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ü
F A C T O R S  A F F E C T I N G  T I S S U E  G R O W T H  

JAMES F . CAIRNEY, N I .B . ,  C h .B .

A s tu d y  has been undertaken  o f va rio u s  fa c to rs  w h ic h  a f fe c t  the  

g row th  o f t is s u e .  I t  has been know n fo r  ove r a c e n tu ry  th a t ,  w hen 

one o f the  k id n e y s  o f a la b o ra to ry  a n im a l o r o f a human b e in g  is  

d ise a se d  or has been s u rg ic a lly  rem oved, its  p a rtn e r undergoes 

com pensa to ry  g ro w th . T h is  phenom enon is  term ed com pensa to ry  

re n a l h yp e rtro p h y  and has been used as the  b a s ic  e x p e rim e n ta l m ode l 

in  the  p resen t in v e s t ig a t io n , The in d e x  o f g row th  used in  these  

s tu d ie s  w as som etim es to ta l  re n a l w e ig h t,  o r to ta l re n a l w e ig h t 

re la t iv e  to  bod y  w e ig h t and on o the r o ccas ions  k id n e y  co m p o s itio n  

w as e s tim a te d  b y  m ak ing  use o f the  fa c t th a t in  th e  k id n e y  the  DNA 

co n te n t pe r c e l l  is  c o n s ta n t. An e s tim a tio n  o f the  DNA co n te n t o f 

the  k id n e y ,  th e re fo re , w i l l  g iv e  an In d ic a tio n  o f the  num ber o f c e ils  

.p re se n t, and b y  re la t in g  o th e r c e l lu la r  c o n s titu e n ts  to  D N A , an 

in d ic a t io n  can  be o b ta in e d  o f the  average  c e l l  c o m p o s itio n . Some 

expe rim en ts  w e re  a ls o  perfo rm ed in  v it r o  us ing  a d u lt  ra t k id n e y  c e lls  

oa m ic ropore  f i l te r s  and fo rm in g  a b io c h e m ic a lly  v ia b le  

c o lo n y ; in  th e se  expe rim e n ts  g row th  was e s tim a ted  by  a s s a y  o f the  

in c o rp o ra tio n  o f ra d io a c t iv e  Iso to p e  in to  D N A, RNA and p ro te in .

I t  has been show n th a t the  c o rre la t io n  be tw een to ta l re n a l w e ig h t 

and ra t body  w e ig h t is  no t p a r t ic u la r ly  good , w hereas th a t be tw een 

l iv e r  w e ig h t and ra t b od y  w e ig h t is  good; the c o rre la t io n  be tw een
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th e  d ry  w e ig h t o f the  k id n e y s  and ra t body  w e ig h t is  fa ir ly  good as 

is  th a t be tw een the  d ry  w e ig h t o f the  l iv e r  and body w e ig h t .  The 

b e s t c o r re la t io n  be tw een  the  va r io u s  param eters Is th a t be tw een  the  

d ry  w e ig h t o f th e  k id n e y s  and the w e ig h t o f the  l iv e r .

In  se e k in g  the  s tim u lu s  to  the  com pensa to ry  g row th  w h ic h  occurs 

a fte r  rem ova l o f one k id n e y ,  changes in  the  p h y s io lo g ic a l and 

b io c h e m ic a l s ta te  o f the  ra t have been in v e s tig a te d  a f te r  u n ila te ra l 

n e p h rec to m y. In  fa c t ,  ve ry  l i t t le  change occurs in  the  more 

im po rtan t p h y s io lo g ic a l and b io c h e m ic a l param eters fo llo w in g  u n ila te ra l 

n ep h rec to m y . There is  no a lte ra t io n  in  p lasm a sodium  le v e ls  in  the  

f i r s t  48 hours a fte r  u n i la te ra l nephrectom y in  the  ra t w hen com pared 

to  sham ope ra ted  a n im a ls .  Both nephrec tom ized  and sham opera ted  

ra ts  have an e le v a te d  pH 16 hours a fte r  u n ila te ra l nephrectom y; the  

in d ic a tio n s  are th a t th is  occurs  as a re s u lt  o f h y p e rv e n tila t io n  

c a u s in g  lo ss  o f C O ^ . Plasma am ino a c id  a n a ly s is  has show n a 

re v e rs a l o f th e  no rm a l g lu ta m in e /g lu ta m a te  ra tio  w ith  a m arked f a l l  

in  the  p lasm a g lu ta m in e  le v e l and a co rrespond ing  in c re a se  in  the  

plasm a g lu ta m a te  le v e l;  th is  is  p resen t o n ly  a t 14 hours a f te r  

u n ila te ra l n e p h re c to m y . There is  no c o n s is te n t a lte ra t io n  in  the  

b lo o d  am m onia le v e l in  the  f i r s t  48 hours a fte r  u n ila te ra l neph rec tom y. 

There is  no s ig n if ic a n t  in c re a se  in  the  am id o tra n s fe ra se  a c t iv i t y  o f 

th e  re m a in ing  k id n e y  48 hours a fte r  u n ila te ra l n ep h rec to m y . H o w e ve r, 

th e re  is  a s u s p ic io n  th a t sham ope ra tion  depresses the  le v e l o f 

k id n e y  a m id o tra n s fe ra se  a c t iv i t y .  U n ila te ra l nephrectom y causes no
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im m ed ia te  a lte ra t io n  in  the  le v e l o f a r te r ia l b lood  p re s s u re . T hus , 

the re  is  l i t t le  in d ic a t io n  o f w h a t m igh t be the  s tim u lu s  to  com pensatory- 

re n a l h y p e rtro p h y .

G row th  o f the  k id n e y  m igh t th e o re t ic a l ly  be m o d ifie d  b y  v a rio u s  

d ie ta ry  and p a re n te ra l means . I t  has been shown th a t the  repea ted  

in tra ve n o u s  in je c t io n  o f a u re a /s a lin e  m ix tu re  has no e ffe c t on re n a l 

w e ig h t or c o m p o s itio n  in  the  o th e rw is e  In ta c t ra t and produces no 

a lte ra t io n  in  the  no rm a l g row th  response  o f the  k id n e y  re m a in in g  a fte r  

u n ila te ra l ne p h re c to m y . The a d m in is tra tio n  o f excess q u a n tit ie s  o f 

sod ium  c h lo r id e  or p o tass ium  c h lo r id e  in  the  d ie t does not in c re a se  

k id n e y  w e ig h t in  th e  r a t . The a d m in is tra tio n  o f a d ie t  h ig h  in  the  

p ro te in  g e la t in  p roduces an in c rea se  in  re n a l w e ig h t in  the  ra t and in 

a d d it io n  in c re a se s  the  RNA and p ro te in  con ten ts  o f the  k id n e y .  The 

changes in  k id n e y  c o m p o s itio n  are  s im ila r  to  those  w h ic h  o c c u r in  

the  k id n e y  re m a in in g  a f te r  u n ila te ra l nephrectom y b u t are no t id e n t ic a l 

s in c e  g e la t in  does not produce the  in c re a se  in  RNA/100 mg or p ro te in /  

100 mg w h ic h  is  found  a f te r  u n ila te ra l nephrectom y b u t does produce 

a m arked in c re a se  in  mean c e l l  m ass; th is  suggests  the  a c c u m u la tio n  

o f some o th e r subs tance  w ith in  the  c e l l ,  perhaps w a te r .  A d ie t 

c o n ta in in g  a q u a n tity  o f g ly c in e  e q u iv a le n t to  th a t w h ic h  is  co n ta in e d  

in  th e  g e la tin -s u p p le m e n te d  d ie t  causes an in c rea se  in  k id n e y  w e ig h t 

o f much s m a lle r  o rder than  th a t p roduced b y  g e la t in ; a n a ly s is  o f the  

k id n e y s  show s an In c re a se  in  RNA and , in te re s t in g ly  enough, an 

in c re a s e  in  mean c e l l  m ass, i . e .  the  g row th  Is o f the  same typ e  as



th a t p roduced b y  g e la t in  and seems once more to  be o f a d if fe re n t 

typ e  to  th a t w h ic h  occu rs  in  the  k id n e y  rem a in ing  a fte r  u n ila te ra l 

n ep h rec to m y . The am ino  a c id  a rg in in e  H C l causes an in c re a se  in  

k id n e y  w e ig h t and a m arked f a l l  in  bod y  w e ig h t and a f a l l  in  l iv e r  

w e ig h t p ro p o r t io n a lly  g re a te r than  the  f a l l  in  body w e ig h t; the  

am ino  a c id  a rg in in e - fre e  base  causes no in c rea se  in  k id n e y  w e ig h t 

b u t produces an in c re a s e  in  the  k id n e y  w e ig h t/b o d y  w e ig h t r a t io .  

P resum ab ly  a rg in in e  is  to x ic  to  the  ra t in  la rge  q u a n tit ie s ;  the  

in c re a se  in  re n a l w e ig h t found a fte r  feed ing  a rg in in e  H C l m ust be due 

to  a m e ta b o lic  a c id o s is  induced  b y  H C l.  -

The a d m in is tra t io n  o f sodium  and po tass ium  c it ra te  a ls o  a ffe c ts  

k id n e y  w e ig h t and c o m p o s it io n . Po tassium  c itra te  g iv e s  an a c tu a l 

in c re a se  in  re n a l w e ig h t as w e l l  as a re la t iv e  in c re a s e , i . e .  i t  a ls o  

Inc re ases  th e  re n a l w e ig h t/b o d y  w e ig h t ra tio ; i t  shows an in te ra c t io n  

w ith  g ly c in e  In re d u c in g  re n a l RNA co n te n t and in  in c re a s in g  the 

RNA/DNA r a t io .  I t  w o u ld  appear th a t the  re d u c tio n  in  RNA caused 

b y  a d ie t h ig h  in  p o ta ss iu m  c it ra te  is  due to  its  a b i l i t y  to  a c t as an 

a lk a l in iz in g  ag e n t w he reas  the  in c rea se  in  the  RNA/DNA ra t io  in  the  

k id n e y s  o f ra ts  fed  a d ie t  h igh  .in g ly c in e  as w e ll  as p o tass ium  c itra te  

suggests  the  in te rp la y  o f some o th e r fa c to r ,  perhaps o ve rh y d ra tio n  o f 

th e  c e l l .  The re d u c tio n  in  body  w e ig h t found a fte r  po tass ium  c it ra te  

a d m in is tra tio n  seems to  be due to  the  po tass ium  ions  s in c e  sod ium  

c it ra te  has no e f fe c t  on ra t body  w e ig h t b u t shows the  same e ffe c t as 

po tass ium  c it r a te  on k id n e y  w e ig h t w hen fed  a long  w ith  g ly c in e .

i



Sodium a c e ta te  causes an in c re a se  in  re n a l w e ig h t w h ic h  is  o f 

the  same o rder as the  in c rea se  in  the  re n a l w e ig h t/b o d y  w e ig h t ra tio  

w hereas po tass ium  a c e ta te  causes o n ly  an in c re a se  in  the  re n a l 

w e ig h t/b o d y  w e ig h t r a t io ,  i . e .  po tass ium  a ce ta te  causes a g re a te r 

f a l l  in  body w e ig h t th a n  po tass ium  c it r a te .  Po tassium  c it ra te  has 

no e ffe c t on the  k id n e y  l ip id  c o n te n t. An in c re a se  in  the  

g lu cu n e o g e n ic  a c t iv i t y  o f the  ra t p roduced b y  fe ed ing  a h ig h  fa t d ie t 

has been show n to  cause  no in c rea se  in  k id n e y  w e ig h t o r l iv e r  

w e ig h t.  H o w e ve r, a h igh  fa t p ro te in  free  d ie t causes an in c re a se  

in  the  l iv e r  w e ig h t/b o d y  w e ig h t ra t io ,  b u t does not a f fe c t  the  k id n e y  

w e ig h t or the  k id n e y  w e ig h t/b o d y  w e ig h t ra t io .

The h y p o th e s is  th a t com pensa to ry  re n a l hype rtro phy  is  In it ia te d  

b y  a hum ora l subs tance  has been in v e s tig a te d  b y  an in  v it r o  

te c h n iq u e  in v o lv in g  a d u lt  ra t k id n e y  c e l ls  agg re ga ting  on m icropore  

f i l t e r s .  E v idence  has been found fo r th e  presence o f such  a 

subs tance  in  the  b lo o d  o f neph rec tom ized  ra ts  du ring  the  p resen t 

in v e s t ig a t io n .  The reason  fo r  the  fa ilu re  to  dem onstra te  the  presence 

o f th is  fa c to r  o r fa c to rs  in  p rev ious  In v iv o  expe rim ents  has a ls o  been 

e x p la in e d ; the  c o n c e n tra tio n  o f p lasm a requ ired  to  p roduce a 

p o s it iv e  re s u lt  is  such as cou ld  no t be ob ta ined  b y  tra n s fe r  from one 

a n im a l to  a n o th e r.

In  a d d it io n ,  2 e x p e rim e n ta l m odels p re v io u s ly  found  to  in c re a se  

the  g row th  o f th e  k id n e y  rem a in ing  a fte r  u n ila te ra l nephrectom y have
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been r e - in v e s t ig a te d . S im u ltaneous p a r t ia l hepa tectom y has no 

e ffe c t on com pensa to ry  re n a l hype rtro phy  in  the  ra t; , a ls o ,  

s im u ltan eous  u n ila te ra l nephrectom y has no e ffe c t on th e  ra te  o f 

g row th  o f the  l iv e r  fragm en t rem a in ing  a fte r  p a r t ia l hepa te c to m y in  

the  r a t .  T h is  d isp ro ve s  the  présence o f g e n e ra l g row th  p ro m o tio n a l 

agen ts  in  the  b lo o d . S im u ltaneous re n a l den e rva tion  and 

c o n tra la te ra l nephrectom y has been show n to  produce pro found  

changes in  th e  p h y s io lo g ic a l s ta te  o f the  ra b b it ,  ca u s in g  

h yp e rn a tra e m ia , h y p o c a ic a e m ia , a f a l l  in  PCV and acu te  re n a l 

n e p h ro c a lc in o s is  . These changes in v a lid a te  the  use o f th is  

e x p e rim e n ta l m odel in  the  s tu d y  o f com pensa to ry  re n a l h y p e rtro p h y .

Fu tu re  w o rk  shou ld  be d ire c te d  tow ards is o la t in g  and 

c h a ra c te r is in g  the  hum ora l a g e n t, tow ards  s tu d y in g  the  e a r lie s t  

changes in  RNA m e ta bo lism  in  the  k id n e y  rem a in ing  a f te r  u n ila te ra l 

nephrectom y and d u rin g  the  a d m in is tra tio n  o f g e la t in ,  g ly c in e ,  

c it ra te  and a c e ta te  s a lts  and tow ards in v e s tig a t in g  the  p o s s ib le  

e ffe c ts  on c e l l  and body  g row th  o f v a r ia t io n s  in  th e  c e l lu la r  and 

e x tra c e llu la r  c o n c e n tra tio n s  o f sod ium , po tass ium  and w a te r .

R eference

M a lt ,  R. a . (1969) : New Eng. J. M e d . 280 , 1446 .
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S E C T I O N  1

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



C O M P E N S A T O R Y  R E N A L  H Y P E R T R O P H Y

1.1  ; GENERAL INTR O D UCTIO N

T o ta l nep h re c to m y  is  fo llo w e d  b y  dea th  w ith in  a few  days ; 

h o w e ve r, the  re m o v a l o f one k id n e y  is  p e r fe c t ly  c o m p a tib le  w ith  a 

n o rm a l l i f e  span  (H in m a n , 1943) .  I f  one k id n e y  is  d ise a se d  to  the  

p o in t o f a tro p h y , i t s  p a rtn e r show s a co rre spond ing  h y p e rtro p h y .

T h is  h y p e rtro p h y  is  a ls o  seen a f te r  s u rg ic a l rem o va l o f a k id n e y ; 

the  p rocess  is  c a lle d  C o m pe nsa to ry  Renal H yp e rtro p h y  and has been 

under in v e s t ig a t io n  s in c e  i t  w as f i r s t  d e sc rib e d  b y  Rayer in  1841 

(B ra u n -M e n d e n e z , 1952) .

1 . 2  : STRUCTURAL ASPECTS OF COMPENSATORY

RENAL HYPERTROPHY

1 . 2 . 1  : R ena l M a s s

M a n y  o b s e rv a tio n s  o f th e  Inc re ase  in  re n a l mass fo llo w in g  

u n ila te ra l nep h rec to m y have been made and the  m ost im p o rta n t o f 

th e se  a re  show n in  T ab le  1 . D e s p ite  in e v ita b le  b io lo g ic a l v a r ia t io n ,  

th e re  appears  to  be  g e n e ra l agreem ent abou t th e  ra te  o f h y p e rtro p h y .

In  the  ra t -  th e  m ost s tu d ie d  s p e c ie s  -  the re  is  a tru e  in c re a s e  in  

d ry  mass o f th e  o rde r o f 3% a f te r  24 h o u rs . Reported in c re a se s  o f 

w e t mass o f 17% a f te r  one day in  th e  ra t and 1 0 - 2 0 %  a f te r  tw o  hours 

in  the  ra b b it  a re  ra th e r  more than  a ve ra g e , and changes in  w e t 

w e ig h t g e n e ra lly  p a ra l le l changes in  d ry  w e ig h t.  A fte r  the  f i r s t  day 

g ro w th - is  ra p id ,  30 - 4 0 %  a t the  end o f one w e e k , 50% a t 17 - 4 0  d a y s ,



TABLE 1

In v e s tig a to r (s ) D a te S pecies
Body W e ig h t 

(g)

O bserved  W e ig h t 
In c re a s e  in  the 

R em ain ing  K idne y

K u rn ic k 1955 Rat 160-240
3% a t 1 day 
40% a t 18 days

B ecker
and
Ogawa

1959 Rat 180
11% a t 3 days 
35% a t 10 days 
44% a t 17 days

M o n tfo r t  and 
P e rez -T a m ayo

1962 Rat 79 -159
22% a t 10 days 
39% a t 20 days

A dd is  and Lew 1940 Rat None g iv e n 70% a t 40 days

Straub er 
and Patt

1961 M o u se V arious
40% a t 14 days 
50% a t 26-36  days

F a je rs 1957 R abb it 1500-2800
S ig n if ic a n t  a t 1 day 
2 0% a t 10 - 20  days

A d d is , M y e rs  
and O liv e r

1924 R abbit None g ive n 58% a t 15 -33  days 
66% a t 106-126  days

The e f fe c t  o f u n i la te ra l nephrectom y on the  w e ig h t o f the  

re m a in in g  k id n e y .



and  70% in  th e  lo n g e s t in te rv a ls  in c lu d e d  in  e x p e rim e n ta l s tu d ie s .  

S im ila r  re s u lts  have been o b ta in e d  in  m ice and ra b b its ,  w ith  s m a lle r  

in c re m e n ts  in  the  d og ,

1 . 2 . 2  : G ro w th  o f the  N ephron : H is to lo g y

No new nephrons are  form ed du rin g  com pensa to ry  g ro w th  even i f  

u n i la te ra l nephrec tom y is  c a rr ie d  ou t in  the  n e o n a ta l p e r io d . The 

d ia m e te r o f the  g lo m e ru li doub les  or t r ip le s ,  b u t no new g lo m e ru li

a re  fo rm e d . H ira m o to , B e rnecky and Jurand (1962) have show n th a t

g lo m e ru li u n ifo rm ly  la b e lle d  w ith  a n t i- r a t  k id n e y  serum  show no 

d i lu t io n  w ith  u n la b e lle d  g lo m e ru li even a f te r  seven  m onths in  the  

re n o p r iv a l s ta te .  C om pe nsa to ry  g row th  c o n s e q u e n tly  c o n s is ts  o f 

g ro w th  o f the  nephrons a lre a d y  p re s e n t.

1 . 2 . 3  : M  I to t lc  In d e x

M o s t g row th  o f  the  tu b u le s  is  accoun ted  fo r  b y  h y p e rtro p h y , 

i . e .  in c re a s e  in  c e l l  s iz e ,  b u t h y p e rp la s ia , i . e .  in c re a s e  in  c e l l  

num ber, a ls o  o c c u rs . Johnson and Vera Rbman (1966) repo rt th a t in  

th e  ra t a t f iv e  days a f te r  u n ila te ra l nephrectom y a 7% in c re a s e  in  

re n a l c e l l  num ber a c c o u n ts  fo r  25% o f the  g ro w th , h yp e rtro p h y  

a c c o u n tin g  fo r  the  re m a in in g  7 5%.

The ra te  o f c e l l  d iv is io n  in  the  no rm a l a d u lt  ra t k id n e y  is  v e ry  

lo w . F ranck (1960) repo rts  i t  as 15 to  40 per 100 ,000  and Goss  

and R ankin  (1960) as 24 pe r 1 0 0 ,00 0 .  M c C re ig h t and S u lk in  (1959) 

re p o rt th e  m ito t ic  fre q u e n cy  as 100 pe r 100,  000 in  the  p ro x im a l 

tu b u le  o f young a d u lt  ra ts ,  fa l l in g  to  25 per 100,  000 in  s e n ile  r a t s .



A rg y r is  and  T r im b le  (1964 ), u s in g  c o lc h ic in e  to  a rre s t m ito se s  in  m ice  

k id n e y ,  found  a m ito t ic  fre q u e n cy  tw ic e  as h ig h  in  m a les  as in  

fe m a le s . In  th e  n o rm a l k id n e y  the  m ito t ic  ra te  is  know n  to  v a ry  w ith  

th e  t im e  o f th e  d a y , B lu m e n fe ld  (1942) and W il l ia m s  (1961) b o th  

p la c e  th e  m axim um  a t be tw een  2 and 4 p . m .  b u t ,  w hereas  B lum en fe ld  

p la ce s  the  m in im um  a t 1 0 - 1 2  p . m . ,  W il l ia m s  (1961) pu ts  i t  a t 6 -  8 

a . m .  Z akh a ro v  (1961) has a ls o  found  m ito t ic  fre q u e n cy  h ig h  in  the  

m orn ing  and lo w  a t n ig h t .  T h is  ty p e  o f d iu rn a l v a r ia t io n  is  a ls o  

found  in  o th e r o rg a n s , n o ta b ly  the  l iv e r  (Ja ffe , 1954) .  M ito s e s  are  

m ost num erous in  the  p ro x im a l tu b u le s , le a s t num erous in  th e  d is ta l  

tu b u le  and  c o l le c t in g  d u c ts  and in te rm e d ia te  in  th e  a s c e n d in g  lim b s  

o f th e  loops  o f H e n le  (W il l ia m s ,  1961).

