8.02 4.01 1.925 3.63 0.54 3.85 1.07 0.04 2.67 1.7326 404 12.314

45.2% 6.7% 48.0% 13.34%
H5 175 180 7.61 4.23 1.9111 2.29 0.92 3.44 0.96 0.05 2.71 1.2135 412 11.957

30.0% 12.0% 45.2% 12.61%
H7 150 190 8.14 4.28 1.6052 3.75 0.21 3.05 1.13 0.05 2.91 1.0050 398 12.594

46.0% 2.58% 37.46% 13.88%

AS - Sham hypophysectany. 2/3 p o r ta l vein lig a tio n  and sa lin e
TST 185 235 7.44 3.17 2.234 0.58 0.87 5.25 0.74 0.04 2.866 0.0 532 8.149

7.79% 11.69% 70.56% 9.9%
HI 195 230 7.20 3.13 1.U 30 2.01 1.71 2.56 0.92 0.04 2.68 0.3502 571 7.3290

27.91% 23.75% 35.55% 12.7%
H5 175 250 7.97 3.19 1.088 1.75 2.40 2.72 1.10 0.04 2.78 0.1808 553 7.6897

21.95% 30.1% 34.12% 13.8%
H8 185 230 6.47 2.81 1.1826 0.92 2.05 2.72 0.78 0.05 3.715 0.1788 559 7.5662

14.2% 31.68% 42.04% 12.05%
H6 190 230 8.46 3.68 2.300 0.54 2.11 5.29 0.53 0.05 3.23 0.00 561 7.5258

6.38% 24.94% 62.53% 6.15%
H7 175 225 6.4 2.84 1.3155 1.02 1.52 2.96 0.90 0.04 2.83 0.00 569 7.3676

15.94% 23.75% 46.25% 14.06%

A6 - Sham hypophy sec tony, 2/3 p o r ta l vein lig a tio n  and PB
H2 185 210 7.38 3.51 2.4190 0.60 1.05 5.08 0.65 0.04 2.92 2.3316 386 13.186

8.13% 14.22% 68.8% 8.60%
H7 175 225 8.66 3.85 2.5911 0.75 0.80 5.83 1.28 0.04 2.83 2.5641 390 12.983

8.66% 9.23% 67.32% 14.78%
H9 160 250 8.22 3.29 1.852 1.28 1.32 4.63 0.99 0.05 2.50 1.8324 382 13.393

15.57% 16.0% 56.32% 12.0%
HlO 185 220 8.46 3.85 2.4681 0.48 0.92 5.43 1.63 0.05 3.02 2.1621 370 14.050

5.67% 10.87% 64.15% 19.26%
HU 215 260 9.38 3.61 1.9192 0.95 0.99 4.99 2.45 0.06 2.75 2.1739 368 14.165

10.12% * 10.55% 53.19% 26.n%
H4 180 200 8.37 4.19 2.600 0.75 1.01 5.20 1.41 0.04 2.50 1.8617 376 13.715

8.96% 12.07% 62.13% 16.85%
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Table 6.2 Section IV - Hypophysectany group
* Rt

At s ta r t At end post
Rat to ta l  body to ta l  body Liver % l iv e r /  lobe/ Liver Adrenals Testes No.mitoses N o.cells Oellrvo\
no. wt (grams) wt (grams) wt(grams) body wt body wt LL ML RP CL (grams) (grains) A 0 00 c e l ls /  10 F xl0“5imr

Bl - Hypophvsectarrv, laparotany and sa lin e
HO 215 170 5.36 3.15 0.7586 1.87 1.66 1.29 0.54 0.015 0.52 0.0913 1095 2.7598

34.8% 30.97% 24.0% 10.0% -
H3 210 155 5.34 3.45 0.8322 1.75 1.89 1.29 0.41 0.01 0.48 0.00 1302 2.1285

32.77% 35.39% 24.1% 7.6%
H7 210 140 3.58 2.56 0.5214 1.23 1.11 0.73 0.51 0.01 0.47 0.00 1250 2.2627

34.35% 31.0% 20.39% 14.2%
H14 200 150 5.28 3.52 0.8800 1.83 1.68 1.32 0.45 0.015 0.46 0.00 1190 2.4360

34.6% 31.8% 25.0% 3.5%
HlO 185 130 3.61 2.78 0.6923 1.32 1.05 0.90 0.34 0.01 0.43 0.00 1133 2.6221

36.5% 29.0% 24.9% 9.4%
H7 175 135 4.31 3.19 0.7703 1.50 1.42 1.04 0.35 0.01 0.47 0.00 1275 2.1965

34.8% 32.94% 24.12% 3.1%

B2 - Hypophysectany, laparotomy and PB
H2 185 125 4.85 3.88 1.0320 1.47 1.64 1.29 0.45 0.01 0.38 0.0 628 6.3541

0 .*816
30.31% 33.81% 26.60% 9.28%

H3 185 125 4.29 3.43 1.22 1.70 1.02 0.35 0.01 0.41 0.0 645 6.1046
28.43% 39.62% 23.77% 8.1%

H4 200 135 5.96 4.41 0.9851 1.96 2.07 1.33 0.60 0.01 0.49 0.1564 639 6.1908
32.8% 34.73% 22.31% 10.0%

H5 190 155 6.60 4.26 1.1419 2.12 2.03 1.77 0.68 0.015 0.43 0.00 620 6.4775
32.12% 30.75% 26.81% 10.30%

H6 195 140 6.27 4.48 1.1928 2.09 2.03 1.67 0.48 0.01 0.52 0.00 660 5.8977
33.3% 32.3% 26.66% 7.6%

H6 195 145 6.45 4.45 1.1655 2.10 2.03 1.69 0.63 0.01 0.41 0.00 648 6.0623
32.56% 31.47% 26.20% 9.77%

B3 -
m  ~

Hypophysectany, 1/3 p o r ta l vein liq a tio n  and sa lin e  
HO —  n T  ^ '. " 9 l ------- 17475(5— 7719 0.43 1.77 0.52 0.01 0.34 0.0 848 4.0495

44.6% 8.75% 36.0% 10.5%
H2 195 140 5.01 3.58 1.3428 2.17 0.38 1.88 0.58 0.01 0.45 0.0 840 4.1075

43.31% 7.5% 37.52% 11.57%
H5 190 140 4.89 3.49 1.2571 2.16 0.42 1.76 0.55 0.01 0.49 0.1150 860 3.9650

44.17% 8.5% 35.99% 11.24%
H18 150 110 3.65 3.32 1.1272 1.85 0.31 1.24 0.25 0.01 0.24 0.0 915 3.613

50.68% 8.4% 33.97% 6.8%
H19 180 130 5.14 3.95 1.4076 2.28 0.30 1.83 0.73 0.01 0.40 0.0 850 4.0352

44.35% 5.8% 35.6% 14.2%
H23 170 130 4.59 3.53 1.3769 1.97 0.30 1.79 0.53 0.01 0.38 0.0 832 4.1669

42.9% 6.5% 38.99% 11.54%
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Table 6.2 (contd)
% Rt

At start At end post
Rat to ta l  body to ta l  body Liver % l iv e r /  lobe / Liver Adrenals Testes No.mitoses N o.cells C ellrvol
no. wt (grams) wt(grams) wt (grains) bod/ wt body wt LL ML RP CL (grams) (grams) /1000 c e l ls /  10 P xl0":>mnJ

B4 - Hvpophysectonvr 1/3 ported vein liq a tio n  and PB
.... .......—

H9 210 140 5.43 3.88 1.5357 2.36 0.26 2.15 0.66 0.015 0.45 0.2544 786 4.5380
43.46% 4.78% 39.59% 12.15%

Hl2 180 130 6.51 5.01 1.9769 2.70 0.44 2.57 0.80 0.01 0.42 0.2564 780 4.5904
41.47% 6.7% 39.47% 12.28%

Hi 4 170 115 5.15 4.48 1.7565 2.20 0.31 2.02 0.62 0.01 0.42 0.3640 824 4.2277
42.71% 6.0% 39.2% 12.0%

H15 195 140 7.42 5.3 1.7642 32.74 0.51 2.47 0.70 0.01 0.42 0.1291 774 4.6439
50.4% 6.8% 33.78% 9.43%

Hi 225 180 6.95 3.86 1.2777 2.94 0.69 2.30 1.02 0.015 0.59 0.3764 797 4.4443
42.3% 9.9% 33.0% 14.6%

H4 210 160 6.12 3.83 1.4187 2.35 0.64 2.27 0.80 0.01 0.44 0.2409 830 4.1819
38.39% 10.45% 37.0% 14.0%

H6 215 145 5.76 3.97 1.3379 2.55 0.58 1.94 0.69 0.01 0.53 0.2439 820 4.2587
44.27% 10.07% 33.68% 11.98%

as - Hypophysectany , 2/3 p o rta l vein liq a tio n  and s a lin e
H2 220 160 3.77 2.36 1.275 0.51 0.49 2.04 0.73 0.015 0.50 0.0 772 4.6620

13.52% 12.99% 54.11% 19.36%
H4 210 145 4.31 2.97 1.0896 1.14 1.06 1.58 0.53 0.015 0.50 0.0 804 4.3864

26.45% 24.59% 36.6% 12.29%
HO 230 160 4.14 2.59 0.975 1.14 0.94 1.56 0.50 0.015 0.43 0.0 905 3.6730

29.53% 22.7% 37.68% 12.0%
H41 175 145 3.02 2.08 1.2344 0.28 0.301 1.79 0.65 0.01 0.52 0.0 788 4.5207

9.27% 9.97% 59.27% 21.52%
H19 165 165 3.29 1.99 1.2121 0.36 0.31 2.0 0.62 0.015 0.47 0.1315 760 4.7728

10.94% 9.42% 60.79% 18.84%
H16 165 140 3.10 2.21 1.3071 0.29 0.32 1.83 0.66 0.015 0.49 0.1228 814 4.3058

9.35% 10.32% 59.03% 21.29%

B6 - Hypophysectomy,, 2/3 p o rta l vein liq a tio n  and PB
Iff 230 185 6.21 3.36 2.048 0.49 0.64 3.79 1.29 0.015 0.51 1.0389 770 4.6801

7.89% 10.3% 61.0% 20.77%
til l 230 125 4.2 3.36 1.968 0.35 0.50 2.46 0.89 0.01 0.5 0.9090 770 4.6801

8.33% 11.9% 58.57% 21.19%
H3 215 155 5.09 3.28 1.870 0.52 0.66 2.90 1.01 0.015 0.44 0.7905 759 4.7823

10.21% 12.96% 56.97% 19.84%
H16 165 150 5.49 3.66 2.06 0.25 0.78 3.09 1.37 0.01 0.38 0.4347 690 , 5.5172

4.5% 14.2% 56.2% 24.95%
H20 215 150 4.41 2.94 1.6466 0.42 0.51 2.47 1.01 0.01 0.44 1.3962 795 4.4611

9.5% 11.56% 56.01% 22.90%
H15 176 175 5.12 2.93 1.7771 0.51 0.56 3.11 0.94 0.05 0.51 0.8108 740 4.9676

9.96% 10.94% 60.74% 18.36%
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Table 6.3a Section IV - Sham hypophysectany group - Group means

No.
Experiment animals

Body wt. 
(av)grams

Body wt. 
end exp. 
(av)grams

A v.liver
(av)grams

AV.%
liv e r /  
body wt.

AV.% 
r t .p o s t .  
body wt. LL

Liver
ML RP CL

Adrenals 
av(grams)

te s te s  
(av) grams

Av.no. 
mitoses 
/1000 c e lls

Nowells
/10F

Mean c e ll  
vo l.
x io -W

Al -  Group 1 
Sham 6 
hypophysectany, 
laparotomy and 
sa lin e

194.17
+9.17

223.33
+31.43

8.19
+1.54

3.65
+0.21

0.9243
+0.0957

2.59
+0.48
31.75%
+2.27

2.70
+0.57
32.89%
+1.83

2.08
+0.47
25.34%
+2.72

0.82
+0.16
9.95%
+0.71

0.04
+0.0045

2.92
+0.09

0.1180
+0.1326

577.66
+14.862

7.2094
+0.2714

A2 -  Group 2 
Sham 6 
hypophysectany, 
laparotomy and 
PB

187.5
+16.36

194.17
+14.29

8.67
+0.35

4.48
+0.24

1.1210
+0.1048

2.76
+0.22
31.78%
+1.63

2.92
+0.16
33.71%
+1.43

2.21
+0.20
25.46%
+1.68

0.78
+0.11
8.99%
+1.72

0.04
+0.0

2.85
+0.44

0.6314
+0.1465

450.166
+34.338

10.5784
+1.1379

A3 -  Group 3 
Sham 7 
hypophysectany, 
1/3 PV and 
sa lin e

173.15
+15.74

187.86
+34.50

5.88
+1.82

3.03
+0.50

1.1572
+0.3397

2.46
+0.85
41.55%
+5.99

0.41
+0.13
7.06%
+1.51

2.23
+0.94
37.97%
+9.78

0.77
+0.26
13.41%
+3.15

0.040
+0.00468

1.75
+1.19

0.1234
+0.1789

573.0
+9.665

7.2944
+0.1789

A4 -  Group 4 
Sham 7 
hypophysectany, 
1/3 PV and 
PB

167.86
+17.76

200.0
+15.28

8.52
+0.79

4.26
+0.13

1.7477
+0.2009

3.21
+0.51
37.85%
+6.6

0.80
+0.54
9.17%
+5.85

3.49
+0.49
41.06%
+5.31

1.17
+0.12
13.73%
+0.90

0.05
+0.01

2.82
+0.28

1.7392
+0.4564

403.285
+7.439

12.3553
+0.3427

AS -  Group 5 
Sham 6
hypophysectcrny,
2/3 PV and 
sa lin e

184.17
+8.01

233.33
+8.76
26.69%

7.32
+0.7438

3.14
+0.29

1.5389
+0.5203

1.136 1.776 
+0.56 +0.49 
15.695% 24.32% 
+7.53 +6.43

3.58
+1.198
48.51%
+13.56

0.71
+0.285
11.44%
+2.73

0.04
+0.01

3.02
+0.39

0.1183
+0.1312

557.7
+12.9067

7.6045
+0.2718

A6 -  Group 6 
Sham 6 
hypophysectemy, 
2/3 PV and 
PB

183.33
+18.07

227.50
+23.18

8.41
+0.65

3.72
+0.31

2.3082-
+0.3061

0.80
+0.28
9.52%
+3.31

1.02
+0.17
12.16%
+2.52

5.19
+0.41
61.99%
+6.15

1.40
+0.62
16.27%
+6.09

0.05
+0.01

2.72
+0.22

2.1543
+0.2546

378.66
+8.0583

13.5822
+0.4337
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Table 6.3b Section IV - Hypophysectany group -  Group means

NO.
Experiment animals

Body wt. 
(av)grams

Body w t. 
end exp. 
(av)grams

A v.liver 
(av) grams

Av.% 
l iv e r /  
body wt.

Av.% 
r t .p o s t .  
body wt. LL

Liver
ML RP CL

Adrenals 
av(grams)

Tastes
(av)grams

Av.no. 
mitoses 
/1000 c e lls

Nojcel I s  
/10F

Mean c e ll  
v o l.
x io -W

Bl -  Group 1 
Hypophysectany, 
laparotomy and 
sa lin e

6 199.17
+5.94

146.67
+14.72

4.58
+0.86

3.11
+0.37

0.7425
+0.150

1.58
+0.27
34.64%
+1.19

1.47
+0.34
31.58%
+2.16

1.10
+0.25
23.75%
±1.70

0.43
+0.08
9.63%
+2.40

0.01
+0.0258

0.47
+0.03

0.0152
+0.0340

1207.5
+75.0616

2.4009
+0.2287

B2 -  Group 2 
Hypophysectany, 
laparotomy and 
PB

6 191.67
+6.06

137.5
+11.73

5.74
+0.86

4.15
+0.38

1.0555
+0.1299

1.83 1.92 
+0.39 +0.19 
31.58% 13.78% 
+1.69 +2.94

1.46
+0.26
“25.39%
+1.72

0.53
+0.13
9.18%
+0.10

0.01
+0.0204

0.44
+0.05

0.0260
+0.0582

640.0 6.1811 
+13.1275 +0.1906

B3 -  Qroup 3 
Hypophysectcmy, 
1/3 PV and 
sa lin e

6 175.83
+14.83

128.33
+10.67

4.69
+0.50

3.66
+0.27

1.3311
+0.1124

2.10
+0.15
45.0%
+2.61

0.36
+0.06
7.58%
+1.10

1.71
+0.21
36.35%
+1.57

0.52
+0.14
10.98%
+2.19

0.01
+0.0

0.38
+0.08

0.0191
+0.0428

875.5
+0.0428

3.9895
+27.13

B4 -  Group 4 
Hypophysectany, 
1/3 PV and 
PB

7 200.71
+19.88

144.29
+20.90

6.19
+0.82

4.33
+0.61

1.5810
+0.2392

2.69
+0.52
43.29%
+3.66

0.49
+0.16
7.81%
+2.28

2.25
+0.23
36.53%
+2.99

0.76
+0.13
12.35%
+1.66

0.01
+0.0244

0.47
+0.07

0.2664
+0.0733

801.571
+21.178

4.4121
+0.1744

B5 -  Qroup 5 
Hypophysectany, 
2/3 PV and 
salirfe

6 194.17
+27.90

152.50
+10.37

3.61
+0.55

2.37
+0.36

1.1822
+0.1149

0.62
+0.41
16.51%
+9.08

0.57
+0.34
15.0%
+6.84

1.80
+0.20
51.25%

+11.16

0.62
+0.09
17.55%

+4.32

0.01
+0.0209

0.49
+0.03

0.0423
+0.0599

807.166
+47.358

4.3867
+0.3556

B6 -  Qroup 6 
Hypophysectany, 
2/3 PV and 
PB

6 205.17
+27.90

156.67
+21.13

5.09
+0.73

3.26
+0.28

1.8949
+0.1484

0.42
+0.11
8.40%

0.61
+0.11
11.98%

2.97
+0.49
58.25%

1.09
+0.20
21.34%

0.01
+0.00274

0.46
+0.05

0.8966
+0.2892

754.00
+32.939

4.8480
+0.3347

+2.12 +1.41 +2.22 +2.32
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Table 6.4 Mean nuclear area (umi.) and mean number o f n u clei per 
10 fie ld s  -  Section IV

Animals Mean nuclear area (um2) Mean no.nuclei/10  f ie ld s

A(l) Sham hypophysectany, laparotomy and sa lin e  treatm ent (Group 1)
H10 29.79378 (SD + 7.536537008) 573
H ll 28.692504 (SD + 7.7036072) 438
H2 31.614408 (SD + 6.903692959) 438
H7 32.75091 (SD + 6.305438035) 480
HI 34.082082 (SD + 7.415112977) 441
HO 31.28625 (SD + 6.628640930) 429

Mean nuclear area -  31.369989 um2 (SD + 1.7786936)
Mean no.nuclei/10 f ie ld s  » 466.5 (SD + 50.341535)

A(2) Sham hypophysectany, laparotany and PB treatm ent (Group 2)
H3 42.369462 (SD + 12.36020942) 305
H6 37.582434 (SD + 8.843086874) 324
H8 37.977336 (SD + 7.893515144) 263
H5 30.197952 (SD + 7.210297062) 333
H9 36.7170795 (SD + 11.18493678) 331
H4 35.125884 (SD + 9.137604834) 316

Mean i1c *  36.661691 00)2(80 + 3.6354512)
Mean no.nuclei/10 f ie ld s  » 312 (SD + 23.846783)

A(3) Sham hypophysectorny, 1/3 p o r ta l  vein  lig a tio n  and s a l in e  treatm ent
(Group 3)

Hi 4 38.91546 (SD + 8.404407544) 402
H12 35.322408 (SD + 7.130118102) 405
H ll 37.523106 (SD + 7.69606363) 416
H10 42.775488 (SD + 7.408040383) 402

Mean nuclear area ** 38.634116 um2 (SD + 2.7125573)
Mean no.nuclei/10 f ie ld s  ■ 406.25 (SD + 5.7608593)

Animals Mean nuclear area (un2) Mean no.nuclei/10 f ie ld s

A(4) Sham hypophysectomy, 1 /3  p o r t a l  v e in  l i g a t io n  and PB tre a tm e n t
(Group 4)

H4 42.176646 (SD + 6.810272057) 366
H5 39.444777 (SD + 6.598283010) 365
H7 41.472126 (SD + 7.793694602) 383
H3 39.94443 (SD + 6.739233908) 366
H2 43.654284 (SD + 10.40843238) 353
HI 42.319404 (SD + 9.073896982) 349
HO 42.399126 (SD + 8.666033027) 359

Mean nuclear a re a  » 41.630113 um2 (SD + 1.3682444)
Mean n o .n u d e i/1 0  f ie ld s  ■ 363 (SD + 10.239978)

A(5) Sham hypophysectany, 2/3 p o r ta l vein  lig a tio n  and s a lin e  treatm ent
(Group 5)

HI 42.18777 (SD + 8.459128009) 356
H5 46.524276 (SD + 10.21422544) 350
H8 43.900866 (SD + 10.80069773) 351
HO 49.475844 (SD + 12.64396806) 348
H6 47.579202 (SD + 10.95306931) 369

Mean nuclear area ■ 45.933592 urn2 (SD + 2.5987553)
Mean no.nuclei/10  f ie ld s  -  354.8 (SD + 7.5736385)

A(6) Sham hvpoph vs ectomy, 2 /3  p o r t a l  v e in  l i g a t io n  and PB tre a tm e n t
(Group 6)

H ll 49.234824 (SD + 11.7446704) 314
H9 50.47515 (SD + 10.64876864) 339
HlO 53.495316 (SD + 12.75228424) 342
H2 64.597068 (SD + 13.35660543) 346
H7 63.371574 (SD + 11.57680764) 340

Mean nuclear area ■ 56.234786 un2 (SD + 6.4890534)
Mean n o .n u d e i/1 0  f ie ld s  « 336.8333 (SD + 10.462898)
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Table 6.4 (continued)

Animals Mean nuclea r  area (um2) Mean n o .n u d e i/1 0  f ie ld s
— --

B(l) Hypophysectcmy, laparotomy and sa lin e treatm ent (Group 1)
HO 30.144186 (SD + 6.938889179) 669
H7 25.294122 (SD + 5.200305174) 780
H3 30.750444 (SD + 7.377086570) 684
H10 27.0684 (SD + 6.538173423) 760
H14 28.629468 (SD -I- 6.829805205) 673
H7 28.800036 (SD + 7.092021287) 726

Mean nuclear area  ' -  28.447776 un2 (SD + 1.8341845, n -  6)
Mean no.nuclei/10 f ie ld s  = 715.3333 (SD + 43.226792)

B(2) Hypophysectcmy, laparotomy and PB treatm ent (Group 2)
H3 29.050326 (SD + 6.663555121) 435
H4 29.33028 (SD + 7.030745459) 432
H5 28.753685 (SD + 8.49213427) 434
H2 27.196326 (SD + 5.570962830) 443
H16 33.283008 (SD + 7.399477247) 439
H6 29.15415 (SD + 7.663851294) 429

Mean nuclear area ■ 29.461296 urn2 (SD + 1.8491748)
Mean no.nuclei/10 f ie ld s  -  435.3333 (SD + 4.5704376)

B(3) Hypophy8ectomy, 1 /3  p o rtal vein lig a tio n  and s a lin e  treatment
(Group 3)

H23 32.75091 (SD + 5.919170495) 546
H19 33.535152 (SD + 6.003905059) 520
H18 33.114294 (SD + 5.493529571) 599
H6 35.070264 (SD + 6.022868676) 547
H2 35.289036 (SD + 7.246798712) 547
HO 33.524028 (SD + 5.670764524) 567

Mean nuclear area *» 33.880614 um2 (SD + 0.9582009# n 6)
Mean no.nuclei/10  f ie ld s  -  554.3333 (SD + 24.191367)

Animals Mean nuclear area (uni2) Mean no .nudei/10  f ie ld s

B(4) Hypophysectcmy, 1/3 p o r ta l vein  l ig a t io n  and PB treatm ent fGroun
H6 35.91198 (SD + 6.806498572) 455
H4 36.388458 (SD + 7.689201373) 458
H14 35.56899 (SD + 7.625974080) 449
H15 37.586142 (SD + 7.371994012) 459
H12 33.898536 (SD -1- 6.344103648) 449
H9 33.301548 (SD + 6.375171409) 514

Mean nuclear area ■ 35.442609 un? (SD + 1.4545302. n « 6)
Mean no.nuclei/10  f ie ld s  =» 464.0 (SD ±  22.700954)

B(5) Hypophysectomy, 2 /3  p o r ta l  v e in  l i g a t io n  and s a l i n e  tre a tm e n t
(Group 5)

H41 37.651032 (SD + 9.059960478) 467
H16 38.626236 (SD + 9.428398581) 459
H19 36.933534 (SD + 9.793099269) 463
H2 40.459842 (SD + 9.911423076) 478
HO 39.53655 (SD + 10.38716015) 544
H4 31.102704 (SD + 7.929519093) 568

Mean n u d e a r area -  37.384983 un2 (SD + 3.0377164)
Mean n o .n u d e i/1 0  f ie ld s  » 496.5 (SD + 43.030028)

B(6) Hypophysectcmy, 2/3 p o r ta l vein  l ig a tio n  and PB treatm ent (Group 6)

H3 48.832506 (SD + 11.96327897) 455
H ll 43.704342 (SD + 10.60938979) 447
H15 40.016736 (SD + 8.557934694) 443
H16 44.835282 (SD + 11.33539045) 449

Mean nuclear area ■ 44.347217 um2 (SD + 3.1433413)
Mean n o .n u d e i/1 0  f ie ld s  ■ 448.5 (SD + 4.330127)



Table 6.5 Mean d is tr ib u tio n  of nucle i*  in to  p lo idy  c la sse s : p o r ta l  vein 
l ig a tio n  group -  Section IV

Group

2n
c lasses

%

4n and 
above 
c lasses  

%

A. Sham hypophysectomy group

A(l) Sham hypophysectomy, laparotomy and sa lin e  
treatm ent (Group 1) 86.17 13.83

A(2) Sham hypophysectomy, 'aparotomy and PB 
treatm ent (Group 2) 64.67 35.33

A(3) Sham hypophysectomy, 1/3 p o r ta l  vein l ig a tio n  
and sa lin e  treatm ent (Group 3) 58.25 41.75

A(4) Sham hypophysectary, 1/3 p o r ta l  vein lig a tio n  
and PB treatm ent (Group 4) 42.84 57.16

A(5) Sham hypophysectomy, 2/3 p o r ta l  vein l ig a tio n  
and sa lin e  treatm ent (Group 5) 31.8 68.2

A(6) Sham hypophysectomy, 2/3 p o rta l vein lig a tio n  
and PB treatm ent (Group 6) 9.2 90.8

B. Hypophysectcmy group

B(l) Hypophysectany, laparotomy and sa lin e  
treatm ent (Group 1) 92.83 7.17

B(2) Hypophysectany laparotomy and PB 
treatm ent (Group 2) 89.5 10.5

B(3) Hypophysectany, 1/3 p o r ta l  vein lig a tio n  
and sa lin e  treatm ent (Group 3) 84.34 15.66

B(4) Hypophysectany, 1/3 p o r ta l  vein lig a tio n  
and PB treatm ent (Group 4) 73.67 26.33

B(5) Hypophysectany, 2/3 p o r ta l  vein lig a tio n  
and sa lin e  treatm ent (Group 5) 60.67 39.33

B(6) Hypophysectany, 2/3 p o r ta l  vein lig a tio n  
and PB treatm ent (Group 6) 40.25 59.75

As determined by th e  Quantimet 720 image ana ly ser described in  the  
M aterial and Methods Section 2 .7 .1 .1
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Table 6 .6  P e r c e n ta g e  o f  n u c l e i  p er  group e x h ib it in g  g iv e n  in te g r a te d  
n u c le a r  d e n s i t y  in  a r b i t r a r y  u n it s  (A.U.) a s  d e term in ed  by 
in te g r a te d  m icrodensitcm etry fo r  S ection  IV

Density

Group B(l) 
n=3
% nuc le i

Group B(2) 
n=4
% nucle i

Group B(5) 
n=3
% nuclei

Group B(6) 
n=5
% nuc le i

1 .5  - 2.0 2.67 1.0
2.0 - 2.5 9.33 6.5
2.5 - 3.0 17.33 19.0
3.0 - 3.5 20.67 22.0 0.8
3.5 - 4.0 18.0 13.0 0.4
4.0 - 4.5 6.67 9.5 2.0 2.8
4.5 - 5.0 6.0 6.5 5.33 4.0
5.0 - 5.5 6.67 7.0 10.67 6.4
5.5  - 6.0 5.33 7.5 16.0 10.8
6.0 - 6.5 4.67 4.0 22.0 5.6
6.5 - 7.0 2.0 3.0 20.0 4.8
7.0 - 7.5 0.66 1.0 8.0 10.4
7.5 - 8.0 2.67 14.0
8.0 - 8.5 1.33 8.4
8.5 - 9.0 2.67 10.0
9.0 - 9.5 1.33 4.4
9.5 - 10.0 1.33 3.6

10.0 - 10.5 2.4
10.5 - 11.0 1.33 1.6
11.0 - 11.5 0.66 1.2
11.5 - 12.0 2.0 0.4
12.0 - 12.5 1.33 1.2
12.5 - 13.0 1.6
13.0 - 13.5 1.6
13.5 - 14.0 0.8
14.0 - 14.5
14.5 - 15.0
15.0 - 15.5 0.66 2.4
15.5 - 16.0
16.0 - 16.5
16.5 - 17.0 0.66

B (l) = Hypophysectomy, laparotomy and sa lin e  treatm ent 
B(2) = Hypophysectcmy, laparotany and PB treatm ent 
B(5) = Hypophysectomy, 2/3 p o r ta l  vein l ig a tio n  and sa lin e  treatm ent 
B(6) = Hypophysectomy, 2/3 p o r ta l  vein l ig a tio n  and PB treatm ent

n = Number o f  anim als in v e s t ig a te d  per group
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Figure 6.1 Ihe mean percentage d istribu tion  of nuclei in size ranges of 
5 u ir classes from 10 -  120

A. Group 1 = Sham hypophysectcny, laparotomy and saline treatment (n=6)
A. Group 2 “ Sham hypophysectary, laparotary and PB treatment (n=6)
A. Group 3 ■ Sham hypophysectcny, 1/3 portal vein ligation  and saline 

treatment (n=4)
A. Group 4 ** Sham typophysectony, 1/3 portal vein liga tion  and PB 

treatment (n=7)
A. Group 5 = Sham hypophysectary, 2/3 portal vein liga tion  and saline 

treatment (n=5)
A. Group 6 ■ Sham hypophysectaiy, 2/3 portal vein ligation  and PB 

treatment (n=5)

A Group 1 A Group 2

A Group 4

A Group 3 %

A Group f.
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Figure 6 .1  (oontd)

B. Group 1 “ Hypophysectomy, laparotony and saline treatment (n=6)
B. Group 2 ■ Hypophysectcmy, laparotomy and PB treatment (n=6)
B. Group 3 “  Hypophysectomy, 1/3 p o r ta l vein l ig a tio n  and s a lin e  

treatment (n=6)
B. Group 4 = Hypophysectomy, 1/3 portal vein liga tion  and PB treatment 

(n=6)
B. Group 5 = Hypophysectomy, 2/3 p o r ta l vein l ig a t io n  and s a lin e  

treatment (n**6)
B. Group 6 ”  Hypophysectomy, 2/3 portal vein liga tion  and PB treatment 

(n=4)

4n "  Nuclei of 4n and above ploidy classes a t 40 urn2 and above diameter 
n = Nunber of animals Investigated per grotp

H Crtxij) 3

H Gioup 5
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Figure 6 .2  Histograms of n u c lea r in te g ra te d  den sity  in  a r b i t ra ry  u n i ts  
CA.DL) fo r  p o r ta l  vein  l ig a t io n  groups

n * number of a n im a ls  in v estig a ted  per group
%N ■ percentage of nucle i per group w ith a rb it ra ry  d en sity
G roups:
B(l) « Hypophysectomy, laparo tom y and s a l i n e  t re a tm e n t ( c o n tr o ls  -  

Group 1)
B(2) *» Hypophysectomy, laparotctny and PB treatm ent (Group 2)
B(5) « Hypophysectccny, 2/3 p o r ta l  vein  l ig a t io n  and s a l in e  trea tm en t 

(Group 5)
B(6) ■ Hvpophysectomy, 2 /3  p o r t a l  v e in  l i g a t i o n  and PB t r e a tm e n t  

(Group 6)
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LLs  Lateral Lobe 
ML a Median Lobe 
RiPs Right Posterior 
CLs Caudate Lobe

Figure 6.3 The e f f e c t  o f 1/3 and 2 /3  p o r t a l  v e in  l i g a t i o n  w ith  o r  
w ith o u t p b  tre a tm e n t on th e  p e rcen tag e  c o n tr ib u t io n  by 
in d iv id u a l l i v e r  lobes to  th e  t o t a l  l i v e r  weight in  in ta c t  
and hypophysectomised ra ts

SSHAM HYPOPHYSECTOMISED ANIMALS 
HYPOPHYSECTOMISED ANMALS 
PBs PHENOBARBITONE
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CHAPTER 7

DISCUSSION

In order to  e s ta b lis h  whether the  a b i l i t y  of PB to  induce l iv e r  DNA 

syn thesis could be res to red  in  hypophysectanised r a t s  in  which the  'DNA 

su rp lu s "  i s  r e ta in e d  (Schulte-Herm ann e t  a l . f 1977), such a s i tu a t io n  

was e x p e r im e n ta lly  en g in eered  by perfo rm ing  1 /3  and 2 /3  p o r t a l  v e in  

l ig a tio n s . These su rg ic a l iranoeuvres r e s u l t  in atrophy in  th e  lig a te d  

lo b e (s )  w ith  th e  DNA c o n te n t rem aining th e  same, w h ile  com pensatory 

growth o ccu rs  in  th e  u n l ig a te d  lo b e (s )  to  such a d eg ree  t h a t  th e  

o r ig in a l  l i v e r  mass i s  re s to re d  (Weinbren, 1978). This growth i s  

u s u a l ly  a com bination  o f  hypertrophy  and h y p e rp la s ia  and th e  p re s e n t  

study was designed to  in v es tig a te  these  aspects. The terms hypertrophy 

and h y p e rp la s ia  have been used h e re  as d e fin e d  by o th e r  a u th o rs . 

"Hypertrophy" has been re s tr ic te d  to  "an increase in  c e l l  s iz e  without 

an increase  in ploidy" (Barka and Popper, 1967; Schulte-Hermann, 1974; 

S c h lic h t  e t  a l . ,  1968; S ta u b li  e t  a l . ,  1969). However param eters  

c o rre la tin g  w ith an increased c e l l  s ize  (e.g. increased c e l lu l a r  p ro te in  

or RNA content) were not measured. "Hyperplasia" re fe rs  to  "an increase 

in  DNA c o n te n t r e s u l t i n g  from DNA sy n th e s is  which may le a d  to  an 

increase  in  nuclear p lo ic^  and/or an increase in c e l l  numbers".

7.1 P ilo t Study I_

I n i t i a l l y  a n im a l s u r v i v a l  was lo w , b o th  in  i n t a c t  and 

hypophysectom ised r a t s .  D esp ite  th e  dose regim en being  t h a t  used by 

Schulte-Hermann e t  a l .  (1977), in  th is  study the dose of PB appeared too 

h ig h . An amount e q u iv a le n t  t o  50% o f t h e i r  dose was su b seq u en tly  

employed as i t  was co m p a tib le  w ith  an im al h e a l th  and s u r v iv a l .  The 

discrepancy in  to le rance  to  the dose of PB may be due to  a d ifference in
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s tra in  and sex of the r a t s ,  as male W istar r a ts  were used in  th is  study 

a s  opposed to  fem ale  CFHB r a t s  in  t h e i r  work (Schulte-H erm ann e t  a l . ,  

1977).

7 .1 .1  Sham hypophysectcxnised animals (Group A)

7 .1 .1 .1  Response by the  l iv e r  to  PB treatm ent

Body weight increased in  in ta c t  animals over the  study period. The 

increase was co n sis ten t w ith the  normal growth p a tte rn  fo r  anim als of 

160-220 g and ap p ro x im ate ly  6-7.5 weeks o f  age a t  th e  s t a r t  of th e  

experiment (personal communication from  th e  anim al b reed in g  f a c i l i t y ,  

U niversity  o f Nottingham). The response by the l i v e r  to  PB re s u lte d  in  

increases in  r e l a t i v e  l iv e r  weight ranging from 23% -  40.79% and in  c e l l  

s iz e  ran g in g  from  20.97% -  22.79%. The m ito t ic  index was a l s o  

in c re a se d . These r e s u l t s  confirm  s tu d ie s  by o th e r  a u th o r s , (Oonney, 

1957? Herdson, 1964; A rg y ris , 1974; Schulte-H erm ann e t  a l . ,  1968; 

Schulte-Hermann, 1974) which shew th a t  PB induces l i v e r  growth and th a t  

t h i s  i s  a t t r i b u t a b l e  t o  a com bination o f  hypertrophy and hyperp lasia . 

As prolonging PB treatm ent to  12 days instead  of 8 c&ys f a i le d  to  induce 

any fu rth e r  adap tive  growth (as estim ated fcy changes in c e l l  volume and 

m ito t ic  index ), in  a l l  subsequen t g roups PB was g iv en  f o r  th e  8 day 

p e rio d . T his i s  c o n s is te n t  w ith  th e  s tu d y  by Schulte-H erm ann e t  a l .

(1977).

7 .1 .2  Hypophysectcmised animals (Group B)

Hypophysectomy was v e r i f i e d  by re d u c tio n s  in  body, a d re n a l and 

te s t i c u la r  weight compared w ith sham hypophysectcxny c o n tro l anim als (A -  

Group 1). These o b se rv a tio n s  were c o n s is te n t  w ith  th o se  o f  p re v io u s  

a u th o rs  (Di S te fan o  e t  a l . ,  1955; W einbren, 1959; Schulte-H erm ann e t  

a l . ,  1977). These changes were no t influenced fcy PB treatm ent.
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7 .1 .2 .1  Response by the l iv e r  to  hypophysectomy

At th e  end o f th e  s tudy  p e rio d s  a l l  hypophysectom ised an im als  

showed a s i g n i f i c a n t  re d u c tio n  (p <0.05) in  r e l a t i v e  l i v e r  w eigh t 

ran g in g  from 15.17% -  13.1%. C e l l  volum es were reduced  by 61.98% -  

63.7%. Together these  observations suggested c e l l  atrophy had occurred 

compared w ith  sham hypophysectomy c o n tro ls . The changes a re  p o ss ib ly  

r e la te d  to  cessation  of body growth and diminished food requirements and 

a re  co n sis ten t w ith those described by previous authors. Their s tu d ies  

demonstrated th a t  follow ing hypophysectomy body growth ceases, r e l a t iv e  

l iv e r  weight i s  reduced due to  l iv e r  atrophy and th e  DNA content remains 

unchanged (Brues and Marble, 1937; Di Stefano e t  a l . ,  1955; A lfe rt and 

Geschwind, 1958; D o ljan sk i and N ovogrotzky, 1959; W einbren, 1959; 

C h ris ten sso n  e t  a l . ,  1975; Leblond and W alker, 1965; C h ris ten sso n  e t  

a l . ,  1975; Schulte-Hermann e t  a l . ,  1977).

7 .1 .2 .2  Response by the l iv e r  to  PB in  hypophysectcmised animals

F o llow ing  PB tre a tm e n t, in  a l l  groups th e re  was a s i g n i f i c a n t

increase in  mean r e la t iv e  l i v e r  weight (range 24.6% -  31.8%) and c e l l s  

e n la rg e d  by 111.4% -  138.55% compared w ith hypophysectomised co n tro ls . 

There was no change in  m ito tic  index. This suggested th a t  PB induced an 

in c re a s e  in  l i v e r  mass by c e l l  hypertrophy  a lo n e , in  agreem ent w ith  

findings of Schulte-Hermann e t  a l .  (1977).

Thus in  t h i s  sm a ll p i l o t  s tudy  th e  resp o n se  by th e  l i v e r  to  

hypophysectcmy and to  PB treatm ent both in  in ta c t  and hypophysectcmised 

animals was co n sis ten t with previous stud ies . The sim ple methods used 

b e fo re  p roceed ing  to  th e  m ajor p a r t  o f  th e  experim ent gave adequate  

ind ica tion  of responses fcy the  l iv e r .
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7.2 P ilo t  Study I I

7 .2 .1  Sham hypophysectcmised animals (Group A)

7 .2 .1 .1  Response by the l iv e r  to  p a r t ia l  hepatectonry

Compared w ith  c o n tr o ls  (Group 1 ), a 34.13% in c re a s e  in  mean 

r e l a t i v e  w eigh t o f th e  r i g h t  p o s te r io r  lo b e  fo llo w in g  p a r t i a l  

hepatectom y (Group 2) confirm ed t h a t  carpensatory growth had occurred. 

The l i v e r  mass was res to red  to  co n tro l le v e ls  by 21 days, (fe ll  volumes 

and the  m ito tic  index were a ls o  s im ila r  to  Group 1. Thus th e  response 

to  p a r t ia l  hepa tec  tony was consis ten t with the findings of o ther authors 

(Harkness, 1957? Wfeinbren, 1959? Bucher, 1963).

7 .2 .2  Hypophysectcmy group (Group B)

7 .2 .2 .1  Response by the  l iv e r  to  hypophysectcmy

The e f f e c t  o f hypophysectomy was seen by a re d u c tio n  in  body, 

a d re n a l and t e s t i c u l a r  w e igh ts compared w ith  i n t a c t  an im als . A 4.3% 

reduction in  the  mean r e la t iv e  weight o f the l i v e r  (B Qroup 1) coirpared 

w ith sham hypophysectcmy co n tro ls  (A Group 1) ind icated  l i v e r  atrophy. 

This was confirm ed  by th e  57.94% re d u c tio n  (p <0.01) in  c e l l  volum es 

seen in  th e  r ig h t  p o s te rio r lobe. These fea tu res  were c o n s is ten t w ith 

P i lo t  Study I  and other s tu d ies  (Di Stef an o e t  a l . ,  1955? D oljanski and 

Novogrotsky, 1959? Wsinbren, 1959? Bucher, 1963? Schulte-Hemann e t  a l . ,  

1977).

7 .2 .2 .2  R e s p o n s e  by t h e  l i v e r  t o  p a r t i a l  h e p a te c to m y in  
hypophysectcmised anim als

In th is  study hypophysectomy did not p revent the  l iv e r 's  response 

to  p a r t i a l  hepatectom y (group 2 ), in  agreem ent w ith  th e  f in d in g s  o f 

o ther authors (Harkness, 1957? Vfeinbren, 1959). There was a s ig n if ic a n t 

increase (by 20.40%) in  the  mean r e la t iv e  weight of the  r ig h t  p o s te rio r
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lobe conpared with hypophysectanised c o n tro ls  (group 1). This indicated  

th a t  compensatory growth had occurred. Despite th e  mean estim ated c e l l  

volume fo llo w in g  p a r t i a l  hepatectom y being  43.35% l a r g e r  th an  in  

hypophysectcnty co n tro ls  (B group 1), atrophy was s t i l l  apparent as the 

c e l l  volum es were 39.71% s m a lle r  compared w ith  sham hypophysectomy 

c o n tr o ls  (A group 1). There was no d i f f e r e n c e  in  th e  m ito t ic  index 

coirpared with c o n tro ls , a t  21 days post-hepatectcmy.

L iv e r  mass was r e s to re d  o n ly  to  77% o f  hypophysectomy c o n tro l  

v a lu e s . This was c o n s is te n t  w ith  th e  r e p o r ts  o f o th e r  w orkers. In 

th e ir  s tud ies the  l i v e r  was resto red  fcy between 70-80% of hypophysectomy 

c o n tro ls  (weinbren, 1959; Bucher, 1963; Schulte-ffermann e t  a l . ,  1977).

Thus P i l o t  S tu d ie s  I  and I I  e s ta b l is h e d  t h a t  th e  re sp o n ses  to  

hypophysectcmy, PB or p a r t i a l  hepatectarry in  in ta c t  or hypophysectanised 

an im als were c o n s is te n t  w ith  p re v io u s  s tu d ie s .  S im ple m easurements 

including changes in  r e l a t iv e  weight o f the  l iv e r  and r ig h t  p o s te rio r 

lo b e  were a p p ro p r ia te  methods to  u se  fo r  t h i s  study  as  th e y  d e te c te d  

atrophy follow ing hypophysectcmy, adaptive growth follow ing PB treatm ent 

and com pensatory h y p e rp la s ia  fo llow ing p a r t i a l  hepatectomy. S im ila rly  

changes in  m ito t ic  index  r e f l e c t e d  c e l l  r e p l i c a t io n  fo llo w in g  PB 

tre a tm e n t in  i n t a c t  r a t s .  Changes in  mean e s tim a te d  c e l l  volume 

conpared w ith appropriate c o n tro l groups re f le c te d  c e l lu l a r  enlargement 

fo llo w in g  PB tre a tm e n t in  i n t a c t  o r hypophysectom ised r a t s  and c e l l  

atrophy in hypophysectomised animal groups.

7.3 Measurements used to  r e f l e c t  DNA sy n th e s is , c e l l  p r o l i f e r a t io n  and
c e l l  enlargem ent in  S ec tio n s I I I  and IV

Q u a n t i t a t i v e  m o rp h o m e tric  a n a l y s i s  u n d e r ta k e n  u s in g  th e  

Quantimet 720 image-analysing conputer c le a r ly  demonstrated th a t  a t  the
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end o f  th e  experim ental period  s h i f t s  in  p lo id y  had occurred fo llo w in g  

p a r t i a l  h ep a tectom y , p o r t a l  v e in  l i g a t i o n  and PB tr e a tm e n t. T hese  

s h i f t s  r e f le c t e d  DNA sy n th e s is . Hie p e r s is te n c e  o f  t h i s  p o ly p lo id y  was 

c o n s i s t e n t  w ith  o th e r  s t u d ie s  (B ucher, 1963? S chu lte-H erm ann  e t  a l . ,  

1971). I n te g r a te d  m ic r o d e n s ito m e try  showed a p o s i t i v e  c o r r e la t io n  

betw een  in c r e a s e d  in t e g r a t e d  n u c le a r  d e n s i t y  and s h i f t s  in  p lo id y .  

M icro d en sito m etry  r e s u l t s  c l e a r l y  con firm ed  th a t  th e  in c r e a s e s  in  

n u c le a r  a r e a  d e te c t e d  by th e  Q uantim et 720 im age a n a ly s in g  com puter  

r e f le c t e d  t h i s  change in  p lo id y , thereby confirm ing an in crea se  in  DNA 

sy n th e s is . S im ila r ly  th e  m ito t ic  index, which was in creased  a f t e r  8 days 

PB tr e a tm e n t ( in  th e  a p p r o p r ia te  gro u p s) b u t u n d e te c te d  21 d ays a f t e r  

p a r t i a l  h ep atectom y o r  p o r t a l  v e in  l i g a t i o n  a lo n e  p a r a l l e l e d  o th e r  

r e p o r t s  (Schulte-H erm ann e t  a l . ,  1968). T h is in d ic a t e d  t h a t  c e l l  

p r o l i f e r a t i o n  had o ccu rred  (S ch u lte-H erm ann , 1974? B ucher, 1963? 

Weinbren and T&rsh, 1964).

F requently  throughout t h is  experiment th e  in crease  in  m ito t ic  index  

observed in  some groups, conpared w ith  t h e ir  r e s p e c t iv e  c o n tr o ls ,  was 

c o n s id e r a b le .  I f  th e  change was e x p r e s s e d  in  term s o f  a p e r c e n ta g e  

in crease  th ere  would be enormous in crea ses  (often  o ver  1000%). This may 

be m islea d in g  a s th e  a c tu a l f ig u r e s  ob ta ined  by counting th e  nunber o f  

m i t o s e s  p e r  100 f i e l d s  w ere  lo w ,  e .g .  2-3 p e r  100 f i e l d s .  In  

d e te r m in in g  th e  in c id e n c e  o f  a r a r e  phenomenon, in  t h i s  c a s e  m i t o s i s ,  

th e  ch an ce  in c lu s io n  o r  e x c lu s io n  o r  an o b s e r v a t io n  c o u ld  b ia s  th e  

r e s u lt in g  m ito t ic  index. Such chance e v e n ts  cou ld  be due t o  sairp ling  

a r t i f a c t s  or to  o b serv a tio n a l error. For exan p le , i f  one m ito s is  per 

100 f i e l d s  was m issed , then w ith  th e se  low  a b so lu te  v a lu e s  percentage  

d i f f e r e n c e s  c o u ld  be c o n s id e r a b le .  The m ethods u sed  a s  d e s c r ib e d  in
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subsection 2.7.1.3 were d e l i b e r a t e l y  in ten d ed  to  m inim ise th e  b ia s in g  

e ffe c ts  of such fac to rs . In view of these  considerations i t  was decided 

not to  express a l te r a t io n  in  m ito tic  index in  the  fo llow ing  discussion 

in  term s o f p e rc en ta g e  change bu t to  j u s t  in d ic a te  when th e  in c re a se  

o ccu rred . Num erical v a lu e s  e x p re s s e d  in  te rm s  o f  m ito s e s  p e r  

1,000 c e l l s  have a lready  been c ite d  in  th e  appropriate  r e s u l ts  chapters.

The measurement o f c e l l  volum e in  S ec tio n s  I I I  and IV a ls o  

confirm ed p re v io u s  s tu d ie s .  These have shown t h a t  fo llo w in g  PB 

treatm ent c e l l  enlargement c o n tr ib u te s  to  l i v e r  en la rgem en t (Kunz e t  

a l . ,  1966? S ta u b l i  e t  a l . ,  1969? Schulte-H erm ann, 1977). C e l l  

enlargement regresses a f te r  withdrawal of xenohiotics, a t  times varying 

from a few days w ith  PB to  2 weeks u s in g  HCH (Kunz e t  a l . ,  1966? 

S ch lich t e t  a l . ,  1968? Argyris, 1968? Schulte-Hermann, 1974). Thus in  

th is  study the  measurement o f c e l l  s iz e  a t  24 hours fo llow ing  th e  f in a l  

dose o f PB was c l e a r l y  an a p p ro p r ia te  tim e to  d e te c t  changes in  c e l l  

volume.

7 .3 .1  Response to  p a r t ia l  hepatectany -  Section I I I

7 .3 .1 .1  Sham hypophysectcmised animals (Group A)

N eonatal r a t  l i v e r  c o n s is t s  p r in c ip a l ly  o f  d ip lo id  c e l l s  and as th e  

a n im a ls  m ature p o ly p lo id y  in c r e a s e s  w ith  a g e , th e  t im in g  o f  w h ich  i s  

s tr a in -d e p e n d e n t  ( A l f e r t  and G eschw ind, 1958? James e t  a l . ,  1979? van  

Z w ieten  and H o lla n d e r , 1985? Van B e jo o ij e n ,  1984? EUgelmann e t  a l . ,

1981). For ex a m p le , in  Long E vans r a t s  by 7.5 w eeks 30% o f  n u c l e i  a r e  

t e t r a p lo id ,  in crea sin g  t o  43% by 70 days (A lfe r t  and Qsschwind, 1958). 

In s i x  week o ld  WAG/Ri j r a t s  th e  number o f  m ononuclear t e t r a p l o i d s  i s  

approxim ately 53% (van Bezooijen e t  a l . ,  1984) and in  m ale W istar r a ts  

fcy 6.5 weeks 48% o f  th e  n u c le i  are mononuclear te tr a p lo id s . The l a t t e r
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in c re a s e  to  60% by 65 days, w ith  b in u c le a r  d ip lo id  c e l l s  in c re a s in g  

between 30-99 days (James e t  a l . ,  1979). Thus th e  d i s t r ib u t io n  o f 

p lo idy  c la sse s  in  th is  stucfy would appear co n sis ten t w ith these  o ther 

r e s u l ts .  Male W istar sham hypophysectomy co n tro l anim als (group 1) aged 

approximately 70 days showed 57.8% of n u c le i in  the  2n p lo idy  c la sses  

and 42.2% in  4n and above p lo idy  c la sse s .

F o llow ing  p a r t i a l  hepatectom y in  young growing r a t s  th e r e  i s  a 

s h i f t  to  a higher p lo idy  s ta te ,  whereas in  o ld e r r a t s  the  p lo idy  s ta te  

remains f a i r l y  constant (Nadal and Z ajdela, 1966). Following p a r t i a l  

hepatectom y th e  p lo id y  s h i f t  p e r s i s t s  i n d e f i n i t e ly  and th e re  i s  a 

re d u c tio n  in  th e  number o f  b in u c le a te  c e l l s  (S u lk in , 1943). In  m ale 

W istar r a t s  by 56 days post-hepatec tom y  th e re  i s  a s h i f t  in  th e  

proportion o f 4n p lo idy  nuc le i from approximately 60% to  75% and in  the  

8n p lo idy  c la s s  frcm approxim ately 2.5% to  5% (James e t  a l . ,  1966). In 

normal a d u lt parenchymal c e l l s  approximately 75-80% of the  n u c le i a re  

te tra p lo id  and 1-2% octap lo id . A fter re s to ra tio n  i s  ccnp lete  fo llow ing 

p a r t i a l  hepa tec  tarry te tra p lo id  c e l l s  a re  increased by 10% and o c tap lo id  

by 50% (A lfe r t  and Geschwind, 1958? Bucher, 1963). However, in  Jam es' 

stucty the  anim als were young growing 7 week o ld  r a t s  which may account 

fo r  th e  l a r g e r  s h i f t  in  p lo id y . S h i f t s  in  p lo id y  in  t h i s  study  were 

s im ila r  to  th e  find ings o f James e t  a l .  (1966) as by 21 days fo llow ing  

1 /3  o r  2 /3  p a r t i a l  hepatectom y (Groups 3 and 5) th e r e  fc/ere s h i f t s  o f  

40.20% and 49.76% r e s p e c t iv e ly  in  th e  4n and above p lo id y  c la s s e s  

compared w ith c o n tro ls .

Changes in  n u c le a r  s i z e  co rresp o n d  t o  s h i f t s  in  p lo id y  l e v e l s  

(S u lk in , 1943? C h r is t i e  and L ePage, 1961? Ingram and G rasso , 1985?
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1987). However in Groups 3 and 5 th e re  was no s t a t i s t i c a l l y  s ig n if ic a n t 

d ifference  in  the  mean nuclear a rea  conpared with c o n tro ls  although from 

th e  h istogram s a s h i f t  in  p lo id y  was e v id e n t  (Fig. 3.1) a s  th e y  showed 

peaks corresponding to  2n and 4n above p lo idy  c la sse s . This d isp a rity  

may have been due to  techn ica l lim ita tio n s . For ocample, i f  c e l l s  w ith 

an ir re g u la r  o u tlin e  were in ad v e rten tly  included when measuring nuclear 

a re a  u s in g  th e  Quantim et 720 image a n a ly s e r ,  th e s e  may have been 

ta n g e n tia lly  cut leading to  inaccurate  measurements (Ingram and Grasso, 

1985). A l t e r n a t iv e ly ,  i f  s e c t io n s  were n o t c u t e x a c t ly  th rough  th e  

diameter of the nucleus the tru e  area  would not be recorded which again 

would le a d  to  in a c c u ra c ie s . Another p o s s i b i l i t y  i s  t h a t  changes in  

nuclear a rea  fo llow ing p a r t i a l  hepatectany a re  le s s  p e rc ep tib le  using 

t h i s  method than  th o se  fo llo w in g  drug tre a tm e n t. Another rea so n  may 

have been t h a t  th e  m agnitude o f  th e  s h i f t  tow ards p o ly p lo id y  in  th e s e  

g ro u p s  com pared w ith  c o n t r o l s ,  a l th o u g h  s i g n i f i c a n t ,  was n o t 

s u f f i c i e n t l y  g r e a t  to  r e s u l t  in  an o v e r a l l  in c re a s e  in  mean n u c le a r  

a re a . However th e  most l i k e l y  e x p la n a tio n  i s  due to  th e  v a r ia t io n  in  

mean n u c le a r  a re a  found in  Group 1 a s  suggested  in  su b se c tio n  3.1.1.2. 

In Group 1 th e re  was one anim al in  which th e  mean n u c le a r  a re a  was 

considerably  la rg e r  than th e  r e s t  of the group. I f  th is  animal had been 

excluded from the  study the  mean nuclear area fo r the  whole group would 

be s i g n i f i c a n t l y  s m a lle r  compared w ith  Group 3 (p <0.01) and Group 5 

(p <0.05).

By 21 days fo llo w in g  1/3 and 2/3 p a r t ia l  hepatectany th e  m ito t ic  

in d ex  in  t h i s  stu d y  was lo w  (b e in g  0.2380 (SD + 0.0789, n = 6) and  

0.1194 (SD + 0.1336, n = 6) r e s p e c t i v e l y  p er  1,000 c e l l s ) .  T h is  was 

not s ig n i f i c a n t ly  d if fe r e n t  to  c o n tr o ls . Again, t h i s  i s  in  keeping w ith
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other authors in  which an in crease  in  m ito ses  (20/1,000 c e l l s )  was found 

by 24 h o u rs f o l l o w in g  p a r t i a l  h ep atectom y, w ith  m i t o t i c  a c t i v i t y  

e x h ib i t in g  a d i s t i n c t  d iu r n a l  rhythm  a f t e r  29 h ou rs b e fo r e  d e c l in in g  

d u r in g  th e  n e x t  few  d ays (H arkness, 1957? W einbren, 1959; B ucher, 

1963? Vteinbren and T&rsh, 1964? Fabrikant, 1968). O ccasional c e l l s  in  

d iv is io n  have been observed 1 and 2 weeks fo llo w in g  p a r t ia l  hepatectomy 

(F a b r ik a n t, 1968). In t h i s  s tu d y  an o c c a s io n a l  m i t o s i s  w as se e n  

21 days post-hepatectcm y when th e  u su a l waves o f  m ito ses  would have been 

com plete. The mean number observed were n o t s ig n if ic a n t  conpared w ith  

c o n tr o ls .

T w e n ty -o n e  d a y s  f o l l o w i n g  1 /3  p a r t i a l  h e p a te c to m y  w h i l e  

compensatory h y p erp la sia  was e v id e n t in  the l i v e r  remnant and w ith  th e  

mean r e l a t i v e  r ig h t  p o s te r io r  w eight in creased  by 74.59% compared w ith  

c o n t r o l s ,  th e  r e l a t i v e  l i v e r  w e ig h t  was s im i la r  t o  c o n t r o l s .  T h is  

in d ic a te s  th a t  th e  l i v e r  mass had been re sto red  to  c o n tr o l v a lu e s . These 

responses are  c o n s is te n t  w ith  oth er s tu d ie s  (Harkness, 1957? Weinbren, 

1959? Bucher, 1963) and rep orts th a t fo llo w in g  both 1/3 and 2/3 p a r t ia l  

h ep atectom y th e  l i v e r  mass and l i v e r  D N A conten t a r e  r e s t o r e d  a lm o s t  

co m p le te ly  by one week (Schulte-Hermann e t  a l . ,  1977).

C e ll v o lu te s  a re  known to  increase by 153% w ithin  48 hours a f te r  

p a r t i a l  hepatectomy, th e re a f te r  re tu rn ing  to  normal s iz e  w ith in  a few 

days (Bucher, 1963? Murray e t  a l . ,  1980). In  t h i s  s tu d y  21 days a f t e r  

1/3 p a r t i a l  hepatectcmy c e l l  s iz e  was consisten t with these rep o rts , as 

there  was no d ifference in the  mean estim ated c e l l  volune conpared with 

c o n tro ls . The find ing  o f fewer nuclei/10  f i e ld s  compared w ith  con tro ls 

re p o r te d  h e re  appears  c o n s is te n t  w ith  p re v io u s  s tu d ie s  in  which th e  

nunber of b inuclea te  c e l l s  were shown to  f a l l  ra p id ly  fo llow ing p a r t ia l
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hepatectom y, from th e  norm al a d u l t  l e v e l  o f  25-30% to  8-10% (S u lk in , 

1943; Bucher, 1963).

F o llo w in g  2 /3  p a r t i a l  hepatectomy w hile  compensatory hyperplasia  

was e v id e n t  in  th e  r i g h t  p o s te r io r  lo b e  o n ly  77.91% o f  t o t a l  l i v e r  

w eight was a ch iev ed  by 21 days. T his d i f f e r s  from some w orkers but 

ag re es  w ith  o th e r s ,  th e  rea so n s  fo r  th e s e  d if fe re n c e s  being  unknown 

(Harkness, 1957? Weinbren, 1959? Leong e t  a l . ,  1959).

A lthough fo llo w in g  2 /3  p a r t i a l  hepatectom y c e l l  volum es a re  

re p u te d  to  e n la rg e  w ith in  48 h o u rs , r e v e r t in g  to  norm al w ith in  a few 

days (Bucher, 1963? Murray, 1980) in th is  study c e l l  volumes were s t i l l  

s l i g h t l y  e n la rg e d  (by 13.6%) compared w ith  c o n tr o l s ,  21 days p o s t -  

hepatectcamy. This could p o ss ib ly  be the r e s u l t  of the whole re s to ra t iv e  

process proceeding a t  a s l ig h t ly  slower ra te . This would a ls o  account 

fo r  th e  in co m p le te  r e s to r a t io n  o f l i v e r  mass compared w ith  c o n tr o ls .  

The la rg e r  c e l l s  in Group 5 would a ls o  con tribu te  to  fewer n u c le i per 

10 f ie ld s  conpared with co n tro ls .

7 .3 .1 .2  Hypophysectany animals (Group B)

Fbllowing hypophysectamy Di Stefano reported  th a t  the  progression 

towards polyplo idy  was a rre s te d  a t  10 days with 74% of nuc le i in the  2n 

p lo id y  c la s s  and 26% in  th e  4n p lo idy  c la s s . This con trasted  w ith  47% 

(2n) and 53% (4n) in  c o n tro l  an im als (Di S te fan o  e t  a l . ,  1955). 