F o llo w in g  neph rec to m y th e re  is  an in c re a se  in  m ito t ic  a c t iv i t y ,  

g e n e ra lly  in  th e  ra t in  a b u rs t o c c u rr in g  on th e  second day (R o lla s o n , 

1949) .  Some in v e s tig a to rs  no te  tw o  peaks o f m ito t ic  a c t iv i t y ,

O gawa and S in c la ir  (1958) and F ranck (1960) re p o rt one a t tw o  days 

and a n o th e r on the  se ve n th  d a y . S u lk in  (1949) re p o rts  tw o  p e a ks , 

one a t th re e  days  and the  second  a t te n  days . W il l ia m s  (1961) 

re p o rts  th e  p rim a ry  m ito t ic  response  a t 40 h o u rs , w ith  a s m a lle r  

se co n d a ry  respon se  a t 3 -  4 d a y s .

The m agn itude  o f the  response  is  no t g re a t.  F ra n c k  (1960) and 

G oss and R ankin  (1960) re p o rt th e  m ito t ic  ra te  as 3 -  6 t im e s  n o rm a l, 

A rg y r is  and T r im b le  (1964) ,  u s in g  c o lc h ic in e  to  a rre s t m ito se s  in  

m ic e , found  a se x  d if fe re n c e , the  in c re a se  b e in g  e le v e n fo ld  in  m ales



a nd  f iv e fo ld  In  fe m a le s . M c C re ig h t and S u lk in  (1959) in v e s tig a te d  

age  d iffe re n c e s  and re p o rt a s e v e n fo ld  in c re a se  in  young  ra ts  and 

f i v e -  to  s ix fo ld  in  s e n ile  r a t s .  B ugge-A sperhe im  and K iE f (1968a) 

re p o rt an e ig h t fo ld  in c re a s e  in  th e  dog and a fo u r fo ld  r is e  has been 

re p o rte d  in  ham ste rs  b y  R e ite r (1 9 6 8 ).

The d is t r ib u t io n  o f th e  m ito t ic  in c re a se  fo llo w s  th e  same p a tte rn  

as  in  th e  n o rm a l k id n e y .  I t  is  h ig h e s t in  th e  c o r te x , p a r t ic u la r ly  

th e  tu b u la r  c e l ls  (C arno t and M a y , 1938; Ogawa and S in c la ir ,  1958) 

The o u te r m e d u lla  responds to  a le s s e r  e x te n t and th e  in n e r m edu lla  

h a rd ly  a t  a l l .

1 . 2 . 4  F ine  S truc tu re

In  the  ra t c y to p la s m ic  b a s o p h ilia  in te n s if ie s  w ith in  hours and 

soon a f te r  th e  num ber o f free  ribosom es and s m a ll v e s ic le s  in  th e  

p ro x im a l tu b u le  in c re a s e s . The c is te rn a e  o f the  rough endoplasm ic 

re tic u lu m  d i la te ,  th e  G d g i membranes and th e  a g ra n u la r  re tic u lu m  

p ro life ra te  and  a t 96 hou rs  th e re  is  a fu rth e r in c re a s e  in  th e  num ber 

o f c y to p la s m ic  r ib o s o m e s . In  th e  c o r t ic a l p o rt io n  o f th e  c o l le c t in g  

d u c t a le s s  d if fe re n t ia te d  ty p e  o f c e l l  appears a t 72 h o u rs . In  the  

d is ta l  tu b u le  d e -d if fe re n t ia t io n  does n o t o c c u r, b u t b e s id e s  th a t the  

p a tte rn  is  m uch the  same (Anderson, 1967) .

Leak and  Rosen (1966) have  done a s im ila r  u ltra m ic ro s  c o p ie  

s tu d y  in  th e  m ouse . The m ain  fe a tu re  repo rted  b y  them  is  the  

appea rance  o f m any w h o r ls  o f m embranous s tru c tu re s  in  th e  m e d ia l 

and b a s a l p o rtio n s  o f the  p ro x im a l tu b u la r  c e l ls  a t 48 h o u rs . M a lt



(1969) su g g e s ts  th a t th e s e  may be p resen t as e a r ly  as 30 m inu tes  

a f te r  u n i la te ra l n e p h re c to m y . These s tru c tu re s  have  no ribosom es 

a tta c h e d  to  them  and  th e  in v e s tig a to rs  re p o rt no in c re a s e  in  the  

num ber o f r ib o so m e s  a tta c h e d  to  p re -e x is t in g  m em branes.

1 .3  C H E M IC A L  ASPECTS OF COMPENSATORY

RENAL HYPERTROPHY

1 . 3 . 1  DNA S yn th e s is

The DNA c o n te n t pe r s e t o f chrom osom es is  c o n s ta n t in  the  so m a tic  

c e l ls  o f  d if fe re n t  t is s u e s  o f any  g iv e n  sp e c ie s  (Vendre ly ,  1955) .

K id n e y  c e l l  n u c le i a l l  have  abo u t th e  same DNA c o n te n t and th e re fo re  

are  p re su m a b ly  a l l  d ip lo id .  The in c re a se  in  c e l l  num ber o c c u rr in g  

a f te r  u n i la te ra l nep h rec to m y is  pa ra ile d  b y  an in c re a s e  in  to ta l  re n a l 

D N A . M a n d e l,  M a n d e l and Jacob (1950a) re p o rt in c re a s e s  in  DNA 

o f 16% a t 15 d a y s ,  18% a t 3 0 days and 37% a t 80 d a y s . Kennedy 

(1960) re p o rts  a 15% r is e  a t 21 days and 58% a t 42 w e e k s .

T h r e l fa l l ,  C a irn ie ,  T a y lo r  and  Buck (1964) found  a 21% in c re a s e  a t 

21 d a y s , B a rro w s , Roeder and O le w in e  (1962) re p o rt no v a r ia t io n  

in  th e  respon se  b e tw e en  young and o ld  r a ts .

T h is  in c re a s e  in  DNA is  no t e v id e n t im m e d ia te ly  a f te r  the  

o p e ra tio n . M iÿ a d a  and K u rn ic k  (1960) found  no in c re a s e  in  ra t 

re n a l DNA in  th e  f i r s t  fo u r  days b u t found a 30% in c re a s e  be tw e en  

th e  s ix th  and  s ix te e n th  d a y s .  M a n d e l,  M a n d e l and  Jacob (1950a) 

found  a 4% in c re a s e  a t 7 d a y s , and L o ts p e ic h  (1965) found  a 2 0% 

in c re a s e  a t th is  t im e .  In  a re ce n t re p o rt, .K urn ick and L in d s a y



(1968) found  a 10% in c re a se  in  DNA a t 9 days and 25 - 3 0 %  a t 2 w eeks 

H a ll ib u r to n  (1966) found  th a t c e l l  d iv is io n  ge ts  u n d e rw a y  a t 48 hours 

a f te r  o p e ra tio n  a t w h ic h  t im e  an in c re a s e  in  DNA is  ju s t  d e te c ta b le . 

A t 96 hours he  fo u n d  a 10% in c re a s e  in  k id n e y  DN A. In  th e  m ouse, 

M a lt  and le M -a itre  (1968) found  a 14% in c re a se  in  DNA a t 4 w e e k s .

C y to p h o to m e tr ic  e v id e n c e  suggests  th a t ,  w hen a c e l l  is  ab o u t to  

d iv id e ,  i t  a cc u m u la te s  th e  a d d it io n a l am ount o f DNA be fo rehand  

(H ow ard , 1956) .  C o n s e q u e n tly  a p ro p o rtio n  o f the  n u c le i in  a 

p o p u la tio n  w ith  fre q u e n t m ito se s  sh o u ld  possess a g re a te r than  

no rm a l DNA c o n te n t .  K u rn ick  (1955) found no in c re a s e  in  mean DNA 

per n u c le i u s in g  c h e m ic a l a n a ly s is  o f n u c le i is o la te d  in  b u lk ; 

h o w e ve r, O gawa (1961) found  a 15% in c re a se  be tw een  3 and 5 days 

d u rin g  co m p e n sa to ry  re n a l h y p e rtro p h y , u s in g  s im ila r  m e th o d s .

F ranck (1958) and  B e cke r and Ogawa (1959 ), m aking  c y to p h o to m e tr ic  

m easurem ents o f in d iv id u a l n u c le i,  re p o rt th a t a few  days a f te r  

o p e ra tio n  th e  num ber o f n u c le i w ith  tw ic e  th e  no rm a l am ount o f DNA 

is  s ig n if ic a n t ly  in c re a s e d .

Is o to p e  up ta ke  has a ls o  been used to  dem onstra te  in c re a se d  DNA

s y n th e s is  and th e  k in e t ic s  o f DNA la b e llin g  agree w ith  the  h is to lo g ic

and c h e m ic a l p a tte rn s . The s p e c if ic  a c t iv i t y  o f th e  p re cu rso r poo ls

o f th e  d e o x y n u c le o tid e s  m ust a ls o  be m easured i f  a tru e  p ic tu re  o f

32
DNA s y n th e s is  is  to  be  m easured . S im pson (1961 ), u s in g  P, 

found  an in c re a s e  in  la b e ll in g  o f  the  m a jo r d e o x y n u c le o tid e s  o f 1 -2  

tim e s  a t  24 h o u rs , 2 -5  tim e s  a t 48 hours p o s t -o p e ra t iv e ly ,  fa l l in g



8.

th e re a fte r  b u t sh o w in g  a secon da ry  r is e  a t 9 days . Roy ce (1963)

32
a ls o  found  an in c re a s e  in  P up take  2 days p o s t -o p e ra t iv e ly . O th e r

3
w o rk e rs  have  found  ro u g h ly  s im ila r  re s u lts ,  us in g  H th y m id in e  and 

a u to ra d io g ra p h y . L o w e n s te in  and S tem  (1963) found  an in c re a s e  in  

la b e lle d  c e l ls  a t  2 days p o s t-o p e ra t iv e ly  and a ls o  th a t the  m a jo r ity  

o f  the  la b e lle d  c e l ls  w e re  in  th e  c o r te x . R e ite r and M c C re ig h t 

(1965) re p o rt a lm o s t id e n t ic a l re s u lts  to  those  o f L o w e n s te in  and 

S te rn . B e n ite z  and Shaka (1964) found a s ig n if ic a n t  in c re a s e  in  the 

num ber o f la b e lle d  c e l ls  a t 24 hou rs  a f te r  nephrectom y; th e  num ber 

f e l l  s l ig h t ly  a f te r  48 -7 2  hours b u t s t i l l  show ed an in c re a s e  ove r 

c o n t r o ls .

N o lte n iu s ,  K lem perm ann and O e k le r t (1964) found  th a t th e  num ber 

o f  la b e lle d  c e l ls  f e l l  in  the  f i r s t  2 days b u t rose  from  th e  th ird  to  the  

s ix th  d a y .

I t  can be seen th a t th e  c h e m ic a l,  c y to p h o to m e tr ic  and is o to p ic  

e s tim a tio n s  o f DNA s y n th e s is  a re  in  agreem ent w ith  the  h is to lo g ic a l 

o b s e rv a tio n s  o f m ito t ic  a c t iv i t y  seen in  com pensa to ry  re n a l 

h y p e rtro p h y .

1 . 3 . 2  RNA S yn th e s is

In  c o n tra s t to  the  s lo w  and s m a ll in c re a se  in  DNA d u rin g  

com pen sa to ry  h y p e rtro p h y  o f th e  k id n e y ,  RNA show s a la rg e  and 

ra p id  In c re a s e . M a n d e l,  W in tz e r ith ,  Jacob , Perey and M a n d e l 

(1957) re p o rt an in c re a s e  in  RNA b e fo re  a ny  o the r t is s u e  com pon en t; 

th e  in c re a s e  in  RNA w as 20% a f te r  24 hours and 30 - 4 0 %  a f te r  3 d a y s .
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T h is  in c re a s e  is  c o n s is te n t w ith  th e  idea th a t the  RNA is  b e in g  

accu m u la te d  in  p re p a ra tio n  fo r  e x te n s iv e  p ro te in  s y n th e s is ,  ra th e r 

th a n  m e re ly  as pa rt o f  a ge n e ra l g row th  o f the  t i s s u e .  A fte r  seven 

days o f com pen sa to ry  g row th  L o ts p e ic h  (1965) repo rts  a 37% 

in c re a s e  in  RNA. B a rrow s , Roeder and O le w in e  (1962) have 

in v e s tig a te d  the  e f fe c t  o f age o f th e  ra ts  on the  in c re a s e  in  RNA and 

re p o rt th a t a f te r  8 w e eks  the re  is  a 45% in c rea se  in  RNA in  young 

a d u lt  ra ts  b u t o n ly  a 34% in c re a se  in  o ld  a n im a ls  . H a ll ib u r to n  and 

Thom son (1965) and K u rn ick  and L in d s a y  (1968) have s tu d ie d  the  

changes in  RNA in  the  f i r s t  fe w  days a fte r  n e p h rec to m y. There is  

a 7% in c re a s e  in  RNA a t 12 h o u rs , r is in g  to  a peak o f 33% a t tw o  

day s ,  a t w h ic h  tim e  DNA s y n th e s is  is  m ost a c t iv e .  M a lt  and 

L e m a itre  re p o rt the  peak as b e in g  20% in  the  m ouse .

As has a lre a d y  been s ta te d , DNA per c e l l  n u c leus  is  v ir tu a l ly  

c o n s ta n t; c o n s e q u e n tly  a p ic tu re  o f the  average c o m p o s itio n  o f the  

c e l l  can be o b ta in e d  b y  com paring  o the r c o n s titu e n ts  to  D N A . 

M a n d e l e t a l .  (1950) and Barrow s et a l .  (1962) have show n th a t tw o  

m onths a f te r  u n i la te ra l nephrectom y the  RNA/DNA ra t io  o f the  

h yp e rtro p h ie d  k id n e y  is  the  same as in  norm al k id n e y ,  a lth o u g h  the  

to ta l  RNA and to ta l  DNA have b o th  in c re a s e d . K u rn ick  (1955) 

h ow eve r show ed th a t the  RNA/DNA ra t io  in c rea sed  in  the  f i r s t  3 -4  

days and th e re a fte r  re tu rne d  to  the  norm al v a lu e  on the  n in th  d a y . 

H a ll ib u r to n  and Thom son (1965) in v e s tig a te d  mean c e l l  co m p o s itio n  

b y  th e se  m ethods and found an in c rea se  in  RNA/DNA ra t io ,  

d e te c ta b le  a t 12 h o u rs , re a c h in g  25% a t 24 hours and re m a in in g  a t
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o r abo ve  th is  le v e l be tw een  48 and 96 hours .

M a lt  and L e /^a ltre  (1968) have s tu d ie d  no t o n ly  the  a c c re t io n  bu t 

a ls o  the  tu rn o v e r o f RNA du ring  com pensa to ry  re n a l h y p e rtro p h y  in  

m ic e . They re p o rt th a t the  h a l f - l i f e  o f r ib o so m a l RNA (r RNA) w h ic h  

m akes up 85% o f the  RNA o f the  c e l l  is  4 .5  days in  b o th  norm a l and 

h y p e rtro p h y in g  k id n e y .  There fore  th is  in c re a se  in  RNA m ust 

re p re se n t de novo s y n th e s is  ra th e r than  d im in is h e d  b reakdow n o f 

RNA. T h is  e le v a te d  RNA s y n th e s is  is  re fle c te d  in  in c re a se d  num bers 

o f p o ly rib o so m e s  in  th e  h yp e rtro p h ie d  k id n e y , b u t th e re  is  no 

a lte ra t io n  in  the  d is tr ib u t io n  o f s iz e s  o f e ith e r  po ly rib o so m e s  found 

fre e  in  c y to p la sm  o r th o se  bound to  th e  end op lasm ic  re tic u lu m  (M a lt ,  

1969; P r ie s t le y  and M a l t ,  1969) .  H a llib u r to n  (1970) repo rte d  an 

in c re a s e  in  s in g le  r ib o s o m e s , though  th is  w o rk  w as done on the  ra t 

and d if fe re n t  m ethods o f p re p a ra tio n  o f po ly riboso m es w e re  used 

th a n  in  M a lt 's  s tu d ie s .

P o lysom es are the  s ite s  o f p ro te in  s y n th e s is  in  the  c e l l  and are 

made up o f a num ber o f ribosom es a tta ched  to  a s trand  o f m essenger 

RNA (m R N A). An in c re a se  in  po lysom es c o u ld  re s u lt  from  :

(a) An in c re a se d  num ber o f ribosom es b in d in g  

to  an unchanged am ount o f RNA;

(b) An in c re a s e  in  a v a ila b le  b in d in g  s ite s ;

(c) An in c re a se  in  m RNA;

(d) A c o m b in a tio n  o f the  a b o ve .
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C la s s e s  o f RNA

R e ce n tly  a g re a t d e a l o f a t te n t io n  has been, devo ted  to  the  s tu d y  

o f the  changes in  th e  d if fe re n t  c la s s e s  o f RNA d u rin g .co m p e n sa to ry  

re n a l h y p e rtro p h y . S ince  more than  85% o f RNA is  r ib o s o m a l and 

s in c e  the  a c c re t io n  o f RNA fo llo w in g  u n ila te ra l nephrec tom y is  so 

ra p id  the re  can  be l i t t l e  doub t th a t r RNA is  in c re a se d  b u t the  

m agn itude  and  t im e  o f onse t o f the  in c re a se  is  s t i l l  in  doub t (M a lt ,

3
1969) .  H a ll ib u r to n  (1966) found  no d iffe re n c e  in  H a d e n in e  

in c o rp o ra tio n  in to  RNA, b e tw e en  sham -ope ra ted  and nep h rec to m ised

3
a n im a ls .  H o w e v e r, u s in g  H o ro t ic  a c id  he found th a t the

ra tio s  o f the  s p e c if ic  a c t iv i t ie s  o f k id n e y  r RNA to  l iv e r  r RNA w ere

be tw een  25% and 12 0% g re& te r in  nephrec tom ised  a n im a ls  than  the

co rre s p o n d in g  ra t io s  in  c o n tro l sham -ope ra ted  a n im a ls . These

a n im a ls  w e re  ra ts  and  w e re  s a c r if ic e d  from 20 m inu tes to  2 hours

a f te r  n e p h re c to m y . M a lt  (1969) has found th a t in  m ouse k id n e y

the  la b e ll in g  o f n u c le o la r  p recu rso rs  ofiRNA w ith  u r id in e  is

dep ressed  im m e d ia te ly  a f te r  e ith e r  u n ila te ra l nephrectom y or sham

o p e ra tio n . M a l t  and S toddart (1966) have show n th a t 4 days a fte r

.nephrectom y rib o so m e s  from  the  re m a in in g  k id n e y  are la b e lle d  w ith  

14C o ro t ic  a c id  2 - 4  tim e s  fa s te r  than  a f te r  sham o p e ra tio n .

H o w e ve r, th e s e  e xp e rim e n ts  m ust be in te rp re te d  w ith  some c a re , 

and w ith  ju s t i f ia b le  re s e rv a tio n s  co n ce rn in g  the  e q u a tin g  o f ra te s  o f 

la b e ll in g  w ith  ra te s  o f  s y n th e s is ,  and the  d is c re p a n c y  in  the  above 

re s u lts  m ay b e  due to  d i f fe re n t ia l in c o rp o ra tio n  o f o ro t ic  a c id  and



12

u r id in e  in to  k id n e y  RNA.

M a lt  and S toddart (1967) in  a se rie s  o f expe rim e n ts  in  w h ic h  

n u c le a r p re cu rso rs  o f r  RNA and m ature c y to p la s m ic  RNA w ere  

com pared found  a c y c l ic  a lte ra t io n  in  r  RNA s y n th e s is  in  the  

re m a in in g  k id n e y ,  w ith  m axim a a t 2 and 8 d a y s . They show ed th a t 

the  in c re a s e  in  po lysom es is  in  pa rt a t  le a s t due to  s y n th e s is  of 

new r ib o s o m e s . A l s o ,  r ibosom es th a t rem a in  free  in  th e  c y to p la sm  

a re  s y n th e s is e d  b e fo re  m em brane-bound ribosom es (M a lt  and 

L e ^ a i t r e , 1967) .  In  th e  k id n e y , 75% o f a l l  r ibosom es a re  fre e  in  

th e  cy to p la s m  w hereas  in  o th e r organs such as l iv e r  o r pancreas 

75% o f th e se  s tru c tu re s  are m em brane-bound (P r ie s t le y  and M a l t ,  

1969) .  The l iv e r  and pancreas are  organs w h ic h  m anu factu re  much 

p ro te in  fo r  e x p o rt and i t  is  th e  m em brane-bound ribosom es on w h ic h  

th e se  a re  m ade . In  th e  k id n e y ,  g ly c o p ro te in s  are  m anu fac tu red  on 

the  bound ribosom es (M a lt  and L e m a itre , 1967);  the  fa m i l ia  o f  the  

free  ribosom es is  u nkn ow n . No change has been found  in  the  

p ro p o rtio n  o f fre e  to  bound ribosom es du ring  com pen sa to ry  g row th  

(P r ie s t le y  and M a l t ,  1969) .  m RNA has no t been so e x te n s iv e ly  

in v e s tig a te d  m a in ly  beca use  i t  canno t be id e n t if ie d  w ith  c e r ta in ty  

a f te r  e x tra c tio n  and i t  is  l ia b le  to  d e g ra d a tio n .

N u c le a r  RNA

C e l l  n u c le i may be fra c t io n a te d  in to  n u c le o li and n u c le o p la s m . 

W il le m s ,  M u s i lo va  and M a lt  (M a lt ,  1969) ,  us ing  p o ly a c ry la m id e  

g e l h ig h  re s o lu tio n  a n a ly s is ,  have show n th a t fo r  an hou r a f te r
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la p a ro to m y  a lo n e  th e re  is  In h ib it io n  o f la b e ll in g  o f n u c le o la r  RNA; 

n u c le o la r  RNA is  the  source  o f m ature c y to p la s m ic  r  RNA. Somewhat 

la te r ,  a f te r  c o n tra la te ra l nep h rec to m y, the re  is  in c re a s e d  la b e llin g  

o f  p re cu rso rs  o f r  RNA,.

H o w e v e r, w i th in  le s s  than  one hou r th e y  have found  in c re a se d  

la b e ll in g  o f n u c le o p la s m ic  RNA. N u c leo p lasm  c o n ta in s  ra p id ly  

la b e lle d  h e te ro d ls p e rs e  RNA (Hn RNA), the  m ost common type  o f RNA 

found  in  the  n u c le u s  (D a rn e ll,  1968) .  I ts  fu n c t io n  is  unknow n and 

i t  is  no t th o u g h t to  be a p re cu rso r o f m RNA. I t  has a v e ry  ra p id  

tu rn o v e r  and i t  has been suggested  th a t i t  re p resen ts  a p o o l o f 

n o n -s p e c if ic  com ponents o f RNA w h ic h  may be in co rp o ra te d  in to  the  

p a th w a y  m ost re q u ire d  a t a p a r t ic u la r  t im e .