S im ila rly  7 days post-hepatectcmy Qsschwind e t  a l .  (1958) found th a t  in  

28 day o ld  a n im a ls , th e  d i s t r ib u t io n  o f  2n, 2n b i ,  4n and 4n b i was 

72.2%, 21.9%, 4.5% and 0.3% re sp e c tiv e ly . However in  49 day o ld  animals 

p lo id y  d i s t r ib u t io n  was 36.6%, 21.9%, 37.4% and 2.2% r e s p e c t iv e ly ,  

the  development o f po lyp lo idy  having been a rre s te d  by the  hypophysectcmy
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a t  a more advanced s ta g e  (Geschwind e t  a l . ,  1958). In t h i s  s tu d y  

28 days a f te r  hypophysectcmy the ploidy d is tr ib u tio n  was co n sis ten t with 

th e s e  a u th o rs , a s  in  hypophysectomy c o n tro l  r a t s  (group 1) aged 

ap p ro x im ate ly  70 days, 84.34% o f  th e  n u c le i  were in  th e  2n p lo id y  

c la sses  and 15.66% in th e  4n and above c la sse s .

F o llow ing  hypophysectomy in  S e c tio n  I I I ,  d e s p i te  th e  obvious 

re d u c tio n  in  r e l a t i v e  l i v e r  w eigh t in  Group 1 compared w ith  sham 

hypophysectany co n tro l anim als, th ere  was no obvious d iffe ren ce  in the  

mean r e l a t i v e  w eigh t o f  th e  r i g h t  p o s te r io r  lo b e  compared w ith  th e  

i n t a c t  c o n tro l  group (see  su b se c tio n  3.1.2.1). W hile i t  i s  p o s s ib le  

t h a t  th e  hypophysectom ised an im als a te  more than  i s  u su a l fo llo w in g  

hypophysectomy (th ey  u s u a l ly  e a t  l e s s  th an  i n t a c t  a n im a ls ) , th e  most 

reasonable explanation fo r  th is  discrepancy i s  th a t  the  a n te rio r  lobes 

o f th e  l i v e r  in  hypophysectomy c o n tro l  an im als were hand led  more 

ro u g h ly  compared w ith  th o se  in  sham hypophysectomy c o n t r o l s .  I t  i s  

known th a t  i f  th is  occurs the  capsules surrounding the  a n te rio r  lobes 

th ic k e n , cause in c re a se d  in t r a - h e p a t ic  p re s su re  w ith in  th e s e  lo b e s  

re s u l tin g  in  compensatory hyperp lasia  in  th e  p o s te rio r lobes (Weinbren, 

1959). Evidence th a t  th is  may have occurred in th is  stuc^r is  given by a 

l a r g e r  than  expec ted  c o n tr ib u tio n  by th e  R.P. lo b e  to  th e  w hole l i v e r  

weight (27.22%) conpared w ith the  sham hypophysectany c o n tro ls  (25.36%).

A ll o ther responses ty the  animal and l iv e r  to  hypophysectomy were 

co n sis ten t w ith o ther s tu d ie s  (Schulte-Hermann e t  a l . ,  1977).

F o llo w in g  p a r t i a l  hepatectom y in  hypophysectom ised an im als  th e  

a b i l i t y  of th e  l i v e r  to  s y n th e s is e  DNA i s  r e ta in e d  a s  measured by 

b iochem ical a ssa y s  and a s h i f t  in  p lo id y , th e  l a t t e r  r e s u l t i n g
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p red o m in an tly  from an in c re a s e  in  t e t r a p l o i d  c e l l s  (D o ljan sk i and 

N ovogrotzky, 1959; Geschwind e t  a l . ,  1958; Schulte-H erm ann e t  a l . ,  

1977). In Geschwind's study follow ing Feulgen s ta in in g  the  nuclear size  

was measured m icroscop ically  and th is  showed an increase in  po lyp lo idy  

with the  d is tr ib u tio n  of 2n^binucleate c e l l s  and 4n nuc le i being 59.7%, 

9.6% and 28.4% r e s p e c t iv e ly ,  compared w ith  81.2%, 13.5% and 3.8% in  

hypophysectom ised c o n tr o l s .  1.2% o f n u c le i  in  t h e i r  s tu d y  group were 

4n b i and 8n combined. The s h i f t  in  p lo id y  was 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  to  t h a t  seen  in  norm al unopera ted  c o n tro ls  a t  a s im i la r  age 

(Geschwind e t  a l . ,  1958).

In t h i s  study  fo llo w in g  1/3  and 2/3  p a r t i a l  hepatectom y in  

hypophysectomised r a t s  (Groups 3 and 5) a s h i f t  towards higher p lo idy  

was d e te c te d . The mean n u c le a r  a re a  was s i g n i f i c a n t l y  in c re a se d  by 

22.87% and 21.43% re sp e c tiv e ly  conpared with c o n tro ls . 42.5% of nuc le i 

in  Group 3 and 39.125% in  Group 5 were in  th e  4n and above p lo id y  

c la s s e s  compared w ith  15.67% in  th e  h y p o p h y se c to m ised  c o n t r o l s  

(Group 1 ). The d if f e r e n c e  in  th e  p e rcen tag e  d i s t r ib u t io n  o f  p lo id y  

l e v e l s  in  t h i s  s tu d y  compared w ith  Geschwind's s tu d y  (1958) i s  most 

p ro b ab ly  due to  th e  d if f e r e n c e s  in  anim al s t r a i n  and age. In 

Gaschwind's study the  anim als were younger and o f Iong-Evahs s t r a in  as 

opposed to  W istar used  in  t h i s  s tu d y . The changes seen  in  th e  p re s e n t  

stucfy a re  co n sis ten t w ith these  o ther authors (Geschwind e t  a l . ,  1958; 

Bucher, 1963). The reduction in the rnmber of nuclei/10  f i e ld s  reported 

in  t h i s  s tu d y  compared w ith  c o n tr o ls  i s  most p ro b ab ly  r e l a t e d  to  th e  

changes in c e l l  s iz e .

I t  i s  w e ll known th a t  hypophysectomy delays th e  even ts fo llow ing 

p a r t i a l  hepatectom y which c u lm in a te  in  DNA s y n t h e s i s  and  c e l l  

r e p l i c a t io n  (Bucher, 1963). T h is r e s u l t s  in  a la g  in  th e  in c re a se d

156



m ito t ic  index compared w ith  i n t a c t  r a t s .  However d e s p i te  t h i s  

phenomenon th e re  was no s ig n if ic a n t d iffe rence  in  th e  m ito tic  index a t  

21 days in  th is  study follow ing 1/3 o r 2/3 p a r t i a l  hepatectomy, coirpared 

with hypophysectcmy c o n tro ls . No d iffe ren ce  would be expected as the  

increased m ito tic  index however delayed would have regressed by 21 days 

1post-hepatectany ' .

Several authors have observed th a t  fo llow ing p a r t i a l  hepatectomy in  

hypophysectonised animals the  l iv e r  is  incom pletely resto red . Eranseen 

e t  a l .  (1938) re p o r te d  t h a t  th e  l i v e r  was r e s to re d  to  between 2 /3  and 

3 /4  o f c o n tro l  v a lu e s ,  Dol ja n s k i  and Novogrotzky (1959) re p o r te d  74% 

l i v e r  r e s to r a t io n  and Schulte-H erm ann e t  a l .  (1977) between 70-80% 

compared with c o n tro ls . This i s  thought to  be th e  r e s u l t  of a reduced 

food in take.

In th is  study the l i v e r  mass was resto red  com pletely fo llow ing 1/3 

p a r t i a l  hepatectom y in  c o n tr a s t  t o  70-80% r e s to r a t io n  in  S c h u lte -  

Hermann's study  (Schulte-H erm ann e t  a l . ,  1977). S im ila r  re d u c tio n  in  

body w eight o ccu rred  fo llo w in g  hypophysectomy in  t h i s  group compared 

w ith  c o n tro ls  (Bl -  Group 1) and so  u n le s s  th e  food in ta k e  was 

s i g n i f i c a n t l y  l a r g e r  th an  th e  u su a l  reduced in ta k e  which o ccu rs 

fo llo w in g  hypophysectomy, t h i s  resp o n se  by th e  l i v e r  i s  un ex p la in ed . 

However in th is  study th e  mean estim ated c e l l  volime in  th is  group was 

30.5% la r g e r  th an  hypophysectomy c o n tr o ls  (Bl -  Group 1) b u t s m a lle r  

than in ta c t  co n tro ls  (Al -  Group 1) (th e  l a t t e r  d i f f e re n c e  r e f l e c t i n g  

l i v e r  a tro p h y  induced by hypophysectomy). T his may in d ic a te  t h a t  

fo llow ing p a r t i a l  hepatectany p ro te in  syn thesis in  th e  f i r s t  few days 

was l a r g e r  th an  u s u a l ly  d e te c te d  a f t e r  hepatectom y (Bucher, 1963). A
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hypertrophic e f f e c t  such as th is  could po ss ib ly  account fo r  the  l i v e r  

being apparently  com pletely resto red .

However fo llow ing  2/3 p a r t i a l  hepatectcmy 74.84% of th e  l i v e r  was 

res to red  coirpared w ith hypophysectcmised c o n tro ls . This i s  in  keeping 

w ith  o th e r  s tu d ie s  (Franseen e t  a l . ,  1938? Dol ja n sk i and N ovogrotzky, 

1958; Schul te-ffermann e t  a l . ,  1977). Compensatory growth was ev iden t by 

a 106% increase  in  th e  mean r e la t iv e  weight of the  r ig h t  po ste rio r lobe 

coirpared with hypophysectomy co n tro ls . The mean estim ated c e l l  volune 

in  th is  study was 60.40% la rg e r  than in  hypophysectcmised co n tro ls  (B -  

group 1) although sm aller than seen in  in ta c t  c o n tro ls  (Al -  group 1). 

This l a t t e r  d iffe ren ce  is  consisten t with hypophysectcmy.

7 .3 .2  Response by the  l iv e r  to  PB treatm ent -  Section I I I

7 .3 .2 .1  Sham hypophysectcmised group (Group A)

7 .3 .2 .1 .1  Response by the  l iv e r  to  PB following laparotomy 

Following 8 days PB treatm ent there  was a 32.70% increase in 4n and

above p lo idy  c la sses  in  sham hypophysectcmy r a t s  (group 2) conpared w ith 

sham hypophysectomy c o n tro ls  (group 1). F i f t y - s i x  p e rc e n t o f  n u c le i  

were in  the  4n and above p lo idy  c la sse s  compared w ith 42.2% in  Group 1 

co n tro ls . This i s  in  agreement with repo rts  fcy Schulte-Hermann in which 

PB was shown to  induce an in c re a s e  in  n u c le a r  t e t r a p lo id y  by 20-40% 

(Schulte-Hermann e t  a l . ,  1968; Schul te-Hermann, 1974).

These a u th o rs  a l s o  re p o r te d  t h a t  60-80% o f th e  t o t a l  in c re a s e  in  

DNA content fo llow ing  PB treatm ent was due to  nuc lear m u ltip lic a tio n . 

In  t h i s  s tu d y  th e  numbers o f m ito se s  were a l s o  in c re a se d  by PB 

tre a tm e n t, be ing  0.6833 p e r  1,000 c e l l s  compared w ith  0.1081 p e r 

1,000 c e l l s  in  sham hypophysectomy c o n tr o l s .  T his i s  a c o n s id e ra b le
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increase (over s ix  times la rg e r)  compared w ith c o n tro ls . The dose used 

in th is  study was 50% of the dose used fay Schulte-Hsrmann e t  a l .  (1977). 

In an e a r l i e r  in v e s t ig a t io n  th e s e  w orkers re p o r te d  1.25 m ito se s  p e r 

1,000 c e l l s  conpared w ith 0.36 per 1,000 c e l l s  in  c o n tro l anim als a f te r  

15 days PB tre a tm e n t, an in c re a s e  o f  o v e r tw o fo ld  (S c h lic h t  e t  a l . ,  

1967; Schulte-H erm ann e t  a l . ,  1968). The m ito t ic  index  in  t h i s  study  

th ere fo re  seems consisten t with these e a r l i e r  s tu d ies , although somewhat 

la rg e r .

Following PB treatm ent the  mean estim ated c e l l  volume was increased 

by 20.44% compared w ith  c o n tr o l s .  This i s  c o n s is te n t  w ith  th e  21% 

in c re a s e  in  h ep a to cy te  volume re p o r te d  by S ta u b l i  e t  a l .  (1969) 

fo llo w in g  5 days PB tre a tm e n t a t  a dose o f 100 mg/kg body w eigh t 

(S ta u b li  e t  a l . ,  1969). Thus in  t h i s  study th e  h y p e rp la s t ic  and 

hypertrophic response to  PB re f le c te d  by an o v e ra ll  increase  in  r e la t iv e  

l iv e r  weight and weight o f the  r ig h t  p o s te rio r lobe i s  co n sis ten t w ith 

o ther s tu d ies  (Schulte-Hermann, 1974).

7 .3 .2 .1 .2  Response by the  l iv e r  to  PB following p a r t ia l  hepatectcnry

I f  PB is  administered to  in ta c t  r a t s  fo llow ing  p a r t i a l  hepatectcmy 

i t s  capacity  to  induce both hypertrophy and hyperp lasia  is  re ta ined . In 

th is  study fo llow ing 1/3 o r 2/3 p a r t i a l  hepatectcny the e ffe c t o f PB was 

studied  by comparing Group 4 w ith Group 3 and Group 6 w ith Group 5. By 

21 days a f t e r  1 /3  p a r t i a l  hepatectom y (Group 3) th e  l i v e r  mass was 

resto red  to  co n tro l va lues but fo llow ing 8 days PB treatm ent (Group 4) 

the  mean r e l a t iv e  weight was increased above c o n tro l va lues by 19.19%. 

Compensatory hyperp lasia  was detected in  Group 4 by a  22.84% increase  in 

th e  mean r e l a t i v e  w eigh t o f th e  r i g h t  p o s te r io r  lo b e  compared w ith  

s a l in e  tre a te d  animals (Group 3). S im ila rly  w hile the l iv e r  mass was
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only res to red  to  77.91% o f con tro l va lue  a f te r  2/3 p a r t i a l  hepatectomy 

(Group 5), fo llow ing PB treatm ent (Group 6) l i v e r  mass was res to red  to  

co n tro l va lues. The mean r e la t iv e  weight of the l i v e r  was increased fcy 

19.54%, and th e  mean r e l a t i v e  w eight o f th e  r i g h t  p o s te r io r  lo b e  

increased by 25.75% compared w ith Group 5. This fu rth e r adaptive growth 

induced by PB fo llo w in g  both 1 /3  and 2 /3  p a r t i a l  hepatectom y was a 

combination o f hyperp lasia  and hypertrophy.

DNA synthesis was detected  by a s ig n if ic a n t s h i f t  in p lo idy . The 

mean nuclear area was g rea te r in  Groups 4 and 6 compared w ith Groups 3 

and 5. The number o f n u c le i  in  th e  4n and above p lo id y  c la s s e s  in  

Groups 4 and 6 were increased fcy 38.87% and 25.63% re sp e c tiv e ly  compared 

w ith non-PB tre a te d  anim als. This i s  co n sis ten t w ith the  20%-40% s h i f t  

in  p lo id y  l e v e l s  in  r a t  l i v e r s  fo llo w in g  PB tre a tm e n t d e sc r ib e d  by 

Schulte-Hermann and co lleagues (Schulte-Hermann e t  a l . ,  1968; Schulte- 

Hermann, 1974). In  a d d it io n  th e s e  in c re a s e s  a re  o v e r and above th e  

40.2% and 49.76% s h i f t  in  p lo id y  in  Groups 3 and 5 compared w ith  

c o n tro ls , thus ind icating  the  independent hyperp lastic  e f fe c t  induced by 

PB.

Following 1/3 and 2/3 p a r t i a l  hepatectany an increase in  th e  number 

o f m ito se s  p e r  1,000 c e l l s  was d e te c te d  a f t e r  PB tre a tm e n t. A la rg e  

in c re a s e  was o bserved  (over double th e  number per 1,000 c e l l s )  in  

Group 4 compared with Qroup 3 and considerably increased (over s ix  times 

the  number per 1,000 c e l l s )  in  Group 6 in  c o n tra s t to  Group 5. This i s  

co n sis ten t w ith the  rep o rts  fcy previous workers fo llow ing 15 days PB 

treatm ent to  non-hepatectcmised animals (S ch lich t e t  a l . ,  1967? Schulte- 

Hermann e t  a l . ,  1968). These p re s e n t  r e s u l t s  ag a in  su g g e s t t h a t  PB

160



In Groups 4 and 6 th e  mean estim ated c e l l  volumes were enlarged by 

10.94% and 5.71% compared w ith  t h e i r  r e s p e c t iv e  s a l i n e  t r e a te d  groups 

(Groups 3 and 5). T h is in d ic a te s  t h a t  PB had induced a h y p e rtro p h ic  

e f f e c t  on th e  c e l l s  p o s s ib ly  due to  an in c re a s e  in  p ro te in  sy n th e s is . 

The enlargement was sm a lle r than th e  20.44% increase in  Group 2. This 

ind ica tes th a t  PB had le s s  of an hypertrophic, e f fe c t  on th e  hepatocytes 

fo llow ing p a r t i a l  hepatectomy than fo llow ing  laparotomy.

In  a s tu d y  by A l e t t i  e t  a l .  (1981) th e  c a p a c ity  o f th e  l i v e r  to  

respond  to  PB was s tu d ie d  in  m ale W ista r r a t s  a t  48 and 96 hours a f t e r  

2 /3  p a r t i a l  hepatectom y. At 48 hours th e  c a p a c ity  of th e  l i v e r  to  

respond to  PB was p a r t i a l ly  inpaired , w ith PB having no in fluence  on the  

r e l a t iv e  l iv e r  weight, DNA and p ro te in  content. In c o n tra s t by 96 hours 

the  r e la t iv e  l iv e r  weight was s ig n if ic a n tly  increased compared w ith 2/3 

hepatec tom ised  an im als . In th e s e  an im als  r e l a t i v e  l i v e r  w eigh t was 

e q u a l to  c o n tro l  v a lu e s  a t  4 days compared w ith  a t  10 days in  non-PB 

t r e a te d  an im als . T heir in v e s t ig a t io n s  sug g ested  t h a t  fo llo w in g  2/3 

p a r t i a l  hepatectomy the l i v e r  response is  below i t s  functional capacity  

and t h a t  l i k e  norm al non-hepatec tom ised  l i v e r ,  i t  has a fu n c tio n a l  

r e s e rv e  which can be u t i l i s e d  when demanded a s ,  f o r  exam ple, by PB 

a d m in is tra t io n  (R agno tti and A l e t t i ,  1974; A l e t t i  e t  a l . ,  1981). Thus 

th e  resp o n se  to  PB in  Groups 4 and 6 i s  c o n s is te n t  w ith  th e  l i v e r 's  

capacity  to  respond to  an increased functional demand by a combination 

of hyperp lasia  and hypertrophy (Ragnotti and A le t t i ,  1974).

shows an additive hyperplastic effect over and above the hyperplastic

response following partial hepatectcmy.
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7 .3 .2 .2  Hypophysectcmy group (Group B)

7 .3 .2 .2 .1  Response by th e  l iv e r  to  PB following laparotany

Using b iochem ical a ssa y s  to  e s t im a te  changes in  DNA and p ro te in  

sy n thesis , i t  has been shewn th a t  fo llow ing PB treatm ent DNA content in 

th e  hypophysectcmised animal remains constan t, hypophysectcmy blocking 

DNA s y n th e s is  (Sc hu I t  e-Hermann e t  a l . ,  1977). Using n u c le a r  a re a  and 

p lo id y  l e v e l s  a s  in d ic a to r s  o f change in  DNA sy n th e s is  and c o n te n t, 

th e re  was no s ig n i f i c a n t  d i f f e r e n c e  in  th e  mean n u c le a r  a re a  o r  

d i s t r ib u t io n  o f n u c le a r  p lo id y  c la s s e s  in  Group 2 fo llo w in g  PB 

tre a tm e n t compared w ith  hypophysectomy c o n tro ls  (Group 1) (84.67% v s . 

15.33%). This su g g ested  a r r e s t  in  th e  developm ent o f p o ly p lo id y  

co n sis ten t with o ther stud ies (A lfe rt and Geschwind, 1958). In co n trast 

w ith  i n t a c t  a n im a ls ,  th e  a b i l i t y  o f  PB t o  in d u c e  m ito s e s  in  

hypophysectom ised an im als  a l s o  appeared  to  be b lo ck ed . There was no 

s ig n if ic a n t d ifference  in  the  number o f mitoses per 1,000 c e l l s  between 

these  two groups, the  mean number per 1,000 c e l l s  being 0.00 (SD + 0.0, 

n = 6) (Group 2) and 0.0151 (SD + 0.0338, n = 6 -  Group 1) re sp ec tiv e ly .

However in  t h i s  study  fo llo w in g  PB tre a tm e n t th e  mean r e l a t i v e  

w eig h ts  o f th e  l i v e r  and r i g h t  p o s te r io r  lo b e  in  hypophysectom ised 

an im als  (group 2) were in c re a sed  by 31.15% and 22.61% r e s p e c t iv e ly  

compared w ith  c o n t r o l s .  This in c re a se d  l i v e r  mass was due to  a 

h y p e rtro p h ic  resp o n se  dem onstra ted  by a 114.90% in c re a s e  in  mean 

e s tim a te d  c e l l  volum e. Thus th e  o v e r a l l  resp o n se  to  PB fo llo w in g  

hypophysectomy in  t h i s  study i s  c o n s is te n t  w ith  th e  f in d in g s  o f 

Schulte-Hemnann e t  a l .  (1977).
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The s tu d / undertaken by Schnlte-Hermann and h is  co lleagues (1977) 

demonstrated th a t  in  hypophysectanised r a t s  fo llow ing 1/3 o r  2/3 p a r t i a l  

hepatectom y, PB co u ld  induce l i v e r  en largem en t to g e th e r  w ith  DNA 

s y n th e s is . This was in  c o n tr a s t  to  an in c re a s e  in  l i v e r  mass w ith o u t 

any increase in l i v e r  DNA content in non-hepatectcmised anim als. I t  was 

suggested  t h a t  i t  was th e  r e l a t i v e  DNA s u rp lu s  r e s u l t i n g  from 

hypophysectomy which prevented PB from inducing DNA synthesis in  these  

r a ts .  They concluded th a t  i t  was the  removal o f th is  "surplus" during 

1 /3  o r  2 /3  p a r t i a l  hepatectom y which r e s to re d  th e  a b i l i t y  o f  PB to  

induce DNA synthesis.

In th is  study the  a b i l i ty  o f PB to  induce DNA synthesis fo llow ing 

1/3 and 2/3 p a r t i a l  hepatectcmy was seen by conparing changes induced by 

PB in  hypophysectom ised laporotom y an im als (group 2) w ith  th o se  

follow ing 1/3 and 2/3 p a r t i a l  hepatectomy (Groups 4 and 6). Hyperplasia 

was d e te c te d  in  Groups 4 and 6 r e s p e c t iv e ly  by a  36.9% o r  29.26% 

in c re a s e  in  mean n u c le a r  a re a . This c o r r e l a t e d  w ith  a 316.37% o r  

211.61% in c re a s e  in  th e  number o f  n u c le i  in  th e  4n and above p lo id y  

c la sse s . The increase in  m ito tic  index was la rg e  (more than doubled) in  

Group 4 compared with Group 2, and considerably increased (by more than 

s ix  times) in  Group 6 in  c o n tra s t to  Group 2, these  changes ind ica ting  

an increase in  c e l l  nimbers. The mean estim ated c e l l  volume was reduced 

by 33.98% and 12.41% in  Groups 4 and 6 r e s p e c t iv e ly  conpared  w ith  

Group 2 and th e r e  were 13.8% and 6.11% more n u c le i  p e r  10 f i e l d s  which 

re f le c te d  th is  reduction in  c e l l  s iz e . These r e s u l ts  th ere fo re  confirm 

th e  re sp o n ses  in  hypophysectom ised r a t s  to  PB fo llo w in g  p a r t i a l  

hepatectomy described by Schulte-Hermann e t  a l .  (1977).

7.3.2.2.2 Response by the liver to PB following partial hepatectany
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Vfoile the  c e l l  v o lu te s  in  Groups 4 and 6 were sm aller than those in  

Group 2, the  mean estim ated c e l l  volumes were 60.39% and 91.18% la rg e r  

than c o n tro l anim als, thus confirming th a t  hypertrophy had been induced. 

The g n a lle r  c e l l  volumes in Groups 4 and 6 compared w ith Group 2, along 

w ith an increased m ito tic  index ind ica te  th a t  the hyperp lastic  conponent 

of th e  response to  PB fo llow ing 1/3 and 2/3 p a r t i a l  hepatectomy, was a 

combination of both c e l l  m u ltip lic a tio n  and a s ig n if ic a n t s h i f t  towards 

higher nuclear ploidy.

In Group 2 the  mean r e l a t iv e  l iv e r  weight was 9.89% heav ier than 

Group 4 and 40.94% h e a v ie r  th an  Group 6. T his i s  d e s p i te  s ig n i f i c a n t  

in c re a s e s  in  r e l a t i v e  w eigh t o f  th e  r i g h t  p o s te r io r  lo b e  in  th e s e  two 

groups (51.95% Group 4, 95.77% Group 6) w ith  obv ious h y p e rp la s ia  

demonstrated in  the lobes compared w ith Group 2 (where DNA syn thesis has 

been b locked). As however th e  c e l l  volum es in  Group 2 a re  la r g e r  

corpared w ith th e  o ther two groups th is  may in d ica te  th a t  PB induces a 

la rg e r  hypertrophic e f fe c t  in  th e  l i v e r  o f lap a ro to m ised  an im als  and 

could account fo r  the  heav ier l iv e r .  The la rg e r  hypertrophic response 

in  Group 2 would a ls o  account fo r  fewer n u c le i  being observed  p e r 

10 f i e ld s  compared w ith Groups 4 and 6.

C e l l  volum es in  Group 6 were s im i la r  to  Group 5 fo llo w in g  2/3 

p a r t i a l  hepatectom y a lo n e . I t  appears th e r e fo re  t h a t  th e  a d a p tiv e  

response to  PB in  Group 6 was predominantly th e  r e s u l t  o f hyperp lasia .

I t  was confirm ed t h a t  th e  response  t o  PB fo llo w in g  1 /3  o r  2/3 

p a r t i a l  hepatectom y compared w ith  laparo tom ised  animals (Group 2) in 

hypophysectomised r a t s  was e n t i r e ly  independent of o ther fac to rs . This
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r e s u l te d  from com paring Groups 4 and 6 w ith  s a l in e  t r e a te d  an im als 

fo llow ing  hepatectomy (Groups 3 and 5) re sp ec tiv e ly .

A dap tive  growth induced by PB o v e r  and above th e  com pensatory 

hyperp lasia  which follow ed 1/3 and 2/3 p a r t i a l  hepatectcmy was confirmed 

fcy a 20.43% and 16.86% increase in the  mean r e la t iv e  weight o f the  r ig h t 

p o s te rio r  lobe in Groups 4 and 6 conpared w ith Group 3 and 5. The mean 

r e l a t i v e  l i v e r  w eigh t was a l s o  in c re a se d  by 20.41% and 21.05% in  

Groups 4 and 6 re sp e c tiv e ly  ccnpared w ith the  sa lin e  tre a te d  groups.

DNA sy n th e s is  was d e te c te d  by a  s ig n i f i c a n t  in c re a s e  in  mean 

nuclear area  in  Groups 4 and 6 due to  a  50.19% and 22.1% s h i f t  in 4n and 

above p lo idy  c la sse s  conpared with Groups 3 and 5. This i s  consisten t 

with th e  p lo idy  changes induced by PB described by Schulte-Hermann and 

h is  co lleagues (Schulte-Hermann e t  a l . ,  1968; Schulte-H erm ann, 1974). 

The considerable increase  (over s ix  times) in  m ito tic  index in  Groups 4 

and 6 compared w ith Groups 3 and 5 r e f le c ts  c e l l  re p lic a tio n .

The 22.90% in c re a s e  in  mean e s tim a te d  c e l l  volume in  Group 4 

compared w ith  Group 3 was a l s o  c o n s is te n t  w ith  th e  21% in c re a se  

fo llow ing 5 days PB treatm ent described fcy S taub li e t  a l .  (1969). Thus 

th e  20.41% in c re a s e  in  mean r e l a t i v e  l i v e r  w eigh t induced by PB in  

Group 4 over and above 1/3 p a r t i a l  hepatectomy (Group 3) was the  r e s u l t  

o f both hyperplasia  and hypertrophy, th i s  increase  again s im ila r  to  the 

28.5% increase in  r e l a t iv e  l iv e r  weight fo llow ing PB treatm ent described 

by these  authors (S taubli e t  a l . ,  1969).

The mean e s tim a te d  c e l l  volume in  Group 6 however was no t 

s ig n if ic a n tly  d iffe re n t from th a t  in  Group 5 although th e  c e l l  volumes 

were 91.18% la rg e r  than co n tro l anim als (Group 1). This apparent lack
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o f h y p e rtro p h ic  e f f e c t  may be p a r t l y  due to  th e  l a r g e r  in c re a se  in  

number o f c e l l s  in  th e  r ig h t  p o s te rio r lobe in oonparison w ith Group 4, 

ind icated  by a higher m ito tic  index and sm aller s h i f t  in  p lo idy .

To co n c lu d e , th e s e  r e s u l t s  appear c o n s is te n t  w ith  th e  study  

undertaken  by Schulte-H erm ann e t  a l .  (1977). They confirm  th a t  

f o l lo w in g  p a r t i a l  h e p a tec to m y  PB can  in d u c e  DNA s y n t h e s i s  in  

hypophysectcmised r a t s  (Schulte-Hermann e t  a l . ,  1977).

7 .3 .3  Response by the  l iv e r  to  p o rta l vein lig a tio n  -  Section IV

7 .3 .3 .1  Sham hypophysectcmised animals (Group A)

Following p o r ta l  vein l ig a tio n  atrophy occurs in  th e  l ig a te d  lobes 

w hile the remaining un liga ted  tis su e  shows c e l lu la r  hypertrophy and DNA 

sy n th e s is  (W einbren, 1978). T h is resp o n se  co n tin u es  fo r  14-18 days 

a f te r  which no fu rth er atrophy occurs and the  p o ste rio r lobes no longer 

in c re a s e  in  s iz e  (Duchen, 1961? Weinbren and T arsh , 1964). F o llow ing  

l ig a t io n  the  u n lig a ted  lobes become en larged  and p a le r  w hile  th e i r  c e l l s  

and n u c le i ra p id ly  increase in  s ize  during the  f i r s t  few days. Mitoses 

a r e  v i s i b l e  by 24 hours and t h e i r  frequency  in c re a s e s  f o r  3-12 days 

a f te r  which th e i r  incidence decreases u n t i l  few m itoses a re  p resen t by 

18 days and th e y  a re  r a r e  by 28 days. This response  i s  com parable to  

t h a t  fo llo w in g  2 /3  p a r t i a l  hepatectom y (Duchen, 1961? Weinbren and 

Tarsh, 1964). Both c e l l  and nuclear s iz e  become more uniform by 28 days 

although the l iv e r  lo b u les  remain enlarged  (Duchen, 1961). W hilst these  

changes a re  ta k in g  p la c e ,  i t  has been dem onstra ted  by b iochem ical 

a n a ly s is  t h a t  th e  DNA l e v e l  in  th e  l i v e r  i s  u n a l te r e d  in  th e  l ig a te d  

lobes deprived o f p o r ta l  blood flow (Duchen, 1961).

166



In th is  study, fo llow ing 1/3 o r  2/3 p o r ta l  ve in  l ig a tio n  (Qroups 3 

and 5) com pensatory h y p e rp la s ia  o ccu rred  in  th e  unm anipu lated  lo b e s . 

T his was d e te c te d  by a 25.20% and 89.48% in c re a s e  in  mean r e l a t i v e  

w eigh t in  th e  r i g h t  p o s te r io r  lo b e  in  Groups 3 and 5 r e s p e c t iv e ly ,  

compared w ith co n tro ls . However by 21 days, fo llow ing 1/3 o r 2/3 p o r ta l  

vein  lig a tio n  the enlargement of the  un liga ted  lo b es , combined with any 

p r o l i f e r a t i v e  resp o n se  which o ccu rred  in  th e  a tro p h ie d  c e l l s  o f  th e  

l ig a te d  lobes, f a i le d  bo re s to re  the  l i v e r  mass to  c o n tro l va lues. The 

mean r e la t iv e  weights were 83.01% and 85.94% re sp e c tiv e ly  compared w ith 

c o n tro ls . This i s  co n sis ten t w ith some repo rts  (Iawrence e t  a l . ,  1959? 

Wfeinbren, 1959) although in o ther stud ies the r e la t iv e  l i v e r  weight was 

f u l ly  resto red  to  co n tro l va lues (Steiner and Ito rtinez , 1961? Rozga e t  

a l . ,  1985).

DNA s y n th e s is  was d e te c te d  by 21.16% and 46.33% in c re a s e s  in  

n u c le a r  a re a  in  Groups 3 and 5 w ith  201.81% and 393.13% in c re a s e s  in  

n u c le i  in  th e  4n and above p lo id y  c la s s e s  compared w ith  c o n tro ls  

(group 1). TVenty-one days fo llow ing 1/3 o r 2/3 p o r ta l  vein  l ig a t io n , 

the  number o f m itoses per 1,000 c e l l s  were not s ig n if ic a n tly  d if fe re n t 

from c o n tro l  v a lu e s .  As m ito se s  occur e a r l y  in  th e  r e a c t iv e  growth 

phase fo llow ing p o r ta l  vein  l ig a t io n , i t  would not be expected th a t  they 

would be detected  (weinbren and T&rsh, 1964? Rozga e t  a l . ,  1985).

R>1 lowing 1/3 p o r ta l  vein  l ig a tio n  c e l l  volumes were s im ila r  to  

c o n tro ls  ind ica ting  th a t  any e a r l i e r  c e l l  en la rgem en t had by 21 days 

re tu rn e d  to  norm al, a s  shown in  o th e r  s tu d ie s  (Duchen, 1961? Weinbren 

and T&rsh, 1964? Wsinbren e t  a l . ,  1972). However fo llow ing 2/3 p o rta l 

v e in  l i g a t io n  a sm a ll  bu t s i g n i f i c a n t  in c re a s e  by 5.48% in  th e  mean 

estim ated c e l l  volume was seen on day 28 corrpared with co n tro ls .
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The s tim u la tio n  o f DNA synthesis follow ing 1/3 o r 2/3 p o r ta l  vein  

l ig a tio n  in  th is  study was comparable to  the  responses reported in  th is  

study fo llow ing 1/3 o r 2/3 p a r t i a l  hepatectcmy. These r e s u l ts  c le a r ly  

confirm o ther s tu d ies  which have demonstrated th a t ,  fo llow ing  l ig a tio n  

o f a l iv e r  lobe , DNA synthesis is  stim ula ted  in th e  u n lig a ted  lobe in  a 

manner com parable to  th e  response  fo llow ing  hepatectomy. In add ition  

DNA sy n th e s is  s t im u la te d  by p o r t a l  v e in  l ig a t io n  o ccu rs  d u rin g  a 

s itu a tio n  where DNA content remains u n a lte red  (Duchen, 1961? Wsinbren 

and Tfcrsh, 1964; Wsinbren e t  a l . ,  1972).

7 .3 .3 .2  Hypophysectanised animals (Group B)

As in  S ec tio n  I I I  fo llo w in g  hypophysectomy l i v e r  a tro p h y  was 

in d ic a te d  by th e  14.8% and 19.67% d ec rease  in  r e l a t i v e  w eigh t o f  th e  

l iv e r  and r ig h t  p o s te rio r  lobe conpared w ith in ta c t  c o n tro ls , co n sis ten t 

w ith  th e  f in d in g s  o f  o th e r  a u th o rs  (D o ljan sk i and N ovogrotzky, 1959; 

Schulte-Hermann e t  a l . ,  1977). This was confirmed by a 66.67% reduction 

in  mean e s tim a te d  c e l l  volume compared w ith  sham hypophysectom ised 

animals. This again was s im ila r  to  the  response in  Section I I I .  The 

l a r g e r  number o f  n u c le i  p e r  10 f i e l d s  in  th e  hypophysectomy c o n tro ls  

compared with sham hypophysectomy co n tro ls  a ls o  ind icated  c e l l  atrophy. 

P lo id y  l e v e l s  were s im i la r  compared w ith  hypophysectomy c o n tr o l s  in  

Section I I I ,  ag a in  re p re s e n tin g  a b lo c k  in  d e v e lo p m e n t to w a rd s  

p o ly p lo id y  known to  occur fo llo w in g  hypophysectcmy (Geschwind e t  a l . ,  

1958).

7 .3 .3 .2 .1  R esponse  by th e  l i v e r  t o  p o r t a l  v e in  l i g a t i o n  in  
hypophysectcmised animals

Hypophysectomy does n o t p re v e n t DNA sy n th e s is  in  th e  l i v e r  

fo llow ing p a r t i a l  hepatectcmy (Bucher, 1963; S ec tion  I I I  t h i s  s tu d y ).
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The same a p p l ie s  a f t e r  1 /3  and 2/3  p o r t a l  v e in  l i g a t io n  in  th e  

hypophysectcmised animals (Groups 3 and 5). Compensatory hyperplasia  was 

i d e n t i f i e d  by a 79.27% and 59.22% in c re a s e  in  mean r e l a t i v e  w eigh t o f 

th e  r ig h t  p o s te rio r lobe in  Groups 3 and 5 and a 17.68% increase  beyond 

th e  co n tro l value in  r e l a t iv e  l iv e r  weight fo llow ing 1/3 p o r ta l  vein 

lig a tio n . Only 76.21% of l i v e r  mass was resto red  compared w ith con tro ls 

fo llow ing 2/3 p o r ta l  vein  l ig a tio n  although compensatory hyperp lasia  was 

c le a r ly  evident. DNA syn thesis was re f le c te d  by a 118.61% and 448.84% 

in c re a s e  in  th e  4n and above p lo id y  c la s s e s  and a 19.10% and 31.42% 

increase in  mean nuclear a rea  in  Groups 3 and 5 compared w ith con tro ls . 

By 21 days p o s t-p o rta l ve in  l ig a tio n , no m itoses were detected  in e ith e r  

group, th e  waves of m ito s is  being  o v e r by t h i s  s ta g e  (Weinbren and 

T arsh , 1964). A 66.17% and 82.71% in c re a se  in  mean e s tim a te d  c e l l  

volume, ind ica ting  hypertrophy with an associated  decrease in  n u c le i per 

10 f i e l d s ,  was d e te c te d  in  both Groups 3 and 5 u n l ik e  o th e r  r e p o r ts  

(Duehen, 1961) in  which c e l l s  by th is  time had returned towards con tro l 

values.

7 .3 .4  Response by th e  l i v e r  to  PB tre a tm e n t fo llo w in g  p o r t a l  v e in  
lig a tio n

7 .3 .4 .1  Sham hypophysectcmised group (Group A)

7 .3 .4 .1 .1  Response by the  l iv e r  to  PB following laparotomy

In Group 2 a d a p tiv e  growth was r e f l e c t e d  by a 21.28% in c re a s e  in  

th e  mean r e l a t i v e  w eigh t o f th e  r i g h t  p o s te r io r  lo b e  and a 22.7% 

increase in  mean r e l a t iv e  l i v e r  weight, co n sis ten t w ith o ther stud ies 

(S taubli e t  a l . ,  1969). Ihese changes were sm aller than those reported 

fo r  Group 2 in  Section I I I ,  which may r e f l e c t  a seasonal v a ria tio n  in 

response to  PB.
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DNA synthesis was detected  in Group 2 ky a s h i f t  towards polyploidy 

(an increase  in  frequency o f 4n and above n u c le i fcy 155.46%). This was 

a l s o  dem onstra ted  by a 16.87% in c re a se  in  mean n u c le a r  a re a . This 

p lo idy  s h i f t  was la rg e r  than reported  by Schulte-Hermann e t  a l .  (1968). 

They d e sc r ib e d  a 5-15% s h i f t  fo llo w in g  HCH tre a tm e n t and a 5% s h i f t  

w ith  PB compared w ith  c o n tro ls .  There was a la r g e  in c re a s e  in  th e  

number o f m itoses per 1,000 c e l l s  conpared with co n tro ls  which was about 

do u b le  th e  in c re a s e  re p o r te d  by Schulte-H erm ann e t  a l .  (1968). T his 

r e f le c te d  a  la rge  increase in c e l l  numbers. There was a 46.73% increase 

in  c e l l  volume in  th is  group compared w ith 21% reported  by S tau b li and 

c o lle a g u e s  (1969). Thus w ith  a s im i la r  s t r a i n  and w eigh t o f  anim al 

conpared w ith these  o ther rep o rts , in  th is  study a 50% lower dose of PB 

induced a g rea te r hypertrophic and h y p erp lastic  response.

7 .3 .4 .1 .2  Response by the  l iv e r  to  PB following p o rta l vein l ig a tio n

To d e te c t  changes induced by PB fo llo w in g  1 /3  o r  2 /3  p o r t a l  v e in  

l i g a t io n  Groups 4 and 6 were compared w ith  s a l in e  t r e a te d  c o n tr o l s ,  

Groups 3 and 5.

In Groups 4 and 6 th e  resp o n se  to  PB was s im i la r  to  t h a t  a lre a d y  

d e sc r ib e d  fo llo w in g  laparotom y. A dap tive  growth was d e te c te d  by a 

59.03% and 49.98% in c re a s e  in  mean r e l a t i v e  w eigh t o f  th e  r i g h t  

p o s te r io r  lo b e s  and a 40.59% and 18.47% in c re a se  in  r e l a t i v e  l i v e r  

w eigh t in  Groups 4 and 6 compared w ith  Groups 3 and 5. T his was 

co n sis ten t with o ther s tu d ies  (Schlicht e t  a l . ,  1968) but g rea te r than 

in  Group 2.

DNA sy n th e s is  was ap p aren t from a 36.92% and 33.13% s h i f t  tow ards 

polyplo idy  and a 7.75% and 22.43% increase in  mean nuclear a rea  compared
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w ith Groups 3 and 5 re sp ec tiv e ly . Cfell re p lic a tio n  was re f le c te d  by a 

considerable increase  in  the  mmber of m itoses per 1,000 c e l l s  (by more 

th an  s ix  tim es) compared w ith  Groups 3 and 5. T his i s  c o n s is te n t  w ith  

an in c re a se d  m ito t ic  index a f t e r  8 days PB tre a tm e n t, d e sc r ib e d  by 

Schulte-Hermann and co lleagues (1968), a lth o u g h  c o n s id e ra b ly  g r e a te r  

th an  in  Group 2. The s h i f t  in  p lo id y  was g r e a te r  th an  in  th e s e  o th e r  

s tu d ie s  (Schulte-Herm ann e t  a l . ,  1968), but s m a lle r  compared w ith  

Group 2.

C e l l u l a r  en largem en t su g g e s tin g  hypertrophy  was a l s o  d e te c te d  

fo llo w in g  PB tre a tm e n t w ith  a  69.38% and 78.68% in c re a s e  in  th e  mean 

e s tim a te d  c e l l  volume in  Groups 4 and 6 compared w ith  Groups 3 and 5. 

T his i s  c o n s id e ra b ly  g r e a te r  th an  th e  21% en largem en t d e sc r ib e d  by 

S tau b li and co lleagues (1969) and the  46.73% increase in  Group 2 (A2).

O v e ra l l  th e re  was a g r e a te r  h y p e rtro p h ic  resp o n se  and more c e l l  

m u l t ip l i c a t io n  fo llo w in g  PB tre a tm e n t a f t e r  1 /3  o r  2 /3  p o r t a l  v e in  

l ig a tio n  compared with follow ing laparotomy (Group 2).

7 .3 .4 .2  Hypophysectany group (Group B)

7 .3 .4 .2 .1  Response by the  l iv e r  to  PB following laparotomy

F o llow ing  hypophysectomy PB d id  n o t induce an in c re a s e  in  mean 

nuclear a rea , a s h i f t  in  p lo ic^  or change in  m ito tic  index. An adaptive 

resp o n se  was r e f l e c t e d  by a 42.15% and 33.4% in c re a s e  in  th e  r e l a t i v e  

weight of th e  l iv e r  and r ig h t p o s te rio r lobe. This was associated  with 

a  157.45% in c re a s e  in  c e l l  volume a lo n g  w ith  few er n u c le i /1 0  f i e l d s  

compared with c o n tro ls . This confirms th a t  fo llow ing hypophysectcmy PB 

induces an in c re a s e  in  l i v e r  mass by hypertrophy  a lo n e . T his was
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co n sis ten t with Section I I I  and o ther s tu d ies  (Schulte-Hermann e t  a l . ,  

1977).

7 .3 .4 .2 .2  Response by the  l iv e r  to  PB following p o rta l vein l ig a tio n

Afeptive growth was detected by a 49.79% and 79.48% increase  in the  

mean r e l a t i v e  w eigh t o f  th e  r i g h t  p o s te r io r  lo b e  in  Groups 4 and 6 

compared w ith Group 2. The mean r e l a t iv e  weight in  Group 4 was 39.22% 

h e a v ie r  compared w ith  c o n tro ls  w hereas fo llo w in g  2 /3  p o r t a l  v e in  

l ig a tio n  th e  l i v e r  mass was res to red  to  co n tro l va lues.

F o llow ing  p o r t a l  v e in  l i g a t io n  th e  a b i l i t y  o f  PB to  induce DNA 

synthesis is  res to red  in hypophysectomised anim als. This is  apparent by 

th e  response  to  PB in  Groups 4 and 6 compared w ith  laparo tom y an im als 

(Group 2), where DNA s y n th e s is  and m ito t ic  a c t i v i t y  w ere b locked . In 

Groups 4 and 6 th e re  were increases o f 150.76% and 469% re sp e c tiv e ly  in  

th e  number o f n u c le i  in  th e  4n and above p lo id y  c l a s s e s ,  in d ic a t in g  a 

s ig n i f i c a n t  s h i f t  in  p o ly p lo id y  compared w ith  Group 2, in  which any 

s h i f t  tow ards p o ly p lo id y  was b locked . These p lo id y  s h i f t s  a re  

r e f l e c t e d  by a 20.30% and 50.53% in c re a s e  in  mean n u c le a r  a re a  in  

com parison w ith  Group 2 where th e  mean n u c le a r  a re a  was s im ila r  to  

c o n tro ls . C e ll re p lic a tio n  was a ls o  detected  by a  considerab le  increase 

(approximately over 10 tim es) in  th e  number o f m itoses per 1,000 c e l l s  

compared w ith Group, although the a c tu a l figu res  were sm all.

The mean estim ated c e l l  v o lu te  however was 40.1% and 27.5% s n a l le r  

in  Groups 4 and 6 compared w ith Group 2 although they were s ig n if ic a n tly  

enlarged compared w ith c o n tro ls . This, along with more nuc le i/10  f ie ld s  

a s s o c i a t e d  w ith  th e  s m a l l e r  c e l l s ,  a g a in  su g g ested  t h a t  c e l l
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m u ltip lic a tio n  had taken p lace . Thus the  a b i l i ty  fo r  PB to  induce both 

hypertrophy and hyperp lasia  was resto red .

The ex ten t to  which PB alone was responsib le  fo r  th is  response is  

seen  by com paring hypophysectom ised 1 /3  o r  2 /3  p o r t a l  v e in  l ig a te d  

an im a ls  t r e a te d  w ith  s a l i n e  ( Groups 3 and 5) w ith  Groups 4 and 6. 

F o llo w in g  1/3  o r  2/3  p o r t a l  v e in  l i g a t io n  PB induced an 18.30% and 

37.55% in c re a s e  in  mean r e l a t i v e  l i v e r  w eigh t. A daptive  grow th was 

induced in  th e  r i g h t  p o s te r io r  lo b e s  in  which th e r e  were in c re a s e s  o f 

18.77% and 60.29% in the mean r e la t iv e  weight in  Groups 4 and 6 conpared 

with Groups 3 and 5. This was th e  r e s u l t  o f DNA synthesis de tected , by 

a 68.14% and 51.92% s h i f t  in  p o ly p lo id y , a s  shown by a 4.61% and 18.62% 

increase  in  mean nuclear area  in  Groups 4 and 6 conpared w ith Groups 3 

and 5. This l a t t e r  in c re a se  was no t s t a t i s t i c a l l y  s ig n i f i c a n t  in  

Group 4 conpared w ith Group 3. This may have been due to  in ter-an im al 

v a r ia t io n  a s  one anim al in  Group 4 showed a s l i g h t l y  s m a lle r  mean 

n u c le a r  a re a  conpared w ith  th e  rem aining f iv e .  I f  t h i s  anim al i s  

excluded frcm the data the  remaining f iv e  show a s ig n if ic a n t d ifference  

(p <0.05) in  th e  mean n u c le a r  a re a  conpared w ith  Group 3 (Wilcoxon 2 

sam ple t e s t ) .  PB induced c o n s id e ra b le  in c re a s e s  in  th e  number o f 

m ito se s  p e r 1,000 c e l l s  (over 10 tim es) compared w ith  Groups 3 and 5 

although the a c tu a l figu res are  sm all. Hypertrophy was a lso  induced by 

PB as  th e  mean e s tim a te d  c e l l  volume in  Groups 4 and 6 in c re a se d  by 

10.6% and 10.51% conpared w ith Groups 3 and 5.

7.4 Conclusion

In th is  study i t  has been shown th a t  in  hypophysectcmised animals

th e  response  by th e  l i v e r  to  PB i s  s im i la r  fo llo w in g  p o r t a l  v e in
in terms of

l i g a t io n  o r  p a r t i a l  hepatectom y, . th e  a b i l i t y  t o  induce DNA
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in  hypophysectcmised animals
syn thesis. This i s  in  co n tra s t to  the s i tm tio n  fo llow ing  laparotomy in

A
which PB f a i l s  to  s t im u la te  an in c re a s e  in  DNA c o n te n t. However, 

fo llow ing 1/3 p o r ta l  ve in  l ig a tio n  PB induced le s s  of a  s h i f t  in  p lo idy  

but g r e a te r  c e l l  r e p l i c a t io n  compared w ith  fo llo w in g  1 /3  p a r t i a l  

hepatectom y. A fte r 2 /3  p o r t a l  v e in  l i g a t i o n ,  PB induced a g re a te r  

increase both in  p lo idy  and c e l l  re p lic a tio n  coirpared w ith 2/3 p a r t i a l  

hepatectcmy.

As PB can induce DNA sy n th e s is  in  hypophysectom ised an im als
hepatic

follow ing p o r ta l  vein  l ig a t io n , in a s itu a tio n  where the^DNA content in  

th e  anim al rem ains c o n s ta n t , r a th e r  than  when i t  has been reduced 

fo llo w in g  p a r t i a l  hepatectom y, th e s e  r e s u l t s  r e f u te  th e  concep t p u t 

forward fcy Schulte-Hermann e t  a l .  (1977). They proposed th a t  PB induced 

DNA synthesis in  hypophys ec tcmi sed anim als fo llow ing p a r t ia l  hepatectcmy 

because the  " re la t iv e  DNA excess" was removed by the  hepatectomy, thus 

e l im in a t in g  th e  b lock  on DNA s y n th e s is . The p re s e n t  s tu d y  c l e a r l y  

d em onstra tes  t h a t  PB can induce DNA sy n th e s is  in  hypophysectom ised 

an im als  w ith o u t p r io r  rem oval o f th e  " r e l a t i v e  DNA ex cess" , and in  

circunstances where only  cytoplasm i s  reduced. This suggests th a t  the  

conpartment in  which the  stim ulus fo r DNA synthesis may re s id e  i s  more 

l ik e ly  to  be cy top lasn ic  o r plasnalemmal ra th e r  than nuclear in  o rig in .

The mechanisms fcy which DNA synthesis i s  induced in  th e  un liga ted  

lobe of the  l iv e r  fo llow ing p o r ta l  vein l ig a tio n  remain unc lear. While 

some s tu d ie s  have re p o r te d  t h a t  in  th e  l ig a t e d  lo b e s  a tro p h y  i s  

accompanied by h ep a to cy te  n e c ro s is  (o fte n  r e f e r r e d  to  a s  a p o p to s is )  

(S te in e r  and M artin ez , 1961; K err, 1971? Kerr e t  a l . ,  1972? Rozga e t  

a l . ,  1985? Daoust and M orais, 1986) o th e rs  have n o t re p o r te d  th i s  

phenomenon (Wainbren and T&rsh, 1964? Dubuisson e t  a l . ,  1982). Kerr and
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h is  co lleagues suggested th a t  apoptosis may p lay  a ro le  in the  mitogenic 

p ro c e sse s  (K err, 1971? K err e t  a l . ,  1972). However a p o p to s is  i s  n o t 

o b se rv ed  in  th e  l i v e r  rem nant a f t e r  p a r t i a l  hepatectom y nor i s  DNA 

syn thesis observed when apoptosis i s  induced by subnecrogenic doses of 

d ie th y l nitrosam ine (DEN) (Kerr e t  a l . ,  1972? Daoust and Morais, 1986).

When considering th e  p o s s ib i l i ty  o f th e  apopto tic  phenomenon being 

in v o lv e d  in  th e  grow th response  in  th e  u n l ig a te d  lo b e s  o f  th e  l i v e r  

fo llo w in g  p o r t a l  v e in  l i g a t io n ,  i t  m ust be em phasised t h a t  m ito s is  

(which fo llow s e a r l ie r  DNA synthesis) i s  prominent by 24 hours in  both 

l ig a te d  and u n lig a ted  lobes (Weinbren and Tarsh, 1964? weinbren e t  a l . ,

1972) whereas a p o p to t ic  bodies a re  n o t seen  b e fo re  24-48 hours (K err, 

1971? K err e t  a l . ,  1972? Rozga e t  a l . ,  1985). Another o b se rv a tio n  i s  

th a t  d esp ite  the  compensatory hyperp lasia  in  the  u n lig a ted  lobes, the  

DNA content i s  not a lte re d  in  th e  l ig a te d  lobes a t  3 days p o s t-p o rta l 

v e in  l ig a t io n  (Weinbren and T arsh , 1964). A popto tic  bod ies a re  o n ly  

prom inent 3 days p o s t - l ig a t io n  a t  which tim e th ey  a re  in g e s te d  by 

h ep a to cy tes  and h is t io c y te s  and su b se q u e n tly  degraded by lysosom e 

a c t i v i t y  th ereb y  rem oving DNA and cy to p lasm ic  m a te r ia l .  Thus th e  

ev idence  fo r  a r o l e  fo r  a p o p to s is  in  th e  c o n tro l  o f  DNA sy n th e s is  

remains unclear and the  requirement fo r  a reduction in the  amount o f DNA 

p resen t in  order to  s tim u la te  DNA synthesis appears u n lik e ly .

Following p o r ta l  vein  l ig a tio n  Weinbren and h is  co lleagues observed 

th a t  DNA synthesis and m itosis could be induced in  the  a trophied  r ig h t  

p o s te r io r  lo b e  w ith  o r  w ith o u t th e  s tim u lu s  o f  p a r t i a l  hepatectom y. 

T his i s  a s i t u a t io n  where th e  DNA c o n te n t rem ained c o n s ta n t  b u t th e  

cytoplasm ic compartment o f the  c e l l  was reduced (Weinbren e t  a l . ,  1971? 

1972). I t  has th e r e fo re  been su g g ested  t h a t  th e  s t im u la t io n  fo r
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re g e n e ra tio n  does no t depend on d e s tru c t io n  o r rem oval o f n u c le a r  

m ate ria l (Vfeinbren and T&rsh, 1964). Their experiments a lso  h igh ligh ted  

t h a t  w h i le  th e  p o r t a l  b lo o d  s u p p ly  may i n f lu e n c e  th e  s i z e  o f  

h e p a to c y te s , th e  a b i l i t y  o f h e p a to c y te s  to  undergo DNA s y n th e s is  i s  

independent o f i t  (Weinbren e t  a l . ,  1971; 1972).

I t  i s  c le a r  therefo re  frcm the present stutfy th a t the in i t ia t io n  of 

re a c tiv e  hyperp lasia  o r adap tive  growth fo llow ing p a r t i a l  hepatectony or 

p o r ta l  vein  l ig a tio n  does not depend on removal o f nuc lear m a te ria l as 

su g g ested  by Schulte-H erm ann e t a l .  (1977). As a tro p h y  i s  th e  m ajor 

event follow ing p o r ta l  ve in  l ig a tio n  and occurs p r io r  to  th e  formation 

o f apoptotic bodies, th is  study would suggest th a t  cy tqp lasn ic  or plasma 

lemmal changes a r e  more l i k e l y  t o  be in v o lv e d  in  th e  p r o l i f e r a t i v e  

s ig n a l(s) in  the  co n tro l o f DNA syn thesis , a concept proposed by these  

previous workers (Wsinbren and T&rsh, 1964; Wfeinbren, 1982; Wfeinbren and 

Hadjis, 1988).

T his study has a l s o  dem onstra ted  t h a t  th e  Quantim et 720 image 

analyser c le a r ly  detected  changes in  nuc lear a rea , in d ic a tiv e  of a l te re d  

p lo id y  s t a t e s  and hence changes in  DNA c o n te n t. These f in d in g s  were 

confirmed by in teg ra ted  microdensitcmetry o f Feulgen s ta in e d  s e c t io n s . 

These r e s u l ts  have a lso  c le a r ly  shown th a t  measuring nuc lear area  and 

thus in v es tig a tin g  a l te r a t io n  in  n u c lear p lo idy  i s  a s u ita b le  method fo r 

d e te c t in g  DNA s y n th e s is  a s s o c ia te d  w ith  in c re a se d  p lo id y . I t  i s  

th e re fo re  an a p p ro p r ia te  tech n iq u e  to  u se  in  o rd e r  t o  s tu d y  a d a p tiv e  

c e l l  growth in  th e  l iv e r .

By th e  use o f h is to lo g ic a l ly  based methods th is  study has a Hewed 

data to  be generated sp e c if ic a lly  fran  the examination of hepatocytes.
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From th e  response by the  l i v e r  to  PB treatm ent in  animals follow ing 

hypophysectcmy and laparotomy, th is  study has a d d itio n a lly  demonstrated 

th a t  hypertrophy can be separated from hyperp lasia . This confirms the 

work o f Schulte-H erm ann e t  a l .  (1977), and th e  view s o f  o th e r s  who 

proposed th a t  the  mechanisms invo lv ing  hyperp lasia  o r hypertrophy can be 

s e p a ra te d  and t h a t  th e s e  a re  two s e p a ra te  p ro ce sse s  (Malamud, 1972; 

Wainbren e t  a l . ,  1972; Wainbren and Washington, 1976; Schulte-Rarmann e t  

a l . ,  1977).
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APPENDIX I

SURGICAL PROCEDURES

A .I . l  Hypophysectcmy

Hypophysectcmy was performed using a modified method based on those 

o f Smith (1930) and Weinbren and F itsc h en  (1959). A p arap h ary n g ea l 

approach was adopted. The r a t  was weighed and anaesthetised  using e ther 

a n a e s th e s ia . The v e n t r a l  su r fa c e  o f th e  neck was sh av ed , a median 

in c is io n  made through the  skin  and skin  margins separated  to  expose the 

neck m uscles. A p o ly th en e  c a th e te r  was then  passed  p e r o r a l ly  and 

la ry n g e a l  in tu b a t io n  ach iev ed . Using b lu n t  d is s e c t io n ,  th e  hyoid 

m uscles were s e p a ra te d  and d is s e c t io n  co n tin u ed  deeper behind th e  

pharynx and upwards u n t i l  th e  fa sc ia  covering the  basisphenoid su tu re  

was exposed. The fa sc ia  was cu t using f in e  su rg ica l s c is so rs , and the  

fa sc ia  and muscle attachments scraped away from the su ture  l in e . Access 

to  th e  s e l l a  tu rc ic a  was achieved by d r i l l i n g  through the s k u l l  using a 

d en ta l d r i l l  w ith a rose-head burr no.8 (Wright Dental Go.), ex ac tly  in  

th e  c e n tre  o f th e  b asisp h en o id  s u tu re  l i n e .  This was v e ry  p re c is e  a s  

any d e v ia tio n  from th e  c e n tre  caused  e i t h e r  c o n s id e ra b le  b le e d in g  o r  

d e a th  o f th e  a n im a l, o r  an i n a b i l i t y  to  remove th e  p i t u i t a r y  in ta c t .  

The d u ra  m ater was p ie rc e d  w ith  a r ig h t- a n g le d  d e n ta l  probe and th e  

p i tu i ta ry  sucked out by using a hypodermic syringe w ith ca th e te r tubing 

a ttached  to  i t ,  which f i t t e d  ex ac tly  over th e  ho le  made with the  d r i l l  

thus c rea ting  a vacuun. The completeness of removal of the  p i tu i ta ry  

was te s te d  by f lo a tin g  the  syringe contents in water and looking fo r the  

c h a r a c t e r i s t i c  b u t t e r f l y  sh a p e  o f  th e  o rg a n . A n a e s th e s ia  was 

discontinued, and the  operation ra p id ly  fin ished  by c lo s in g  the  wound 

with su rg ic a l c l ip s .
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I t  was n e ce ssa ry  th roughou t th e  w hole o p e ra tio n  to  keep th e  

anaesthesia  as l ig h t  as p o ss ib le  and to  m aintain i t  fo r  as l i t t l e  time 

as p o ss ib le  in  order to  avoid anaesthetic  deaths. Bleeding was kept to  

a minimun, e s p e c ia l ly  fcy c a re fu l d iv is io n  of muscles and p ie rc in g  of the  

dura mater, as again bleeding was another common cause o f p o st-opera tive  

d ea th . C o n tro ll in g  th e  en v iro n m en ta l tem p era tu re  was an im p o rtan t 

fa c to r  in  post-opera tive  care as depending on tem peratures the  animals 

became e i th e r  hypotherm ic o r h y p erth e rm ic , most o f te n  hypotherm ic. 