The a c c e le ra t io n  in  H n RNA p ro ce ss in g  b e g in s  a t 10 m inu tes a fte r  

u n in e p h re c to m y  and la s ts  a t  le a s t 7 d a y s , and th is  sugg es ts  th a t 

u n in e p h re c to m y  in it ia te s  im m ed ia te  changes in  the  re m a in in g  k id n e y .  

I t  is  no t know n w h e th e r H n RNA m e tabo lism  is  a ffe c te d  in  o th e r 

g ro w in g  organs .

In  sum m ary th e re fo re , un inep h re c tom y produces a change in  RNA 

m e ta b o lism  w ith in  the  f i r s t  h o u r. L a te r RNA s y n th e s is  s ta rts  and 

reaches  a peak a t 2 d a y s , a f te r  w h ic h  DNA s y n th e s is  reaches its  

peak and m ito s e s  o c c u rs .

1 . 3 . 3  P ro te in  S yn th e s is

There is  no doub t th a t p ro te in  s y n th e s is  in c re a se s  in  the  f i r s t  

24 hours o f com pen sa to ry  re n a l g ro w th . Coe and K o rty  (1967)
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re p o rt 2 peaks w ith  one a c t iv e  phase in  the  f i r s t  24 h o u rs , a s lo w in g  

down b e tw e en  24 and 48 h o u rs , and a second increm en t be tw een  48 

and 72 hours to  g iv e  a 28% increm en t w h ic h  rem a ins c o n s ta n t a fte r  

96 h o u rs . The endogenous p o o l o f free  am ino a c id s  has been 

re po rte d  as d e c re a s in g  in  th e  f i r s t  24 hours a fte r  un ineph rec tom y 

and in c re a s in g  be tw e en  the  8th and 15th d a ys , th e re a fte r  re tu rn in g  

to  n o rm a l. A f te r  u n i la te ra l nephrectom y the  ra te  o f in c o rp o ra tio n  o f 

L - le u c in e  in to  p ro te in  is  a c c e le ra te d , b u t th a t o f L -g lu ta m in e  is  no t 

(B ig n a il,  E le b u te  and L o ts p e ic h , 1968) .

1 . 3 . 4  Enzym e Changes

The enzym es o f n u c le ic  a c id  m e tabo lism  are  s t i l l  v e ry  much under 

in v e s t ig a t io n  and  l i t t l e  is  know n  o f th e ir  c o n tro l as y e t .  Some have 

a lre a d y  been m en tioned  in  the  s e c tio n  on DNA s y n th e s is .  Royce

(1967) no ted  an in c re a s e  in  a lk a lin e  RNase (pH 7 .8 )  in  the  re n o p r iv a l 

ra t k id n e y ,  b u t M a lt  (1969) in  the  mouse and H a ll ib u r to n  (1966) in  

the  ra t do n o t c o n firm  th is  o b s e rv a tio n ,

L o ts p e ic h  (1967) repo rts  an in c re a se  in  g lu ta m in a se  in  the  

re n o p r iv a l ra t k id n e y ,  though  th e  in c re a se  w as le ss  th a n  th a t seen 

in  am m onium  c h lo r id e  a c id o s is .  E - ly s in e  a c y la s e  in c re a se s  35% 

in  the  f i r s t  3 days a f te r  u n i la te ra l nephrectom y (Paik and K im , 1966) .

Now in s k i and P igon (1967) found  th a t is o la te d  ra t g lo m e ru li 

co n ta in e d  a l l  th e  enzym es o f the  Krebs c y c le  and the:^^ -show^tiDAt) 

c h a n g e ^ in ^ c t iv ity  o r in  ATP c o n te n t du ring  com pensa to ry  g ro w th .
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N ow in s k i (1968) a ls o  repo rt an in c rea se  o f 100% in  g lu ta m ic

dehyd rogenase  a c t iv i t y  in  p ro x im a l and d is ta l tu b u le s  2 w eeks a fte r  

u n ila te ra l neph rec tom y and an in c re a se  o f 70% in  a lk a lin e  

phospha tase  in  the  same tim e  in te r v a l.  N o w in s k i (1966) 

p re v io u s ly  repo rte d  no in c re a se  in  the  enzym es o f the  Krebs c y c le  

in  the  g lo m e ru li o f the  k id n e y s  undergo ing  com pensa to ry  h y p e rtro p h y . 

Johnson and Am endola (1969) have shown th a t the  num ber o f 

m ito ch o n d ria  in c re a se s  in  p a ra lle l w ith  k id n e y  g row th ; hence an 

in c re a s e  in  o x id a t io n -re d u c t io n  enzym es co n ta ined  in  the  

m ito ch o n d ria  m ig h t be e x p e c te d . S u c c in ic  dehydrogenase  is  

in c re a se d  s l ig h t ly  2 days a f te r  un ineph rec tom y b u t the  a c t iv i t y  o f 

cy toch rom e  o x id a se  and NAD cy toch rom e reductase  is  unchanged 

(D ie s  and L o ts p e ic h , 1967; R osen tha l e t a l . ,  1962; M a s c i t e l l i -  

C o ria n d o U  and le ra n o , 1968) .  G lu c o s e - 6 -P hospha te  dehydrogenase 

and 6 -p h o sp h o g lu co n a te  dehyd rogenase , the  f i r s t  enzym es o f the  

H exose  m onophosphate  s h u n t, w h ic h  y ie ld s  r ib  ose and NADPH, 

show m arked e le v a tio n s  in  com pensa to ry  g row th  o f the  k id n e y ; the  

in c re a s e  is  25% a t 36 h o u rs , fa l ls  o f f  a t 48 hours and r is e s  a g a in  

to  40% a t 72 h o u rs , then  fa l ls  o f f  a g a in  (Farquhar e t a l . ,  1968) .

The enzym e Na -K -AT Pa se w h ic h  is  now th o u g h t to  be 

re s p o n s ib le  fo r  o p e ra tio n  o f the sod ium  pump has been in v e s tig a te d  

and found to  be e le v a te d  in  the  re n o p riv a l ra t k id n e y .  Ka tz  and 

E p s te in  (1967a) found th a t the  a c t iv i t y  o f th is  enzym e per m illig ra m  

o f k id n e y  t is s u e  rose  55% in  the  f i r s t  3 w eeks  a f te r  u n ila te ra l
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n e p h re c to m y , w h ile  sod ium  re a b so rp tio n  in c re a se d  21% . F a n e s til

(1968) d ra in e d  the  u re te r o f one k id n e y  in to  the p e r ito n e a l c a v ity  

and found th a t th is  d id  n o t in c re a se  the  a c t iv i t y  o f N a-K -A TP ase in  

th e  o th e r, w hereas u n ila te ra l nephrectom y and u re te ra l l ig a t io n  d id .

T h is  is  sa id  to  p rove  th a t the  cause  o f the  in c re a se  is  lo s s  o f 

fu n c t io n in g  re n a l mass and no t the  in c rea se  in  e xc re te d  lo a d .

H o w e v e r, i t  is  p o s s ib le  th a t u re te ro p e rito n e o s to m y  i t s e l f  may have 

had a d e p re ssa n t e f fe c t  on N a-K -A TP ase c o n c e n tra tio n s  w h ic h  w o u ld  

o th e rw is e  have been h ig h .

1 .4  THE CONTROL OF COMPENSATORY RENAL HYPERTROPHY

The m echan ism  c o n tro ll in g  com pensa to ry  g row th  o f the  k id n e y  is  

u n kn o w n . There are tw o  p r in c ip a l th e o rie s  :

(a) The W ork  H yp e rtro p h y  Theory

(b) The H u m ora l T h e o ry ,

1 .4 .1  The W ork  H yp e rtro p h y  Theory

T h is  s ta te s  th a t the  s tim u lu s  to  k id n e y  g row th  in  the  re n o p r iv a l 

s ta te  is  th e  need to  c a rry  ou t d u tie s  n o rm a lly  shared be tw een  tw o , 

and th a t some e a r ly  change in  re n a l w o rk  m ig h t t r ig g e r  re n a l g ro w th .

The s tu d y  o f k id n e y  fu n c t io n  fo llo w in g  u n ila te ra l nephrectom y is 

o b v io u s ly  o f some im portance  to  th is  th e o ry . There is  sca n ty  

ev id e n ce  o f im p a ire d  re n a l fu n c tio n  a fte r  u n i la te ra l neph rec tom y, 

and s in c e  in te rm it te n t fu n c t io n  o f nephrons is  u n l ik e ly  (P it ts ,  1968) 

th e  s m a lle r  num ber o f re m a in ing  nephrons m ust w o rk  h a rd e r.
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R enal F u n c tio n  a f te r  U nLnephrectom y

H artm an and B o n f i l lo  (1959) re p o rt th a t a fte r  un ineph rec tom y the  

mouse k id n e y  becom es v is ib ly  engorged and w ith in  one m inu te  ra t 

g lo m e ru li a re  h y p e ra e m ic . The b lo o d  flo w  to  the  s o l ita ry  dog 

k id n e y  in c re a se s  ra p id ly ,  r is e s  50 to  100% and rem a ins e le v a te d  fo r 

s e v e ra l w e eks  (Rous and W a k im , 1967). G lo m e ru la r f i l t r a t io n  ra te  

w o u ld  be expe c ted  to  in c re a se  im m e d ia te ly  and i t  is  e asy  to  see how 

an in c re a s e  in  the  ra te  o f f lo w  o f f i l t r a te  cou ld  be a s tim u lu s  to  re n a l 

g ro w th . H o w e v e r, repo rte d  re s u lts  are a t v a r ia n c e . One d i f f ic u l t y  

o f m easuring  G .F .R .  is  th a t the re  is  a 10% e rro r (P it ts ,  1968). 

T h e re fo re , e a r ly  s m a ll changes o b v io u s ly  are d i f f ic u l t  to  in te rp re t.  

Katz and E p s te in  (1967b) have shown th a t in  ra ts  ove r 2 50 g m . in  

w e ig h t the re  is  no change in  G .F .R .  or tu b u la r  re a b s o rp tio n  o f sodium  

u n t i l  3 days a f te r  u n ila te ra l n e p h rec to m y. O f the o r ig in a l G .F .R ,  o f 

2 k id n e y s ,  65% is  re s to re d  a t 3 d a y s , 80% a t one w eek and 88% a t 

2 - 3  w e e k s , and a t th is  tim e  G .F .R .  and tu b u la r  re a b s o rp tio n  o f 

sod ium  per gm . o f k id n e y  t is s u e  are  27% g rea te r than n o rm a l. D u rin g  

the  f i r s t  few  days the re  is  an in c re a se  in  sod ium  e x c re tio n  and u rine  

f lo w ,  the  p o s s ib le  reasons fo r  w h ic h  w i l l  be d is c u s s e d  in  a la te r  

s e c t io n .

Peters (1963 ), u s in g  ra ts  o f le ss  than 250 g m . ,  repo rts  a 

decreased  re a b s o rp tio n  o f sod ium  and w a te r and in c re a se d  e x c re tio n  

o f p o tass ium  w ith in  one hou r o f u n ila te ra l n e p h rec to m y. .H e a ls o  

found  th a t th e  G .F .R .  in c re a se d  w ith in  2 hours; b y  12 hours the  

G .F .R ,  show ed a 2 0% in c re a se  and E ffe c tiv e  Renal Plasma F low
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(ERPF) show ed a 12% in c re a s e . In  dogs the  GFR and ERPF show s a 

100% in c re a s e  in  24 hours and rem a ins e le v a te d  b y  5 0% fo r  some 

w eeks (Rous and W a k im , 1967; B ugge-A sperhe im  and K iÛ , 1968a 

and 1 9 6 8 b ).

I t  has been suggested  th a t the  e a r ly  changes in  re n a l fu n c t io n , 

in  regard  to  GFR, sod ium  and w a te r e x c re t io n , are the  re s u lt  o f 

ex tra  re n a l re g u la to ry  m echan ism s and th a t the  la te r  changes are due 

to  g row th  o f the  k id n e y  (M a lt ,  1969). T h is  w i l l  be d is c u s s e d  more 

f u l ly  la te r .

R enal F u n c tio n  in  K id n e y  D onors and R e c ip ien ts

• Some a s p e c ts  o f re n a l fu n c t io n  are  more e a s ily  obse rved  in  human 

b e in g s  than  in  a n im a ls  . K idne y  donors rega in  7 0% o f th e ir  o r ig in a l 

to ta l  GFR and 65 -  80% o f th e ir  o r ig in a l to ta l ERPF; the  g re a te r part 

o f the  in c re a se  occu rs  w ith in  th e  f i r s t  w eek o f o p e ra tio n . 80% o f 

th e  o r ig in a l ERPF is  re s to re d  in  young donors in  th e ir  tw e n t ie s ,  bu t 

o n ly  45 -7  0% o f those  ove r 5 0 years o f a g e . The b lo o d  urea 

n itro g e n  le v e l r is e s  from  13 to  16 mgm. per 100 m l. in  the  e a r ly  

w eeks (K rohn , Ogden and H o lm e s , 1966; D o n a d io , 1967;

F la n ig a n  e t a l . , 1968; O gden, 1967). GFR, ERPF and the  a b i l i t y  

to  m a in ta in  sod ium  b a la n c e  in  the  tra n s p la n te d  k id n e y  have been 

show n to  be n e a rly  id e n t ic a l to  th a t o f the  d o n o r's  k id n e y  (B la u fo x , 

1969). T h u s , fu n c t io n a l com pensa tion  occurs in  bo th  the  re c ip ie n t 

and the  donors o f tra n s p la n te d  k id n e y s  and is  o b v io u s ly  independen t 

o f ne rve  s u p p ly  in  the  e a r ly  s ta g e s , though  the  nerves do e v e n tu a lly  

regene ra te  (N o rv e ll e t a l . , 1969).
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The tim e  o f onse t o f com pen sa tion  Is  no t s e t t le d ,  b u t a re tu rn  o f 

74% o f GFR and 69% o f ERPF has been reported  w ith in  one d a y , 

though  th is  o b s e rv a tio n  w as made on a s in g le  p a tie n t (Sug ino  e t a l . ,  1967) 

A ls o ,  c re a tin in e  c le a ra n c e  w as used to  m easure GFR and c re a tin in e  

is  no t m ere ly  p a s s iv e ly  f i l te re d  b u t p ro b a b ly  a ls o  a c t iv e ly  excre ted  

b y  the  tu b u la r  c e l ls ;  thus  endogenous c re a tin in e  c le a ra n ce  is  n o t a 

tru e  re f le c t io n  o f GFR in  man (;de W a rd e n e r, 1967).

H a y s le t t  e t a l .  (1968) have perform ed e le g a n t m ic ropun c tu re  

s tu d ie s  in  th e  ra t w h ic h  show how the  com pensa tions  in  sodium  

and w a te r  re a b s o rp tio n  o c c u r . U rin e  f lo w  in c re a se s  60% a t 2 w eeks 

a f te r  u n ila te ra l n ep h rec to m y . S ince the GFR a lm o s t d o u b le s , sod ium  

re a b s o rp tio n  m ust in c re a s e  to  m a in ta in  h o m e o s ta s is . The t ra n s it  

tim e  o f the  u l t r a f i l t r a te  in  the  p ro x im a l tu b u le  is  unchanged as 

com pared to  c o n tro ls ; th is  means th a t re a b so rp tio n  in  th is  segm ent 

does in c re a s e  fo r  the  f lo w  dow n the  tu b u le  is  p ro p o rt io n a l to  the  96% 

in c re a s e  in  vo lum e a t th is  le v e l a t th is  tim e  a fte r  u n in e p h re c to m y .

In  th e  d is ta l  tu b u le ,  h o w e ve r, t ra n s it  t im e  is  in c re a se d  80%, 

p resum ab ly  due to  le n g th e n in g  o f H e n le 's  lo o p . The d is ta l  tu b u le  

is  do ing  more a b s o rp tiv e  w o rk  per u n it le n g th . G o tts c h a lk  e t a l .

(1969) re p o rt th a t f lu id  in u lin /p la s m a  in u lin  ra t io  is  c o n s ta n t a t a l l  

le v e ls  and g lo m e ru lo tu b u la r  b a la n ce  is  m a in ta in e d , and the  ra tes  

o f d e liv e ry  and re a b s o rp tio n  o f sodium  a t any  p o in t in  the  tu b u le s  

change in  p ro p o rtio n  to  the  GFR. M a lt  (1969) repo rts  th a t sodium  

e x c re tio n  in c re a se s  p ro g re s s iv e ly  as re n a l t is s u e  is  lo s t ,  and th a t 

the  s ite  o f th e  c o n tro l o f sodium  e x c re tio n  is  l ik e ly  to  be the  d is ta l
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tu b u le ,  a lth o u g h  B r ic k e r  (1967) suggests  th a t the  s ite  is  the  

p ro x im a l tu b u le .  The p o s s ib le  m echan ism s w i l l  be d is c u s s e d  in  

a n o th e r s e c t io n .

The k id n e y  expends abo u t 80% o f its  energy in  re a b so rb in g  

sod ium  (B r ic k e r, 1967), hence i f  the  w o rk  h yp e rtro p h y  th e o ry  is  

c o n s id e re d , i t  is  re a so n a b le  to  suppose th a t m ost o f the  in c re a se d  

w o rk  w i l l  be re q u ire d  to  reabsorb  sod ium , and i t  is  te m p tin g  to  re la te  

th e  re p o rts  on a lte re d  p ro x im a l tu b u la r  sodium  re a b so rp tio n  and 

a lte re d  RNA m e ta b o lis m . H o w e ve r, the re  is  no e v id e n ce  th a t the  

a lte ra t io n  in  RNA m e ta bo lism  leads to  new tra n s p o rt enzym es or 

o th e r c y to p la s m ic  p ro te in s  requ ire d  fo r  sodium  tra n s p o r t.  Fu rthe rm ore , 

no change in  tu b u la r  re a b so rp tio n  o f sodium  occurs  fo r  3 days a fte r  

u n i la te ra l nephrec tom y w hereas g row th  is  w e l l  e s ta b lis h e d  by  th a t 

s tage  (Katz and E p s te in , 1967b).

There is ,  h o w e ve r, some ev id e n ce  fo r  the  W o rk  H yp e rtro p h y  

T h e o ry , and s e v e ra l w o rke rs  have in v e s tig a te d  the  e ffe c ts  o f 

d iv e r t in g  u rin e  to  a s ite  from  w h ic h  i t  w o u ld  be abso rbed  and 

re -e x c re te d . H artm an (1933), in  the  dog , found th a t an ana s tam os is  

be tw een  u r in a ry  b la d d e r and d is ta l end o f the  ile u m  caused  

en la rgem en t o f the  k id n e y s  in  the  nex t 6 - 8  w eeks . F o rtne r and 

K ie fe r  (1948) tra n s p la n te d  do g s ' u re te rs  to  the  duodenum and found 

in  some cases  h y p e rtro p h y  o f the  c o n tra la te ra l k id n e y .  B o llm an and 

M ann  (1935) found th a t g row th  o f the  re n o p riv a l k id n e y  w as in c re a se d  

fo llo w in g  t ra n s p la n ta tio n  o f its  u re te r in to  the  duodenum . H o w e ve r, 

B lo c k , W ak im  and M ann  (1953) found th a t t ra n s p la n ta tio n  in to  the
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duodenum  d id  n o t ca u se  in c re a s e  in  g row th  o f the  c o n tra la te ra l 

k id n e y .  There is  a p p a re n tly  some c l in ic a l  ev idence  to  suppo rt the  

c la im  th a t u re te r ic  tra n s p la n ta tio n  leads to  re n a l h y p e rtro p h y . In  

the  tre a tm e n t o f  seve re  d is e a s e  o f the  b la d d e r i t  may be n e ce ssa ry  

to  tra n s p la n t the  u re te rs .  U re te ro -s ig m o id o s c o p y , i . e .  t ra n s p la n ta tio n  

in to  the  c o lo n ,  leads to  seve re  c o m p lic a tio n s  and m arked enh rgem ent 

o f the  k id n e y ,  b u t th e  cause  o f the  re n a l en la rgem ent is  fa r  from  

c le a r .  The u r in e  is  reabso rbed  from  the  co lo n ; the  re a b s o rp tio n  o f 

urea causes a r is e  in  the  b lo o d  u re a . I t  is  c la im e d  th a t the  re a b so rp tio n  

o f c h lo r id e ^ is  im p o rta n t because  th e y  are absorbed a t a fa s te r  ra te  

than  sod ium  io n s  and th is ,  w ith  the  a b s o rp tio n  o f am monium ions  

form ed in  the  c o lo n  b y  th e  a c t io n  o f b a c te r ia  on u rea , causes a 

h y p e rc h lo ra e m ic  a c id o s is ,  i . e .  th a t u re te ra l tra n s p la n ta tio n  is  

e q u iv a le n t to  a co n tin u o u s  In fu s io n  o f ammonium c h lo r id e .  A ls o , 

th e re  is  an in tra c ta b le  p y e lo n e p h r it is  (de W a rd e n e r, 196 7 ). N o w , 

th e re  is  no doub t th a t the re  is  en la rgem ent o f the  k id n e y s ,  b u t 

w h e th e r th e  en la rgem en t and th e  hyp e rtro p h y  are  a response  to  the  

need to  e xc re te  more w a te r , u rea , sod ium , c h lo r id e , hydrogen, or 

ammonium  io n s  or a com pen sa tion  fo r  t is s u e  damage p roduced by 

p y e lo n e p h r it is  is  no t c le a r .  A c id o t ic  coma o c c u rr in g  as a 

c o m p lic a t io n  is  u s u a lly  a s s o c ia te d  w ith  an e xa ce rb a tio n  o f re n a l 

in fe c t io n  (de W a rd e n e r, 196 7 ). T h is  fa c t m ust th row  in  doub t the  

th e o ry  th a t th e  a c id o s is  is  due to  a c c e le ra te d  c h lo r id e  re a b s o rp tio n , 

a lth o u g h  the  a c id o s is  a l le v ia te s  in  a few  m onths and th is  is  sa id  to  

be due to  Sd'c/iumnd c h lo r id e  b e in g  absorbed a t the  same ra te .
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T ra n s p la n ta tio n  o f the  u re te rs  to  an is o la te d  segm ent o f ile u m  is  no t 

a ccom pan ied  b y  such m arked en la rgem en t o f the  k id n e y s ; b u t 

in fe c t io n  is  le s s  o f a p rob lem  and th e  u rine  is  in  c o n ta c t w ith  the  

m ucosa fo r  a s h o rte r  t im e .  Thus the  c l in ic a l  p ic tu re  in  th is  case  

does n o t e x p la in  th e  d is c o rd a n t re s u lts  a b o v e .