Increasing t h i r s t  was a ls o  a p ost-opera tive  com plication and water was 

k e p t f r e e l y  a v a i l a b l e .  A sepsis was m ain ta in ed  as f a r  as p o s s ib le  

throughout th e  operation.

A .I.2  P a r t ia l  hepatectcmy

O n e-th ird  (33%) and tw o - th ird  (67%) p a r t i a l  hepatectom y were 

performed under e ther anesthesia  using a technique based on the  method 

of Higgins and Anderson (1931). Asepsis was m aintained as s t r i c t l y  as 

p o s s ib le .  The w eigh t o f th e  anim al was reco rd ed  and th e  abdom inal 

su r fa c e  o f  th e  r a t  was shaved . A median l i n e  in c is io n  reach in g  3-4 cm 

p o s t e r io r ly  from  th e  x ip h o id  p ro ce ss  was made. The median and l e f t  

l a t e r a l  lobes of th e  l iv e r  were e a s i ly  id e n tif ie d .

One-third p a r t ia l  hepatectcnry 33%

The median lo b e  o f  th e  l i v e r  was d e l iv e r e d  from th e  p e r i to n e a l  

cav ity  and l ig a te d  w ith 5/0 Ethicon M ersilk  m ateria l (577), excised and 

weighed. The aim of th is  su rg ic a l procedure was to  remove as accu ra te ly  

as p o ss ib le  one-th ird  of the  t o t a l  l i v e r  but even w ith extreme care by 

l ig a t in g  th e  lo b e  c lo s e  to  i t s  o r ig in ,  a sm a ll  rem nant o f  th e  median 

lobe remained.
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Two-thirds p a r t ia l  hepatectcmy 67%

The median and l e f t  l a t e r a l  lobes o f th e  l iv e r  were d e liv e re d  frcm 

the  p e rito n ea l c av ity , l ig a te d  w ith su ture  m a te ria l, excised and both 

lo b e s  weighed and reco rd ed . During t h i s  p ro ced u re , tw o - th ird s  o f  th e  

t o t a l  l i v e r  was removed as a c c u ra te ly  a s  p o s s ib le ,  bu t a s  a lre a d y  

described a s n a i l  amount of the lobes may remain.

The abdomen was c losed  in two lay e rs . The peritoneum and abdominal 

muscles were c losed  in  the  f i r s t  lay e r w ith d is so lv a b le  ca t-g u t suture 

m a te r ia l  (E thicon) and th e  sk in  c lo s e d  w ith  s u r g ic a l  c l i p s .  P o s t

o p e r a t i v e  c a r e  in c lu d e d  a d e q u a te  w a te r  and fo o d  and a s t a b l e  

environm ental tenperature.

A.1.3 P o rta l vein lig a tio n

One-third and tw o-th ird  p o r ta l  vein l ig a tio n  were performed under 

e th e r  a n a e s th e s ia  em ploying th e  method o f  Weinbren and Tarsh (1964) 

u s in g , when n e ce ssa ry , th e  a id  o f  a Z e iss  d is s e c t in g  m icroscope. The 

weight o f the  animal was recorded and the  fur frcm the abdominal w a ll  of 

th e  an im al shaved. A median l i n e  in c is io n  was made from th e  x ipho id  

p ro ce ss  o f th e  sternum , ex tend ing  p o s t e r io r ly  3-4 cm. The median and 

l e f t  l a t e r a l  lo b e s  were exposed and a tro p h y  o f  th e  lo b e s  induced by 

l i g a t io n  o f th e  r e l e v a n t  branch o f th e  p o r t a l  v e in  o n ly , le a v in g  th e  

a rte ry  and duct in ta c t.

One-third p o rta l vein l ig a tio n

This is  performed to  induce atrophy of the  median lobe o f th e  l iv e r  

in  th e  r a t .  This was undertaken  by l i g a t io n  o f th e  two branches o f  th e  

l e f t  tru n k  o f th e  p o r t a l  v e in  su p p ly in g  th e  r i g h t  and l e f t  p o r t io n  o f 

the median lobe. The Ramus c e n tra l is  supp lies the  r ig h t  portion  of the
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median lo b e  and was l ig a t e d  w ith  M e rs ilk  s u tu re s  (7 /0  E th icon) a t  a 

p o s i t io n  a lo n g  i t s  le n g th  to  a v o id  l ig a t io n  of th e  ramus caudatus 

communis which s u p p l ie s  th e  cauda te  lo b e  and i s  lo c a te d  e i th e r  

p ro x im a lly  o r  d i s t a l l y  from th e  o r ig in  o f  th e  ramus c e n t r a l i s .  The 

ramus q u a d ra t i s  was l ig a t e d  w ith  s i l k  s u tu re s ,  and s u p p l ie s  th e  l e f t  

po rtion  of the  median lobe (Qershbein and E lia s , 1954).

Two-third p o rta l vein lig a tio n

This was undertaken to  induce atrophy in  both the  median and l e f t  

l a t e r a l  lo b e s  o f th e  l i v e r .  The l e f t  tru n k  o f th e  p o r t a l  v e in  was 

l ig a t e d ,  th e  p a rs  t r a n s v e r s a  t r u n c i  s i n i s t r i  venae p o r t a l (TS) a t  a 

p o sitio n  where the  o rig in  of the  ramus caudatus communis supplying the  

cau d a te  lo b e  was n o t o cc lu d ed . T his r e s u l te d  in  a tro p h y  to  bo th  th e  

median and l e f t  l a t e r a l  lobes of the  l i v e r ,  approximately tw o-th irds 

(67%) of the  l iv e r  (Gershbein and E lia s , 1954).

The peritoneum and abdominal muscles were closed  by c a t-g u t su ture  

m ate ria l and the  sk in  lay e r  c losed  w ith su rg ic a l c l ip s .

Recovery was uneven tfu l, no sp ec ia l post-opera tive  procedures were 

n e ce ssa ry  excep t to  e n su re  adequate  food , w a ter and warmth were 

av a ilab le .
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APPENDIX I I

VERIFICATION OF HYPOPHYSBCTCMY AND DETAILS CP PHOT STUDIES

A .I I . l  V erifica tion  of hypophysectany

The completeness of the  hypophysectcmy was v e r if ie d  by d issec tion  

o f the  s e l l a  tu rc ic a  follow ing s a c r if ic e  of the  animal and iden tify ing  

an empty p i tu i t a r y  fo s s a . I f  any rem nants were found th e  anim al was 

excluded from the study. In addition the e ffe c ts  of hypophysectany were 

dem onstra ted  in  th e  an im als by a re d u c tio n  in  body, a d re n a l and 

te s t ic u la r  weight in comparison to  in ta c t anim als.

E s s e n t ia l l y  th e  r e s u l t s  show t h a t  body, a d re n a l  and t e s t i c u l a r  

weights were reduced whenever a hypophysectcmy was done irre sp e c tiv e  of 

any other procedure.

(1) Body weight

The summary of the  re s u lts  are  tabu lated  in  Tables Al and A2.

Fbl lowing hypophysectcmy th ere  was a s ig n if ic a n t reduction in  body 

w eigh t in  a l l  groups (p <0.05) by 28 days. In Group B.A th e  re d u c tio n  

was s ig n i f i c a n t  a t  th e  10% l e v e l .  T his i s  in  c o n t r a s t  to  th e  i n t a c t  

an im als  in  which a l l  sham hypophysectomy groups showed a s ig n i f i c a n t  

increase (p <0.05) in  body weight; group A.A a t  the  10% le v e l .

S t a t i s t i c a l  a n a ly s i s  u s in g  th e  W ilcoxon 2 t e s t  was made to  se e  

w hether tre a tm e n t w ith  PB in f lu e n c e d  th e  in c re a s e  o r  d e c rea se  in  body 

weight over the 28 days study. In P i lo t  Study I ,  Sections I I I  and IV in  

sham hypophysectcmised and hypophysectcmised groups the  change in  body 

weight of Group 2 was compared w ith Group 1 and s im ila r ly  Group 4 with 

Group 3 and Group 6 with Group 5. There was no s ig n if ic a n t d ifference
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in  th e  amount o f  in c re a s e  o r  d e c rea se  in  body w eigh t between th e  

m ajority  of groups ind icating  th a t  PB did not a f fe c t  body weight.

S im i la r ly  where p a r t i a l  hepatectom y o r p o r ta l  vein  l ig a t io n  was 

performed there  was no s ig n if ic a n t d ifference in body weight increase or 

d e c rea se  in  th e  m a jo r ity  o f groups compared w ith  c o n t r o l s ,  e i t h e r  in  

sham hypophysectom ised o r hypophysectom ised g roups. These o th e r  

e x p erim en ta l p ro ced u res th e r e fo re  have no in f lu e n c e  on th e  e f f e c t  o f 

hypophysectomy.

(2) Adrenal weight

The re s u lts  a re  tabu lated  in  Table A3.

F o llow ing  hypophysectomy in  a l l  groups th e r e  was an obv ious and 

s t a t i s t i c a l l y  s ig n if ic a n t reduction (p <0.05) in the  mean adrenal weight 

compared w ith  sham hypophysectom y c o n t r o l s  and  when com paring  

comparative sham hypophysectcmy with hypophysectomy groups.

S ta t i s t ic a l  a n a ly s is  made as d e sc r ib e d  fo r  body w eight confirm ed 

th a t  experim ental procedures such as PB treatm ent, p a r t i a l  hepatectomy 

o r p o r ta l  ve in  l ig a t io n  did not in fluence  adrenal weight in  in ta c t  or 

hypophysectcmised animals.

(3) T esticu la r weight

Results are tabu lated  in  Table A.4.

After hypophysectany the mean te s t i c u la r  weight was s ig n if ic a n tly  

s m a lle r  (p <0.05) in  a l l  groups compared w ith  sham hypophysectomy 

c o n tro l  (Group 1) in d ic a t in g  t e s t i c u l a r  a tro p h y . In a l l  groups when 

analysed s t a t i s t i c a l l y ,  n e ith e r PB, p a r t i a l  hepatectomy o r p o r ta l  vein



l ig a t io n  in flu en ced  th e  e f f e c t  o f  hypophysectany as seen  by t e s t i c u la r  

atrophy.

A .I I .2 P ilo t Study I

T h is  g ro u p  s e r v e d  a s  a p i l o t  s tu d y  t o  e s t a b l i s h  t h a t  

( i)  hypophysectomy was s u c c e s s fu l  u sing  s ta n d a rd  c r i t e r i a  o f body, 

t e s t i c u l a r  and a d re n a l  w eigh t and d is s e c t io n  o f th e  s e l l a  tu r c ic a  

(already described), ( i i)  phenobarbitone (PB) c o u ld  be ad m in is te re d  in  

doses co m p a tib le  w ith  an im al s u r v iv a l  and good h e a l th ,  ( i i i )  th e  

a d m in is tra t io n  o f  PB to  sham hypophysectom ised and hypophysectom ised 

r a t s  induced l i v e r  growth w ith  o r  w ith o u t c e l l  d iv is io n ,  and (iv ) to  

e s t a b l i s h  w hether th e  number o f days fo r  drug a d m in is tra t io n  were 

c r i t i c a l  e ith e r  to  stim u la te  l iv e r  changes or in the degree of response 

e l ic i te d .

Experimental procedures included

a) Phenobarbitone to  sham hypophysectom ised and hypophysectom ised 

r a t s .

b) C o n tro l gavage to  sham hypophysectom ised and hypophysectomised 

r a t s .

Experimental procedure

This group was divided in to  3 subgroups A, B and C.

A. T h ir ty - s ix  an im als  were a l l o t t e d  to  t h i s  group. Twelve an im als 

were sham hypophysectcmised and 24 hypophysectomised. In ta c t  and h a lf  

the  hypophysectcmised r a t s  were fed  phenobarb itone  by gavage 80 mg/kg 

fo r  four days and 100 kg/mg fo r four ckys. These animals were sac rif iced  

24 hours l a te r .  The remaining co n tro ls  received s a lin e .
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Among the  hypophysectomised ra ts  fed phenobarbitone on ly  one animal 

s u rv iv e d  and , a s  s u r v iv a l  o f th e s e  an im als  were im p e ra tiv e  fo r  

continuation o f the  study, i t  was decided to  see whether su rv iv a l could 

be improved using 3/4 of the  dose recommended by Schulte-Hermann e t  a l .  

(1977).

B. F iv e  a n im a ls  w ith  a  mean w e ig h t o f  2 50 gram s w ere  fe d  

phenobarbitone by gavage 60 mg/kg fo r 4 days, 75 mg/kg fo r  4 days and 

sa c r if ic e d  24 hours la te r .

No animal survived the complete regimen.

From th e s e  d e a th s  i t  was decided  to  t e s t  h a l f  th e  dose used  by 

Schulte-Hermann e t  a l .  (1977).

C. S ix ty - s ix  an im als  were in c lu d e d  in  t h i s  l a t t e r  p a r t  o f  th e  p i l o t  

s tu d y .  F o r ty -o n e  a n im a ls  w ere h y p o p h y se c to m ised  and 25 sham 

hypophysectcmi sed .

Response by the  l i v e r  to  PB treatm ent in  in ta c t  and hypophysectcmised 
animals

Hypophysectomised an im als  in c lu d e d  in  t h i s  s e c t io n  were d iv id e d  

i n t o  t h r e e  m a jo r g ro u p s  (A, B and C) and com pared  w ith  sham 

hypophysectom ised s a l i n e  t r e a te d  a n im a ls . The experim ental study fo r 

th e s e  groups l a s t e d  fo r  24, 28 and 32 days r e s p e c t iv e ly .  The dose 

regim en a l t e r e d  a f t e r  2 days in  th e  f i r s t  group, 4 days in  th e  second 

and a f t e r  6 days in  th e  l a s t  group. 40 mg/kg o f PB was a d m in is te red  

f i r s t  fo llo w e d  by 50 mg/kg, th e  anim al s a c r i f i c e d  24 hours a f t e r  th e  

l a s t  dose. The day of hypophysectcmy or sham hypophysectany was day 0. 

This was c a r r ie d  o u t in  o rd e r to  e s t a b l i s h  ( i )  w hether th e r e  was a 

d ifference  in  response to  phenobarhitone treatm ent using h a lf  th e  dose
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recommended o v e r a  4, 8 o r  12 day p e rio d  compared w ith  s a l i n e  t r e a te d  

c o n tro ls , ( i i)  whether th e  8 day drug regimen used by Schulte-Hemann e t  

a l .  (1977) was a c r i t i c a l  tim e p e r io d , ( i i i )  w hether an im als  co u ld  

su rv iv e  th is  dose of PB and f in a l ly  (iv) whether changes re s u ltin g  from 

the  hypophysectany could be detected using th is  dose of PB.

Cbmpleteness of hypophysectany was v e r if ie d  as a lready  described.

At th e  end o f th e  s tudy  p e rio d  th e  l i v e r  was weighed and s e c t io n s  

from th e  r i g h t  p o s te r io r  lo b e  p rep a red  a s  a lr e a d y  d e sc r ib e d  in  th e  

M ateria l and Methods.

The response  to  hypophysectomy was a sse sse d  by ( i)  changes in  

r e l a t i v e  l i v e r  w e ig h t, ( i i )  changes in  c e l l  volum e, ( i i i )  number o f 

m itoses per 1,000 c e l l s ,  compared w ith sham hypophysectany con tro ls .

The e f f e c t  o f PB on th e  response  by th e  l i v e r  in  both  sham 

h y p o p h y se c to m ised  and  h y p o p h y se c to m ised  an im a ls  was s i m i l a r ly  

in v e s t ig a te d  and compared w ith  t h e i r  a p p ro p r ia te  s a l in e  t r e a te d  

c o n tro ls , s t a t i s t i c a l  an a ly sis  c a rried  out using th e  Wilcoxon 2 sairple 

t e s t  and where animal numbers were s n a i l  te s te d  a t  th e  10% le v e l .

For d e ta i ls  of the  r e s u l ts  see  Tables A5 and A6.

A. Sham hypophysectany group 

Group A -  A days treatm ent

Sham hypophysectcmy, and s a lin e  treatm ent (Group 1 -  con tro ls)

(i) R elative  l iv e r  weight (% liver/100  grams bocfy weight)

The mean r e l a t i v e  l i v e r  w eigh t o f  Group 1 (c o n tro ls )  was 3.69% 

(SD +0.21, n = 3) a t  th e  end of the 24 days study.
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Investiga tion  of r ig h t  p o ste rio r lobe

(i) P e l l  volume
_ C *3

The mean e s tim a te d  c e l l  volume o f  Group 1 was 6.84 x 10 mm-3 

(SD +0.23, n = 3).

( i i)  Mitoses

At th e  end o f  th e  24 day study th e  mean number o f m ito ses  per 

1,000 c e l l s  in  Group 1 was 0.0544 (SD +0.08, n = 3).

Sham hypophysectomy and PB tre a tm e n t (Group 2) compared w ith  sham 
hypophysectany and s a lin e  treatm ent (Group 1 -  con tro ls)

F o llow ing  4 days PB tre a tm e n t t o t a l  l i v e r  w eigh t was in c re a se d

( re la t iv e  weight 4.56% vs. 3.69% c o n tro ls , p <0.01), c e l l  volumes were

in c re a se d  by 27.89% (8.75 x 10”*’ mnP v s . 6.84 x 10” ^ mm̂  c o n tr o ls ,

p <0.01) and m ito se s  in c re a se d  (0.2957 in s te a d  o f 0.0544 c o n tr o l s ,

p <0.1).

Group B 8̂ days treatm ent

Sham hypophysectonty and s a lin e  treatm ent (Group 1 -  co n tro ls)

At th e  end o f  th e  28 day s tu d y  th e  mean r e l a t i v e  w eigh t was 4.12% 

(SD +0.38, n = 3), mean e s t im te d  c e l l  volume 7.24 x 10“^ mnP (SD +0.26, 

n = 3) and number of m itoses per 1,000 c e l l s  0.0595 (SD +0.08, n = 3).

Sham hypophysectomy and PB tre a tm e n t (Group 2) compared w ith  sham 
hypophysectany and s a lin e  treatm ent (Group 1 -  con tro ls)

A fter 8 days PB treatm ent the  r e l a t iv e  l iv e r  weight was increased

by 23% (5.07% v s . 4.12% c o n t r o l s ,  p <0.01), c e l l  volum es were e n la rg e d

(8.85 x 10”"̂  imp instead  of 7.24 x 10”^ mnP c o n tro ls , p <0.01) by 22.8%

and an in c re a s e  in  m ito ses  observed  (0.6294 v s . 0.0595 c o n tr o l s ,

p <0.05).
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Group C 12 days treatm ent

Sham hypophysectcrny and s a l in e  treatm ent (Group 1 -  co n tro ls)

A fter 32 days the  mean r e la t iv e  weight ws 4.02% (SD +0.21, n = 4), 

th e  mean e s tim a te d  c e l l  volum es 7.55 x 10” ”* mm̂  (SD +0.22, n = 4) and 

th e  number of m itoses per 1,000 c e l s  0.0891 (SD +0.15, n = 4).

Sham hypophysectomy and PB tre a tm e n t (Group 2) compared w ith  sham 
hypophysectany and s a lin e  treatm ent (Qroup 1 -  con tro ls)

The l i v e r  was e n la rg e d  by 40.8% fo llo w in g  12 days PB tre a tm e n t

( r e l a t i v e  w eigh t 5.66% in s te a d  o f 4.02% c o n t r o l s ,  p <0.01), mean

e s tim a te d  c e l l  volum es in c re a se d  by 20.97% (9.13 x 10“ ^ mm̂  v s .

7.55 x 10”5 mm̂  c o n t r o l s ,  p <0.01) and th e  number o f  m ito se s  in c re a se d

(0.8533 v s . 0.0891 c o n tro ls , p <0.01).

Thus PB induced l i v e r  en largem en t as a r e s u l t  o f c e l l u l a r  

enlargement and an increase in  c e l l  numbers as de tected  by the  m itoses. 

The number o f days treatm ent d id  not seem to  e f fe c t  th e  response and so 

th e  8 days regim e as  d e sc r ib e d  by Schulte-Herm ann e t  a l .  (1977) was 

continued throughout the  experiment.

B. Hypophysectany group 

Group A 4 days treatm ent

Hypophysectany and s a l in e  treatm ent (Group 1 -  con tro ls)

F o llow ing  hypophysectomy th e  r e l a t i v e  l i v e r  w eigh t was s im i la r  

compared w ith  sham hypophysectomy c o n tr o ls  a t  th e  10% l e v e l  (3.59% 

SD +0.16, n = 3, v s . 3.69% SD +0.21, n = 3) a lth o u g h  re d u c tio n  in  c e l l  

volumes could be detected  (3.25 x 10”^ mm̂  vs. 6.84 x 10”^ mm̂  c o n tro ls , 

p <0.01). There was no d if fe re n c e  in  numbers o f m ito se s  (0.00 SD +0.0, 

n = 3 vs. 0.0544 SD +0.08 sham hypophysectomy co n tro ls) .
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Hypophysectany and PB treatm ent (Group 2) compared w ith hypophysectcmy 
and s a l in e  treatm ent (Group 1̂  -  con tro ls)

Following PB treatm ent in  hypophysectcmised animals r e la t iv e  l iv e r

w eigh t was s im i la r  a t  th e  10% l e v e l  (3.66% SD +0.43, n = 4 v s . 3.59%

SD +0.16, n = 3) compared w ith  c o n tr o ls  a s  were th e  number o f  m ito ses

(0.0386 SD +0.07 vs. 0.00 SD +0.0) but la rg e r  c e l l  volumes were detected

(6.02 x 10"5 mm* instead  of 3.25 x 10“^ mm̂  c o n tro ls , p <0.01).

Group B 8̂ days treatm ent

Bypophysectany and s a lin e  treatm ent (Group 1 -  con tro ls)

IV enty-eight days a f te r  hypophysectany the mean r e la t iv e  weight was 

reduced  by 13.1% compared w ith  sham hypophysectcmy c o n tro ls  ( r e la t iv e  

weight 3.58% instead  of 4.12%, p <0.05) the  r e s u l t  of l i v e r  atrophy seen 

by sm alle r c e l l  volumes (2.63 x 10*“̂  mnr* vs. 7.24 x 10“^ mnP, p <0.01), 

a reduction by 63.7%. No m itoses were detected.

Hypophysectany and PB treatm ent (Group 2) compared with hypophysectcmy 
and s a lin e  treatm ent (Group 1)

T o ta l l i v e r  e n la rg e d  by 31.84% fo llo w in g  8 days PB tre a tm e n t 

( r e l a t i v e  w eigh t 4.72% v s . 3.58% c o n t r o l s ,  p <0.01) th e  r e s u l t  o f an 

138.5% increase in  mean estim ated c e l l  volume (6.26 x 10”^ mm̂  instead  

of 2.63 x 10”^ mm^). No m itoses were detected .

Group C 12 days treatm ent

Bypophysectany and sa lin e  treatm ent (Group 1 -  c o n tro ls )

At th e  end o f  th e  32 day s tu d y  p e rio d  t o t a l  l i v e r  was reduced  by 

15.17% compared w ith  sham hypophysectomy c o n tro ls  (3.41% in s te a d  o f 

4.02%, p <0.05) th e  r e s u l t  o f  a 61.98% d e c rea se  in  mean e s tim a te d  c e l l  

volume (2.87 x 10"^ mm̂  v s . 7.55 x 10” ^ mm ,̂ p <0.01). No changes in
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m ito ses  were d e te c te d  (0.0184 SD +0.04 v s .  0.0891 SD +0.15 sham 

hypophysectany co n tro ls).

Hypophysectcnty and PB treatm ent (Group 2) ccxnpared with hypophysectcmy 
and s a lin e  treatm ent (Group 1 -  con tro ls)

A fter 12 days PB treatm ent the  l i v e r  enlarged by 24.63% compared 

w ith  c o n tr o ls  ( r e l a t i v e  l i v e r  4.25% in s te a d  o f 3.41%, p <0.01) th e  

r e s u l t  o f  c o n s id e ra b le  c e l l u l a r  en largem en t (6.06 x 10“ ^ mm̂  v s . 

2.87 x 10“5 mm̂  c o n tro ls , p <0.01, a 111.4% increase). No changes in  the 

number of m itoses were detected.

Summary

Hypophysectcmised animals surv ived  the  length  of th e  p i l o t  study on 

h a l f  th e  d o se  o f  PB d e s c r ib e d  (S ch u lte -H erm an n  e t  a l . ,  1 9 77 ). 

Hypophysectcmy re s u l ts  in reduction in to ta l  l iv e r  weight the r e s u l t  of 

reduction in  c e l l  s ize  in d ica tin g  l iv e r  atrophy.

Following PB treatm ent l iv e r  enlargement was the  r e s u l t  of c e l l  

enlargement. In Group A the  e f fe c t  of hypophysectany on the  r e la t iv e  

l iv e r  weight was not seen in  th e  l iv e r  o f hypophysectany co n tro l animals 

compared w ith  i n t a c t  c o n tr o ls .  In a d d it io n , fo llo w in g  4 days PB 

t r e a tm e n t  th e  r e l a t i v e  l i v e r  w e ig h t was n o t  in c r e a s e d  in  

hypophysectomised r a t s  conpared with hypophysectany co n tro ls . F a ilu re  

to  d e tec t these expected changes i s  most l ik e ly  due to  th e  sm all numbers 

of animals in  the groups making s t a t i s t i c a l  a n a ly s is  d i f f ic u l t .  In the  

o th e r  groups th e  response  by th e  l i v e r  to  PB in  hypophysectom ised 

animals was s im ila r  whether the  animals received  PB treatm ent fo r  8 or 

12 days. T h ere fo re , as in  th e  i n t a c t  a n im a ls , th e  regim e fo llo w e d  by 

Schulte-Hermann e t a l .  (1977) was continued throughout the  study using 

50% of th e  recommended dose of PB fo r  8 days.
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In conclusion th is  p i lo t  study confirms previous observations th a t 

PB in  in ta c t  animals induces l iv e r  enlargement by a conrbination of both 

hypertrophy and hyperp lasia  but fo llow ing hypophysectcmy, which induces 

l i v e r  atrophy, l i v e r  enlargement fo llow ing PB treatm ent i s  the  r e s u l t  

o f  c e l l u l a r  en largem en t a lo n e  w ith o u t a concom itan t in c re a s e  in  DNA 

content (Schulte-Hermann, 1974? Schulte-Hermann e t  a l . ,  1977).

A .I I .3 P ilo t  Study I I  

Experimental procedures

The purpose o f  t h i s  p i l o t  study  was t o  check th e  resp o n se  by th e  

l i v e r  to  1 /3  p a r t i a l  hepatectom y i .e .  rem oval o f th e  median lo b e  in  

in ta c t  and hypophysectomised animals compared w ith co n tro ls .

IV e n ty -th ree  an im als  were in c lu d e d  in  t h i s  s tu d y , 11 were 

hypophysectom ised, 12 underw ent sham hypophysectomy and th e  an im als 

d iv ided  in to  4 sm all groups. Cne-third p a r t i a l  hepatectcmy was performed 

in  6 hypophysectom ised r a t s  and 6 sham hypophysectom ised r a t s .  The 

remaining animals underwent laparotany. The hepatectcmy or laparotomy 

was perform ed 6 days a f t e r  th e  hypophysectomy and f o r  8 days p r io r  to  

s a c r i f i c e  each anim al re c e iv e d  one m easure o f s a l i n e  by gavage. The 

an im als  were s a c r i f i c e d  28 days a f t e r  hypophysectomy. V e rific a tio n  of 

hypophysectcmy was undertaken as p rev io u sly  described.

Subdivision of groups 

A. Sham hypophysectciny group

(1) Sham hypophysectcmy, laparotany and sa lin e  treatm ent (Group 1 ).

(2) Sham hypophysectomy, 1/3 p a r t i a l  hepatectcmy and s a l in e  treatm ent 

Group 2 ) .
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B. Bypophysectonty group

(1) Hypophysectcmy, laparotomy and sa lin e  treatm ent (Group 1 ) .

(2) Hypophysectomy, 1 /3  p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 

(Group 2 ) .

At the  end of th e  28 day study in  these  and a l l  subsequent stud ies 

in d iv id u a l l i v e r  lobes were weighed. As in  previous esqperimsnts sp ec ia l 

a t t e n t io n  was p a id  to  th e  r i g h t  p o s te r io r  lo b e . In  each anim al th e  

r ig h t  p o s te rio r  lobe was weighed, c e l l  numbers and th e  number of m itoses 

counted and recorded per highpower f ie ld s  as a lready described.

Bor d e t a i l s  o f th e  r e s u l t s  se e  T ab les A.7 and A.8.

A. Sham hypophysectcmy group -  E ffect of one-th ird  p a r t ia l  hepatectomy

Sham hypophysectomy, 1 /3  p a r t i a l  hepatectom y and s a l in e  tre a tm e n t 
(Group 2) compared w ith  sham hypophysectomy, laparotom y and s a l in e  
treatm ent (Group 1 -  con tro ls)

By 21 days post-hepatec tom y  th e  w hole o f th e  l i v e r  rem nant was 

s im ila r  to  co n tro ls  (3.52% SD +0*52 vs. 3.83% SD +0.24), th is  ind icating  

th a t  th e  growth response in  th e  re ta in in g  lobes fo llow ing  1/3 p a r t i a l  

hepatectcmy had re s u lte d  in  the l iv e r  retu rn ing  to  the  r e la t iv e  l iv e r  

weight o f th e  con tro l group.

Each lobe was in d iv id u a lly  weighed and the  percentage i t  contributed 

to  the  to ta l  l iv e r  noted. In Group 1 the an te rio r  lobes contributed  by 

approximately 62% to  the  t o ta l  l iv e r  weight and th e  p o s te rio r lobes 38%. 

This l a t t e r  con tribu tion  i s  a l i t t l e  high (u sua lly  33%) and may be the 

r e s u l t  o f inadverten t heavy handling during the laparotomy (Weinbren e t  

a l . ,  1969).
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In Group 2 fo llow ing  removal o f the  median lobe, th e re  was c le a r  

en largem en t o f th e  r i g h t  p o s te r io r  lo b e  (R.P. 41.48% in s te a d  o f  29.33% 

c o n tro ls , p <0.01) ind ica ting  th a t  adaptive growth had occurred in  the  

remaining l iv e r  remnant, with a r e la t iv e  weight of th e  R.P. increased by 

34.13% ( r e la t iv e  weight 1.46% vs. 1.09% c o n tro ls , p <0.01).

By 21 days pos t-hepa tec  teeny th ere  was no s ig n if ic a n t d ifference  in  

th e  mean estim ated c e l l  volume fo llow ing one-th ird  p a r t ia l  hepatectomy 

6.75 x 10”** mm^, +0.30 v s . (6.75 x 10” ^ mm̂  +0.29 c o n tro ls )  and no 

d if f e r e n c e  in  th e  number o f m ito ses  compared w ith  c o n tr o ls  (0.1107 

SD +0.13 and 0.0273 SD +0.06 c o n tro ls ) .