Some w o rk e rs  have a llo w e d  the  u re te r to  d ra in  in to  th e  p e r ito n e a l

c a v i ty .  M a so n  and  E w a ld  (1965) found en la rgem ent o f the

c o n tra la te ra l k id n e y .  G oss and R ankin  (1960) re p o rt no in c re a se

in  the  m ito t ic  in d e x  a f te r  u re te ro p e rito n e o s to m y . S im pson (1961)

32used P to  m easure DNA s y n th e s is  and found no in c re a s e  on the  

unopera ted  s id e .  In  th e  p re v io u s  paragraph the  q u e s tio n  w h ic h  

c o u ld  be  ra is e d  a g a in s t p o s it iv e  re s u lts  is  th a t th e y  m ay be due to  

in fe c t io n .  In  the  case  o f u re te ro p e rito n e o s to m y , Royce (1963) 

w o ndered  w h e th e r ir r i ta t io n  o f the  p e r ito n e a l c a v ity  w as th e  cause  

o f n e g a tiv e  re s u lts  he o b ta in e d . He had no ted  in fla m m a tio n  o f the  

pe ritoneum  in  a l l  o f h is  te s t  a n im a ls .  He th e re fo re  in tro d u c e d  a 

ta lc  su sp e n s io n  in to  th e  pe ritoneum  o f a n im a ls  w h ic h  he u n i la te ra l ly  

n e p h re c to m ise d ; th is  c o m p le te ly  in h ib ite d  com pen sa to ry  g ro w th  in  

the  re m a in in g  k id n e y .  I t  is  p o s s ib le ,  th e re fo re , th a t the  fa ilu re  

o f some o f th e  above  expe rim e n ts  w as due to  a s s o c ia te d  in fla m m a tio n .

The e f fe c t  o f u re te ra l l ig a t io n  has a ls o  been in v e s t ig a te d .  The 

o b s tru c te d  k id n e y  show s h yd ron eph ros is  and an in c re a s e  in  w e ig h t 

and m ito t ic  in d e x .  The o p p o s ite  k id n e y  show s a s l ig h t  in c re a se  in  

w e ig h t and m ito t ic  in d e x  (H in m a n , 194-3; G oss and R a nk in , 1960; 

M a s o n  and E w a ld , 1965 ).
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The im po rtance  o f the  re s u lts  o f the  above is  d i f f ic u l t  to  assess  

b eca use  a l l  th e  e xpe rim e n ts  are  open to  the  c r i t ic is m  th a t the  g ro tv th  

o b ta in e d  o ccu rs  in  the  p resence  o f w h a t m ay be a p a th o lo g ic a l s ta te .

The o th e r m ain  b o d y  o f e v id e n ce  advanced  in  fa v o u r o f the  work, 

h y p e rtro p h y  th e o ry  is  the  response  o f the  k id n e y  to  h igh  p ro te in  d ie ts .  

Reader and Drum m ond (1925) found  k id n e y  h yp e rtro p h y  a f te r  some 

m onths in  ra ts  fed  d ie ts  c o n ta in in g  45 to  90% c a s e in o g e n , O sborne 

e t a l ,  (1927) found  th a t h ig h  p ro te in  d ie ts  produced k id n e y  

h y p e rtro p h y  in  as l i t t l e  as 8 days . IjY^^ekay and A dd is

(1927) and and MWcJK^y (1931) found th a t the  e x te n t o f the

h y p e rtro p h y  v a r ie d  d ire c t ly  w ith  the  p ro te in  c o n te n t o f the  d ie t .

M o re  re c e n t ly ,  s im ila r  re s u lts  w e re  ob ta in e d  b y  K o n is h i and Brauer 

(1 9 6 2 ), The l iv e r  responds s im ila r ly  to  h ig h  p ro te in  d ie ts  b u t no t 

th e  s p le e n , a d re n a ls , te s t is ,  th y ro id ,  p i tu ita ry  o r s e m in a l v e s ic le s  

( 1 ^ dl^ay e t a l , , 1928; C a m p b e ll and K o s te r l i tz , 1950; Lea tham ,

194 5 ),

The respon se  to  u n ila te ra l nephrectom y is  g re a te r in  a n im a ls  fed 

a h ig h  p ro te in  d ie t  (M o is e  and S m ith , 1927; It^ ^cK ^y / A d d is  and 

1938; R e id , 1944; K o n is h i and B raue r, 1 96 2 ), K o n is h i 

(1962) show ed th a t a h ig h  p ro te in  d ie t in c re a se s  the  m ito t ic  response  

to  u n ila te ra l n e p h re c to m y . C o n v e rs e ly , M a n d e l e t a l .  (1950b) have 

show n th a t a p ro te in - fre e  d ie t  w i l l  decrease  th e  response  to  

u n ila te ra l n e p h re c to m y . The k id n e y  weight^RNA and p ro te in  

co n te n ts  a re  d e c re a se d , a lth o u g h  DNA c o n te n t is  not a f fe c te d .  As 

m ig h t be  expe c ted  from  the  response  to  a p ro te in -fre e  d ie t .
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S ta rv a tio n  has a m arked e ffe c t on the  response to  u n ila te ra l 

n e p h re c to m y . K u rn ic k  (1955) found  th a t in  n o rm a l, unopera ted  ra ts ,  

s ta rv a tio n  dep re sses  to ta l  RNA and p ro te in  c o n te n t a f te r  2 - 3  d a y s , 

b u t does n o t a f fe c t  DNA c o n te n t.  Thus the  c e l ls  are d im in is h e d  in  

s iz e  b u t n o t in  num be r. Sace ijrdotti (1896) found th a t s ta rv a tio n  

in h ib ite d  the  respon se  to  u n ila te ra l n e p h rec to m y. H a l l  and H a ll

(1952) c o n firm e d  th is  e a r ly  f in d in g .  W il l ia m s  (1962) found  th a t 

th e  m ito t ic  a c t iv i t y  in  the  re n o p r iv a l s ta te  w as dep ressed  in  fa s te d  

a n im a ls .  Royce (1963) and R e ite r (1965) re p o rt th a t ,  a f te r  u n ila te ra l 

n e p h rec to m y, th e  s u rv iv in g  k id n e y  does not in c re a se  in  w e ig h t o r in  

DNA c o n te n t i f  the  a n im a ls  a re  d e p rive d  o f food  and w a te r .  These 

w o rk e rs  a ls o  found  th a t food  and w a te r  d e p riv a tio n  caused  no rm a l 

k id n e y s  to  dec rea se  in  s iz e  and DNA co n te n t and co n c lu d e  th a t ,  

w hen a n im a ls  a re  u n i la te ra l ly  nep h rec to m ised  and d e p riv e d  o f food  

and w a te r ,  th e  tw o  e ffe c ts  c a n c e l out and the  k id n e y s  rem a in  the 

same s iz e  as b e fo re , H a ll ib u r to n  and Thom son (1967) and H a llib u r to n  

(1966) have in v e s tig a te d  the  e ffe c ts  o f h ig h  p ro te in  d ie ts  and 

s ta rv a tio n  on th e  respon se  to  u n ila te ra l nephrectom y in  ra ts .  The 

r is e  in  RNA/DNA o ccu rs  w h e th e r o r no t the  a n im a l is  s ta rv e d , b u t 

th e  r is e  in  p ro te in /D N A  c o n te n t is  a b o lis h e d  in  s ta rve d  a n im a ls .

M a lt  and Le M a itre  (1968) show ed th a t in  s ta rve d  m ice  th e  in c re a se  

in  RNA/DNA w as th e  same as in  fed  an im a ls  b u t th a t the  peak w as 

d e la ye d  from  th e  second to  the  fo u rth  d a y . H a ll ib u r to n  (1966) 

found  th a t h ig h  p ro te in  d ie ts  produced re n a l h y p e rtro p h y . He 

found  th a t a d ie t  c o n ta in in g  45% ca s e in  produced a 15% in c re a s e  in
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re n a l mass and a 23% in c re a se  in  RNA/DNA ove r c o n tro l a n im a ls .

He a ls o  found  th a t the  e ffe c ts  o f a h ig h  p ro te in  d ie t w e re  

to  th o se  o f u n ila te ra l n ep h rec to m y . H a llib u r to n  a ls o  found  th a t a 

d ie t  c o n ta in in g  15% c a s e in  p lus  40% g e la t in  produced a 60% in c re a se  

in  re n a l mass and a 3 0% in c re a se  in  R N A/D N A, i . e .  g e la t in  has a 

g re a te r e f fe c t th a n  c a s e in  on re n a l w e ig h t and c o m p o s itio n . Th is  

phenom enon had been no ted  p re v io u s ly  (W ils o n , 193 3 ), Reid (1947) 

found  th a t w h o le  p ro te in s  caused  re n a l en la rgem ent w hereas 

m ix tu re s  o f am ino  a c id s  s u f f ic ie n t  to  doub le  the  n itro g e n  in ta k e  d id  

n o t,  M oo re  (1967) fed  a n im a ls  am ino  a c id s  in  the  p ro p o rtio n s  and 

q u a n tit ie s  found  in  the  g e la t in  d ie t  d e sc rib e d  above and found  o n ly  

50% o f the  re s p o n s e . T h is  he found w as a lm o s t w h o lly  a t tr ib u te d  

to  g ly c in e  w h ic h ,  w hen m aking  up 8% o f the  d ie t ,  produced a 25% 

in c re a s e  in  re n a l mass and in c re a se d  bo th  RNA/DNA and p ro te in /D N A  

r a t io s .

I t  w as o r ig in a l ly  c la im e d  th a t the  e ffe c ts  o f h ig h  p ro te in  d ie ts  

w e re  due to  in c re a s e  in  re n a l w o rk  requ ire d  to  e xc re te  the  a d d it io n a l 

u re a . I t  is  now know n  th a t urea is  s im p ly  p a s s iv e ly  f i l te re d  by  the 

k id n e y  (P it ts ,  1968) and has no e ffe c t on re n a l w o rk lo a d . O sborne 

e t a l ,  (1925) found  k id n e y  en la rgem ent com parab le  to  h igh  p ro te in  

d ie ts  b y  fe e d in g  la rg e  q u a n tit ie s  o f u re a . F u rth e r, the  fa c t th a t 

w h o le  p ro te in s  are  more e f fe c t iv e  than  am ino  a c id  m ix tu re s  th ro w s  

fu r th e r  doubt on the  h y p o th e s is .  G e la t in  is  know n to  in c re a se  the  

GFR and w as fo rm e rly  used as a d iu re t ic  (V og l, 1953) though  i t  is  

no t know n  w h e th e r th is  has a n y th in g  to  do w ith  its  e f fe c t  in
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c a u s in g  re n a l g ro w th . I t  is  a ls o  p o s s ib le  th a t the  e ffe c t Is no t due 

p r in c ip a l ly  e ith e r  to  the  q u a n tity  o r the  na ture  o f the  p ro te in  per se 

b u t to  some c o n ta m in a n t.

A no th e r p o s s ib i l i t y  is  th a t the  response  to  a h ig h  p ro te in  d ie t  is  

due to  the  ex tra  a c id  w h ic h  needs to  be e x c re te d . S u lp h u ric  a c id  

w o u ld  be p roduced b y  m e ta bo lism  o f c y s te in e  and m e th io n in e  

re s id u e s . C h ro n ic  m e ta b o lic  a c id o s is  produced b y  the  a d d it io n  o f 

am monium  c h lo r id e  to  the  d ie t  o r d r in k in g  w a te r has produced a true  

g row th  o f the  k id n e y  com parab le  to  th a t o f u n ila te ra l nephrectom y 

(L o ts p e ic h , 1967; H a ll ib u r to n ,  1966), a lth o u g h  the  R N A /p ro te in  

ra t io  is  no t a lte re d .  F u rth e r, the  e ffe c t w as found  b y  L o ts p e ic h  

to  be a d d it iv e  to  th a t o f u n ila te ra l nep h rec to m y. B ig n a il e t a l .

(1968) repo rt th a t in  com pensa to ry  re n a l h yp e rtro p h y  the  s u rv iv in g  

k id n e y  in c o rp o ra te s  L - le u c in e  a t a fa s te r  ra te  than  L -g lu ta m in e , 

w hereas in  N H ^ C l a c id o s is  the  o p p o s ite  is tru e . T h is  suggests  

th a t the  m echan ism s are no t id e n t ic a l.  N e ith e r sod ium  b ic a rb o n a te  

(L o ts p e ic h , 1965) n o r am m onium  c it ra te  (L o ts p e ic h , 1965; 

H a ll ib u r to n ,  1966) have any e ffe c t on k id n e y  w e ig h t .

The e ffe c t o f a c id o s is  is  in te re s t in g  and appears to  suppo rt the 

w o rk  h y p e rtro p h y  th e o ry , b u t one has to  remember th a t the  m ain 

fu n c t io n  o f the  k id n e y  is  to  reabsorb  so d iu m . Num erous w o rke rs  

have in v e s tig a te d  the  e ffe c ts  o f In c re a s in g  the  sod ium  c h lo r id e  

c o n te n t o f the  d ie t .  O sborne e t a l .  (1927) found no g row th  o f the  

k id n e y  w ith  a v a r ie ty  o f s a lts  in. c o n c e n tra tio n s  o f up to  25% .

A lle n  and M ann  (1935) fed  sod ium  c h lo r id e  in  a c o n c e n tra tio n  o f
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15% b y  w e ig h t o f th e  d ie t  to  u n i la te ra l ly  n ep h rec to m ized  a n im a ls  w ith  

no e ffe c t on k id n e y  w e ig h t .  H a ll ib u r to n  (1966) repo rts  no e ffe c t 

w ith  a d ie t  c o n ta in in g  33% b y  w e ig h t o f N a C l.  H o w e v e r, G oss and 

R ankin  (1960) found  th a t s u b s t itu t in g  1% N a C l fo r  d r in k in g  w a te r  

p roduced  k id n e y s  w ith  a h ig h e r le v e l o f c e l l  d iv is io n  th a n  c o n tro l 

a n im a ls  a t 5 d a y s . They then  nep h rec tom ized  the  a n im a ls  and found 

th a t th e  le v e l o f c e l l  d iv is io n  in  th o se  g iv e n  th e  s a lt  in  th e ir  d r in k in g  

w a te r  w as lo w e r than  in  th o se  g iv e n  no rm a l d r in k in g  w a te r .  They 

e x p la in  th is  b y  s a y in g  th a t in  th o se  g iv e n  s a lt  to  d r in k  h yp e rtro p h y  

has a lre a d y  o ccu rre d  and the  response  to  u n ila te ra l neph rec tom y is  

c o rre s p o n d in g ly  re d u c e d . The reason  fo r  th is  does no t seem to  be 

c le a r .  I t  is  h o w eve r in te re s t in g  th a t s o lid  N a C l has no e ffe c t 

w he reas  s a lte d  d r in k in g  w a te r  does produce an e ffe c t .

W a te r has no t been g re a t ly  in v e s tig a te d  fo r  its  o v e r lo a d in g  

c a p a c ity .  Z a kh a ro v  (1961) in je c te d  1 m l.  o f no rm a l s a lin e  in to  

m ice  and 5 m l.  in to  ra ts  and no ted  a decrease in  m ito t ic  a c t iv i t y  

in  th e  k id n e y s  1 , 2 and 3 hours la te r .

T h u s , e x p e rim e n ta l w o rk  to  da te  on the  w o rk  h y p e rtro p h y  th e o ry  

does l i t t l e  to  p ro v id e  an in d ic a t io n  o f the  c o n tro l o f com pen sa to ry  

re n a l h y p e rtro p h y . The m echan ism  o f g row th  in d u ce d  b y  h ig h  

p ro te in  d ie ts  rem a ins obscu re  and none o f the  m ost ob v io u s  causes 

seem s a t is fa c to ry .  The re s u lts  w ith  am monium c h lo r id e  are  

e nco u rag in g  b u t do no t seem to  p ro v id e  th e  k e y  to  the  m ain 

m echan ism  in v o lv e d  in  com pen sa to ry  g ro w th . The e ffe c ts  o f s a lte d  

d r in k in g  w a te r ,  e s p e c ia l ly  the  fa c t  th a t the  response  is  n o t
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a d d it iv e  to  th a t o f u n ila te ra l nephrectom y suggests  th a t com pensa to ry  

re n a l h y p e rtro p h y  o ccu rs  as a response  to  d is tu rb e d  s a lt  and w a te r 

b a la n c e ; h o w e v e r, th e  phenom enon requ ire s  fu rth e r  In v e s t ig a t io n ; 

as y e t the  o n ly  in d e x  o f g row th  used has been the  m ito t ic  in d e x  and 

a more tho rough  in v e s tig a t io n  o f th e  e ffe c ts  o f s a lin e  d r in k in g  w a te r  

on p ro te in  and n u c le ic  a c id  m e ta bo lism  w o u ld  seem to  be in d ic a te d .

1 .4 .2  The P o s s ib le  Role o f H um ora l Agents

For m any yea rs  now th e re  has been a search  in  serum  and t is s u e  

e x tra c ts  fo r  fa c to rs  w h ic h  c o n tro l g row th  in  s p e c if ic  organs (W e is s , 

1952; T e ir  and L a h t ih a ry ii ,  1961; B u llo u g h , 1965 ). There is  a ls o  

c o n s id e ra b le  e v id e n ce  to  the  c o n tra ry ; A ls to n  ^nd-Tkom-s-on (1966 ), 

in  a s e r ie s  o f c ro s s -c ir c u la t io n  expe rim en ts  on ra ts ,  found  no 

e v id e n c e  fo r  hum ora l m e d ia tio n  o f l iv e r  re g e n e ra tio n .

S a c e rd o tti (1896) repo rte d  th a t serum from  n ep h rec to m ised  dogs 

in c re a se d  k id n e y  s iz e  w hen  in je c te d  in to  norm a l d o g s , Cam eron 

and K e lla w a y  (1927) in je c te d  k id n e y  hom ogenates in to  u n i la te ra l ly  

n e p h rec to m ised  gu inea  p ig s , w ith  no e ffe c t on the  e x te n t o f the  

h y p e rtro p h y . H o w e v e r, Breuhaus and M c ju n k in  (1932) found  th a t 

k id n e y  hom ogenates in je c te d  in to  norm a l and nep h rec to m ised  

a n im a ls  caused  an in c re a se  in  m ito s is  in  bo th  g ro u p s . Semenova 

(1961) re po rte d  s im ila r  re s u lts  in  mouse k id n e y ,

Saetren (1956) repo rte d  th a t in je c te d  k id n e y  m acera te  in h ib ite d  

th e  response  to  p a r t ia l nephrec tom y in  th e  mouse and S teua rt (1958) 

found  th a t k id n e y  and l iv e r  hom ogenates bo th  in h ib ite d  the  response
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to  re m o va l o f one k id n e y  and h a lf  o f the  o the r one; th e  k id n e y  

hom ogenate  w as th e  more p o te n t. S t itc h  (1960) has a ls o  repo rte d  

in h ib it io n  o f k id n e y  g ro w th  w ith  l iv e r  hom ogenate in  unopera ted  baby  

r a ts .  These expe rim e n ts  are  com p lex  to  in te rp re t beca use  o f 

p o s s ib le  e ffe c ts  on th e  a n im a ls ' d ie t and g e n e ra l h e a lth . T h is  w as 

i l lu s t r a te d  b y  W il l ia m s  (1962b) w ho found th a t in je c t io n  o f k id n e y  

m acera te  spread  o v e r the  pe ritoneum  depressed  th e  response  to  

u n ila te ra l neph rec tom y b u t a ls o  d im in is h e d  the  a n im a l's  food  in ta k e ; 

s ta rv a tio n  fo r  th e  same tim e  a ls o  depressed  the  re s p o n s e . L iv e r  o r 

s p le e n  m acera tes  d id  no t in h ib it  the  response  b u t d id  n o t a f fe c t  the  

a n im a l's  a p p e t ite .  Roe Is (1965) found  th a t in je c t io n  o f k id n e y  

hom ogenates d im in is h e d  th e  response  to  u n ila te ra l nephrec tom y a t 

2 d a y s , b u t no ted  no d iffe re n c e  in  bod y  w e ig h ts  b e tw e en  te s t  and 

c o n tro l a n im a ls .  He th e re fo re  d isag rees  w ith  W il l ia m s *  o p in io n  

th a t th e  re s u lt  is  due to  te c h n ic a l c o m p lic a t io n s , and b e lie v e s  th e  

re s u lts  a re  due to  a horm one produced b y  the  re n a l c e l ls  and 

c o n tro ll in g  m ito t ic  a c t iv i t y  in  the  n ep h ron . U n ila te ra l nephrectom y 

m igh t p roduce  a re d u c tio n  in  the  c o n c e n tra tio n  o f th is  horm one and 

th e re b y  cause  re n a l g ro w th . T h is  idea w as f i r s t  advanced  as a 

g e n e ra l cause  o f g ro w th  in  dam aged t is s u e s  b y  B u llo u g h  (1965 ).

G oss (1963a) perfo rm ed a se rie s  o f  expe rim en ts  w ith  fre s h , 

c o o k e d , fro ze n  and t ry p s in  d is s o c ia te d  k id n e y s  w h ic h  he in je c te d  

in t ra -p e r ito n e a lly  to  n ep h rec to m ised  ra ts .  He found  th e y  reduced 

the  m ito t ic  in d e x  b y  50% b u t so d id  hom ogenatesO^^liver, te s t is ,  

sp le e n  and b lo o d . These re s u lts  p rov id e  no e v id e n ce  o f t is s u e  -  

s p e c if ic  g ro w th  re g u la tin g  a g e n ts .
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A tte m p ts  to  dem onstra te  g row th  re g u la tin g  fa c to rs  in  serum  from 

n e p h re c to m ise d  a n im a ls  b y  p a s s iv e  tra n s fe r  o f such serum  to  

re c ip ie n t  a n im a ls  have a ls o  g ive n  c o n tra d ic to ry  r e s u lts .  Both G oss 

(1963a) and W il l ia m s  (1962) found  no d iffe re n c e  in  th e  response  to  

u n ila te ra l n e p h re c to m y  b e tw e en  ra ts  in je c te d  w ith  serum  from  o th e r 

n e p h re c to m ise d  ra ts  and th o se  in je c te d  w ith  serum from  sham 

ope ra ted  a n im a ls .  These w o rke rs  gave th e ir  a n im a ls  one in je c t io n  

e a c h . H o w e v e r, L o w e n s te in  and S tem  (1963) gave th e ir  a n im a ls  

(ra ts ) 2 in je c t io n s  p e r day o f 0 .5  m l.  serum fo r  4 days and reported

3
an in c re a s e  in  in c o rp o ra tio n  o f H th y m id in e  in to  th e  k id n e y s  bu t 

no t th e  l iv e r  o f no rm a l a n im a ls  re c e iv in g  serum from  nep h rec to m ised  

a n im a ls .  These  re s u lts  suggest th a t i t  is  d i f f ic u l t  to  tra n s fe r  

s u f f ic ie n t  o f th e  supposed  s t im u la t in g  horm one the  re c ip ie n t 

-̂Ti9»tth e  d o n o r.

T h is  d i f f ic u l t y  can  in  th e o ry  be overcom e b y  u s in g  p a ra b io t ic  

a n im a ls .  S teua rt (1958) com bined  ra ts  in  th re es  to  m ake up 

p a ra b io t ic  " t r ip le t s "  and b i la te r a l ly  nep h rec to m ised  each o f th e  

o u te r 2 a n im a ls .  He repo rte d  th a t th is  re s u lte d  in  a b u rs t o f 

m ito t ic  a c t iv i t y  in  th e  in ta c t  a n im a l.  M o re  re c e n t ly ,  K u rn ic k  and 

L in d s a y  (1968) and Johnson and Vera Roman (1968) re p o rt fa i lu re  to  

d em on s tra te  a hum ora l age n t in  p a ra b io t ic  p a irs ,  a lth o u g h  K u rn ick  

and L in d s a y  b e lie v e  th a t  such  a facW tex is ts . These expe rim e n ts  

a re  d i f f ic u l t  to  in te rp re t beca use  o f th e  s m a ll num ber o f a n im a ls  

used  and th e  p o s s ib i l i t ie s  o f in co m p le te  m ix in g  o f th e  c ir c u la t io n s .



31

A s p e c ia l case  o f p a ra b io s is  is  th a t be tw een  m other and fo e tu s .

G oss (1963b) fo u n d  no e v id e n ce  o f com pensa to ry  re n a l h yp e rtro p h y  

in  fo e ta l k id n e y s  2 days a f te r  u n i la te ra l nephrectom y o f the  m othe r, 

perfo rm ed on th e  19th  day  o f g e s ta t io n .  Th is  n e g a tive  re s u lt  may 

be due to  th e  fa c t  th a t th e  fo e ta l k id n e y s  w e re  a lre a d y  g ro w in g  

m a x im a lly ; a l te rn a t iv e ly  th e  hum ora l agent may not c ro ss  the  

p la c e n ta .

There a re  2 re p o rts  o f s t im u la t io n  o f g row th  o f k id n e y  c e l ls  

g ro w in g  in  t is s u e  c u ltu re  b e in g  s tim u la te d  b y  serum  from  nep h rec to m ised  

a n im a ls .  O gaw a and N o w in s k i (1958) found th a t nephrectom y serum 

added to  fo e ta l k id n e y  c e l ls  g row ing  in  t is s u e  c u ltu re  gave  m ito t ic  

a c t iv i t ie s  tw ic e  as h ig h  as no rm a l se rum . The fa c to r  w as  t is s u e -  

s p e c if ic  b u t n o t s p e c ie s -s p e c if ic  as i t  a ls o  a ffe c te d  puppy k id n e y  

c u ltu re s .  L o w e n s te in  and Lozn e r (1966) a ls o  found e v id e n ce  o f such 

a fa c to r .  The m easured is o to p e  in c o rp o ra tio n  in to  DNA in  fo e ta l 

k id n e y  c u ltu re s  in o c u la te d  w ith  serum  from  u n i la te ra l ly  n ep h rec to m ised  

ra ts  and re p o rt an  in c re a s e  in  is o to p e  in c o rp o ra tio n  be tw e en  these  

c u ltu re s  and th o s e  in o c u la te d  w ith  serum from  sham ope ra ted  a n im a ls .

M a lt  (1969) b e lie v e s  th a t a g row th  p ro m o tin g .fa c to r  e x is ts  in .se rum  

and th a t i t  m ay be re le a s e d  from  th e  k id n e y .  Bump and M a lt  

(u n p u b lish e d  data) have  d iv e rte d  the  re n a l o u tflo w  o f one k id n e y  

d ire c t ly  to  th e  l iv e r  and found  no change in  RNA/DNA in  e ith e r  k id n e y  

du rin g  2 w e eks  o f o b s e rv a tio n . He conc lude s  th a t e ith e r  the  fa c to r  is  

c o m p le te ly  and  p ro m p tly  in a c t iv a te d  b y  the  l iv e r  o r i t  is  in dependen t 

o f  h e p a tic  in a c t iv a t io n .
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I t  has been  su g g e s te d  th a t th e  ly m p h a tic  sys tem  has a ro le  in  

th e  c o n tro l o f  co m p e n sa to ry  re n a l h y p e rtro p h y . Fox and W a k im  (1968) 

suggested  th a t  a h u m ora l agen t may a c t in d ire c t ly  on th e  k id n e y  b y  

p re v e n tin g  d i f fe re n t ia t io n  o f lym pho cy te s  in  th e  re g io n a l lym ph nodes 

and thus  in h ib i t in g  the  m anu fac tu re  o f p ro te in s  th a t l im i t  g ro w th  b y  a 

feedba ck  m e ch a n ism . T h is  th e o ry  is  d is p u te d  fo r  s e v e ra l reasons ; 

f i r s t l y ,  co m p e n sa to ry  re n a l h yp e rtro p h y  occu rs  d u r in g  In te n s iv e  

im m unosu pp ress io n  (M a lt ,  1969); s e c o n d ly , com pen sa to ry  g row th  

is  no rm a l in  m ice  w ith  n e o n a ta l thym e c tom y and im m ature ly m p h a tic  

sys tem s (Bump and M a lt ) ;  th ir d ly ,  com pensa tion  b e g in s  to o  fa s t 

fo r  a l l  th e  p o s tu la te d  s teps i f  th e  c o n tro l is  to  be re g u la te d  v ia  a 

ly m p h o c y tic  in te rm e d ia ry .

O th e r m ore s p e c if ic  su b s ta n ce s  have been suggested  as a ffe c t in g  

re n o p r iv a l g ro w th . Royce (1967) suggests  RNase; as p re v io u s ly  

s ta te d , th is  enzym e has been repo rte d  as in c re a se d  in  k id n e y s  

undergo ing  co m p e n sa to ry  g ro w th  and i t  can e a s ily  be  seen how i t  

m igh t a f fe c t  RNA m e ta b o lism  and so unba lance  c o n tro l m e ch a n ism s . 

Royce (1968) has a ls o  id e n t if ie d  an abnorm a l - g lo b u lin  in  the  

serum  o f b i la te r a l ly  n e p h re c to m ise d  ra ts  one hou r a f te r  o p e ra tio n , 

and th is  m ay p la y  some pa rt in  c o n tro ll in g  the  p ro c e s s , b u t its  

p resence  has y e t  to  be  p roved  a f te r  u n in e p h re c to m y .

In  c o n c lu s io n ,  th e re fo re , th e  e v idence  fo r  a hum ora l c o n tro l o f 

co m p e n sa to ry  re n a l h y p e rtro p h y  is  by  no means c o n c lu s iv e ,  a lth o u g h  

th e re  is  s u f f ic ie n t  e v id e n ce  to  w a rra n t fu rth e r in v e s t ig a t io n .



1 .4 .3  E n doc rine  E ffe c ts  on C om pensa to ry  Renal H yp e rtro p h y

The e x te n t to  w h ic h  th e  en d o c rin e  g lands  a f fe c t  com pensa to ry  

re n a l h y p e rtro p h y  h a s , w ith  m ost o f the  o th e r a sp e c ts  o f the  

in v e s t ig a t io n  o f  th is  phenom enon, g iv e n  r is e  to  some c o n tro v e rs y . 

H o w e ve r, th e  ro le  o f the  p itu i ta ry  has been fa ir ly  d e f in ite ly  

e s ta b lis h e d , Foge lm an and G oldm an (1966) show ed th a t in  

h y p o p h yse c to m ise d  ra ts  th e  response  to  c o n tra la te ra l nephrectom y 

is  s c a rc e ly  d if fe re n t  from  norm a l in  th e  f i r s t  48 h o u rs , b u t soon 

d e c lin e s .  The p ro found  in h ib it io n  in  com pensa to ry  g row th  ove r 

the  lo n g -te rm  is  due m a in ly  to  la c k  o f G row th  Horm one (GH) 

(A s ta ra b a d i, 1 9 6 2a ). H yp ophyse c tom y reduces k id n e y  s iz e  in  tw o  

w a ys  : i t  re s u lts  in  a lo s s  o f k id n e y  w e ig h t re la t iv e  to  b od y  w e ig h t; 

i t  a ls o  re s u lts  in  a c e s s a tio n  o f g ro w th  o f the  a n im a ls  (R o lf and 

W h ite ,  1 9 5 3 ). S ince  the  d e c lin e  in  body w e ig h t secon da ry  to  

h yp o p h y s e c to m y , b u t not a l l  th e  decrease  in  re n a l w e ig h t is  p reven ted  

b y  g row th  horm one , th e re  m ay be a n o th e r p itu ita ry  horm one re s p o n s ib le  

fo r  th e  m a in ten ance  o f re n a l w e ig h t.  The lo s s  o f re n a l w e ig h t a f te r  

-«epfa3EECtnEn.y ca n n o t be p reven ted  b y  fe e d in g  a h ig h  p ro te in  d ie t 

(Lea tham , 1945) and  even i f  a ra t is  fo rc e - fe d  s u f f ic ie n t  n u tr ie n ts  to  

p reven t w e ig h t lo s s ,  re n a l mass rem ains dep ressed  (L e v in , 1944). 

F o llo w in g  u n i la te ra l neph rec tom y the re  is  an in c re a s e  in  th y m id in e  

in c o rp o ra tio n  in  the  p itu i ta ry  (N akam ura, 1964) and an in c re a s e  in  

a c id o p h il c e l l  num ber (F in d le y  and D a v is , 195 6 ), T h is  suggests  

re o rg a n ise d  p i tu i ta ry  fu n c t io n  fo llo w in g  u n ila te ra l n ep h rec to m y .
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O th e r p itu i ta ry  horm ones a f fe c t  the  com pensa to ry  p ro c e s s . 

A n t id iu re t ic  Horm one (ADH) p roduces a s l ig h t  In c re a se  in  m ito t ic  

a c t iv i t y ,  b u t i f  g iv e n  in  c o n ju n c tio n  w ith  a s a lin e  in fu s io n  the re  

is  a 4 0 - to  5 0 - fo ld  in c re a s e  in  m ito se s  (R e ite r, 1969; D e v e n y i, 

1 96 4 ). H a y  (1946) show ed th a t a p u r if ie d  th y ro tro p h ic  subs ta n ce  

from  th e  a n te r io r  p i tu i ta ry  in c re a se d  k id n e y  s iz e  in  no rm a l and 

h yp o p h y s e c to m is e d  r a ts .  T h y ro x in e  in c re a se s  k id n e y  w e ig h t 

(S e lye  et a l . ,  1945), th^^^ m ito t ic  in d e x  (P is i and C ava H i,  1955) 

and t h ^ f  p ro te in  and RHA c o n te n t (M a n d e l and R e ve l, 19581. 

T h y ro id e c to m y  re s tr ic ts  re n a l g ro w th  though th io u re a  in  d r in k in g  

w a te r  does no t (R e ite r, 196 9 ). F o llo w in g  u n ila te ra l nephrectom y 

co lu m n a r c e l ls  in  the  th y ro id  en la rge  and fo l l ic le s  a re  d e p le te d  

o f c o l lo id  (N akam ura , 196 4 ),

A d re n o c o rtic o tro p h ic  horm one (ACTH) on th e  o th e r hand has no 

e f fe c t  on k id n e y  w e ig h t and h is to lo g y  (S im pson , L i and E vans,

1946 ), and has no e ffe c t on the  changes induced  b y  h ypo physec tom y 

(A s ta ra b ^ d i, 1962b and 1963 jx  M c C re ig h t and R e ite r, 196 5 ). The 

e f fe c t  o f a d re n a le c to m y  on com pensa to ry  re n a l h yp e rtro p h y  w as in  

d isag reem en t u n t i l  G oss (1965) show ed th a t p re v io u s ly  c o n tra d ic to ry  

re s u lts  (G oss and R a n k in , 196 0; W il l ia m s ,  1962; A s ta ra b a d i,  1963) 

w e re  due to  v a r ia t io n s  in  s a lt  in ta k e .  G oss (1965) show ed th a t 

a d re n a le c to m y  d im in is h e d  the  response  i f  the  a n im a ls  w e re  g iv e n  

w a te r  to ,d r in k ,  b u t had no e ffe c t i f  th e y  w e re  g iv e n  s a lin e  d r in k in g  

w a te r .  T h is  has s in c e  been c o n firm e d  (R e ite r and M c C re ig h t,  1965) 

I t  appears  th a t an  adequa te  sodium  le v e l is  e s s e n t ia l fo r
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com p e n sa to ry  re n a l h y p e rtro p h y  to  occu r and th a t th e  im p o rta n ce  o f 

th e  a d re n a ls  to  the  p rocess  is  th a t th e  m in e ra lo c o r t ic o id s  w h ic h  

th e y  p roduce  prom otes sod ium  re te n tio n . The in je c t io n  o f 

d e o x y c o rtic o s te ro n e  a c e ta te  has been show n to  in c re a s e  k id n e y  

w e ig h t and m ito t ic  in d e x  (Ludden e t a l . ,  1941; G o s s , 1 96 5 ), and 

enhance th y m id in e  in c o rp o ra tio n  in  in ta c t  ra ts  (M ora s k i ,  1966), 

C a s tle s  and W ill ia m s o n  (1965) re p o rt th a t a ld o s te ro n e  in c re a se s  

RNA s y n th e s is .

S eve ra l o th e r s te ro id  horm ones e xe rt an e ffe c t on com pensa to ry  

re n a l h y p e rtro p h y . C o rt is o n e  a c e ta te  has been show n to  in h ib it  

c o m p le te ly  th e  p rocess  (Goss and R a nk in , 196 0 ). The sex  horm ones 

e x e rt an  e ffe c t;  i f  u n i la te ra l nephrec tom y is  perfo rm ed be fo re  

p u b e rty  in  m ic e , th e  respon se  show s more h y p e rp la s ia  th a n  i f  the  

o p e ra tio n  is  perfo rm ed a f te r  pub e rty  (M a lt ,  1969 ). In  m ale  m ic e , 

c a s tra t io n  reduces re n a l w e ig h t (F a d ia l e t a l . ,  1967; K assenaa r 

e t a l . ,  196 2 ), b u t oopho rec tom y has no e ffe c t on fem a le  ra t k id n e y s  

(M a lt ,  1 9 6 9 ). N o rte s to s te ro n e  a b o lis h e s  the  e ffe c t o f c a s tra tio n  

on com pen sa to ry  re n a l h y p e rtro p h y  (Kassenaar et a l . ,  1962; F a d ia l 

e t a l . ,  1967), and in  in ta c t  a n im a ls  in je c t io n  o f n o rte s to s te ro n e  

in c re a s e s  the  k id n e y  s iz e  and the  ra te  o f am ino  a c id  in c o rp o ra tio n . 

(Kassenaar e t a l . ,  1 9 6 2 ). C a s tra te d  m ice  do show some degree o f 

com pen sa to ry  g ro w th , b u t RNA in c re a se s  as k id n e y  w e ig h t in c re a se s  

ra th e r th a n  a t a fa s te r  ra te  as in  no rm a l m ice  o r c a s tra te s  re c e iv in g  

n o rte s to s te ro n e  (J e lin e l^  1964) . S cha ffenburg  and M c C u llo u g h

(1953) re p o rt th a t la rg e  doses o f oes trogens  g iv e n  to  m ale  m ice  

have  a s ig n if ic a n t  d e p re ssa n t e f fe c t on com pen sa to ry  g ro w th  fo llo w in g
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u n i la te ra l nephrec tom y and S h im k in  e t a l .  (1963) re p o rt a re d u c tio n  

in  re n a l w e ig h t re la t iv e  to  bod y  w e ig h t in  m ale m ice  re c e iv in g  a 

s in g le  in je c t io n  o f o e s tro g e n .

There is  no d o u b t, th e re fo re , th a t many o f the  horm ones secre ted  

b y  th e  en d o c rin e  g la n d s  p la y  some part in  the  c o n tro l o f com pensa to ry  

re n a l h y p e rtro p h y . A l l  the  horm ones d is c u s s e d  in  th e  p re c e d in g  

pa ra g ra p h s , exce p t A D H , e x e rt an in flu e n c e  on many a s p e c ts  o f an 

a n im a l's  m e ta b o lis m , a ffe c t in g  m ost t is s u e s  and organs a n d , w h ile  

th e  p resence  o r absence  o f some o f them  has been show n to  a f fe c t  

th e  e x te n t o f com pensa to ry  p ro c e s s , none is  a b s o lu te ly  e s s e n tia l fo r  

i t s  o c c u rre n c e .

1 .4 .4  E x tra o rd in a ry  In flu e n c e s  on K id n e y  G row th

From tim e  to  t im e  d u rin g  th e  m any years  th a t com pensa to ry  g row th  

o f the  k id n e y  has been s tu d ie d , v a r io u s  phenomena w h ic h  are 

a s s o c ia te d  w ith  g ro w th  o f th e  k id n e y  have come to  l ig h t .  Some o f 

th e s e  may be re la te d  to  th e  even ts  o ccu rr in g  fo llo w in g  rem o va l o f one 

k id n e y  from  an a n im a l.

A rg y r is  and  T rim b le  (1964) have  s tu d ie d  the  e ffe c ts  o f m ild  degrees 

o f t is s u e  dam age . They re p o rt th a t m ino r degrees o f damage to  

m ouse k id n e y  p roduces b o th  Ip s e la te ra l and c o n tra la te ra l in c re a se  

in  m ito t ic  in d e x . In  the  m ale m ouse, sham o p e ra tio n  produces a 5 -  

fo id  in c re a s e  in  m itoses  2 days la te r  and c o r t ic a l dèmage to  one 

k id n e y  p roduced  b y  n ee d le  punc tu re  re s u lts  in  an 1 1 - fo ld  in c re a se  

in .m ito t ic  in d e x  in  th e  c o n tra la te ra l k id n e y .
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B e n ite z  and  Shaka (1964) re p o rt th a t u n ila te ra l u re te ra l l ig a t io n  

evokes no m ito t ic  response  in  the  o p p o s ite  k id n e y  in  th e  f i r s t  3 d a y s , 

a lth o u g h  th e re  is  an  in c re a s e  in  m itoses  in  th e  o b s tru c te d  k id n e y ; 

P au lson and F ra le y  (1969) re p o rt a decrease  in  po ly rib o so m e s  in  

a c u te ly  o b s tru c te d  m ouse k id n e y .

O the r w o rk e rs  have sought a re la t io n s h ip  be tw een  k id n e y  g row th  

and th e  re g u la t io n  o f b lo o d  p re s s u re , M a s s o n  and H ira  no (1969) 

found  th a t u n i la te ra l re n a l a r te ry  o c c lu s io n  produced c o n tra la te ra l 

h y p e rtro p h y  o n ly  i f  the  lig a te d  k id n e y  becam e a tro p h ic .  H o w e ve r, 

L y tto n  e t a l ,  (1968) re p o rt th a t ip s e la te ra l isch aem ia  a t the  tim e  o f 

c o n tra la te ra l nep h rec to m y produced  a k id n e y  w h ic h  w as 25% h e a v ie r 

th a n  neph rec to m y a lo n e  p rodu ced .

R e ite r (1968) has in v e s tig a te d  the  e ffe c ts  o f  c o ld  exposure  on 

th e  re n a l m ass in  h a m s te rs . H e found  th a t ham ste rs  k e p t a t 

tem p era tu res  b e tw e en  4°C  and 7^C showed m arked h y p e rtro p h y  o f 

the  k id n e y ,  and  th a t th e  e ffe c t w as a d d it iv e  to  th a t o f u n ila te ra l 

n e p h re c to m y , in  th a t th e re  w as a s m a ll e ffe c t due to  c o ld  e x p o s u re . 

O f c o u rs e , th e  h a m s te r is  a h ib e rn a to r and w a te r -c o n s e rv e r  (R e ite r, 

1 96 9 ), C o ld  expo su re  a ls o  a c t iv a te s  the  th y ro id  and Johnson (1969) 

has show n th a t  a t  th is  tem p e ra tu re  in  ra ts  th e re  is  a m arked in c re a se  

in  th e  BMR, and  fe e ls  the re  may be a ls o  an in c re a se  in  c a rd ia c  

ou tp u t and G FR, I t  may be th a t one o f these a s s o c ia te d  phenomena 

is  th e  cause  o f th e  re n a l h yp e rtro p h y  w h ic h  o c c u rs .
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N ervous and  p h y s ic a l s t im u li w e re  in v e s tig a te d  b y  A lle n  and M ann  

(1935) • In  th e  ra b b it  th e y  no te d  th a t re n a l d e c a p s u la tio n  and c o n tra -  

la te ra l nep h rec to m y re s u lts  in  40% in c re a se s  in  response  a t 6 m on ths , 

H a ll ib u r to n  (1966) s tu d ie d  th e  e ffe c ts  o f re n a l d e c a p s u la tio n  a t a 

s h o rte r in te rv a l (48 hou rs) in  th e  r a t .  H e found  no d iffe re n c e  in  the  

com p e n sa to ry  respon se  in  a n im a ls  w h ic h  occu rred  a f te r  u n i la te ra l 

nephrectom y as a re s u lt  o f d e c a p s u la tio n  o f th e  re m a in in g  k id n e y .  

C le a r ly ,  th e re fo re , th e  p resence  o f a ca p su le  on th e  k id n e y  has no 

e ffe c t on th e  e x te n t o f th e  com pensa to ry  response  in  the  sh o rt t im e  

in te r v a l .  These  in v e s tig a to rs  a ls o  s tu d ie d  the  e ffe c t o f re n a l 

d e n e rv a tio n  on th e  com pen sa to ry  response  in  the  ra b b it  and a g a in  

re p o rte d  an in c re a s e . H o w e ve r, the  presence o f com pensa to ry  

g ro w th  in  d e n e rva te d  tra n s p la n te d  k id n e y s  has v ir tu a l ly  d isp o se d  

o f th e  re n a l ne rve  s u p p ly  as an im po rtan t s tim u lu s  to  com pensa to ry  

re n a l h y p e rtro p h y .