B) Hypophysectomy group -  E f fe c t  o f hypophysectomy and response  to  
p a r t ia l  hepatectcmy

Bypophysectany, laparotomy and sa lin e  treatm ent (Group 1)

F o llo w in g  hypophysectom y th e  r e l a t i v e  l i v e r  w e ig h t was 

s i g n i f i c a n t l y  reduced (p <0.05) compared w ith  sham hypophysectomy 

c o n tro ls  (3.83% instead  of 3.67%) suggesting th a t  atrophy had occurred. 

W hile  i n d i v i d u a l  lo b e s  in  th e  hypophysectom y g ro u p  w ere a l l  

s i g n i f i c a n t l y  reduced  compared w ith  sham hypophysectomy c o n tr o ls  

(p <0.01), th e  con tribu tion  fcy th e  median and l e f t  l a t e r a l  lobes in the 

hypophysectomy group was 66.79% and p o s te r io r  lo b e s  33.13% which i s  a 

normal d is tr ib u tio n  and confirms th a t w hile l iv e r  weight may be reduced 

follow ing hypophysectomy, the weights of the ind iv idua l lobes remain in  

co rre c t proportion compared w ith in ta c t animals.

R e la tiv e  weight of the  r ig h t  p o s te rio r  lobe was 0.89% (SD + 0.06) 

com pared w ith  1.09% (SD + 0.17) in  sham hypophysectomy c o n tro ls  

(p <0.01), a s i g n i f i c a n t  re d u c tio n  by 18%) in d ic a t in g  l i v e r  a trophy . 

T h is amount o f re d u c tio n  i s  a p p a re n tly  la r g e  compared w ith  th e  4.2%
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reduction in  t o t a l  r e la t iv e  l iv e r  weight and may be accounted fo r ty the  

la rg e r  than average mean r e la t iv e  weight of the  r ig h t  p o ste rio r lobe in 

th e  i n t a c t  a n im a ls  p o s s ib ly  due to  heavy h a n d lin g  d u rin g  laparotom y 

(Weinbren e t  a l . , 1969).

C e l l  a tro p h y  was obvious in  th e  R.P. w ith  s m a lle r  mean e s tim a te d  

c e l l  volumes conpared with sham hypophysectany c o n tro ls  238 x 10"^ mm̂  

v s . 6.75 x 10"5 mm )̂.

There was no d if f e r e n c e  in  m ito t ic  index (0.0198 SD +0.04 v s . 

0.0273 SD +0.06 sham hypophysectomy c o n tro ls ) .

Hypophysectary, 1/3 p a r t ia l  hepatectcmy and s a l in e  treatm ent (Group 2) 
compared with hypophysectcmy, laparotomy and sa lin e  treatm ent (Group 1 -  
c o n tro ls )

A fter 1/3 p a r t i a l  hepatectcmy th e re  was obvious enlargement in the 

r i g h t  p o s te r io r  lo b e  (R.P. 39.42% in s te a d  o f  24.36% c o n t r o l s ,  p <0.01) 

w ith a 27% increase  in  mean r e la t iv e  l i v e r  weight (1.13% compared w ith 

0.89%, p <0.05) but the  t o t a l  l i v e r  on ly  reached 77% of co n tro ls  (2.83% 

vs. 3.67% c o n tro ls , p <0.01) by 21 days.

E stim ated  c e l l  volume was e n la rg e d  compared w ith  c o n tr o ls  

(4.07 x IQ"5 mm̂  v s . 2.84 x 10” ^ mm ,̂ p <0.01) b u t compared w ith  sham 

hypophysectcmy co n tro l c e l l  volume follow ing 1/3 p a r t i a l  hepatectcmy was 

s t i l l  s ig n if ic a n tly  reduced (p <0.01) ind ica ting  th e  e ffe c ts  of atrophy 

are s t i l l  detected .

M itoses were s im i la r  to  c o n tr o ls  (0.0379 SD +0.53 v s . 0.0198 

SD +0.04 c o n t r o l s )  and  no s i g n i f i c a n t  d i f f e r e n c e  t o  th e  sham 

hypophysectcmy group (A Group 1) in  which the mean number of mitoses was 

0.0273 (SD + 0.06).
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Summary

Thus in  summary in  i n t a c t  an im a ls , th e  resp o n se  to  p a r t i a l  

hepatectony was consisten t with other s tu d ies  (terkness, 1959; weinbren, 

1959? Bucher, 1963) with compensatory hyperplasia  occurring in th e  l iv e r  

remnant re s to rin g  th e  l i v e r  mass to  co n tro l values.

Hypophysectomy induced l i v e r  a trophy . Hypophysectomy d id  n o t 

p re v e n t a re sp o n se  by th e  l i v e r  t o  p a r t i a l  hepatectom y, th e  response  

being consisten t with previous stud ies (Bucher, 1963? Schulte-Hermann e t  

a l . ,  1977) again w ith evidence of compensatory hyperp lasia  in the l i v e r  

remnant.
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■fable A.l Body weights -  Sham hypophy sect any qrcxips -  a l l  sections

Group
No.days PB 
treatment

Mean
beginning

Body weight 
end

(grams)
increase

Pilot Study I

A. A. Sham hypophysectomy and 
saline treatment (Group 1 
-  controls)(n=3)

4 210
(SCHlO.O)

281.67
(SD+18.93)

71.66
(SD+16.49)

Sham hypophysectcmy and PB 
treatment (Group 2)(n=4)

4 215
(SD+28.39)

258.75
(SD+28.39)

43.75
(SD+24.84)

A.B. Sham hypophysectcmy and 
saline treatment (Group 1 
-  oontrols) (n=3)

8 206.67
(SD+5.77)

236.67
(SCH28.87)

30.0
(SD+20.60)

Sram hypophy sec tony and PB 
treatment (Group 2)(o=5)

8 160
(SD+18.71)

220.0
(SCH24.49)

60.0
(SD+10.95)

A.C. Sham hypophysec tarry and 
saline treatment (Group 1 
-  oontrols) (n«4)

12 202.50
(SO+45.73)

232.50
(SCH61.85)

30.0
(SCH18.7)

Sham hypophy sec tony and PB 
treatment (Group 2) (n**6)

12 223.33
(SCHl2.ll)

280.0
(SD+12.65)

56.66
(Sd+7.45)

Pilot Study II

A( 1) Sham hypophy sec tony, 
laparotomy and saline 
treatment (Group 1 -  
controls) (n=6)

8 175.0
(SIH10.49)

250.83
(SIH7.312)

75.83
(SCH10.172)

M 2 ) Sham hypophysectomy, 1/3 
partial hepatectomy and 
saline treatment (Group 2) 
(rr*6)

8 176.67
(SD+8.16)

251.67
(S1H9.83)

71.66
(SCHlO.67)

Section III

A(l) Sham hypophysectany, 
laparotomy and saline 
treatment (Group 1 -  
controls) (n=6)

8 193.33
(SD+20.90)

248.3
(SD+16.33)

52.5
(SEH16.52)

A(2) Sham hypophysectomy, 
laparotomy and PB treatment) 
(Group 2) (n=6)

8 183.33
(SD+25.25)

266.67
(SCH22.06)

43.33
(SCH14.33)

A(3) Sham hypophysectorny, 1/3 
partia l hepatectary and 
saline treatment (Group 3) 
(n=6)

8 181.67
(SD+33.12)

243.33
(SD+19.66)

61.66
(SCH27.93)

AC 4) Sham hypophysectony, 1/3 
partia l hepatectary and PB 
treatment (Group 4) (n**6)

8 178.33
(SCH28.58

.235.00
(SIH10.49)

56.66
(SDt23.50)

A(5) Sham hypcphysectcmy, 2/3 
partied, hepatectomy and 
saline treatment (Group 5) 
(rv*6)

8 268.33
(SD+32.23)

284.16
(SCH31.94)

15.83
(SH21.09)

A(6) Sham hypophysectomy, 2/3 
partial hepa tec tarry and PB 
treatment (Group 6) (n=6)

8 239.17
(SCH36.il)

260.83
CSD+26.35)

21.66
(SIH15.98)

Section IV

A(l) Sham hypophysectomy, 
la pa rotary and saline 
(Group 1 -  controls) 
(n«*6)

8 194.17
(SCH9.17)

223.33
(SCH31.43)

37.5
(SIH18.2)

A( 2) Sham hypophy sec ta iy , 
laparotomy and and PB 
treatment (Group 2) (n=6)

8 187.5
(SIH16.36)

194.17
(SIH14.29)

13.33
(SD+8.49)

A(3) Sham hypophy sectary, 1/3 
portal vein ligation and 
saline treatment(Group 3) 
(n-7)

8 173.15
(SD+15.74)

187.86
(SD+34.50)

32.85
(SD+15.97)

A( 4) Sham hypophy sectary, 1/3 
portal vein ligation and 
PB treatment (Group 4) 
(n=«7)

8 167.86
(SC*17.76)

200.0
(SIH15.28)

35.0
(SD+15.77)

A( 5) Sham hypophysectary, 2/3 
portal vein ligation and 
saline treatment (Group 5) 
(n=6)

8 184.17
(SD+8.01)

233.33
(SCH8.76)

49.16
(SD+12.72)

A(6) Sham hypophysectary, 2/3 
portal vein ligation and 
PB treatment (Group 6)

8 183.33
(SD+18.07)

227.5
(SIH23.18)

43.33
(SCH22.85)

(0=6)
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Table A.2 Body weights -  Hypophysectomy groups -  a ll sections

Group
No.days PB 
treatment

Mean
Beginning

body weight 
End

(grams)
Decrease

Pilot Study I

B.A Ifypophysectany and saline 
treatment (Group 1 -  
controls) (n=3)

4 222.6
(SD+5.77)

193.33
(£[>5.77)

33.3
(SD+4.71)

Hypophysectomy and PB 
treatment (Group 2)(n«4)

4 243.75
(SD+52.82)

200.0
(SD+27.08)

43.75
(SD+22.74)

B.B. Hypophysectomy and saline 
treatment (Group 1 -  
controls) (n»14)

8 170.71
(SD+17.74)

147.06
(SIH12.97)

22.85
(SIH12.35)

Hypophysectomy and PB 
treatment (Group 2)(n*8)

8 182.5
(SD+30.59)

156.25
(SD+34.64)

27.5
(SD+8.29)

B.C. Hypophysectcmy and saline 
treatment (Group 1 -  
controls) (n«*5)

12 164.0
(SC*5.43)

134.0
(SD+21.91)

28.0
(SD£ll.6)

Hypophysectcmy and PB 
treatment (Group 2) (n**7)

12 191.43
(SD+30.78)

179.29
(SIH22.07)

25.0
(SD+8.01)

Pilot Study II

B(l) Hypophysectomy, laparotany 
and saline treatment 
(Group 1 -  controls)(n«5)

8 194.0
(SD*39.79)

162.0
(SD£24.2)

32.0
(SD£l8.05)

B(2) Hypophysectomy and 1/3 
p a rtia l hepatectcmy and 
saline treatment (Group 2) 
(n*6)

8 221.67
(SD£24.83)

178.33
(SD£ll.69)

43.33
(SIH17.95)

Section I II

B(l) Hypophysec tony, laparotomy 
and saline treatment 
(Group 1 -  controls) (n=6)

8 221.67
(SO+12.91)

159.17
(SD+10.68)

62.5
(SO+12.82)

B( 2) Hypophysectcmy, laparotomy 
and PB treatment (Group 2) 
(n=6)

8 223.33
(SO±10.33)

160.83
(SD+8.61)

62.5
(SD+7.5)

3(3) Hypophysectcmy, 1/3 p a rtia l 
hepatectony and saline 
treatment (Group 3) (n«6)

8 226.67
(SD+25.03)

171.67
(SD+9.83)

55.0
(SDfl8.02)

B(4) Hypophysectomy, 1/3 p a rtia l 
hepatectaiy and PB 
treatment (Group 4) (n=6)

8 211.67
(SD+7.53)

160.0
(SD+6.32)

51.66
(S>£l2.13)

B(5) Hypophysectcmy, 2/3 p a rtia l 
hepatectcmy and saline 
treatment (Group 5) (n»9)

8 196.11
(SD+22.19)

152.2
(SD*20.78)

43.88
(SO+9.65)

B(6) Hypophysectcmy, 2/3 p a rtia l 8 
hepatectcmy and PB treatment 
(Group 6) (n*9)

187.22
(SD+10.03)

150.0
(SD+7.50)

35.55
(SD+8.54)

Section IV

B( 1) Hypophysectomy, laparotomy 
and saline treatment 
(Grop 1 -  controls)(n»6)

8 199.17
(SD+5.94)

146.67
(SD£l4.72)

52.5
(SD+9.45)

B(2) Hypophysectomy, laparotomy 
and PB treatment (Group 2) 
(n«6)

8 191.67
(SD+6.06)

137.5
(SD+11.73)

54.16
(SO+9.75)

B( 3) Hypophysectomy, 1/3 portal 
vein ligation and saline 
treatment (Group 3) (n«6)

8 175.833
(SD+14.83)

128.33
(SO+10.67)

47.5
(SD+5.59)

B(4) Hypophysectcmy, 1/3 portal 
vein ligation and PB 
treatment (Group 4)(n=7)

8 200.71
(SD+19.88)

144.29
(SD+20.90)

56.42
(SD+9.14)

3(5) Hypophysectary, 2/3 portal 
vein ligation and saline 
treatment (Group 5) (n=6)

8 194.17
(SD+29.23)

152.50
(SD+10.37)

41.66
(SD+25.27)

B(6) Hypophysectomy, 2/3 portal 
vein ligation and PB 
treatment (Group 6)(n=6)

8 205.17
(SD+27.90)

156.67
(SD+21.13)

48.5
(SD+34.12)
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Table A. 3 A drenal w eigh t -  Sham hypophyrectamy and hypophysectcrv groups -  a l l  s e c t io n s

A. Sham h vpoohy sect err/ group B. Hypophysectcny group

tto. fto.
days PB Mean adrenal days PB Mean adrenal

Group treatment weight (mgs) Group treatment weight (mgs)

Pilot Study I Pilot Study I

A-A. Sum hypophysectcmy and 
saline treatment (Group 1 
-  controls) (n=3)

4 39.23
(SO + 1.084)

B.A. (ypophysectcny and
saline treatment (Group 1 
-  controls) (n=3)

4 16.7
(SO + 0.163)

Sham hypephy sectary and 
PB treatment (Group 2) (n*4)

4 42.35
(SO + 4.0159)

Hypophy sectary and PB 
treatment (Group 2)(n«*4)

4 18.1
(SD + 4.89)

A. B. Sham hypephy sectary and 
saline treatment (Group 1 
-  controls) (n=3)

8 41.33
(SO + 5.55)

B.B. Hypophy sectary and saline 
treatment (Group 1 -  
controls) (n-14)

8 15.91
(SD + 5.068)

Sham hypophy sectary and 
PB treatment (Group 2) (n=5)

8 41.80
(SD + 2.227)

Hypophy sec terry and PB 
treatment (Group 2)(n»8)

8 14.85
(SD + 4.008)

A.C. Sham hypophy sectary and 
saline treatment (Group 1 
-  controls) (n*4)

12 48.82
(SO + 11.6)

B.C. Hypophysectcry and salina 
treatment (Group 1) -  
controls (n-5)

12 22.3
(SD + 4.681)

Sham hypophysectcmy and 
. PB treatment (Group 2)(n*6)

12 49.91
(SD + 16.4)

Hypophysectcny and PB 
treatment (Group 2)(n»7)

12 17.42
(SD + 4.271)

Pilot Study II Pilot Study II

A(l) Sham hypcphysectany, 
laparotomy and saline 
treatment (Group 1 -  
controls) (n*6)

8 40.0
(SD + 16.4)

B(l) Hypophysectary, laparotomy 
and saline treatment 
(Group 1 -  controls)(n-5)

8 11.0
(SD + 2.0)

A( 2) Sham bypophysectory,
1/3 p artia l hepatectory and 
saline treatment (Group 2) 
(n=6)

8 40.83
(SD + 1.863)

B(2) Hypcphysectcnry, 1/3 p artia l 
hepatectory and saline 
treatment (Group. 2)(n«6)

8 10.50
(SD + 2.95)

Section III Section III

A(l) Siam hypophysectcmy, 
laparotomy and saline 
treatment (Group 1 -  
controls) (n»6)

8 40.0
(SD+0.0)

B(l) Hypophy sectary, laparotcny 
and saline treatment 
(Groip 1 -  con trb is ) (n=6)

8 11.6
(SO+2.357)

A(2) Sham hypcphysectcny, 
laparotcriy and PB 
treatment (Group 2) (n=6)

8 40.83
(SC+1.86339)

B(2) Hypophysectary, laparotary 
and PB treatment 
treatment (Group 2) (n=6)

8 11.66
(SD+2.3570)

A(3) Sham hypophy sectary,
1/3 p a rtia l hepatectamy 
and saline treatment 
(Group 3) (n~6)

8 33.33
(SC+4.7140)

B( 3) Hypophy sectary, 1/3 partia l 
hepatectary and saline 
treatment (Group 3) (n=6)

8 9.83
(SO+0.3726)

A(4) Sham hypephy sectary,
1/3 p a rtia l hepatectary 
and PB treatment (Group 4) 
(n*6)

8 40.00
(SC+2.8867)

B( 4) Hypophy sec temy, 1/3 partieil 
hepatectaiy and PB treatment 
(Group 4) (n-6)

8 10.0
(SC+0.0)

A(5) Sham hypophy sectary,
2/3 p a rtia l hepatectary 
and saline treatment 
(Group 5) (n=6)

8 40.0
(SD+0.0)

0(5) Hypcphysectory, 2/3 p artia l 
’ hepatectary and saline 

treatment (Group 5) (n-9)

8 11.66
(SD+2.3570)

A(6) Sham hypophysectcmy,
2/3 p a rtia l hepatectary 
and PB treatment (Group 6) 
(n=6)

8 40.0
(SD+0.0)

B(6) Hypophysectany, 2/3 p artia l 
hepatectary and PB treatment 
(Group 6) (n«9)

8 12.83
(SD+2.4267)

Section IV Section IV

A( 1) Sham hypophy sectary, 
laparotomy and saline 
treatment (Group 1 - 
controls) (n«6)

8 35.0
(SD+4.082)

B(l) Hipophysectany,
laparotomy and saline 
treatment (Group 1 -  
controls) (n=*6)

8 11.66
(SD+2.357)

A( 2) Sham hypophy sectary, 
laparotary aad PB 
treatment (Group 2) (n»6)

8 40.0
(SD+0.0)

B(2) Hypophysectary,
laparotary and PB 
treatment (Group 2) (n-6)

8 10.83
(SD+1.863)

A(3) Siam hypophy sectary, 1/3 
portal vein ligation and 
saline treatment (Group 3) 
(n«7)

8 43.0
(SC+4.715)

B(3) Hypophysectary, 1/3 
portal vein ligation 
and saline treatment 
(Group 3) (n-7)

8 10.0
(SD+0.0)

A(4) Siam hypophy sectary, 1/3 
portal vein ligation 
and PB treatment (Group 4) 
(n=*7)

8 45.42
(SD+4.7466)

0(4) Hypophysectory, 1/3 
portal vein ligation 
and PB treatment (Group 4) 
(n*» )

8 11.42
(SC+2.2587)

A(5) Sham hypophysectomy, 2/3 
portal vein ligation and 
saline treatment (Group 5) 
ln«6)

8 43.0
(SC+4.715)

0(5) Hypophysectcny, 2/3 
portal vein ligation 
and saline treatment 
(Group 5) (n*<j)

8 14.16
(SD+1.863)

A(6) Sham hypophy sectary, 2/3 
portal vein ligation 
and PB treatment (Group 6) 
(n=6)

8 46.66
(SO+7.453)
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B(6) Hypophysectany, 2/3 
portal vein ligation 
and PB treatment (Group 6) 
(n=6)

8 12.5
(SD+2.5)



T ab le  A. 4 T e s t i c u la r  w eig h t -  Sham hypophysectcm y and  hypophysectcm y g ro u p s -  a l l  s e c t io n s

A. Sham hypophysectarry group B. Bypophysect any group

No. Mean No. Mean
days PB testicu lar days PB testicu lar

Group treatment weight (mgs) Group treatment weight (mgs)

P ilo t Study I P ilo t Study I

A. A. Sham hypophysectany and 
saline treatment (Group 1 
-  controls) (n»3)

4 3.10
(SD + 0.30)

B.A. Hypophysectary and
saline treatment (Group 1 
-  controls) (n-3)

4 0.75
(SD +0-21)

Sham hypcphysectomy and 
PB treatment (Group 2){n=4)

4 2.82
(SD + 0.24)

Hypophysectary and PB 
treatment (Group 2)(n~4)

4 0.64
(SD + 0.04)

A. B. Sham hypophysectany and 
saline treatment (Group 1 
-  controls) (n=3)

8 2.84
(SD + 0.19)

B.B. typophysectcmy and saline 
treatment (Group 1 -  

controls (n=14)

8 0.50
(SD + 0.31)

Sham hypophysectary and 
PB treatment (Group 2)(n«5)

8 2.77
(SD + 0.29)

Hypophysectary and PB 
treatment (Group 2)(n»8)

8 0.40
(SD +0.10)

A.C. Sham hypophysectany and 
saline treatment (Group 1 
-  controls) (n=4)

12 2.67
(SD + 0.62)

B.C. Iypophysectary and saline 
treatment (Group 1) -  
controls (n=5)

12 0.39
(SD + 0.05)

Sham hypophysectary and 
PB treatment (Group 2)(n=6)

12 3.20
(SD + 0.18)

Hypophysectory and PB 
treatment (Group 2)(n=7)

12 0.59
(SD + 0.09)

P ilo t Study II P ilo t Study II

A(l) Sham hypophy sectary, 
laparotcry and saline 
treatment (Group 1 -  
controls) (n=6)

8 3.22
(SD + 0.35)

B(l) Hypophysectary, laparotomy 
and saline treatment 
(Group 1 -  controls)(n-5)

8 0.47
(SD + 0.1344)

A(2) Sham hypophysectcrry,
1/3 partied hepatectory and 
saline treatment (Group 2) 
(n=6)

8 3.08
(SD + 0.38)

B(2) Hypophysectary, 1/3 p artia l 
hepatectary and saline 
treatment (Group 2)(n-6)

8 0.5753
(SD + 0.1020)

Section I II Section I I I

A(l) Siam hypophy sectary, 
laparotary and saline 
treatment (Group 1 -  
controls) (n*6)

8 2.8116
(Smp.1530)

B(l) lypophysectary, laparotary 
and saline treatment 
(Group 1 -  controls) (n=*6)

8 0.4708 
(SDH).0730)

A(2) Sham hypophysectary, 
laparotary and PB 
treatment (Group 2) (n*=6)

8 3.16
(SD+0.4075)

B(2) Hypophysectory, laparotomy 
and PB treatment 
(Group 2) (n=6)

8 0.54
(SD+0.1031)

A(3) Sham hypophysectary, 1/3 
p a rtia l hepatectarry and 
saline treatment (Group 3) 
(n=6)

8 3.2966
(SD+0.4592)

B(3) lypophysectcmy, 1/3
p artia l hepatectary and 
saline treatment (Group 3) 
(n=6)

8 0.635
(SDH).2162)

A( 4) sham hypophysectary, 1/3 
p a rtia l hepatectory and 
PB treatment (Group 4) 
(n-7)

8 2.9233 
(SDH).1426)

B(4) lypophy sectary, 1/3
p artia l hepatectary and 
PB treatment (Group 4) (n=6)

8 0.58
(SDH).1982)

A(5) Sham hypophysectary, 2/3 
p a rtia l hepatectary and 
saline treatment (Group 5) 
(n=6)

8 3.48
(SD+0.5678)

B(5) Hypophysectary, 2/3
partied hepatectary and 
saline treatment (Group 5) 
(n=9)

8 0.465
(SD+0.0429)

A(6) Sham hypophysectary, 2/3 
partied hepatectary and 
PB treatment (Group 6) 
(n=6)

8 2.9833
(SDtO.0677)

B(6) Hypophysectary, 2/3
p artia l hepatectary and 
PB treatment (Group 6) 
(n=9)

8 0.4211
(SD+0.0704)

Section IV Section IV

A(l) Sham hypcphysectary, 
laparotary and saline 
treatment (Group 1 -  
controls) (ri*6)

8 2.92
(SD+0.09)

B(l) Hypophysectary,
laparotary and saline 
treatment (Group 1 -  
controls) (n=6)

8 0.47
(SD+0.03)

A(2) Sham hypophysectary, 
laparotary and PB 
treatment (Group 2) (n=6)

8 2.85
(SDH). 41)

B(2) Hypophysectany, 
laparotary and PB 
treatment (Group 2) (n=6)

8 0.44
(SD+0.0489)

A(3) Sham hypophysecbomy,
1/3 portal vein ligation 
and saline treatment 
(Group 3) (n»7)

8 2.066
(SD+1.040)

B(3) Hypophysectomy, 1/3
portal vein ligation and 
saline treatment (Group 3) 
(n=*6)

8 0.3833
(SD+0.0801)

A(4) Sham hypophysectary, 1/3 
portal vein ligation 
and PB treatment (Group 4) 
(n=7)

8 2.8157
(SD+0.2626)

B(4) Hypophysectary, 1/3
portal vein ligation and 
PB treatment (Group 4) 
(n=7)

8 0.46
(SD+0.06)

A(5) Sham hypophysectany, 2/3 , 
portal vein ligation 
and saline treatment 
(Group 5) (n=6)

8 3.0168
(SD+0.3559)

B(5) Hypophysectary, 2/3
portal vein ligation and 
saline treatment (Group 5) 
(n=6)

8 0.48
(SD+0.3872)

A(6) Sham hypophysectany, 2/3 
portal vein ligation 
and PB treatment (Group 6) 
(n=6)

8 2.7533
(SD+0.1971)
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B(6) Hypophysectary, 2/3
portal vein ligation and 
PB treatment (Group 6) 
(n=6)

8 0.46
(SD+0.04)



Table A.5 P i lo t  Study 1 -  4, 0 arv3 12 days PD trea tm en t

At start At end Liver
Rat total body tota l body vt \  l iv e r /  Adrenals Testes ftojni Loses No.oells C ell vol 
no. wt(grams) wt(grams) (grams) bodywt (grams) (grams) /1000 c e l l s  10F x l 0 - ^mm̂

4 davs PB treatment

Al -  Sham hypcphysec tony and saline 
HO 220 295 10.5247 3.56 
HI 210 260 9.30 3.57 
H2 200 290 11.41 3.93

0.04
0.04
0.0377

3.4136
2.81
3.07

0.00
0.00
0.1633

603
580
612.