T h r e l fa i l  e t a l .  (1967) and T h re lfa l l (1968) in  the  ra t and Bagerga 

e t a l ,  (1968) in  th e  m ouse re p o rt on the  e ffe c ts  o f fo l ic  a c id  in je c t io n  

on g ro w th  o f th e  k id n e y .  In je c t io n  o f 5 -5 0  m gm s, o f f o l ic  a c id  

produces th e  g re a te s t know n  g ro w th  response  in  the  k id n e y '. M a lt

(1969) re p o rts  th a t an in je c t io n  o f V ita m in  th e  same e f fe c t .

In  th e  ra t k id n e y  RNA c o n te n t in c re a se s  b y  50% in  24 hours and 

dou b le s  b y  4 d a y s , DNA r is e s  to  a maxim um  o f 7 0% g re a te r than  

no rm a l in  3 -4  d a ys ; th is  r is e  in  DNA is  p roceeded b y  a d o u b lin g  o f 

RNA p o ly m e ra s e . A fte r  36 hours the  la b e llin g  o f DNA and the  

num ber o f c o r t ic a l m ito s e s  in c re a se s  16 t im e s . In  c o n tra s t w ith
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u n ila te ra l ne p h re c to m y  o n ly ,  the  w e t w e ig h t in c re a se s  d u rin g  the  f i r s t  

day; th e re a fte r  b o th  w e t and d ry  w e ig h ts  in c re a se  b y  60% and 3 0% 

re s p e c t iv e ly ;  a ls o  in  c o n tra s t w ith  even ts  o c c u rr in g  a fte r  u n ila te ra l 

neph rec tom y th e re  is  a m arked in c re a se  in  m e d u lla ry  m ito s is .  In  

the  mouse DNA s y n th e s is  is  in c re a se d  b y  20 h o u rs , re a c h in g  a peak 

a t 3 0-6  0 h o u rs , b y  w h ic h  tim e  th e re  is  a 1 0 0 -fo ld  in c re a s e  in  m ito s e s . 

The e ffe c t is  a d d it iv e  to  th a t o f u n i la te ra l nephrectom y in  the  ra t 

(T h re lfa ll e t a l  , ,  196 7 ),

The e x p la n a tio n  fo r  th e s e  changes in  n u c le ic  a c id  s y n th e s is  is  

n o t c le a r .  I f  i t  w e re  e ve r show n th a t th e  e ffe c t w as p te r id in e -  

in d u c e d , th is  w o u ld  be  o f im m ense v a lu e  in  the  s tu d y  o f th e  c o n tro l 

o f n u c le ic  a c id  s y n th e s is  . H o w e ve r, th e re  is  no e v id e n ce  fo r  th is  ,

On the  o th e r ha n d , m ost w o rke rs  b e lie v e  th a t the  e ffe c t is  p u re ly  a 

m e c h a n ic a l o n e . The e a r ly  in c re a s e  in  w e t w e ig h t and the  in c re a se  

in  m e d u lla ry  m ito s is ,  c o u p le d  w ith  the  p ro d u c tio n  o f s im ila r  e ffe c ts  

b y  th e  in tra tu b u la r  p re c ip ita t io n  o f u ra n y l n itra te  c ry s ta ls  (T a y lo r e t 

a l , ,  1968) and  th e  f in d in g  th a t a f te r  in je c t io n  o f fo l ic  a c id  p re c ip ita te s  

o c c u r in  the  tu b u le s  (Bazerga e t a l , ,  1968; T a y lo r  e t a l . ,  1968) w o u ld  

su g g e s t th a t th e  e x p e rim e n ta l m ode l is  th a t o f an a c u te ly  o b s tru c te d  

k id n e y .
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1 .5  THE SITUATION IN  1967

M u c h  o f th e  w o rk  re v ie w e d  in  the  p receed ing  paragraphs has 

been p u b lis h e d  b e tw e e n  1967 and 1969, and m ost o f i t ,  n o ta b ly  

th a t o f M a lt  and lus'i: c o -w o rk e rs  in  B os ton , is  o f g rea t v a lu e  in  

c la r i fy in g  th e  e a r l ie s t  changes in  the  k id n e y  re m a in ing  fo llo w in g  

c o n tra la te ra l n e p h re c to m y . H o w e v e r, in  s p ite  o f t h is ,  the  

c o n tro l m echan ism s rem a in  obscu re  and i t  seems n e ce ssa ry  to  

look  a t v a r io u s  th e o re t ic a l p o s s ib i l i t ie s  and some o f the  changes 

w h ic h  m igh t p o s s ib ly  o c c u r fo llo w in g  u n ila te ra l nephrectom y in  

an a tte m p t to  a r r iv e  a t  a reason ab le  h y p o th e s is  to  e x p la in  the  

phenom enon o f re n o p r iv a l c o m p e n sa tio n .
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S E C T I O N  2

M A T E R I A L S  A N D  M E T H O D S
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2 .1 GENERAL

2 . 1 . 1  A nim als

A d u lt a lb in o  m ale ra ts  from  the  d e p a rtm e n ta l c o lo n y  w e re  used 

in  a lm o s t a l l  e x p e rim e n ts . T h e ir  body  w e ig h ts  w e re  b e tw e en  120 

and 260 g .  D u rin g  expe rim e n ts  th e y  w ere  caged in d iv id u a l ly  a t 

26°G  and w e re  fed  ad lib itu m  on s to ck  d ie t  (Table 2 ) , e xce p t du rin g  

d ie ta ry  e xpe rim e n ts  w hen th e y  w e re  fed  m easured q u a n tit ie s  o f d ie t  

a t  re g u la r  t im e s . They w e re  a llo w e d  free  a cce ss  to  w a te r  a t  a l l  

t im e s ,

In  a few  e x p e rim e n ts , ra b b its  w e re  u s e d . These w e re  a d u lt 

D u tch  s tra in  a n im a ls ,  w ith  body  w e ig h ts  rang ing  from  1 .6  k g .  to  

2 ,5  k g .  These w ere  housed in d iv id u a l ly  and fed  ad lib itu m  on 

s to c k  d ie t  w ith  fre e  access  to  w a te r  a t  a l l  t im e s .

2 . 1 . 2  Is o to p e s

Is o to p e s  w e re  o b ta in e d  from th e  R a d io ch e m ica l C e n tre ,

Am ersham , T r it ia te d  L - le u c in e  la b e lle d  a t p o s it io n  4 and 5 (Code 

14
N o , TR K  170 ), C A d e n in e , la b e lle d  (Code N o . CFA 219) w e re  

used  in  m ost e x p e rim e n ts . Both iso to p e s  w e re  s to re d  a t - lO ^ C  

U n ti l re q u ire d .

2 . 1 . 3  D ie ts

H a ll ib u r to n  (1966) repo rts  th a t 15 g ,  o f s to ck  die%^is s u f f ic ie n t  

food  in ta k e  fo r  ra ts  o f 150-200 g ,  bod y  w e ig h t .  The com position o f 

s to c k  d ie t  (D ie t 4 1 , B ruce and F a rke s , 1949) is  g iv e n  in  T ab le  2 ,

In  d ie ta ry  e x p e rim e n ts , s y n th e t ic  d ie ts  w e re  used ; the  c o m p o s itio n
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o f th e s e  is  g iv e n  in  T ab les  3 - 9 .  The c a lo r ie  in ta k e  w as c o n tro lle d  

to  p ro v id e  1 , 4 50  c a lo r ie s  pe r square m etre o f body  s u rfa ce  per day 

in  o rde r to  m a in ta in  n itro g e n  b a la n ce  (M unro  and N a is m ith ,  1953) ,  

The b o d y  s u rfa ce  w as com puted from  the  fo rm u la  S = 12 . 54  

s q .  c m .  w he re  S is  th e  b od y  su rfa ce  area and W  th e  b od y  w e ig h t 

(Lee , 1929) ,  C o n s e q u e n tly  the  a n im a ls  w e re  o ffe re d  15 g .  o f food  

pe r d a y , 7 g . a t  10 a , m , ,  in i t ia l l y  a f te r  a 17 -h o u r fa s t ,  and 8 g .  a t 

4 p , m , A l l  a n im a l w e ig h ts  recorded  w ere  ta k e n  a t 10 a . m .

2 , 1 . 4  S u rg ic a l Procedures

2 . 1 , 4 . 1  U n ila te ra l N ephrectom y

A n a e s th e s ia  ; E th e r, A n im a l ; Rat

R igh t u n i la te ra l nephrec tom y w as perform ed v ia  a lum ba r in c is io n  

A fte r  s h a v in g ,th e  s k in  and pe ritoneum  w e re  opened and the  k id n e y  

m a n ip u la te d  th ro u g h  the  in c is io n ,  d e ca p su la te d  and th e  p e d ic le  

l ig a te d  w ith  c o tto n  th re ad  5 mm.-« from  the  k id n e y .  The pe ritoneum  

w as c lo s e d  w ith  a co n tin u o u s  co tto n  su tu re  and the  s k in  w ith  

in te rru p te d  su tu res  , The k id n e y  w as w ashed  in  w a te r  and b lo tte d  

on f i l t e r  p ap e r, w e ig h e d  on a to rs io n  b a la n ce  and s to re d  in  the  

fro z e n  s ta te  a t - 7 0°C  . In  sham o p e ra tio n s , the  k id n e y  w as 

m a n ip u la te d  th ro ugh  th e  in c is io n ,  hand led  fo r  a le n g th  o f tim e  

e q u iv a le n t to  th a t re q u ire d  fo r  e x c is io n ,  re tu rne d  to  the  p e r ito n e a l 

c a v ity  and th e  w ound c lo s e d  as b e fo re .
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2 . 1 . 4 . 2  U n ila te ra l N e ph rec tom y and P a rt ia l H e p a te c to m y

A n a e s th e s ia  : E the r A n im a l : Rat

A fte r  s h a v in g  th e  s k in ,  a m id lin e  ab d o m in a l in c is io n  w as made 

ju s t  b e lo w  th e  x y p h o id  p rocess  and th e  e n tire  m edian lobe  o f 

th e  l iv e r  d e liv e re d  th ro u g h  i t .  A loop  o f c o tto n  th re a d  w as passed 

ove r th e  e n t ire  lobe  and t ig h te n e d . The lobe  w as th e n  e x c is e d .

The a b d o m in a l w ound w as c lo s e d  in  la y e rs .  U n ila te ra l nephrec tom y 

w as then  perfo rm ed th ro ugh  a lum bar in c is io n  as p re v io u s ly  

d e s c r ib e d  ( 2 , 1 , 4 , 1 ) ,

2 . 1 . 4 . 3  U n ila te ra l N e ph rec tom y and C o n tra la te ra l R enal D e n e rva tio n

A n a e s th e s ia  : In d u c tio n  -  in traven ous  p e n to b a rb ito n e

(N em buta l) BP 0 .75  m l/K gm  in je c te d  in to  

th e  ear v e in .

M a in te n a n c e  -  e th e r

S te r i l i t y  : F u ll s te r i le  p recau tions  (gow n , mask ,

g lo v e s , s te r i le  in s tru m e n ts  and s u tu re s ).

A n im a l : R abb it

V ia a m id - l in e  a b d o m in a l in c is io n  the  le f t  k id n e y  w as lo c a te d  and 

s tr ip p e d  o f f a t .  A l l  v is ib le  nerve f ib re s  w ere  c u t and the  fa s c ia l 

shea th  s tr ip p e d  from  the  re n a l a r te ry  from the  h ilu m  o f the  k id n e y  

to  th e  o r ig in  o f the  a r te ry  from  the  a o r ta . The fa t  w as s tr ip p e d  from  

the  upper 2 cm :.;. o f the  u re te r and a l l  v is ib le  nerve  f ib re s  d iv id e d .

The ao rta  w as th e n  s tr ip p e d  o f a l l  nerve fib re s  su rro und ing  i t  fo r  1 cm . 

on e ith e r  s id e  o f the  o r ig in  o f the  re n a l a r te ry .  C a re  w as taken  not 

to  damage the  a d re n a l g la n d s  d u rin g  th is  p rocedure  (A lle n  and M a n n , 

1935) .
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The r ig h t  k id n e y  w as now lo c a te d , s tr ip p e d  o f fa t  and the  ca p su le  

rem o ved . The p e d ic le  w as lig a te d  w ith  s i lk  su tu re  I  c m f r o m  the  

h ilu m  and the  p e d ic le  d iv id e d .  Packs used to  d is p la c e  w e re  now 

rem oved and the  w ound c lo s e d  in  la ye rs  w ith  s i lk  s u tu re s .

2 . 1 . 4 . 4  The M easu rem en t o f C a ro tid  B lood Pressure

A n a e s th e s ia  : P e n tobarb itone  (N em buta l) BP

0 ,5  m l/ . 1 in  5 d i lu t io n  in je c te d  

in tra p e rito n e a  l l y .

M a n o m e te r : The m anom eter c o n s is te d  o f a le n g th  o f

f in e  p o ly th e n e  tu b in g  taped  to  a v e r t ic a l 

boa rd  to  form  a U , open a t one end and 

p a r t ia l ly  f i l le d  w ith  m ercu ry; the  le n g th  

o f tu b in g  be tw een the  m ercu ry  and the  

end to  be in se rte d  in to  the  c a ro t id  a r te ry  

w as f i l le d  w ith  h e p a rin iz e d  s a lin e  

(prepared b y  m ix in g  0 .5  m is .  o f hep a rin  

BP 1000 iu /m l .  and 4 .5  m is . no rm a l s a lin e )

A n im a l : Rat

The neck  w as shaved and an in c is io n  made a lo n g  th e  r ig h t  la te ra l 

a s p e c t o f the  trach ea  and th e  r ig h t c a ro t id  a r te ry  w as lo c a te d  and 

exposed  ove r a le n g th  o f 1 .5  cm/; . P ro x im a lly  a s m a ll c l ip  was used 

to  c la m p  the  a r te ry .  D is ta l ly  a loop  o f th read  w as p la ce d  under the  

a r te ry  and b y  g e n tle  tra c t io n  on th is  loop the  a r te ry  w as k e p t s l ig h t ly  

s tre tc h e d . U s in g  w a tc h m a k e r's  fo rc e p s , the  fa s c ia l shea th  w as 

s tr ip p e d  from  th e  a r te ry  and th e n , us ing  fin e  s c is s o rs ,  w ith  the  a id  

o f a b in o c u la r  m a g n ify in g  le n s , the  a r te ry  w as in c is e d  b u t not 

c o m p le te ly  d iv id e d .  The free  end o f the  p o ly th e n e  tu b in g  w as
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in s e rte d  in to  th e  a r te ry  and pushed p ro x im a lly ,  th e n  t ie d  in  p la ce  

w ith  a su tu re  round  th e  a r te ry .  The f in e  c lam p w as now re le a se d  

and b lo o d  p re ssu re  re c o rd e d .

B .P ,  -  A lte ra t io n  o f h e ig h t o f m ercu ry co lum n  x  2 m m ^ .H g . 

U n ila te ra l nep h rec to m y w as now perform ed as d e s c r ib e d  p re v io u s ly  

and the  b lo o d  p re ssu re  a g a in  re c o rd e d . S e ria l rea d in g s  w e re  made 

fo r  30 m inu tes  and the  a n im a l s a c r if ic e d ,

2 . 1 . 4 .5  W ith d ra w a l o f B lood Samples

V enous: A n a e s th e s ia  : E ther A n im a l : Rat

The neck  w as shaved  and opened ove r the  ju g u la r  v e in  and 

sam ples w ith d ra w n  w ith  a s y r in g e  and n e e d le . The w ound w as 

c lo s e d  w ith  c o tto n  s u tu re s .

A n im a l : R abb it

The ear v e in  w as n ic k e d  w ith  a s c a lp e l,  w ith  a n a e s th e s ia , and 

the  b lo o d  c o l le c te d  in to  a te s t  tu b e .

A r te r ia l: A n a e s th e s ia  : E ther A n im a l : Rat

The abdom en w as opened w ith  a le f t  param edian in c is io n ,  the  

s tom ach and  s p le e n  d is p la c e d  to  the  r ig h t  and b lo o d  w as w ith d ra w n  

w ith  a s y r in g e  and nee d le  from  the  ao rta  ju s t  be lo w  its  e x it- fro m  the  

d ia p h ra g m . The a n im a l w as then  s a c r if ic e d .

2 . 1 . 4 .6  In je c t io n  o f Urea S a lin e  M ix tu re  

A n a e s th e s ia  : T r ile n e  A n im a l : Rat

The m ix tu re  w as in je c te d  in to  the  t a i l  v e in  as d e s c r ib e d  by 

Thom son (1 9 7 0 ).
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2 ,1 .5  T is s u e  D ry  W e ig h t A n a ly s is

T h is  w as e s tim a te d  b y  w e ig h in g  the  t is s u e  on a p re v io u s ly  

w e ig h e d  w a tc h  g la s s ,  m in c in g  i t  w ith  s c is s o rs  and re -w e ig h in g  

a f te r  3 days in  an in c u b a to r a t 7 0 ^C .

2 .1 .6  S ta t is t ic a l A n a lyse s  '

These w e re  perfo rm ed a c c o rd in g  to  Snedecor (1 9 4 9 ). W here  

P is  u se d , i t  is  in  th e  c o n v e n tio n a l se n se , e . g .  P< 0 .0 1  in d ic a te s  

a s ig n if ic a n c e  a t th e  le v e l o f 1%.



TABLE 2

ANALYSIS OF DIET 41 (BRUCE AND PARKES, 1949)

P ro te in  13,7%

Fat 3 .5%

C a rbo hyd ra te  49 ,0%

F ib re  1,5%

48
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TABLE 3

C O M PO SITIO N OF SEMI-SYNTHETIC DIETS

The p h y s io lo g ic a l c a lo r ie   ̂V o f  the  subs tance s  used 

in  the  d ie ts  a re  :

P ro te in  

C a rb o h yd ra te  

F a t .

V .M .R . *

A m ino a c id s  

C itra te

In o rg a n ic  s a lts

4 c a lo r ie s  per gram 

4 c a lo r ie s  per gram 

9 c a lo r ie s  per gram

3 .5  c a lo r ie s  per gram 

4 c a lo r ie s  per gram

2 .8  c a lo r ie s  per gram 

0 c a lo r ie s  per gram

The d ie ts  used had a c a lo r ie  e q u iv a le n t o f 4 .1 8  c a lo r ie s  per gram. 

A n im a ls  w e re  o ffe re d  15 g .  o f  food  per day; w here  in o rg a n ic  ions 

w e re  added to  th e  d ie t ,  th e  q u a n tity  o ffe red  w as a lte re d  to  g iv e  the  

e q u iv a le n t o f 15 g . o f d ie t  o f 4 .1 8  c a lo r ie s  pe r g ram .

*  see T ab le  4
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TABLE 4

C O M PO SITIO N  OF V IT A M IN -M IN E R A L-ROUGHAGE (V .M .R .)  MIXTURE

(M u n ro , 1949)

Sodium  c h lo r id e  3 2 .5  g

S a lt M ix tu re  "4 4 6 " *  1 3 0 .0  g

"V ita m in s  in  S ta rch " * *  2 5 0 .0  g

A ga r Powder 6 2 .5  g

M a rg a r in e  7 7 .5  g

1 g ç /v - to c o p h e ro l a c e ta te  w as m ixed  w ith  14 m l.  ra d io s to ie u m

( B . D . H . ) . 0 .8  m l.  o f  th is  w as m ixed  w ith  the  a b o v e .

*  see T ab le  5

* *  see T ab le  6
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CO M PO SITIO N  OF SALT MIXTURE "4 4 6 "

Na C l

P o tass ium  c it ra te

KHgPO^

Ca H PO

Ca CO,

F e rr ie  c it r a te  3HgO 

C u 8 0 ^  SH^O 

C o  C lg  6HgO 

Kg A lg  (SO ^)^ 24HgO 

NaF

M g  COg

M u  SO.

K I

Zn CO.

2 4 3 .2  g

5 3 3 .0  g

17 4 .0

8 0 0 .0

3 6 8 .0  g

3 6 .0  g  

0 .4  g  

0 . 2  g  

0 , 2  g  

0 . 0 0 2  g

9 2 .0  g  

2 o 8 g  

0 , 1  g  

0 . 1  g
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TABLE 6

C O M PO SITIO N OF VITAMINS IN  STARCH

P y rid o x in e  h y d ro c h lo r id e  25 mg

R ib o fla v in  25 mg

T h ia m in e  h y d ro c h lo r id e  25 mg

N ic o t in ic  a c id  100 mg

M e n a p h th o n e  5 mg

B io t in  5 mg

C a lc iu m  pan to the na te  2 00 mg

P a ra -a m in o b e n zo ic  a c id  500 mg

In o s ito l  1 .0  g

C h o lin e  c h lo r id e  1 0 .0  g

F o lic  a c id  T race

P o ta to  s ta rc h  to  500 g
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TABLE 7

C O M PO SITIO N  OF DIETS C O N TAIN IN G  A M IN O  A C ID  SUPPLEMENTS

C o n tro l G ly c in e A rg in in e  H C l A rg in in e

C a s e in  (g) 120 120 120 120

M a rg a rin e  (g) 42 42 42 42

G lu c o s e  (g) 429 398 310 330

P o ta to  s ta rc h  (g) 129 96 68 80

V .M .R .  (g) 80 80 80 80

A m ino  a c id  (g) 0 64 180 148

The am ino  a c id  supp lem en ts  w e re  added to  make them  is o m o le c u la r  

w ith  a d ie t  c o n ta in in g  8% b y  w e ig h t o f  g ly c in e .
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C O M PO SITIO N  OF DIETS 

C O N TAIN IN G  INORGANIC AND ORGANIC SALTS

C o n tro l Na C l K C l IC C itra te Na C itra te
G ly c in e  

K C itra te

C a s e in 120 120 120 120 120 120

M a rg a rin e 42 42 42 42 42 42

G lu c o s e 429 429 429 399 407 369

S tarch 129 129 129 96 96 70

V .M .R . 80 80 80 80 80 80

A m ino a c id 64

S a lt 9 .5 * 1 6 .5 * 8 0 ** 7 3 * * 8 0 * *

T h is  g iv e s  a to ta l  Na C l c o n te n t o f 2% b y  w e ig h t

+
T h is  m akes the  os m o la r ity  o f K in  th e  d ie t  eq u a l 

to  th a t o f Na"^ in  the  Na C l d ie t

++ These  d ie ts  a re  is o -o s m o la r  as fa r  as the  in o rg a n ic  

su p p le m e n t is  conce rned  and are is o - c a lo r i f ic .
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TABLE 8a

CO M PO SITIO N OF DIETS 

C O N TAIN IN G  SO DIUM  ACETATE AND POTASSIUM ACETATE

Na A ce ta te  K . A ce ta te

C a s e in  120 120

M a rg a rin e  42 42

G lu c o s e  385 385

S tarch  112 112

V .M .R .  80 80

S a it 112* 80*

*  T h is  g iv e s  a to ta l  Na co n te n t equa l to  the  

d ie t  c o n ta in in g  2% b y  w e ig h t Na C l .

“I"
+ T h is  g iv e s  a to ta l K co n te n t e q u a l to  th a t 

o f the  h ig h  K C l d ie t  show n in  Tab le  8 .

The d ie ts  show n above  are  is o - c a lo r i f ic .
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TABLE 9

CO M PO SITIO N  OF H IG H  AND LOW FAT DIETS

C o n tro l
H ig h  C a rbohyd ra te  

P ro te in -fre e *H igh  Fat
*H ig h  Fat 

P ro te in -fre e

C a s e in 120 - 87 -

M a rg a rin e 42 42 90 90

G lu c o s e 429 509 171 496

S tarch 129 169 94 149

V .M .R . 80 80 58 80

*  These d ie ts  p ro v id e  33% o f th e ir  c a lo r ie s  as fa t  and 13 g , 

p ro v id e s  63 c a lo r ie s ,  w h ic h  are p ro v id e d  b y  15 g . o f th e  o the r 

d ie ts  . T h e re fo re , ra ts  w e re  fed  13 g . o f the  h ig h  fa t  d ie ts  per 

day in s te a d  o f the  u s u a l 15 g .
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2 .2  ANALYSIS OF BLOOD

2 .2 .1  E s tim a tio n  o f P lasm a Sodium

The reagen ts  w e re  as fo llo w s  :

A .  S tock sod ium  s o lu tio n  : 5 8 .5  g ,  Na 0 1 / l i t  re

B . S tandard sod ium  s o lu tio n s  :

75 m l.  s to c k  sod ium  s o lu tio n  w as made up to  

500 m l.  w i th  d is t i l le d  w a te r .  For u s e , th is  

w as d ilu te d  1 in  1000 w ith  d is t i l le d  w a te r to  

g iv e  a c o n c e n tra tio n  o f 150 m il l ie q u iv a le n ts  

sod ium  io n  per l i t r e .

The p la s m a , d ilu te d  1 in  1000 w ith  d is t i l le d  w a te r  w as sprayed 

in to  th e  flam e  o f an EEL flam e  pho tom eter (Evans E le c tro s e le n iu m  

L td . ,  H a ls te a d , E n g la n d ), and the  l ig h t  ou tpu t com pared w ith  a 

c a l ib ra t io n  cu rve  p re v io u s ly  prepared us ing  s tandard  sod ium  

s o lu t io n .  Each p o in t rep resen ted  the  mean o f 10 re a d in g s .

2 .2 .2  E s tim a tio n  o f Serum C a lc iu m  

P r in c ip le  :

C a lc iu m  is  p re c ip ita te d  from  serum  b y  o x a lic  a c id  a n d , a f te r  

w a s h in g , the  c a lc iu m  o x a la te  is  d is s o lv e d  in  s u lp h u r ic  a c id  and 

com b ined  o x a lic  a c id  t i t ra te d  w ith  s tandard  po tass ium  perm anganate

Reagents :

A .  Ammonium o x a la te  -  h a lf  sa tu ra te d  s o lu tio n

B . D ilu te  am m onia -  1 in  50 d i lu t io n  o f "8 8 0 "

C .  I N Hg SO^

D .  0 .01  N KM nO ^
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M  ethod

2 m l,  o f serum w as p ip e tte d  in to  a 15 m l.  c o n ic a l c e n tr ifu g e  tube  

and 4 m i.  o f ha I f -s a tu ra te d  ammonium o x a la te  ad d e d . The con ten ts  

o f the  tu b e  w e re  m ixed  th o ro u g h ly , a llo w e d  to  s tand  fo r  3 0 m inu tes 

and then  c e n tr ifu g e d  a t 1000 g fo r  10 m in u te s . The supe rna tan t was 

d is c a rd e d  w ith o u t d is tu rb in g  the  p re c ip ita te  and the  tube  d ra in ed  on 

f i l t e r  paper; f in a l ly ,  the  m outh o f the  tube  w as w ip e d  to  rem ove any 

f lu id  le f t .  Now 3 m l.  d i lu te  am m onia was added from  a p ip e tte  so 

th a t the  p re c ip ita te  w as w e l l  s t ir re d  up and a fu r th e r  2 m l.  d i lu te  

am m onia added to  w ash  down the  s id e s  o f the  tu b e . A fte r  

c e n tr ifu g in g  a t 1000 g fo r  TO m in u te s , the  supe rna tan t w as d isca rd e d  

and th e  tu b e  d ra in e d  on f i l t e r  paper; th is  w a s h in g  and d ra in in g  was 

repea ted  o n ce . The p re c ip ita te  w as d is s o lv e d  in  2 m l.  N Hg SO^ 

b y  h e a tin g  in  a w a te r  b a th  a t 80°C  and then  t it ra te d  a g a in s t 0 .01 

N K M n  O ^ , k e e p in g  the  tube  a t 8 0 ° C . The e n d -p o in t w as a 

perm anent p in k  c o lo u r  (2 m in u te s ) . A b la n k  t i t r a t io n  w as c a rr ie d  

ou t u s in g  2 m l,  N  Hg 8 0 ^ .

1 m i.  0 .01  N K M n  = 0 .2  m g. c a lc iu m

C a *V lO O  m l.  serum  = m l 0 .01  N K Na x  10 .

2 .2 .3  H a e m a to c rit

B lood  h a e m a to c r it w as ob ta in e d  us ing  th e  H aw ks le y  m ic ro -  

h a e m a to c r it c e n tr ifu g e  (H a w k s le y  and Son L td . ,  L a n c in g , E n g la n d ). 

B lood w as d raw n in to  a c a p i l la r y  tu b e , the  u n f il le d  end sea led  in  a 

fla m e  and the  tubes  c e n tr ifu g e d  fo r  5 m in u te s ; the  percen tage  packed 

c e l l  vo lum e  w as o b ta in e d  b y  u s in g  a m ic ro -h a e m a to c r it  re a d e r.



59

2 . 2 . 4  A m ino  A c id  A n a ly s is

B lood  w as w ith d ra w n  and c e n tr ifu g e d  a t 1000 g fo r  10 m inu tes  and 

th e  p lasm a am ino  a c id  p a tte rn  o b ta in e d  on an Am ino A c id  A n a ly s e r , .

2 . 2 .5  E s tim a tio n  o f A c id -B a s e  B a lance

A c id -b a s e  b a la n c e  w as e s tim a te d  us in g  M ic ro -A s tru p  equ ipm ent 

(R ad iom eter A /s ,  72 E m oripve n , C openhagen ). A r te r ia l b lo o d  w as 

o b ta in e d  as d e s c r ib e d  in  S ec tion  2% and 3 c a p i l la r y  tu b e s  w e re  f i l l e d ,
A

The f i r s t  sam p le  w as draw n b y  s u c tio n  v ia  the  p o ly e th y le n e  m ic ro 

p ip e tte  in to  th e  g la s s  e le c tro d e , th e  c ir c u i t  com p le te d  b y  in s e r t in g  

th e  end o f th e  p ip e tte  in to  a K C l b r id g e  and the  pH re a d . The 

second  and th ird  sam ples w e re  e q u ilib ra te d  to  30 mm?". H g . COg and 

60 mms H g , COg re s p e c t iv e ly  in  the  co n ta in e rs  p ro v id e d  fo r  th is  

pu rpose  on th e  m a ch in e , and th e  pH va lu e s  o f th e se  sam ples w e re  

ta k e n  as fo r  th e  f i r s t  s a m p le .

From a S igga rd -A n de rson  cu rve  nomogram (B igga rd -A nde rson  and 

E n g e l, 1960) th e  a c tu a l pC O g, B u ffe r B ase , S tandard B ica rb o n a te  

and Base E xcess o f th e  sam ple  w as now c a lc u la te d .

2 .2 .6  E s tim a tio n  o f B lood Ammonia 

P r in c ip le

Am m onia d e te rm in a tio n  w as c a rr ie d  out us in g  the  e n z y m a tic  m ethod 

d e s c r ib e d  b y  Schm id t and S chw artz  (1965 ), w h ic h  has been found  to  

com pare fa v o u ra b ly  w ith  the  c la s s ic a l m ic ro -d if fu s  io n  te c h n iq u e  o f 

C o nw a y  (1957) (M Ü ting  e t a l . ,  1968).

o< -k e to g lu ta ra te  + N H ^* + NADH + g lu ta m a te  + N A D * + HgO
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The enzym e G lu ta m a te  D ehydrogenase  ( l,4 « 1 .2 ) c a ta ly s e s  the 

re a c t io n ,  and the  N H ^ co n te n t is  d ire c t ly  p ro p o rt io n a l to  the  NAD 

fo rm e d . The NAD form ed can be m easured s p e c tro p h o to m e tr ic a lly  

b y  th e  e x t in c t io n  decrease  a t w a v e le n g th s  340 mjr and 365 m ji 

re s p e c t iv e ly .

Reagents

1 . TRIS BUFFER 0 .2  M  pH 7 .6

T h is  was. p repared from  0 .8  M T r is  B u ffe r (9 .6 8  g T r is / lO O  ml) 

and 0 ,8  M  H C l .  50 m l T r is  B u ffe r w ere  m ixed  w ith  32 .5  m l 

H C l and made up to  200 m l w ith  d is t i l le d  w a te r .  T h is  g iv e s  

T r is  B u ffe r o f pH 7 .6 .

2 .  k e to g lu ta ra te  0 .0 8  M

T h is  w as prepared from  o L -  k e to g lu ta r ic  a c id .  1 1 6 .8  mgms 

w e re  d is s o lv e d  in  w a te r ,  1 .6  mb I  N Na OH added to  b r in g  to  

pH 7 and made up to  a to ta l  vo lum e o f 10 mb ,

3 .  N A D F I0 .3 M

i . e .  20 m q / ^ 1  ( in , l%  NaHCO g)

4 .  G lu ta m a te  D ehydrogenase-A m m onia  free  (EGAH 15324, 

B o e h rin g e r, M a n n h e im ),

G L D H -5  20 m g n ./2 m l.

5 .  KgPO^ X 3 . HgO 0 .2 5  M

i . e .  6 .6 5  g / 1 00 m l.

6 .  10% TCA (T r ic h lo ra c e tic  a c id ) .
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7 .  TEST MIXTURE

1 . 29 m l T r is  B u ffe r pH 7 .6

2 . 2 m l 0 ,0 8  M  k e to g lu ta ra te

3 .  0 .6  m l NADH in  1% Na HC O ^

M  ethod

2 m l o f w h o le  b lo o d  (w ith  0.02  m l heparin ) was w ith d ra w n  and 

p la ce d  im m e d ia te ly  in to  2 m l ic e -c o ld  10% TCA w ith o u t a llo w in g  the, 

t ip  o f the  s y r in g e  to  to u c h  th e  TC A. T h is  m ix tu re  w as im m e d ia te ly  

c e n tr ifu g e d  a t  1000 g fo r  10 m in u te s . *  Im m e d ia te ly  a f te r  c e n tr ifu g in g ,

1 m l o f su p e rn a ta n t w as tra n s fe rre d  to  a 10 mm cuVfette and 1 m l 

Kg PO^ added fo r  n e u tra l iz a t io n .  Then 1 .5  m l o f T e s t M ix tu re  w as 

added and th e  re a c t io n  s ta rte d  w ith  0 ,0 4  m l G L D H -5 . A t the  end o f 

th e  re a c t io n , g e n e ra lly  3 0 -4 0  m in u te s , the  e x t in c t io n  d iffe re n c e  o f a 

b la n k  ( d is t i l le d  w a te r  in s te a d  o f b lood ) w as deducted  from  the  e x t in c t io n  

d iffe re n c e  o f th e  te s t  s a m p le . The N H ^ c o n te n t o f the  sam ple  is  

c a lc u la te d  th u s  -

E_ X 18 X 3 .54  
 " ^ 3  2  ^ g-----------  = E x  9.65 = | jg  N H ^ /m l

. ‘ . N H / / 1 0 0 m l  = E X  9.65 X  100 ug

*  One s te p  in  the  sequence  m ust fo llo w  a n o th e r im m e d ia te ly  

in  o rde r to  ke e p  secon da ry  h y d ro ly s is  to  a m in im u m .
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2 .3 C H E M IC A L ESTIMATIONS

2 ,3 ,1  E x tra c tio n  o f RNA and DNA

The m ethod w as m o d ifie d  from  th a t o f Schm idt and Thannhauser 

(1945) (M unro  a ridP lecK / 1960).

Reagents

A . 0 .6  N p e rc h lo r ic  a c id  (PCA)

B . 0 .2  N p e rc h lo r ic  a c id  (PCA)

C .  0 .3  N p o tass ium  h yd ro x id e  (KOH)

The t is s u e  w as hom ogen ised in  49 vo lum es ic e -c o ld  d is t i l le d

w a te r  in  a Efebo b le n d e r a t  0°C  fo r  2 m in u te s . A 5 m l a liq u o t  o f

thi.s hom ogenate (c o n ta in in g  a p p ro x im a te ly  100 mgm t is s u e )  was 

p ip e tte d  in to  a c e n tr ifu g e  tube  and 2 .5  m l 0 .6  N PCA w as ad d e d . 

A fte r  tho rough  m ix in g , th e  tube  w as a llo w e d  to  s tand  a t  0*^C fo r  2 

m in u te s , then  c e n tr ifu g e d  a t 1000 g fo r  10 m in u te s . The p re c ip ita te  

o f n u c le ic  a c id  and p ro te in  w as w ashed tw ic e  w ith  5 m is 0 .2  N PCA. 

The su p e rn a ta n t and w a s h in g s  w ere  d is c a rd e d . The excess  PCA 

was d ra in ed  o f f ,  the  s id e s  o f the  tubes c a re fu lly  d r ie d  and 4 m l 

0 .3  N KOH a d d e d . D ig e s tio n  w as then  ca rrie d  ou t in  a sha k in g  

w a te r  ba th  a t 37°C  fo r  1 h ou r, a t the  end o f w h ic h  tim e  the  sam ples 

w e re  c h i l le d  in  ic e  and DNA and p ro te in  p re c ip ita te d  b y  the  a d d it io n  

o f 5 m l 0 .6  N PCA. The p re c ip ita te  was c o lle c te d  b y  c e n tr ifu g a t io n  

and w ashed  tw ic e  w ith  5 m l 0 .2  N PCA. The supe rn a ta n t and 

w a sh in g s  w e re  com b in ed , made up to  50 m l and a f in a l  c o n c e n tra tio n  

o f 0 .1  N PCA. T h is  w as th e  RNA fra c t io n .  The p re c ip ita te  w as 

d is s o lv e d  in  5 m l.  0 .3  N KOH and made up to  25 m l and a f in a l
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c o n c e n tra t io n  o f 0 .1  N K O H . T h is  w as the  DNA f ra c t io n .  A f lo w

shee t sum m a riz ing  the  p rocedure  is  g iv e n  in  F ig .  1 .

2 .3 .2  E s tim a tio n  o f RNA in  the  F ra c tio n

The RNA c o n te n t o f th e  p e rc h lo r ic  a c id  e x tra c t w as e s tim a te d  on

the  b a s is  th a t an e x t in c t io n  o f 1000 a t a w a v e le n g th  o f 26 0 m p, read 

w ith  a l ig h t  pa th  o f 1 c m . ,  co rresponds to  a c o n c e n tra tio n  o f 3 .4 1 2  pg 

r ib o n u c le ic  a c id  phosphorus (RNAP) per m l.  (F le c k , .1965).

2 .3 .3  E s tim a tio n  o f DNA in  the  E x tra c t

The DNA c o n te n t o f the  e x tra c t w as e s tim a te d  b y  the  m ethod o f 

C e r io t t i  (1952 , 195 5 ).

Reagents

A . In d o le  0 .4%  (w /v )  in  d is t i l le d  w a te r

B . C o n ce n tra te d  h y d ro c h lo r ic  a c id  (A na la r SG 1 .1 9 )

C .  C h lo ro fo rm  (Reagent G rade)

D .  DNA s tanda rd

The DNA used w as a p u r if ie d  sam ple  o f the  sod ium  s a lt  o f c a l f  

thym us DNA prepared b y  the  m ethod o f K a y , Simmons and D ounce  

(1 9 5 2 ). About 20 mg ( in  fa c t 1 9 .3  mg) DNA w e re  d is s o lv e d  in  

d is t i l le d  w a te r  w ith  a drop o f N NaOH to  h e lp  s o lu t io n ,  the  f in a l  

vo lum e  b e in g  50 m l.  A 1 m l a liq u o t  o f th is  s o lu t io n  w as d ilu te d  

w ith  0 .5  N PCA, hea ted  to  7 0^ fo r  2 0 m inu tes to  re d is s o lv e  any  

p re c ip ita te d  D N A , and made up to  50 m l.
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F IG . 1

PROCEDURE FOR THE SEPARATION OF RNA AND DNA

A l l  o p é ra tio n s  w e re  perfo rm ed a t 0 C un less  o th e rw is e  s ta te d

S uperna tan t
(d isca rd )

TISSUE

H om ogen ise  in  49 v o l w a te r  
Add 0 .5  v o l 0 .6  N PCA 
Stand fo r  10 m in . C e n tr ifu g e

P re c ip ita te
W a sh  (x 2) w ith  0 .2  N PCA

W a s h in g s
(d isca rd )

P re c ip ita te
D ig e s t in  0 .3  N KOH fo r  
1 hour a t 37°C  . C o o l to  
0 °C . Add 5 m l 0 .6  N 
PCA. Stand fo r  10 m in . 
C e n tr ifu g e .

S uperna tan t

C om bine

P re c ip ita te
W ash  (x 2) w ith  
0 .2  N PCA.

W a sh in g s R esidue

A d ju s t to  0 ,1  N o f PCA D is s o lv e  in  0 .1  
' N KOH

RNA FRACTION DNA FRACTION
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2 m l.  o f the  DNA s o lu t io n ,  1 m l,  in d o le , and 1 m l.  co n ce n tra te d  

H C l w e re  th o ro u g h ly  m ixed  in  a 10 m l.  ground g la s s  s toppered  te s t 

tube  and p la ce d  in  a b o i l in g  w a te r ba th  fo r  10 m in u te s . A fte r  ra p id  

c o o lin g  in  ic e ,  the  s o lu tio n s  w ere ex tra c te d  3 tim es w ith  4 m l.  

p o rtio n s  o f c h lo ro fo rm , sh a k in g  fo r  abou t 45 seconds a f te r  each 

.ch lo ro fo rm  a d d it io n .  A fte r  the th ird  e x tra c t io n , the  tubes w e re  

c e n tr ifu g e d  fo r  10 m inu tes  a t 500 g a t room tem pera tu re  to  a id  

s e p a ra tio n  o f the  aqueous and ch lo ro fo rm  la y e rs .  The e x t in c t io n  

o f the  aqueous la y e r  w as read a t 490 mp on a BeCkman DB 

s p e c tro p h o to m e te r. B lanks  c o n s is t in g  o f 2 m l.  d is t i l le d  w a te r  and 

2 m l.  s tanda rd  DNA s o lu tio n  w e re  a ls o  ca rrie d  th rough  th is  

p ro c e d u re ,

2 .3 .4  E s tim a tio n  o f P ro te in

E s tim a tio n  o f p ro te in  w as c a rr ie d  ou t b y  the  m ethod o f L o w ry , 

R oseb^rough , Fairrand R anda ll (1951 ).

Reagents

A . 1% (w /v )  sodium  ca rbona te  in  0 .1  N NaOH

B . 0 .5%  (w /v )  c u p r ic  su lp h a te  (Cu SO^ SH^O) in  

1% sodium  or po tass ium  ta r tra te

C .  A lk a lin e  copper s o lu tio n  (1 m l, o f reagen t B 

in  50 m l.  reagen t A . T h is  s o lu tio n  w as made 

up fre s h  each d a y ) .

D .  F o l in - C io c a l t ^ u  pheno l reagen t (B r it is h  D rug 

H ouses L td . ,  P oo le , E n g la n d ).

T h is  w as d ilu te d  w ith  d is t i l le d  w a te r to  make i t  1 N in  re sp e c t 

to  a c id ,
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The t is s u e  w as hom ogen ised in  49 vo lum es ic e -c o ld  d is t i l le d  

w a te r  in s  N e lc o  b le n d e r . The hom ogenate w as d ilu te d  1 in  50 w ith  

d is t i l le d  w a te r  to  g iv e  a f in a l  d i lu t io n  o f 1 in  2 ,5 0 0 .  5 m l.  o f

reagen t C w ere  added to  1 m l.  o f the  d ilu te d  hom ogena te . A fte r  

10 m in u te s , 0 .5  m l.  reagen t D w as added w ith  v ig o ro u s  s h a k in g . 

A fte r  s ta n d in g  a t room tem pera tu re  fo r  30 m in u te s , the  e x t in c t io n  

o f the  s o lu t io n  w as read a t 7 50 mju in  a U n icam  SP500 s p e c tro 

ph o to m e te r. The a s s a y  w as c a lib ra te d  us ing  a s tanda rd  cu rve  

o b ta in e d  w ith  s o lu tio n s  o f b o v in e  serum album en v a ry in g  from  

25 m g /m l to  250 m g /m l.  The cu rve  is  lin e a r  up to  500 m g /m l.

2 . 3 . 5  E x tra c tio n  o f L ip id

The m ethod used w as based on th a t o f F o lc h , Lees and S lo a n e - 

S ta n le y  (1957 ).

Reagents

A . C h lo ro fo rm -m e th a n o l m ix tu re , 2 : 1 b y  vo lum e

B . 0 ,73%  (w /v )  sod ium  c h lo r id e

C , Pure^ s o lv e n ts  "upp e r p h a s e . " T h is  w as the  

upper phase o f a m ix tu re  o f c h lo ro fo rm , 

m e th a n o l and 0,58%  (w /v )  sod ium  c h lo r id e  in  

th e  p ro p o rtio n s  8 : 4 : 3 by v o lu m e . The 

phases w e re  separa ted  by  c e n tr ifu g a t io n .

A 1 in  5 hom ogenate o f k id n e y  in  d is t i l le d  w a te r was prepared 

in  a .N e lco  b le n d e r. 10 m l.  o f the  c h lo ro fo rm -m e th a n o l m ix tu re  was 

then  added to  0 .5  m l.  o f the  hom ogenate in  a 30 m l.  ground g la ss  

s toppe red  c e n tr ifu g e  tu b e . The tube  was shaken th o ro u g h ly  a t 

in te rv a ls  fo r  15 m in u te s . The non-aqueous phase w as q u a n t ita t iv e ly
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tra n s fe rre d  to  a n o th e r 30 m i.  ground g la s s  s toppered  c e n tr ifu g e  tu b e . 