6.753
7.159
6.605

A2 -  Sham hypoohy sectany and PB
H3 210 275 11.60 4.37 0.0437 2.50 0.3824 523 8.360
H4 220 290 13.37 4.61 0.0456 3.0253 0.6048 496 9.052
H5 200 230 10.68 4.64 0.0468 2.97 0.00 501 8.957
H6 230 240 11.20 4.6 0.04 2.77 0.1956 511 8.657

Bl -  Hypophysectorny and saline
H5 230 190 6.97 3.6 0.0169 0.62 0.0 1002 3.1528
Hll 230 200 7.50 3.75 0.0165 0.64 0.00 960 3.361
H8 220 190 6.52 3.43 0.0167 0.99 0.0 986 3.229

B2 - Hypophy sectany and PB
H103 200 180 6.31 3.50 0.0251 0.5947 0.1545 647 6.076
H104 220 190 6.36 3.34 0.0122 0.68 0.0 639 6.1908
H105 320 240 8.47 3.52 0.02 0.6776 0.0 660 5.897
H8 235 190 8.16 4.29 0.0152 0.61 0.00 658 5.924

£ days PB treatment

Al - Sham hypophy sec tarry and saline
HI 200 220 10.166 4.62 0.036 2.832 0.1765 560 7.5460
H2 210 220 8.93 4.05 0.039 2.66 0.00 594 6.9074
H5 210 270 10.76 3.70 0.049 3.04 0.00 575 7.2526

A2 - Sham hypophysectarry and PB
H2 190 260 U.O 4.6 0.04 2.85 0.5769 520 8.4332
H4 140 200 9.33 4.66 0.0440 2.27 1.5621 512 8.6316
H5 160 200 10.6468 5.3 0.04 2.9307 0.2000 500 8.9442
H7 160 220 12.18 5.5 0.04 2.80 0.00 486 9.3335
H8 150 220 11.6849 5.3 0.0450 3.0108 0.8080 495 9.0801

Bl - Hypohysectcrrry and saline
H3'4 190 160 6.048 3.78 0.0248 0.3447 0.00 1183 . 2.4576
H35 190 160 6.10 3.81 0.0280 0.4166 0.0860 1162 2.5245
H37 200 160 5.3555 3.34 0.0157 0.4230 0.00 1107 2.7150
H65 150 130 4.197 3.22 0.0115 0.4230 0.00 1150 2.5643
H66 160 130 4.762 3.66 0.0107 0.3873 0.00 1155 2.5475
H67 150 150 5.12 3.41 0.0140 0.3600 0.00 1115 2.6858
H68 160 130 5.172 3.97 0.0170 0.370 0.00 1150 2.5642
H70 190 170 6.22 3.645 0.0137 0.5345 0.00 1165 2.5148
H71 170 145 4.9924 3.44 0.0128 0.4535 0.00 1173 2.4891
H60 170 140 4.95 3.53 0.0115 0.3774 0.00 1160 2.5311
H62 160 145 4.3648 3.0 0.0122 0.3322 0.00 1094 2.7635
H63 190 150 6.10 4.06 0.0154 0.7354 0.00 1067 2.8691
H69 160 160 6.27 3.91 0.0215 0.4556 0.00 1090 2.7788
H60 150 140 4.64 3.31 0.0140 0.3390 0.00 1095 2.7598

B2 - Hypophysectarry and PB -
H41 200 180 7.9360 4.40 0.02 0.4955 0.00 650 6.034
H42 210 180 8.19 4.55 0.0140 0.4565 . 0.00 647 6.0763
H43 200 170 7.39 4.61 0.0135 0.3972 0.00 635 2.2494
H44 210 200 8.7748 4.61 0.0216 0.5599 0.00 620 6.4775
H45 200 170 8.0151 5.00 0.0167 0.4842 0.00 660 5.8977
H48 140 110 5.1052 4.9 0.0130 0.2785 0.00 601 6.7871
H58 160 130 6.6362 5.1 0.01 0.5067 0.00 623 6.4308
U50 140 110 5.08 4.61 0.01 0.3022 0.00 641 6.1618

12 davs PB treatment

Al - Sham hypoohvsectcmy and saline
H9 150 150 6.017 4.0 0.0316 1.759 0.3565 561 7.5258
H10 210 240 10.3436 4.3 0.0453 3.0826 0.00 543 7.9031
Hll 190 240 9.305 3.8 0.056 2.847 0.00 570 7.3483
H12 260 300 11.88 3.96 0.0624 3.0 0.00 567 7.4067

A2 ^
HO

Sham hvpochvsectcrrry and 
210 270

PB
11.34 5.4 0.0435 3.04 0.8064 496 9.0526

HI 230 280 12.564 5.4 0.032 3.219 0.6109 491 9.1913
H2 240 290 13.392 5.58 0.065 3.516 0.5928 506 8.7856
H3 210 260 12.39 5.9 0.04 3.03 0.3906 512 8.6316
H4 230 290 13.18 5.7 0.04 3.25 1.2396 484 9.3914
H5 220 290 13.392 6.0 0.079 3.158 1.4799 473 9.7209

Bl - Hypoohysectany and saline
3.1717H72 170 160 5.420 3.38 0.0207 0.448 0.0 998

H75 170 140 5.35 3.8 0.0154 0.4230 0.0920 1086 2.7864
H76 160 140 5.0144 3.57 0.0294 0.35 0.00 1136 2.6117
H77 160 120 2.681 2.68 0.021 0.322 0.00 1109 2.7077
H78 160 130 4.684 3.6 0.025 0.391 0.0 1021 3.0652

B2 - 
H18

Hvpooby sectany and PB 
210 190 8.8724 4.6 0.02 0.5045 0.00 655 5.9653

H19 230 190 8.53 3.15 0.0238 0.6650 0.00 671 5.7532
H22 200 170 8.17 4.0 0.0129 0.5329 0.00 631 6.3089
H24 210 190 7.59 3.99 0.0134 0.50 0.00 650 6.0343
H27 190 160 8.1538 4.28 0.0119 0.55 0.00 671 5.7532
HI 150 130 7.8886 5.2 0.02 0.59 0.00 609 6.6538
114 150 135 6.6261 4.56 0.02 0.79 0.00 654 5.9790

A 2*3"
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Table A. 6 Pilot Study I - Group means
No. Total wt. % liver Av.no. Mean ce ll
PB No. TPtal wt. end exp. Av.liver /100 g Adrenals Testes mitoses Nn.cel Is SSvExperiment days animals (av)grams (av)grams (av)grams body wt. (grams) (grams) A000 cells / 1 0 F

AA(1) Group 1 )
Sham hypophysectcmy ) 3 210.0 281.67 10.41 3.69 0.04 3.10 0.0544 598.33 6.839
and saline )

)
+10.00 +18.93 +1.06 +0.21 +1.33

xlO"3
+0.30 +0.0769 +13.474 +0.2342

AAC2) Group 2 
Sham hypophysectary

)
) 4 215.00 258.75 11.71 4.56 0.04 2.82 0.2957 507.75 8.7465

and PB ) +12.91 +28.39 +1.17 +0.12 +2.91. +0.24 +0.2238 +10.328 +0.2644
) 4 
)
)

X 10-3

BA(l) Group 1
Hypophysectary ) 3 226.67 193.33 7.00 3.59 0.02 0.75 0.0 982.66 3.2476
and saline )

)
+5.77 +5.77 +0.49 +0.16 +2.00

xLO-4
+0.21 +0.0 +17.307 +0.0860

EA(2) Group 2 
Hypophy sectary

)
) 4 243.75 200.0 7.33 3.66 0.02 0.64 0.0386 651.0 6.0219

and PB ) +52.82 +27.08 +1.15 +0.43 +0.01 +0.04 +0.0669 +8.5416 +0.1189

AB(1) Group 1 )
Sham hypophysectorry ) 3 206.67 236.67 9.95 4.12 0.04 2.84 0.0595 576.33 7.2353
and saline )

)
)

+5.77 +28.87 +0.93 +0.3791 +0.01 +0.19 +0.0841 +13.912 +0.2609

ABC 2) Group 2
Sham hypophysec tarry ) 5 160.0 220.0 11.17 5.07 0.05 2.77 0.6294 502.6 8.8845
and PB )

) 8
+18.71 +24.49 +1.19 +0.3686 +0.01 +0.29 +0.5449 +12.0929 +0.3197

BB(1) Group 1 
Hypophysectcrry

)
)
) 14 170.71 147.86 5.31 3.58 0.02 0.4251 0.0061 1133.28 2.6260

and saline ) +17.74 +12.97 +0.72 +0.31 +0.01 +0.1012 +0.0221 +35.78 +0.1263

BBC2) Group 2 )
Hypcphy sectary ) 8 182.50 156.25 7.18 4.72 0.01 0.44 0.00 634.62 6.2643
and PB ) +30.59 +34.62 +1.35 +0.25 +4.28

xlO-3
+0.10 +0.00 +17.86 +0.2692

A£(l) Group 1 
Sham hypophysectary

)
) 4 202.5 232.50 9.39 4.02 0.05 2.67 0.0891 560.25 7.5459

and saline ) +45.73 +61.85 +2.48 +0.21 +0.01 +0.62 +0.1543 +10.473 +0.2158

ACC 2) Group 2 
Sham hypcphy sectary

)
) 6 223.33 280.0 12.71 5.66 0.05 3.20 0.8533 493.66 9.1289

and PB )
) 12 
)

+12.11 +12.65 +0.79 +0.25 +0.02 +0.18 +0.3840 +13.046 +0.3638

BC(l) Group 1 
Hypcphysectary 5 164.00 134.00 4.63 3.41 0.0223 0.39 0.0184 1070.4 2.8684)
and saline )

)
+5.48 +21.91 +1.13 +0.43 +4.681

xlO-3
+0.05 +0.0368 +52.507 +0.2141

BCC2) Group 2 
typophy sectary

)
) 7 191.43 179.29 7.98 4.25 0.02 0.5903 0.00 648.71 6.0639

and PB )
)

+30.79 +22.07 +0.73 +0.64 +3.96
xlO-3

+0.0970 jO.OO +20.540 +0.2975
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l&hle A. 7 P i lo t  Study I I  -  Group r e su lts

% Rt
At start At end post

Fat total body total body Liver % liver/ lobe/ Liver Adrenals Testes No.mitoses No.cells GeU vol 
xlOTmrno. wt(grams) wt(grams) wt(grams) body wt body wt LL ML RP a (grams) (grams) /1000 cells /  10 F

Al - Sham hypcphysectcmy. laparotany and saline
0.3395 589 6.9956HJ ^50 250 "10.75 4.30 T7408 3.03 3.07 3.52 1.13 0.04 3.90

28.0% 29.0% 33.0% 11.0%
H4 190 260 9.42 3.62 0.9076 3.02 3.U 2.36 0.92 0.04 3.28 0.0 578 7.1962

32.0% 33.0% 2S.0% 10.0%
H6 180 245 8.93 3.64 1.1142 2.53 2.89 2.73 0.78 0.04 3.09 0.1672 598 6.8383

28.0% 32.0% 31.0% 9.0%
H9 180 250 9.37 3.75 0.884 2.97 3.44 2.21 0.75 0.04 2.94 0.0 624 6.4153

32.0% 37.0% 24.0% 8.0%
RIO 170 240 9.48 3.95 1.145 2.93 3.04 2.75 0.76 0.04 3.0 0.0 625 6.400

31.0% 32.0% 29.0% 8.0%
Hll 170 260 8.27 3.70 1.073 2.43 2.36 2.79 0.69 0.04 3.09 0.1642 609 6.6538

29.4% 28.5% 34.0% 8.3%
A2 - Sham hypcphysectany, 1/3 hepatectany and saline170 250 9.61 3.84 1.576 4.46 3.94 1.21 0.045 2.97 0.0 620 6.4775

46.7% 40.99% 12.59%
Hi 129 260 10.37 3.98 1.500 4.80 3.90 1.67 0.04 3.79 0.1686 593 6.9249

46.28% 37.6% 16.1%
K2 180 260 8.17 3.14 1.3461 3.61 3.40 1.16 0.04 3.02 0.1577 634 6.2642

44.18% 41.61% 14.19%
HS 170 240 6.62 2.75 1.1416 3.18 2.74 0.70 0.04 3.10 0.0 605 6.7199

48.03% 41.38% 10.57%
H7 180 240 9.71 4.04 1.5125 4.70 3.63 1.38 0.04 2.67 0.0 580 7.1590

48.4% 37.38% 14.21%
H8 170 260 8.77 3.37 1.6846 3.10 4.38 1.29 0.04 2\93 0.3384 591 6.9601

35.34% 49.94% 14.7%
Bl - Hypophysectany, laparotany and saline

1259I S 180 150 5.92 3.95> 0.9200 1.89 2.05 1.38 0.60 0.01 0.34 0.0 2.2365
31.92% 34.62% 23.3% 10.0%

HS 170 145 5.12 3.53 0.9310 1.64 1.72 1.35 0.41 0.01 0.34 0.0 1005 3.1387
32.03% 33.59% 26.35% 8.0%

H6 140 135 4.72 3.50 0.9037 1.63 1.54 1.22 0.33 0.01 0.42 0.0 1073 2.8451
34.53% 32.62% 25.84% 6.99%

HU 240 180 6.95 3.86 0.9444 2.25 2.39 1.70 0.61 0.015 0.57 0.09920 1008 3.U47
32.37% 34.39% 24.46% 8.78%

H4 240 200 7.04 3.52 0.7700 2.33 2.46 1.54 0.71 0.01 0.68 0.0 1034 3.0075
33.10% 34.94% 21.88% 10.09%

B2 - Hvpophysectany, 1/3 hepatectany and saline
Hb 240 190 4.65 2.44 1378263 2.48 1.57 0.60 0.01 0.74 0.00 800 4.4194

53.33% 33.76% U.9%
H7 240 180 5.59 3.10 1.2944 2.66 2.33 0.60 0.01 0.62 0.1135 781 4.5816

47.58% 41.68% 10.73%
HU 230 170 4.89 2.87 1.0882 2.35 1.85 0.69 0.01 0.50 0.0 894 3.7410

48.05% 37.83% 14.11%
Hll 240 190 5.93 3.U 1.3368 2.54 2.54 0.85 0.015 0.63 0.0 905 3.6730

42.87% 42.87% 14.33%
HO 190 180 4.09 2.27 0.8500 1.973 1.538 0.596 0.006 0.422 0.0 837 4.U96

48.16% 37.46% 14.42%
H4 190 160 5.08 3.16 1.3625 2.373 2.181 0.529 0.012 0.54 0.1144 874 3.8701

46.74% 42.99% 10.25%
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Table A. 8 Pilot Study II - Group means

No.
Experiment animals

Total wt. 
(av)grams

Total w t. 
end exp. 
(av)grams

A v.liver 
(av)grams

Av.% 
l iv e r /  
body wt.

Av.% 
r t .p o s t ,  
body wt. LL

Liver
ML RP CL

Adrenals
av(grams)

Testes
(av)grams

Av.no. 
m itoses 
/1000 c e lls

N o.cells
/10P

Mean c e l l  
v o l.
xio-W

Al Group 1 (contro ls) 
Sham 6 
hypophysectary, 
laparo tarry 
and sa lin e

175.00
+10.49

250.83
+7.312

9.37
+0.74

3.83
+0.24

1.0886
+0.1735

2.82
+0.24
3o.l%
+1.70

2.48
+1.11
31.92%
+2.81

2.72
+0.42
19.33%
+3.77

0.84
+0.15
3.05%
+1.12

0.04
+0.00

3.22
+0.35

0.1118
+0.1259

• 603.83 
+18.36

6.7498
+0.2918

A2 Group 2 
Sham 6 
hypophysectary, 
1/3 hepatectary  
and sa lin e

176.67
+8.16

251.67
+9.83

8.88
+1.35

3.52
+0.52

1.4601
+0.1744

3.98
+0.77
44.77%
+4.86

3.67 * 
+0.56 -« 
41.48% 
+4.5

1.24
+0.32
13.73%
+1.91

0.04
+2.04.
xlO-3

3.08
+0.38

0.1107
HKL1252

603.83
+17.33

6.7509
+0.3036

Bl Group 1 (contro ls) 
Hypophysectary, 5 
laparotomy, 
sa lin e

190.0
+34.64

157.85
+22.49

5.95
+0.9371

3.672
+0.1926

0.8938
+0.0633

1.948
+0.3
12.79%
+0.96

2.032
+0.36
33.95%
+0.98

1.44 0.53 
+0.17 +0.14 
34.366% 8.772% 
+1.64 +1.18

0.011
+2.00
xlO"3

0.47
+0.1344

0.0198
+0.0396

1074.71
+83.216

2.8670
+0.2956

B2 Group 2 
Hypophysectomy, 6 
1/3 hepatec- 
toxy and s a lin e

221.67
+24.83

178.33
+11.69

5.04
+0.66

2.83
+0.38

1.1263
+0.2221

2.40
+0.24
47.79%

+0.41
2.00
+0.41
39.42%

0.64 0.01 
+0.11 +2.95, 
12.79% x l0 “3

0.58
+0.11

0.0379
+0.0537

865.16
+36.025

4.0691
+0.3398

+3.35 +3.70 +1.86



APPENDIX I I I

FURTHER DETAILS OF LABORATORY TECHNIQUES AND DISCUSSION OF MORPHOMETRIC 
AND GEOMETRIC PROBLEMS RELATED TO THIS STUDY

A . I I I . l  D e ta ils  o f  h i s to lo g ic a l  s e c tio n s  and s ta in in g  tech n ig u es

When usin g  h i s to lo g ic a l  s e c t io n s  fo r  morphometric a n a ly s is  i t  i s  

im p o r ta n t  t h a t  d u r in g  th e  p r e p a r a t i o n  an d  s t a i n i n g  o f  t h e  s e c t i o n s ,  

s o u r c e s  o f  v a r i a b i l i t y  a r e  re d u c e d  to  a  minimum. T h is  w i l l  a l l o w  

r e s u l t s  to  be c r i t i c a l l y  a n a ly se d  from s ta n d a rd ise d  d a ta .

With th i s  aim in  mind c e r ta in  p rocedures ware r o u t in e ly  c a r r ie d  o u t 

du ring  t h i s  s tu d y . These w e re :-

(1) A l l  l i v e r  s a n p le s  were f ix e d  in  phosphate  b u ffe red  fo rm al a lc o h o l .  

T h is f i x a t i v e  was chosen as  th e  l i v e r  lo b es  s h r in k  le s s  corrpared 

w ith  e .g . p h o s p h a te  b u f f e r e d  fo rm a l s a l i n e .  A d d i t i o n a l l y  t h i s  

f i x a t i v e  i s  known t o  g i v e  good h e p a to c y te  n u c l e a r  p r e s e n t a t i o n  

(p e rso n a l ccm m unications H.K. W binbren).

(2) A l l  s e c t io n s  and s ta in in g  p rocedu res were undertaken  in  th e  RPMS 

re s e a rc h  la b o ra to ry  by th e  same p e rso n . la rg e  b a tch es  o f s e c t io n s  

w ere  p re p a re d  a t  any  one  t im e  t o  e l i m i n a t e  v a r i a t i o n s  w hich  may 

occur by sam ples being  s e c tio n e d  on d i f f e r e n t  days. However, th e  

p r e c a u t io n s  u n d e r ta k e n  w ere d e s ig n e d  to  overcom e t h i s  p o s s i b l e  

v a r ia t io n  and was th e re fo re  co n sid e red  to  be a minor problem . With 

th e  s i z e  o f  th e  p r o j e c t  i t  was n o t  p o s s i b l e  to  s e c t i o n  a l l  th e  

sam ples a t  one tim e.

(3) T issue was s e le c te d  from the same area o f the fixed  r ig h t  p o ster io r  

lo b e .
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(4) P araffin  wax was su p p lied  by Raymond A. Lamb L aboratories, fo r  th e  

preparation  o f p a ra ffin  wax b lock s. The wax has a  m eltin g  p o in t o f  

56°C. In th e  p r e p a r a tio n  o f  b lo c k s  and s e c t i o n s ,  th e  f o l lo w in g  

procedures were fo llo w ed  in order to  reduce v a r ia b i l i t y  in s e c t io n  

th ic k n e ss .

(a ) The b lo c k s  were p rep ared  w ith  p a r a l l e l  s u r f a c e s .  T h is was 

ach ieved  by embedding th e  t i s s u e  in  p a ra ffin  wax on i t s  f l a t  

s u r fa c e  and th e  o p p o s it e  s u r fa c e  o f  th e  b lo c k  c u t  u n t i l  th e  

f u l l  s u r fa c e  o f  th e  t i s s u e  i s  ex p o sed . I f  t h i s  i s  np t done 

th e  ribbon produced w i l l  be curved and the se c t io n s  o f uneven 

th ick n ess (Disbrey and Rack, 1970).

(b) Before mounting onto th e  microtome, a l l  p a ra ffin  b locks were 

c o o le d  on i c e .  T h is a l lo w s  th e  p a r a f f in  to  become more 

c r y s ta l l in e  and th ere fo re  harder and makes cu ttin g  e a s ie r .

(c )  S e c t io n s  w ere c u t  on a l l  o c c a s io n s  u s in g  th e  same Cambridge 

R ocker microtome, w ith  corresponding k n ife . The k n ife  was a t  

a l l  t im e s  k ep t sh a rp , c l e a n ,  f i r m ly  clam ped and a t  th e  same 

a n g le .  T h is s e t t i n g  was p red eterm in ed  and known to  p roduce  

good q u a lity  s e c t io n s .

(d) The blocks were firm ly  clamped to  the microtome as any minor 

movement e i th e r  of th e  k n ife  o r b locks can a l t e r  s e c tio n  

th ickness.

(e) The s e c tio n  th ic k n e ss  s e t t in g  on th e  microtome was kep t 

constant a t  5 u.

(f)  Sections were cut in a ribbon as they are easie r to handle and 

less e a s ily  damaged.
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(g) Ribbons were f la t te n e d  during c u tt in g  by g e n t ly  b low ing on th e  

s e c t i o n s .  The f i r s t  s e c t io n  was a lw a y s  d is c a r d e d  a s t h i s  

tends to  vary in th ic k n e ss .

T hese p r e c a u t io n s  aim ed t o  produce s e c t io n s  w ith o u t  s u r fa c e  

"corrugations", which r e s u lt  from se c t io n s  being prepared w ith  v a r ia t io n  

in  th ic k n e ss .

An u l t im a t e  ch eck  t o  e n su r e  a l l  s e c t i o n s  a re  s ta n d a r d is e d  can  be  

u n d ertak en  by p r e p a r in g  a b lo ck ,em b ed d in g  some o f  th e  t i s s u e  from  a  

sam p le  a t  r ig h t  a n g le s  to  th e  r e s t  o f  th e  sam p le ,w h ich  i s  r o u t in e ly  

embedded and sec tio n ed  in th e  normal manner. Using th is  b lo ck , s e c t io n  

th ick n ess  i s  checked by measuring the s e c t io n s  prepared from i t  w ith  a 

micrometer gauge. When in terp re tin g  r e s u l t s  from t h is  p resen t study i t  

shou ld  be remembered th a t th is  was not undertaken.

S e r i a l  s e c t i o n s  w ere p rep a red  and some w ere s t a in e d  w ith  M eyer's  

Haematoxylin and Eos in  and the r e s t  reserved  for Feulgen s ta in in g .

A ll reagents were supplied  by Raymond A. Lamb L aboratories.

Meyer1s  Haematoxylin and Eosin S ta in in g  Method

This technique was based on th e  o r ig in a l  Meyer (1903) and m odified  

by Lendrum and MeFarlane (1940).

S tandard ization  o f s ta in in g  o f the s e c t io n s  was ach ieved  by c a r e fu l  

adherence to  th is  p ro to co l.
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(1) Sections were dewaxed by immersing in

Xylene 3 mins

A bsolute a lcoh o l 2 mins

70% a lco h o l 2 mins

R insing in  tap water

(2) S ec tio n s  were s ta in ed  w ith  Meyer's Haematoxylin for 10 m inutes.

(3) To rem ove e x c e s s  h a em a to x y lin  from th e  t i s s u e s ,  s e c t io n s  w ere  

r in sed  in  S c o tt 's  tap  water fo r  10 seconds. (Ordinary tap water i s  

r e p la c e d  by S c o t t ' s  w ater  where th e  w ater in  th e  la b o r a to r y  i s  

n eu tra l or acid  (S c o tt , 1 9 1 2 ).)

(4) S e c t io n s  w ere d i f f e r e n t i a t e d  p r e c i s e l y  in  a c id  a lc o h o l  fo r  

10 s e c o n d s . (One secon d  fo r  e v e r y  m inute in  th e  h a e m a to x y lin .)  

T h is  i s  in  o rd er  t o  a c h ie v e  th e  c o r r e c t  d eg ree  o f  s t a in in g  w ith  

haematoxy1in .

(5 ) Blue in  S c o t t 's  tap  water s u b s t itu te  for 10 m inutes.

(6) S ta in  w ith  e o s in  fo r  5 m in u te s . As e o s in  i s  a w ater  s o l u b l e  

r e a g e n t  c a r e  has t o  be tak en  n o t t o  in tr o d u c e  v a r i a b i l i t y  in  th e  

s t a in in g  by w ash ing  ou t an e x c e s s  amount. T h is  i s  a c h ie v e d  by 

washing in tap water for 3 m inutes and 50% a lc o h o l for  2 m inutes.

(7) Dehydrate by immersing se c t io n s  in

70% a lco h o l 2 mins

90% a lco h o l 2 mins

100% a lco h o l 2 mins

Xylene 3 mins
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(8) Routine mounting procedures were undertaken using DEX as mounting 

medium.

A .I I I .2 Account o f  th e  Feulgen s ta in in g  method used and re feren ce  to  
p o ss ib le  sources o f  v a r ia b i l i t y

The technique used for  the id e n t i f ic a t io n  o f  d eo x yr ib on u cle ic  ac id  

(DNA) in  t i s s u e  se c t io n s  was described  by D isbrey and Rack (1970) based 

on th e  o r ig in a l (Feulgen and Rossenbeck, 1924).

Various precautions were taken.

(1) S e c t io n s  u sed  were prepared  as a lr e a d y  d e s c r ib e d  (Appendix I I I  

S ection  1) in  ord er  to  red u ce  th e  l i k e l i h o o d  o f  v a r i a b i l i t y  in  

s e c t io n  th ick n ess to  a minimum, which would a l t e r  th e  s ta in in g  by 

Feulgen.

(2) A l l  s e c t i o n s  were s t a in e d  a t  th e  same tim e  in  o rd er  t o  red u ce  any  

v a r i a b i l i t y  in  s t a in in g .  T h is  i s  p a r t i c u l a r l y  im p o rta n t a s th e  

F eu lg en  s t a in in g  o f  DNA i s  d e s ig n e d  t o  a l l o w  fo r  q u a n t i t a t iv e  

measurement o f  DNA from the s e c t io n s .

(3) A l l  s e c t i o n s  were s ta in e d  w ith  th e  same b a tch  o f  any p a r t ic u la r  

r e a g e n t . S c h i f f ' s  r e a g e n t and th e  su lp h u ro u s  r in s e  w ere made up 

f r e s h  p r io r  to  u se . Only S c h i f f ' s  r e a g e n t  d e s ig n a te d  by th e  

m an u factu rer s u i t a b l e  fo r  F eu lgen  s t a in in g  was u sed  and th e  

s e c t io n s  were sta in ed  in a C.oplin jar . This l a t t e r  precaution  was 

taken because i f  S c h iff 's  reagent is  exposed to  a ir  i t  w i l l  lea d  to  

r e c o lo u r isa t io n  o f the n o n -sp ec ific  s ta in in g  in the s e c t io n s .

(4) H y d r o ly s is  tim e . As a l l  th e  m a te r ia l  was f ix e d  in  p h osp h ate  

buffered  formal a lc o h o l the h y d ro ly sis  time p r io r  to  immersing in

S c h if f 's  reag en t was kep t a t  th e  s ta n d a rd  8 m inu tes. T his was in  
order to expose aldehyde prouDS in the DNA to. which the S c h iff 's
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r e a g e n t  h is t o c h e r a ic a l ly  r e a c t s  to  g iv e  the magenta s ta in in g . I f  

however, th e  f i x a t iv e  used had been ac id  based th e  h y d r o ly s is  tim e  

would have been reduced as the f ix a t iv e  w i l l  cause some h y d r o ly s is  

in  th e  s e c t io n  i t s e l f  and th erefore  requ ire l e s s  h y d ro ly s is  tim e.

(5) F o l lo w in g  th e  S c h i f f ' s  r e a c t io n  b e fo r e  s e c t io n s  a re  washed in  

w a te r , th e y  s h o u ld  be washed in  a su lp h u ro u s r in s e .  T h is  s h o u ld  

c o n ta in  sodium  m e ta b is u lp h it e  t o  en su r e  th a t  th e  e x c e s s  S c h i f f ' s  

reagen t i s  removed so  th a t i t  does not a c t  as a dye and s ta in  oth er  

str u c tu r e s  in the s e c t io n s .

(6) DNA i s  the o n ly  substance th a t is  F e u lg e n -p o s it iv e . To ensure th a t  

th e  s e c t i o n s  h ave  responded to  th e  S c h i f f ' s  r e a g e n t  f o l lo w in g  

h y d r o ly s is  ( i .e .  DNA aldehyde groups have been exposed) a c o n tr o l  

s e c t io n  sh ou ld  be trea ted  w ith  the S c h if f 's  reagent w ithout p r io r  

h y d r o ly s is . Only s tru ctu res  th a t were stair* d-d magenta in  the t e s t  

s e c t io n  and unstained  in  th e  co n tro l may be d escrib ed  as F eu lgen -  

p o s i t iv e .

(7) The tim ing o f  a l l  reagents used and washings were p r e c is e  in  order 

- to  ensure even s ta in in g  r e s u lt s .

Feulqen s ta in in g  method followed

(1) S ec tio n s  were dewaxed and taken to  w ater as d e sc r ib e d  fo r  

Haematoxylin and Eosin s ta in ing  in Appendix I I I  Section 1.

(2) Sections were rinsed in N /l hydrochloric acid .

(3) Hydrolysis stage. N/l hydrochloric acid  was wanned in a water bath 

to  60°C and the sections placed in the acid for 8 m inutes.

(4) Sections were rinsed in d is t i l l e d  water.

A3 2



(5) S ec tio n s  were p laced in  S c h if f ' s  reagent for 1 hour.

(6) S ec tio n s  were p laced  in th e  sulphurous r in se  for 2 m inutes. T his 

procedure was repeated tw ice .

(7) S ec tio n s  p laced  in running tap water for  10 m inutes.

(8) R inse in a lc o h o l.

(9) S ec tio n s  were dehydrated, c le a r ed  and mounted as a lread y  described  

in  Appendix I I I  S ection  I  for  Haematoxylin and Eosin s ta in in g .

(10) No c o u n te r s ta in  was used  as F e u lg e n - p o s i t iv e  s t r u c t u r e s  can be 

obscured by co u n tersta in .

Preparation  o f  S c h if f ' s  reagent

B asic  fuchsin  -  su ita b le  fo r  Feulgen 1 .0  g

Sodium m etab isu lp h ite  1 .9  g

N /l  hydrochloric a c id  15 ml

D is t i l l e d  water 85 ml

A ctiva ted  charcoal 0 .5  g

The b a s ic  fu c h s in  and m e ta b is u lp h it e  w ere d i s s o l v e d  in  a c id  and  

w a te r , sh a k in g  f r e q u e n t ly  fo r  2 h ou rs. C harcoa l was added and th e  

l iq u id  shaken for 1-2  m inutes. The liq u id  was f i l t e r e d  and stored  a t  

4°C. The so lu t io n  was on ly  used as long as i t  remained c o lo u r le s s .

Sulphurous r in se s

10% aqueous sodium rretab isu lph ite 6 ml

N /l  hydrochloric ac id  5 ml

A r > '>  i \ J d

D is t i l l e d  water to  100 ml



A .I I I .3 . Morphometry, geom etric problems and problems r e la t in g  to  th ese  
su b jec ts  ra ised  in  t h is  study (se e  Acknowledgement page 26)

A .I I I .3 .1  T issu e sec tio n in g

In m o r p h o lo g ic a l r e se a r c h  one o f  th e  m ethods o f  c h o ic e  i s  th e  

m icroscopic study o f  s e c t io n s  across th e  stru c tu re  under examination, 

e-g. th e  hepatocyte. The advantage o f  t h is  i s  th a t  th e  stru c tu re  can be 

exam ined w ith o u t  a l t e r i n g  th e  r e l a t i v e  p o s i t i o n  o f  in t e r n a l  o b je c t s .  

However in  some b io lo g ic a l  circum stances th e  inform ation o ffered  from a 

tw o -d im e n s io n a l s e c t io n  may be d i f f e r e n t  from i t s  th r e e -d im e n s io n a l  

e x is te n c e , e .g . red co r p u sc le s , endoplasm ic reticu lu m .

Thus when adopting q u a n t ita t iv e  morphometric a n a ly s is  in  a study, 

th e  g e o m e tr ic  a s p e c ts  o f  s e c t io n in g  m ust be c o n s id e r e d . In t h i s  

p a r tic u la r  study for example, in  which l i v e r  s l i c e s  were sec tio n ed  5 yu 

in  th ic k n e s s  in  ord er  to  exam ine th e  n u c l e i  o f  th e  h e p a to c y te s  and to  

determ ine the r a t io  o f  2n:4n p lo id y  c la s s e s ,  i t  was in e v ita b le  during 

th e  s e c t io n in g  th a t  some n u c le i  may h a v e  been m issed  e n t i r e l y  or  

s e c t io n e d  a t  d i f f e r in g  l e v e l s  from th e  eq u ator  to  i t s  p o le .  T his  

r e s u lte d  in th e  histograms Figures 3.1 and 6.1 (main t e x t  pp.90 and 140) 

showing d is tr ib u tio n  o f  mean area l n s i z e  ranges o f  5 yum c la s s e s  

from 10-100 in which a percentage o f n u c le i  were recorded away from the  

2n or 4n p ea k s , e .g . F ig u re  3 .1 , A Group 2. T hese d is c r e p a n c ie s  can be 

corrected  using s te r e o  lo g ic a l  methods but were not undertaken in th is  

study. Methods for doing th is  are d iscu ssed  la t e r .

Another iirportant a sp ect to  be considered  regarding sec tio n in g  i s  

t h a t  when s e c t io n s  a re  c u t  n o t  o n ly  may th e y  v a ry  in  th ic k n e s s  u n le s s  

good te c h n ic a l procedures are observed, but the th ick n ess  o f  th e  sec tio n  

i t s e l f  w i l l  in crease  the number o f  o b jec ts  observed in  th e  higher s iz e
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b r a c k e t . In t h i s  s tu d y  t h i s  w ould  in c r e a s e  th e  number o f  n u c l e i  w ith  

la rg er  mean apparent nuclear area .

W h ile  r ig o r o u s  t e c h n ic a l  p ro ced u res  were o b se r v e d  in  ord er  to  

red u ce  t o  th e  minimum any v a r ia t io n  in  th ic k n e ss , betw een  b a tc h e s  o f  

s e c t io n s  (a lready d escrib ed  in  A .III.1) co rrec tio n  for  th ick n ess  o f  th e  

s e c t io n  was n ot undertaken, a fa c to r  which shou ld  be remembered during  

th e  in te r p r e ta tio n  o f  the r e s u lt s .  Methods for  t h is  co rrec tio n  are a l s o  

d iscu ssed  l a t e r .

In  o r d e r  t o  c o m p e n sa te  f o r  t h e s e  and o t h e r  d e f i c i e n c i e s  

m a th em a tica l c o r r e c t io n s  can be made u s in g  s t e r e o l o g i c a l  a n a l y s i s .  

S tereo  lo g y  i s  d e fin ed  as a body o f m athem atical methods r e la t in g  th r e e -  

d im e n s io n a l p a ra m eters d e f in in g  th e  s t r u c tu r e  to  tw o -d im e n s io n a l  

rreasureirents ob ta in ab le  on se c t io n s  o f the s tru ctu re  (W eibel, 197^).

S t e r e o lo g y  em p loys v a r io u s  term s, some o f  w hich a r e  d e f in e d  a s  

fo l lo w s : -

(1) S e c t io n  = a p la n e  in t e r s e c t in g  th e  s tr u c tu r e :  i t  hence a l s o

in te r s e c ts  some o f  th e  "conponents" o f  th e  stru ctu re .

In th is  study s tru c tu re  = l i v e r  

inportant conponent = nucleus

(2) P r o f i l e  = th e  "image" o f  any s p a t i a l  com ponent (and o f  th e  

s t r u c t u r e ) ,  i . e .  th e  s h a r p ly  d e f in e d  f l a t  t r a c e  on th e  s e c t io n  

p lan e .

(3) Phase Is the aggregate o f a l l  p arts which are id e n t ic a l  in nature,

e .g .  m itochondria.



(4) O bjects or p a r t ic le s  are components which are i s o la t e d  u n its  w ith in  

th e  s tr u c tu r e , e .g  m itochondria, lysosom es, m icrobodies.

The q u a n t ita t iv e  d escr ip tio n  o f  a s tru ctu re  i s  th e  d e n s ity  o f  th e  

variou s conponents w ith in  the s tru c tu re  where

(5) D ensity  i s  d e fin ed  as "the q u a n tity  per u n it  volum e, u n it  area" o f  

th e  phase con ta in ed  in th e  u n it  volume o f the s tr u c tu r e .

A r e l a t i o n s h i p  e x i s t s  b etw een  th e  d e n s i t y  o f  com ponent p r o f i l e s

(e .g . n u c l e i )  w ith in  th e  p r o f i l e  o f  th e  s t r u c tu r e  ( i . e .  on th e  s e c t i o n  
the

in c lu d in g ^ r e s t  o f  s e c t io n e d  h e p a to c y te  s t r u c t u r e s  o b se r v e d )  and th e  

d e n s i t y  o f  com ponents w ith in  th e  s t r u c tu r e .  S t e r e o lo g y  s e e k s  t o  

e s t a b l i s h  t h e s e  r e la t i o n s h ip s  by m ath em atica l r e a s o n in g . Thus in  

s t e r e o l o g i c a l  p ro ced u res  a l l  m easurem ents a re  o b ta in e d  as a r a t i o  

betw een  th e  com ponents and s t r u c tu r e  in  ord er  t o  e s t a b l i s h  th e  

r e la t io n s h ip  between r a t io s  measured in  se c t io n s  and th e  corresponding  

r a t io s  in  th e  s p a t ia l  s tr u c tu r e .

W hile sane key s t e r e o lo g ic a l  p r in c ip le s  described  in  th is  Appendix 

w ere em ployed  in  t h i s  s tu d y  th u s  v a l id a t in g  th e  r e s u l t s  d e s c r ib e d ,  

o th e r s  w ere n o t . T hese p r i n c i p l e s  a re  d is c u s s e d  in  r e l a t i o n  to  th e  

p resen t study.

3 .1 .1  Other a sp ec ts  r e la t in g  to  t i s s u e  sec tio n in g

3 .1 .1 .1  Geometric p ro b a b ility

When con sid er in g  the p o s s i b i l i t y  o f whether a p a r t ic u la r  o b jec t is  

in c lu d e d  as a p r o f i l e  when a s t r u c tu r e  i s  c u t  a t  random in  th e  

preparation  o f  a s e c t io n , i t  i s  assumed th a t p r o f i le s  are obtained w ith  

a c e r ta in  w e ll-d e fin ed  p r o b a b ility .
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In d e f in in g  t h i s  p r o b a b i l i t y  when ex p er im en ts  a r e  r e p e a te d  (e .g .  

th e  preparation  o f  s e v e r a l  se c t io n s )  the p r o b a b ility  o f  ob ta in in g  th e  

e x p e c te d  outcom e ( p a r t ic u la r  p r o f i l e s  o f  i n t e r e s t )  i s  th e  number o f  

" p o s it iv e "  outcom es d iv id e d  by th e  number o f  a t te m p ts , p r o v id e d  th e  

number o f attem pts are la r g e .

This p r o b a b ility  can be p red icted  t h e o r e t ic a l ly ,  d e t a i l s  o f  which 

a r e  fo u n d  in  W e ib e l ( 1 9 7 9 ) ,  P r a c t i c a l  M ethods f o r  B i o l o g i c a l  

Morphometry, pages 1 3 -17 .

When c o n s id e r in g  th e  g eo m e tr ic  p r o b a b i l i t y  o f  a n u c le u s  b e in g  

obtained in  a s e c t io n  prepared by random s l i c i n g  o f  h epatocytes i t  must 

be considered  th a t th e  s tru c tu re , i .e .  th e  hepatocyte, i s  a cube and the  

nucleus a sphere.

F iC . 2.3: Model structure, composed of sphere contained in cube, is used to derive 
probability of cutting an object. At right, projection of sphere and section onto front face 
o'* cube. F’robability depends on ratto of tangent (or caliper) diameter // of object to the 
v ide length of the cube.

Fig. 1

The s e c t io n  w i l l  c o n ta in  a p r o f i l e  o f th e  o b je c t  ( i .e .  n u c le u s) 

where s l ic e s  are  made anywhere in the  area between the two p lanes which 

touch the ob jec t ta n g e n tia lly . The number of s l ic e s  w ithin th is  range 

is  n=fVdy where H i s  th e  d is ta n c e  between th e  two ta n g e n t ia l  p la n e s



( c a l ip e r  d ia m eter ) and dy. i s  th e  th ic k n e s s  o f  th e  s l i c e .  Thus th e  

p r o b a b ility  o f  c u tt in g  th e  ob jec t i s

Pr = n . dy/1 = H /l =

th e  r a t i o  o f  th e  c a l i p e r  d ia m eter  o f  th e  o b j e c t  t o  th e  s i d e  o f  theuube 

1 , where 1 d e f in e s  th e  number o f p o ss ib le  c u ts , H are th o se  "favourable".

Thus when c o n s id e r in g  w hether d u rin g  th e  preparation o f  s e c t io n s  

s l i c in g  through a p a r t ic u la r  hepatocyte in clu d es part o f  th e  n u cleu s or  

e n t ir e ly  m isses i t ,  from a p r a c t ic a l  p o in t o f  view  as th ere  are alw ays 

s e v e r a l  n u c le i obtained per s e c t io n , i t  can be assumed th a t "the number 

o f  fa v o u r a b le  outcom es" r e l a t i n g  to  th e  number o f  s e c t i o n s  made a r e  

s u f f i c i e n t ly  high (W bibel, 1979 S t e r e o lo g i c a l  Methods fo r  B i o l o g i c a l  

M orphometry, p .1 3 ) . I t  was th e r e fo r e  c o n s id e r e d  u n n e c e ssa r y  in  t h i s  

study to  undertake any p r o b a b ility  s tu d ie s .

3 .1 .1 .2  Plane o f  o r ie n ta t io n

A fu rth er fundamental a sp ect to  consider during random se c t io n in g

1$ t h a t  th e  p r o b a b i l i t y  o f  h i t t i n g  an o b je c t  a l s o  depends on th e

o r ie n ta t io n  o f  th e  p la n e  o f  s e c t io n . Ihe th e o r e t ic a l  co n sid era tio n  o f

th is  i s  d escribed  in  d e t a i l  by Weibel (1979) in S te r e o lo g ic a l Methods

for  B io lo g ic a l  Morphometry, pp.18-24. However, r e la t in g  to  t h is  presen t

study averaging fo r  o r ie n ta t io n  i s  not required as the hepatocyte n u c le i  
appear to  be

A spheres. Thus the mean c a l ip e r  diam eter, H, o f the n u cleu s remains 

con stan t and does not a l t e r  depending on the r e la t iv e  o r ie n ta tio n  o f  th e  

plane o f s e c t io n .

3 .1 .1 .3  Random se c t io n in g

In d er iv in g  s t e r e o lo g ic a l  p r in c ip le s  i t  i s  assumed th a t an o b jec t

can be cut a t  d if fe r e n t  l e v e l s  and d if fe r e n t  d ir e c tio n s . A sam ple must 

provide a rep resen ta tiv e  number o f  p r o f i le s  to  include a l l  p o ss ib le
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c u ts . Thus in  random se c tio n in g  provided th e  stru ctu re  con ta in s a v ery  

la r g e  number o f  th e  o b je c ts  under co n sid era tio n , then a s e c t io n  cu t a t  

random in to  th e  s tru c tu re  w i l l  p rov id e  s u f f ic ie n t  p r o f i le s  to  represen t 

a l l  p o s s i b l e  c u t s .  T h is i s  p r o v id e d  th e  o b je c t  has no p r e fe r r e d  

o r ie n ta t io n  in  the s tr u c tu r e .

In  t h i s  s tu d y  5 p  t h ic k  s e c t io n s  from  s l i c e s  o f  l i v e r  c o n ta in in g  

numerous n u c le i  per s e c t io n  would appear to  f u l f i l  th e se  c r i t e r ia .  As 

n u c le i  are  spheres th ere  i s  no p referred  o r ie n ta tio n . A l l  s e c t io n s  cu t 

in  t h i s  study cou ld  th ere fo re  be assumed to  be "random se c t io n s" .

3 .2  A spects r e la te d  t o  the a s so c ia t io n  between volume and area

3 .2 .1  S ection in g  used in  s tereo lo g y

In a d d it io n  t o  th e  g eo m etr ic  a s p e c t s  o f  s e c t io n in g  a lr e a d y  

d is c u s s e d  (S e c t io n  3 .1 ) ,  th e  t r a c e  o f  an o b j e c t  o b ta in e d  on a s e c t io n  

depends on th e  p ro p er tie s  o f the o b jec t and on the way i t  has been c u t .

Fig. 2

Kig. 2.1 : Sectioning with a microtome knife can lx: used to illustrate the generalized 
concept of “sectioning" used m slereology. (Reproduced by permission from Weibel. 
1967c.)
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Fig. 3

Fig. 2.2: (a) A polyhedron can serve as a general model object because it can be quanti
tatively defined by the four basic parameters: V =  volume of the solid: A =  area of the 
faces:/. = length of the edges: P  = number of comer points, (b)-(e) “Sectioning" with 
a slice (b). a plane (c). a set of lines (d). and a set of points (e) produces traces of different 
dimensions.

Fran Figure 2 i t  can be seen th a t  i f  the cut is  three-dim ensional a 

s l i c e  is  produced, i f  the  cu t is  tvro-dimensional the section  thus i s  a 

p lane, a one-dimensional cut produces a l in e  and a zero-dimensional cu t 

produces a s e t  of po in ts w ithin the tis su e .

From Figure 3 i t  can be seen th a t  a s l i c e  produces four parameters; 

volum e, f a c e  a re a , edge le n g th  and co rner p o in ts . Follow ing  a tw o- 

dimensional cu t only th ree  parameters are represented; area  A ,̂ boundary 

length lA and a number of corner poin ts.
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I t  is  ev iden t th a t  Â  is  r e la te d  to  the  volume V, iA to  the  su rface  

A, and P1 to  the  edge length L , w ith the  corner points not represented 

on th e  s e c t io n .  Thus from a s e c t io n  i t  i s  c o r r e c t  to  say  t h a t  th e  a re a  

observed of an ob ject is  re la te d  to  i t s  volume and v e i l  knovn geometric 

formulae s ta te  th a t

r  o tH C  A = TTr2 r  = rad ius
* A = area

V = 2/3*TTrJ V c* r 3 V = volume

V c< A3/ 2

3.2 .2  Volume density  measurement -  the  P rin c ip le  of Delesse

Fig. 4

Fig. 2.16: Model for deriving Delesse principle.

I t  has been proved th a t the  volume d en sity  of various conponents 

making up a s tru c tu re  can be estim ated on random sections by measuring 

th e  r e l a t i v e  a re a s  of th e i r  p r o f i l e s  (area^ .density  o f p r o f i l e s  on 

se c tio n ).

By ta k in g  a m odel cube c o n ta in in g  one p a r t i c u l a r  o b j e c t

i r r e s p e c t iv e  of i t s  s iz e  or shape th e  cube is  c u t ou t o f a la y e r

s t r u c tu r e  so th a t  o b je c ts  may f i l l  th e  cube in  ^11 p a r t s .  By s l i c i n g
p a ra lle l

the  cube in th e  X, Y, Z c o -o rd in a te  system  A to  th e  X-Z p la n e  of
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thickness dy, s l ic e s  obtained a l l  have an area  a^. The p ro f i le s  of the 

o b je c t concerned a re  measured = aQ. The s l i c e  i n e v i t a b ly  c o n ta in s  a 

c e rta in  volume v0 of the ob jects which must be equal to  the  p ro f i le  area  

m u ltip lied  by the  s l i c e  thickness. v o  = a.o. x cty.

The volume of the s l ic e  however is  

Vp = aT x dy

By summing a l l  the  s l i c e  volumes and adding a l l  the  ob jec t volumes 

contained in them and d iv id ing  the  summed ob jec t volumes by summed s l i c e  

volumes -  th is  defines volume density

£ vt

V.
Vv (A)

I f  VQ and VT are  replaced by area tin e s  thickness th en :-  

2.(ao.dy) dy£ao Ao

5(ay.dy) dy^a-j- A y  A

S l ic e  th ic k n e s s  i s  c o n s ta n t and can th e r e fo re  be c a n c e l le d  from

sums.

The r a t io  of the sum of the p ro f i le  area  to  the sum of sec tion  area 

is  ev id en tly  the a re a l density  on the  sec tion  AA. Thus as both (A) and 

(B) are  equal to  each other

Vv = AA

In p rac tice  the r e l i a b i l i t y  of the estim ate w i l l  increase with the 

size  of the sanple.

Measurements of a re a l  d e n s i ty  may be e s tim a te d  using  s e v e ra l  

s te reo lo g ic a l methods including lin e a r  in te g r a t io n  and p o in t  coun ting  

methods of which are  described in d e ta i l  in Weibel (1979) S te reo log ica l 

Methods for B iological Morphometry, pp.7-30.
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I t  can th e r e fo re  be assumed in  t h i s  study  in  a d d it io n  to  th e  

discussion  in subsection 3.2.1 th a t nuclear area measured in  th is  study 

using the Quantimet 720 image analyser is  d ir e c tly  p roportional to  th e i r  

volume.

I t  is  th a t  the  volume of a 4n mononuclear nucleus is  double 

th a t  of a 2n mononuclear nucleus. Thus in th is  study in the  descrip tion  

under th e  su b se c tio n  2.7.1.1 u sing  th e  Quantimet 720 image analyser to  

m easure mean n u c le a r  a re a  and using  th e  n u c le a r  s i z e  d i s t r ib u t io n

c la s s e s ,  i t  was a c o r r e c t  assum ption when a d e f in i t e  2n and 4n peak 

c o u ld  n o t be found, to  c o n v e r t  th e  a re a  o f th e  obvious peak in to  i t s  

volume, doubling or ha lv ing  the  volume and converting back in to  the  area  

thereby iden tify ing  the other peak.

This was obtained by the following formula

3.3 Aspects re la tin g  to  v a ria tio n s in nuclear size

When c o n s id e r in g  th e  h istogram s produced in  F ig u res  3.1 and 6.1 

(from the main tex t) i t  has a lready been discussed th a t there  an obvious 

number of nu c le i with mean apparent nuclear area of "intermediate" s iz e  

between 2n and 4n peaks, below and above. This re la te s  to  the le v e l  a t  

which these nuclei were cu t, knowing nuclei are spheres.

3 .3 .1  P ro file s  derived from spheres of equal size

Assuming the nu c le i to  be a l  1 the same size  s te re o lo g ic a l methods 

a re  a v a i la b le  described in d e ta i l  in Waibel (1979) S te reo lo g ica l Methods

commonly assum ed

h istog ram s to  de te rm ine  th e  p e rcen tag e  o f n u c le i  in  2n and 4n p lo id y

2n area

4n area
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fo r  B io lo g ic a l  Morphometry pp .52-57 whereby th e  a c tu a l  s iz e  o f  th e  

nuc le i w ithin the  whole s tru c tu re  can be ca lcu la te d  from the  observed 

nuclei s izes  in the  sec tion .

3 .3 .2  Methods o f  de te rm in ing  a c tu a l  n u c le a r  s iz e  when a m ix tu re  o f  
varying s ized  n u c le i are  sectioned

In th is  study not only nay n u c le i be sectioned in d if fe re n t  p a rts  

of th e i r  sphere but the  nuc le i may a ls o  be d iffe re n t s iz e s  as th e re  i s  

more than one population of p lo idy  c la s s  to  consider.

Thus when considering the  sectioning  of the nuc le i i t  is  p o ss ib le  

to  v is u a lis e  th a t  p ro f i le s  of n u c le i produced by sectioning  w i l l  f a l l  

in to  s iz e  c la sses  depending on the  s ize  of the whole nucleus.

Fig. 5

0  = 5 r~

i
0 : 10

Fig. 2.41: Profile size distribution for spheres of varying size D.
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P r o f i l e  s i z e  d i s t r ib u t io n  i f  a m ix ture  o f spheres o f v a ry in g  s i z e  i s  
sectioned

From f ig u re  5 i t  can be seen  th a t  in  g e n e ra l each p r o f i l e  c la s s  

receives p ro f i le s  from spheres whose diameter a re  la rg e r  or equal to  th e  

s iz e  of these  p ro f i le s .  Thus in histograms prepared in  th is  s tu d / where 

a percentage o f n u c le i appear to  have a mean nuclear area more towards 

the 2n p lo idy  c la s s ,  seme may have been 4n p lo idy  c la s s  n u c le i sectioned 

away from th e  equator.

The number of p ro f i le s  provided by each sphere s ize  c la s s  depends 

on th e  p r o b a b i l i t y  o f  o b ta in in g  a p r o f i l e  from th e  spheres in  each 

c la ss .

When c o n s id e r in g  sp h e res  of a p a r t i c u l a r  ra d iu s  i t  has been 

m athem atically c a lc u la te d  th a t  th e  num erica l d e n s ity  o f th e  p r o f i l e s  

derived from such spheres is  proportional to  the numerical density  of 

the spheres m ultip led  by th e i r  diameter

. * . Naj = Nvj . 2Rj

By fu rth e r  mathematical c a lcu la tio n s  described in  d e ta i l  by Weibel 

(1979) in S te reo lo g ica l Methods fo r B iological Morphometry, p.58, i t  is  

p o s s ib le  to  e x p re ss  th e  p r o f i l e  frequency as num erical d e n s i t i e s  p e r 

u n i t  s e c t io n  a re a  as in  F igu re  6 as seen fo r  th re e  d i f f e r e n t  sp h ere  

s iz e s  and from t h i s  c o n s tru c t  th e  correspond ing  o v e r a l l  p r o f i l e  s iz e  

d is tr ib u tio n  which is  shown in the la s t  histogram.
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Fig. 2.42: Mixture of spheres of three size classes results in compound size distribution 
of profiles.

This w i l l  enable c a lc u la tio n s  of what th e  tru e  p ro f i le  d is tr ib u tio n  

should be i f  varying sized  spheres are sectioned. However in th is  study 

i t  is  the  consideration  of how to  determine th e  tru e  nuclear size  from 

th e  observed  n u c le a r  a re a s  on th e  s e c t io n s  which i s  o f p a r t i c u l a r  

i n t e r e s t  and th c s  may be m a th em a tica lly  c a lc u la te d  u sing  accep ted  

s te re o lo g ic a l methods using the p ro f i le  s iz e  d is tr ib u tio n  obtained by 

measurements f i r s t  described, an example of which w ill now be described.

D e riv a tio n  o f sphere  s iz e  d i s t r ib u t io n  from a measured p r o f i l e  s iz e  
d is tr ib u tio n

By knowing th e  p r o f i l e  s iz e  d i s t r ib u t i o n  i t  i s  p o s s ib le  to  

ca lcu la te  the  sphere s ize  d is tr ib u tio n  in the  following manner.
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Fig. 2.43: Principle for deriving particle size distribution from profile size distribution.

Fig. 7

Taking Figure 7 i t  can be seen th a t the  la rg e s t p r o f i le  s ize  (12) 

has re c e iv e d  p r o f i l e s  from th e  l a r g e s t  sphere  c l a s s  o n ly . By 

m athem atically c a lc u la tin g  the numerical density  of the p ro f i le s  in  the  

la rg e s t c la ss  (m) using the formula

Nvm “  I 2 t a / ( 2 » - l > ]

( fo r  f u r th e r  d e t a i l s  see  W eibel (1979) S te re o lo g ic a l  Methods fo r  

B io log ical Morphology, pp.59-60)7 'the p r o f i l e  numbers contributiAcj to  

s m a lle r  s iz e  c la s s e s  then  th en  be c a lc u la te d  and s u b tra c te d  from th e  

histogram. This leaves the histogram with the  la rg e s t p ro f i le s  now in 

c la ss  11 (m-1). The numerical d e n s itie s  are then c a lcu la te d  for spheres 

in c la s s  11 and th e ir  con tribu tion  subtracted  from the histogram u n t i l  

the histogram is exhausted.

T his i s  a ve ry  cumbersome and ra th e r  in a c c u ra te  method to  use  as 

th e  whole method r e l i e s  on one v a lu e , i .e .  th e  l a r g e s t ,  to  base th e  

c a l c u la t io n s  on th roughou t th e  e n t i r e  method. I t  i s  now p o s s ib le  by 

computation, devised by W icksell (1925) and Saltykov (1958) to  measure
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p ro f i l e  f re q u e n c ie s  and o b ta in  th e  frequency d is tr ib u tio n  o f spheres. 

D etails of th is  procedure w ill  now be discussed.

Reconstruction o f the  frequency d is tr ib u tio n  of p a r t ic le  s iz e  from th a t 
of p ro f i le s

Procedures fo r reconstructing  a p a r t ic le  size  d is tr ib u tio n  from a 

measured p r o f i le  s iz e  d is tr ib u tio n  a re  based on what is  seen in Figure 6 

in th a t : -

(1) p r o f i l e s  o f a c e r ta in  s iz e  c la s s  ( i)  may be d e riv e d  from a l l  

spheres of s iz e  c la sses  j  ^ i.

(2) a g iven sphere o f size  c la s s  j  con tributes to  a l l  p ro f i le  c la sse s  

L ^ j in  p ro p o r tio n  to  th e  p r o b a b i l i ty  o f o b ta in in g  t h i s  p r o f i l e  

s iz e ,  which decreases as the p ro f ile  becomes sm aller.

U sing  a p ro c e d u re  b a sed  on W ic k s e l l 's  (1925) m ethod o f  

reconstruction  allow ing for f in i t e  section  thickness ( t) , Waibel (1979) 

described the  m ate ria l procedure in v o lv e d  using  th e  com puter program 

developed from W icksell (1925) by Bandhuin (1968).

This is  e s se n tia lly

(1) Record s ize  d is tr ib u tio n  of p ro f ile s . I f  using the  W icksell method 

th e  d iam ete r c l a s s  of th e  c i r c l e  is  reco rded  which b e s t  f i t s  th e  

p r o f i l e .  I f  u sing  th e  S a lty k o v  type determ ine between which two 

c i r c l e s  th e  p r o f i l e  f i t s  and reco rd  th e  d iam eter o f  th e  l a r g e s t .  

With between 12-15 c la sse s , a few hundred p ro f ile s  are  measured to  

g ive  adequate p recision  in the analysis.

(2) C a lcu la te  numerical d e n sitie s  of p ro f i le s , p lo t  as a histogram and 

c o rre c t for missing small p ro f i le s . Amend the ta b le .
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(3) Estimate sec tion  th ickness and decide i f  i t  should be considered. 

I f  so  make th e  c o r r e c t i o n  u s in g  th e  a p p r o p r ia te  t a b l e  o f  

c o e ff ic ie n ts  devised by Cruj-Qrive (1978).

(4) C orrection fo r missing more p ro f i le s  is  checked to  see whether many 

p ro f ile s  ware m issing.

Figure 8 is  the  r e s u l t  o f a p ra c tic a l ap p lica tio n  to  th is  approach 

to  the siz ing  of hepatocyte nu c le i.

■ W eibel e t  a l .  (1969) d u rin g  a study  c o r r e la te d  m orphom etric and 

biochemical s tu d ies  on the  l iv e r  c e l l s .  The top panel shows the  o rig in a l 

frequency d i s t r ib u t io n  o f  observed  p r o f i l e s  (c ro ss-h a tch ed ) and th e  

p ro f i le  d is tr ib u tio n  a f te r  correction  for missed sm all p ro f i le s  and fo r 

section  thickness. The bottom panel repo rts  r e s u l t  of unfolding th is  

p r o f i l e  s i z e  d i s t r ib u t io n  ( r e c o n s t i tu t io n  acco rd ing  to  th e  W ickse ll 

procedure).

Thus w hile th is  reconstruction  technique was not completed in  the  

present study i t  i s  demonstrated by these authors th a t such c a lc u la tio n s  

are  p o ss ib le , th is  should be remembered when in te rp re tin g  the  r e s u l ts  in 

the present study.

F ig. 5.17: Estimation of the size distribution of hepatocyte nuclei from a section profile 
distribution by Wicksell transformation according to Haudhuin (1968). (Reproduced 
by permission from Weibcl el al.. 1969.)

Fig. 8
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3.4 Consideration o f thickness o f the section

The f in i t e  sec tio n  thickness (t) increases the number of p ro f i le s  

in  the la rg e s t  p r o f i le  s ize  c la s s  derived from any p a r t ic u la r  p a rtic le .. 

From Figure 9 i t  can be seen th a t  the  la rg e s t  p r o f i le  s iz e  c la s s  w i l l  be 

increased in proportion to  t/(EH-t) as shown in  Figure 10.

I f  se v e ra l p a r t i c le  s iz e  c la sse s  are p resent then th is  e f fe c t  w i l l  

r e s u l t  in  an e x c e s s iv e  p r o f i l e  number in  a l l  s iz e  c la s s e s  t h a t  

correspond to  the  p a r t i c le  s iz e  d is tr ib u tio n . Whereas most methods fo r 

c rea tin g  information on p a r t ic le s  from p ro f i le  s ize  d is tr ib u tio n  requ ire  

th e  p a r t i c l e s  to  be c u t  by  t r u e  s e c t io n  p la n e s ,  most r e a l  p r o f i l e  

s iz e  d i s t r ib u t i o n  w i l l  be a l t e r e d  by s e c t io n  th ic k n e ss  e f f e c t  in  th e

la rg e r  c la s s e s .

I t  i s  p o s s ib le  to  c o r r e c t  th e  a c tu a l  o v e r-o b se rv e d  p r o f i l e  s iz e  

d i s t r ib u t io n  (com pleted  fo r  m issing  sm a ll p r o f i l e s )  fo r  th e  o v e r

estim ation of la rge  p ro f ile s  due to  section  thickness e f fe c t .

Using methods o f Bach (1959; 1967) o r W ick se ll (1925) i t  i s  

p o ss ib le  to  c o rre c t fo r th is  fac to r and Weibel described an approximate 

procedure,, d e ta ils  of which are given in pages 176-180.

remembered
As no c o r r e c t io n  was made in  th is  s tu d y , t h i s  must be in  th e

A
in te rp re ta tio n  of re s u l ts .

Summary

Thus, in summary, when considering various aspects of the  p resen t 

stu d y ,, in  view  o f th e  morphometric a n a ly se s  undertaken i t  sh o u ld  be 

noted where s te reo lo g ica l analysis was not undertaken.

Geometric p ro b ab ility  and random section ing  were not considered.
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Fig. 2.40: Graphical construction of frequency distribution of profile size classes.

Fig. 9

Fig. 10

Fig. 5.10: Demonstration that the frequency of profiles in largest class alone is increased 
in proportion to r/D (compare with Fig. 2.40).
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When a sp e c ts  r e l a t i n g  to  n u c le a r  s iz e  were co n sid ered  w h ile  

r e c o n s tru c tio n  c o r r e c t io n s  were n o t made, when s e le c t in g  n u c le i  f o r  

inc lusion  in the Quantimet 720 image an a ly sis  only nu c le i which showed 

d is t in c t  n u c le o li were included and where the  nuclear o u tlin e  was i l l -  

defined, the  nucleus was excluded. These a re  known to  correspond: th e  

former to  a nucleus sectioned nearer i t s  "equator" and the  l a t t e r  c lo se r  

to  th e  n u c le a r  p o le ,  th e  i l l - d e f i n i t i o n  being th e  r e s u l t  o f th e  

concentration of heterogenous chromatin a t  the periphery o f the  nucleus. 

This basic p r in c ip le  of choosing a nucleus was described by Ingram and 

Grasso (1985; 1987). However these correction  fac to rs availab le*  should 

be borne in mind when considering the re s u lts  from the present study.

Correction of thickness of sec tion  was not made in th is  study. This 

has to  be borne in  mind in  r e l a t i o n  to  th e  r e s u l t s  bu t th e  

rep ro d u c ib ility  of sec tion  thickness per se was the u ltim ate  aim o f the  

rigorous a tten tio n  to  d e ta i l  in  the  p reparation  of sections as a lready  

described (A .I I I l) .

Various s te re o lo g ic a l methods have been shown to  be su c ce ss fu lly  

enployed w hile ch arac te ris in g  the  basic p ro p erties  of l i v e r  c e l l s ,  the  

e f f e c t s  which occur in  h e p a to cy tes  fo llow ing phenobarbitone treatm ent 

(Weibel e t  a l . ,  1969; S ta u b l i  e t  a l . ,  1969), <7Aclmore r e c e n t ly  d u ring  

morphometric stud ies o f the l iv e r  c e l l  nuc le i in l iv e r  c e l l  hepatomas 

using computer-aided stud ies which measure nuclear size  and shape (Jagoe 

e t  a l . ,  1982; 1984).

W hile th e se  s t e r e o lo g ic a l  a n a ly se s  were not undertaken in t h i s  

present study, i t  must be remembered th a t  the  basic p r in c ip le  employed 

where necessary in th is  study, namely th a t an area measured in a section
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i s  p rop ortion a l t o  i t s  volume, has been w e l l  documented by s t e r e o lo g i c a l  

methods.

Thus t h e  method u sed  in  t h i s  s tu d y  when em p loy in g  t h i s  c o n c e p t  

rather than more com plicated  s t e r e o lo g i c a l  methods to  determine a c tu a l  

n uclear  s i z e  frcm th e  r e p r e se n ta t iv e  nuclear  p r o f i l e s ,  has enabled the  

c h a n g es  produced  by p o r t a l  v e i n  l i g a t i o n ,  p a r t i a l  hepatectom y and PB 

treatment in  hypophysectcmised animals to  be demonstrated.
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