The aqueous phase was then  re -e x tra c te d  w ith  a fu r th e r  10 m l.  

c h lo ro fo rm -m e th a n o l m ix tu re . The 2 e x tra c ts  w ere  com b in ed , 

shaken  w ith  4 m l.  0 .7  3% sodium  c h lo r id e  and c e n tr ifu g e d  a t 1000 g 

fo r  10 m in u te s . The upper la y e r w as rem oved, and d is c a rd e d . 

C a re fu l ly ,  w ith o u t d is tu rb in g  the  in te r fa c e , the  w a lls  and in te r fa c e  

w e re  w ashed  w ith  4 m l.  o f pure s o lv e n ts  "u p p e r phase " . T h is  

p rocedure  w as repea ted  tw ic e ,  the  w a sh in g s  b e in g  d is ca rd e d  each 

t im e .  The w ashed e x tra c t w as q u a n t ita t iv e ly  tra n s fe rre d  to  a 2 5 m l.  

m easuring  c y lin d e r .  The c e n tr ifu g e  tube  w as w ashed  tw ic e  w ith  

a p p ro x im a te ly  3 m l.  m e th a n o l. The w a sh in gs  w ere tra n s fe rre d  to  

th e  m easu ring  c y lin d e r  and made up to  the  mark w ith  m e th a n o l.

2 .3 .6  E s tim a tio n  o f L ip id

The m ethod used w as th a t o f B lo o r (P au l, 1958).

Reagents

A . C h rom ic  a c id .

A 3 m l.  a l iq u o t  o f the  m ethano l e x tra c t w as evapora ted  to  

d ryness a t 7o'^C in  a w a te r b a th .  3 m l. ch rom ic  a c id  w as now 

added and the  sam ples p la ce d  in  a b o il in g  w a te r  b a th  fo r  10. m in u te s , 

A fte r  c o o lin g  (s lo w ),  3 m l.  d is t i l le d  w a te r w as added and the  

sam p les th o ro u g h ly  m ix e d , and the  e x t in c t io n  read on a SP600 

sp e c tro p h o to m e te r a t 562 m p . B lanks cons is ting  o f 3 m l.  m e thano l 

and s tanda rd  s o lu tio n s  o f c h o le s te ro l from 0 .2  5 m g /m l. to  1 .5  m g /m l, 

w e re  a ls o  c a rr ie d  th rough  th is  p roced u re . The s tanda rd  cu rve  is  

lin e a r .
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2 .4  , ENZYME ANALYSIS

2 .4 .1  A s s a y  o f A m ld o tra n s fe ra se  1̂ . 6 .2 .1 )

P r in c ip le

A m ld o tra n s fe ra s e  c a ta ly s e s  the  re a c tio n  :

A rg in in e  + G ly c in e ^ = := "  O rn ith in e  + G uan ido  a c e t ic  a c id .  

G ly c in e  m ay be re p la c e d  b y  o th e r subs tances  and in  the  

a m id o tra n s fe ra s e  a s s a y  d e v is e d  b y  W a lk e r  (1958) g ly c in e  is  re p la ce d  

b y  h y d ro x y  la m ine ;

A rg in in d  + H y d ro x y  la m ine  O rn ith in e  + H y d ro x y g u a n id in e  

H y d ro x y g u a n id in e  m ay be e s tim a te d  s p e c tro p h o to m e tr ic a lly  b y  

a l lo w in g  i t  to  re a c t w ith  N a ^P e (C N )^N H ^ .

Reagents

A .  1 M  Phosphate  B u ffe r pH 7 .4

B . 1 M  L -A rg4 j» in ine  H C l

C .  2 M  H y d ro x y la m in e  H C l,  n e u tra lis e d  in  2 M  KOH 

The h y d ro x y la m in e  H C l w as d is s o lv e d  in  2 M  KOH 

and s to re d  fro ze n  u n t i l  re q u ire d .

D .  1 M  L -O rn ith in e  H C l

E . A ce to n e  (Analar)

F .  1% N a ^(F e (C N )g  N H ^)

G . 0 .1  M  P o tass ium  Phosphate B u ffe r pH 7 .4 ,  

c o n ta in in g  0 .001  M  Versene

H .  1 M  P o tass ium  Phosphate B u ffe r pH 7 .0  

J . 30% T r ic h lo r  a c e t ic  a c id  (TCA)
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M  ethod

A 15% hom ogenate o f k id n e y  in  0 .1  M  p o tass ium  phosphate  b u ffe r  

c o n ta in in g  0 .0 0 1 'M  ve rsene  w as prepared b y  m ix in g  in  a Tenbroek 

g la s s  h o m og en ise r, 10 s tro ke s  o f the  p e s tle  be in g  s u f f ic ie n t  fo r  

tho rough  h o m o g e n is a tio n . C e n tr ifu g e  tubes w ere  prepared c o n ta in in g  

0 .5  m l.  hom ogena te , 0 .1  m l.  1 M  phosphate  b u ffe r  pH 7 .4 ,  0 .1  m i.

1 M  L -a rg in in e  H C l,  0 ,3  m l.  2 M  h yd ro xy la m in e  H C l (n e u tra liz e d  

w ith  KOH as d e s c r ib e d ) . A b la n k  tube  co n ta in e d  10 m g. L -o rn ith in e  

H C l in  p la ce  o f L -a rg in in e  H C l.  A l l  te s t  and b la n k  tubes  w e re  then  

in c u b a te d  a t 37^C  fo r  90 m in u te s , a t the  end o f w h ic h  tim e  the  

re a c tio n  w as ended b y  the  a d d it io n  o f 1 .0  m l.  d is t i l le d  w a te r  + 0 . 4  

m l.  30% TC A . The tu b e s  w e re  a llo w e d  to  s tand  fo r  10 m in u te s , then  

c e n tr ifu g e d  a t 1000 g fo r  10 m in u te s . 1 ,5  m l.  a l iq u o ts  o f the

S O L tjf /o /fS
supe rna tan t^ /\w ere  added to  13 x  100 mm. te s t - tu b e s ,  to  w h ic h  w e re  

added 0 .5  m l.  w a te r ,  2 .0  m l.  1 M  po tass ium  p h o sp h a te , 0 .3  m l.  

a c e to n e , 0 .3  m l.  1% N a ^ F e (C N )^ N H ^ . The tubes  w e re  m ixed  a n d , 

a f te r  10 m in u te s , the  e x t in c t io n s  w e re  read a t 480 m jt on a Bausch 

and Lomb S p e c tro n ic  2 0 c o lo r im e te r .

The re s u lts  w e re  e xp resse d  in  term s o f O.D u n its  pe r 100 m g. 

k id n e y  t is s u e  and  as O .D  u n its  pe r k id n e y .  In  o rd e r to  exp ress  the  

re s u lts  in  te rm s o f u g . h y d ro x y g u a n id in e  fo rm ed , i t  is  n e ce ssa ry  to  

s y n th e s is e  a s to c k  s tanda rd  o f h y d ro xyg u a n id in e ; th is  is  a 

la b o rio u s  p rocedure  and is  unn ecessa ry  fo r  the  p resen t in v e s t ig a t io n .
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2 .5  TECHNIQUES USED IN  TISSUE CULTURE

W hen e m bryon ic  t is s u e s  are a s s o c ia te d  by  tre a tm e n t w ith  t r y p t ic  

enzym es, the  in d iv id u a l c e l ls  are  ab le  to  reagg rega te  to  form  the  

e s s e n t ia l a rc h ite c tu re  o f th e  t is s u e  o f o r ig in  (M o sco n n a , 1952 a and 

b ; 1957 ). M oscon j^a  has show n th a t the  a b i l i t y  to  re a c t in  th is  w a y

decreases  w ith  in c re a s in g  em bryon ic  a g e . D ic k s o n  and L e s lie
/

(1963) d e v ise d  a te c h n iq u e  to  a llo w  a d u lt  g u in e a / p ig ^c e lîs  to  

agg rega te  u s in g  m ic ropo re  f i l t e r s  w h ic h  form ed the  base  o f f i l t e r  

w e lls  s e t in  H o w e ll organ c u ltu re  u n its .  They s tu d ie d  th e  m etabo lism  

and re a g g re g a tio n  o ve r 6 to  10 days ; o rg a n is a tio n  w as w e l l -  

deve lop ed  a t 4 days and by  10 days a tu b u le  w as e a s ily  d is t in g u is h e d .

A m o d ific a tio n  o f the  m ethod o f D ic k s o n  and L e s lie  w as used in  

the  p resen t in v e s t ig a t io n ,  to  m a in ta in  a d u lt  ra t k id n e y  c e l ls  in  a 

v ia b le  b u t n o n -p ro life ra t in g  s ta te .

2 . 5 . 1  M a te r ia ls

2 . 5 . 1 . 1  F i l te r  W e ll A ppara tus

D ic k s o n  and L e s lie  (1963) d e s c r ib e  a te c h n iq u e  fo r  m a in ta in in g  

c e l l  su sp e n s io n s  on m ill ip o re  membranes cem ented on to  Pyrex 

r in g s  to  fo rm  f i l t e r  w e l ls .  A m o d if ic a tio n  o f th is  te ch n iq u e  

(D ic k s o n , 1967) w as used in  the  p resen t in v e s t ig a t io n .  A d iagram  

o f the  app a ra tus  is  show n in  F ig . 2 .



F IG . 2

FILTER W ELL APPARATUS

71 .

G la s s  s toppers

In n e r  f i l t e r  w e l l

O u te r Pyrex con ta ine r- ^S ide-arm  fo r 
in tro d u c tio n  o f 
f in e  p ip e tte  
and g a s s in g  c e l ls

H o le  fo r  in tro d u c tio n  
o f c e l l  suspe ns io n

M il l ip o r e  f i l t e r  
cem ented to  Pyrex 
r in gM e d iu m

Volum e o f v e s s e l from  base  to  le v e l o f m ill ip o re  f i l t e r  = 1 .5  m l.

The f i l t e r  w e lls  w e re  m anu factu red  in  such a w a y  th a t the  parts 

w e re  in te rc h a n g e a b le  b e tw e en  d iffe re n t se ts  and so  th a t a co n s ta n t 

vo lum e  (1 .5  m l. )  o f m edium ju s t  touched  the  base  o f the  m ill ip o re  f i l t e r
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P repa ra tion  fo r  U se

The f i l t e r  w e l l  appa ra tus  m ust be prepared in  such a w a y  as to  

m in im is e  the  r is k  o f co n ta m in a n ts  to x ic  to  c e l ls  re m a in in g . Before 

th e  f i r s t  use o f th e  appara tus  i t  m ust be s teeped o v e rn ig h t in  ch rom ic  

a c id ,  r in s e d  in  w a te r ,  th e n  w ashed  in  0 .1  N NaOH to  n e u tra lis e  

tra c e s  o f ch ro m ic  a c id  re m a in in g , r in s e d  a g a in  in  w a te r , then  

th o ro u g h ly  w a shed  in  d is t i l le d  w a te r  be fo re  b e in g  d rie d  in  a ho t a i r  

oven a t 7 0°C . T h e re a fte r the  appara tus  shou ld  be han d le d  us in g  

p o ly th e n e  g lo v e s , to  m in im is e  co n ta m in a tio n  w ith  s w e a t. The r in g  

a t  the  base  o f th e  w e l l  is  m o is te n e d  w ith  M i l l ip o r e  N o . 1 C em ent 

and a f i l t e r  a p p lie d ,  u s in g  fo rc e p s . The s top  -c o c k s  are  g reased  

w ith  a f in e  c o a tin g  o f H ig h  V a c u u m  G rease and the  pa rts  a u to c ia v e d  

a t 115*^0 and 15 lb s .  per square  in c h  fo r  2 0 m in u te s , a f te r  w rapp ing  

in  g re a se p ro o f p a p e r.

2 . 5 . 1 . 2  M i l l ip o r e  F i lte rs  (M il l ip o re  L td .)

D ia m e te r -  13 m m . Pore s iz e  - 1 . 2 ^  used in  a l l  e xpe rim en ts

M il l ip o r e  C em ent -  N o , 1

2 . 5 . 1 . 3  e th e r  A ppara tus

A , 1 s te r i le  100 m l.  b e a ke r

B , 1 s te r i le  100 m l. c o n ic a l f la s k  w ith  g round g la s s  s toppe r

0 .  1 s te r i le  T e flo n  coa ted  m agnet

D , 1 m agne tic  s t ir re r

E . S te r ile  s u rg ic a l in s tru m e n ts  :
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1 . 1 p a ir  o f s c is s o rs  + 1 p a ir  o f d is s e c t in g  

fo rce ps  fo r  open ing  s k in  and p e r ito n e a l 

c a v i ty .

2 .  1 p a ir  o f f in e  s c is s o rs  + 1 p a ir  o f t is s u e  

fo rce p s  fo r  h a n d lin g , rem oving  and m in c in g  

k id n e y .

2 . 5 . 1 . 4  C a lc iu m  a n i M ag n e s iu m  Free S a line  (S a line  A; R in a ld in i,  1959)

A .  P henol Red 0 .4g

B.  Sodium C h lo r id e  160 g

C .  P o tass ium  C h lo r id e  8 . 0 g

D .  G lu c o s e  2 0 . Og

E.  Sodium  B ica rbona te  7 . Og

The above  c o n s titu e n ts  w e re  d is s o lv e d  in  doub le  d is t i l le d  w a te r 

and made up to  1000 m l, and s to re d  a t -1 0 ° C .  For u s e , the  s a lin e  

w as d ilu te d  1 in  2 0 w ith  d e io n iz e d  d is t i l le d  w a te r ,  th e n  s te r i l iz e d  

b y  f i l t r a t io n .

2 . 5 . 1 . 5  T ry p s in  1%

The d is a g g re g a tin g  reage n t c o n s is te d  o f t ry p s in  1% (D ifc o  

L a b o ra to rie s  In c .  : 1 : 250 try p s in )  s o lu tio n  in  s a lin e  A . 0 ,25  g . 

t ry p s in  w as d is s o lv e d  in  s a lin e  A w ith  the  a id  o f a few  drops o f 

1 M o la r  H C l,  th e  s o lu t io n  made up to  250 m l. w ith  s a lin e  A and the  

pH re a d ju s te d  w ith  1 N N a C H . The t ry p s in  s o lu t io n  w as then  

s te r i l iz e d  b y  f i l t r a t io n  and s to red  in  the  fro ze n  s ta te  u n t i l  re q u ire d .
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2 . 5 . 1 . 6  M o d if ie d  E ag les M e d iu m  (EHM)

The m edium  w as p repared as a te n - fo ld  c o n c e n tra te , then  d ilu te d  

w ith  s te r i le  d e io n iz e d  d is t i l le d  w a te r  ju s t  be fo re  u s e . The 

c o m p o s itio n  o f th e  m edium  is  g iv e n  in  Tab le  10 .

2 .5 .1 .7  In s u lin  -  Boots O nce C ry s ta ll iz e d  In s u lin

In s u lin  .1 u /m l .  w as added to  the  medium b e fo re  u s e .

2 . 5 . 1 .8  C a lf  Serum (F low  La b o ra to rie s  L td . )

5% c a l f  serum  w as added to  the  m edium be fo re  in c u b a tio n  o f 

the  c u ltu re s .  In  e xp e rim e n ts  w ith  ra t p lasm a th is  w as added in s te a d  

o f ,  no t as w e l l  as c a l f  se rum .

2 . 5 . 1 .9  Rat Plasm a

T h is  w as o b ta in e d  as p re v io u s ly  d e sc rib e d  and w as added to  

th e  m edium  a f te r  3 d a y s ' in c u b a tio n  w ith  c a lf  se rum .
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C O M P O S IT IO N  OF EAGLES M E D IU M

L -A rg in in e

mg/ 1 0 0 0  m l 

105

L -C y s te in e 24

L - H is t id in e 31

L - Is o le u c in e 52

L “ L e u c ia e 52

L -L y s in e 58

L -M e th io  n ine 15

L -P h e n y la la  niine 32

L “ T h reon ine 48

L -T ryp to p h a n 10

L -T y ro s in e 36

L -V a lin e 46

L “ G lu ta m in e 292

C h o lin e 1

N ic o t in ic  A c id 1

P a n to th e n ic  A c id 1

P y r id o x a l 1

R ib o fla v in e 0.1

T h ia m in e 1

I n o s ito l 2

F o lic  A c id 1

G lu c o s e 2000

Na C l 8000

K C l 400

Ca C lg 140

M g  S 0 ^ .7 H g 0 100

M g  C lg .S H g O 100

N a ^H  P0 ^ . 2H g0 60

K H g PO4 60

Na HC O g 380

P heno l Red . 20

P e n ic i l l in 0 .5
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2 . 5 . 2  M  e thod

‘ A young a d u lt  m a le  ra t w e ig h in g  120 g ,  w as u se d . A fte r  r ig h t

u n ila te ra l n e p h re c to m y , the  k id n e y  w as c u t in to  2 0 o r so s m a ll

2 +  24-
p ie ce s  and w a sh e d  fre e  o f b lo o d  w ith  4 changes o f Ca and  M g  

free  s a lin e  in  th e  100 m l.  c o n ic a l f la s k .  A bout 100 m l,  o f 1% t ry p s in  in  

s a lin e  A (R in a ld in i,  1959) w as added and d is a g g re g a tio n  produced  

b y  g e n tle  s t ir r in g  on a m agne tic  s t ir re r  in  a room a t 3 7 °C . I t  w as 

found  th a t 3 hours o f th is  c o n tin u o u s  t ry p s in iz a t io n  w as s u f f ic ie n t  to  

p roduce c o m p le te  d is a g g re g a tio n  o f the  t is s u e .  The su p e rn a ta n t 

w as c a re fu lly  poured in to  5 0 m l.  s toppered  s te r i le  c e n tr ifu g e  tubes 

and spun a t 500 g .  fo r  10 m inu tes  a t room te m p e ra tu re . The la ye rs  

o f c e l ls  w e re  th e n  w a shed  tw ic e  w ith  20 m l.  o f m o d ifie d  Eag les 

M e d iu m  su pp lem en ted  w ith  5% c a l f  serum and .1 u in s u l in /m l .  and 

the  c e l ls  enum era ted  on a haem o cy tom er. The c e l l  su s p e n s io n  w as 

th e n  d ilu te d  so  th a t 0 .5  m i.  co n ta in e d  th e  num ber o f  c e lls  re q u ire d  

in  the  e x p e rim e n t and the  c e l ls  a llo w e d  to  s e tt le  on th e  m em brane,

1 m l.  o f m edium  w a s  added to  th e  v e s s e l so th a t w hen the  m edium 

above  the  f i l t e r  d ra in e d  th ro ugh  th e  m en iscus w o u ld  ju s t  to u c h  the  

in fe r io r  a s p e c t o f  the  m ill ip o re  m em brane. The f i l t e r  v e s s e ls  w e re  

th e n  gasse d  w ith  95% a i r  and 5% CO ^ u n t i l  the  m edium  lo s t  any  

degree o f p u rp le  i t  m ig h t have ; the  optim um  pH w as in d ic a te d  w hen 

th e  m edium  becam e a n ic e  lig h t  red c o lo u r .  The v e s s e ls  w e re  then 

in c u b a te d  in  an  oven a t  37°C  o v e rn ig h t.  The m edium  w as changed 

in  th e  m orn ing  and on a lte rn a te  days ; g a s s in g  w as n e ce ssa ry  eve ry  

d a y . A f lo w  d iag ram  sum m a riz ing  the  p rocess is  g iv e n  in  F ig .  3 .
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SETTING UP ADULT KIDNEY CELL CULTURES

R igh t u n ila te ra l nephrectom y

Room tem pera tu re

K id n e y  c u t in to  2 0 p ie ce s

W ashed  x  4 w ith  s a lin e  A 

Room tem pera tu re

T ry p s in iz a t io n

3 hours a t 3 7^0

S in g le  c e l l  su sp e n s io n

W ashed  x  2 w ith  EHM

C e lls  enum erated and d ilu te d

0 .5  m l.  su sp e n s io n  added to  f i l t e r

1 m l.  medium added

In c u b a te d  o v e rn ig h t a t 37 CG a s s in g

M e d iu m  changed 12 hours la te rE ve ry  day

3&

and a lte rn a te  days
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In c u b a tio n  w ith  Is o to p e  •

A fte r  th e  s tanda rd  m edium  c o n ta in in g  5% c a l f  serum w as changed 

to  a m edium  c o n ta in in g  15% c o n tro l o r n ep h rec to m ized  ra t p lasm a one 

hou r w as le f t  fo r  s ta b i l iz a t io n  to  o c c u r . Then is o to p e  w as added 

and th e  c e l ls  g a s s e d . A 6 -h o u r in c o rp o ra tio n  w as u s e d , a t  the  end 

o f w h ic h  t im e  th e  m ic ropo re  f i l te r s  and a tta ch e d  c e l ls  w e re  h a rve s te d

2 . 5 . 3  H a rv e s tin g  o f C e lls  and P repa ra tion  fo r  C o u n tin g

A t the  end o f th e  d e s ire d  pe rio d  o f in c u b a tio n  w ith  is o to p e , the  

f i l t e r  w e l l  w as  rem oved from  th e  oven and the  m ill ip o re  membrane 

w as eased o f f  th e  g la s s  r in g  u s in g  a s c a lp e l b la d e . The membrane 

and a tta c h e d  c e l ls  w e re  tra n s fe rre d  to  a 15 m l. c o n ic a l c e n tr ifu g e  

tu b e , th e  open end co v e re d , and s to red  a t - lO ^ C  u n t i l  a l l  the  

c u ltu re s  w e re  h a rv e s te d .

Reagents

A . 1 0% TCA

B . 100% TCA

C . 1% p o ta ss iu m  a c e ta te  in  a b s o lu te  e th a n o l

D .  0 .3  N NaOH

E . E th a n o l : E the r -  2 ; 1 b y  vo lum e

F . H ya m ine  h yd ro x id e

C .  T o luene  base d  s c in t i l la to r  c o n ta in in g  PPG 

( 1 , 4 ,  D i - ( 2 - ( ” 5 p h e n y lo x a z o ly l) -b e n z e n e ))

5 m l.  10% TCA a t 0*^C w e re  added to  the  tubes  c o n ta in in g  the  

m ic ropo re  f i l t e r s  and a tta c h e d  t is s u e s ,  the  tubes  v ig o ro u s ly  shaken
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and then  a llo w e d  to  s tand  a t O^C fo r  10 m in u te s . The tubes  w e re  

c e n tr ifu g e d  fo r  10 m inu tes  a t 1000 g to  p re c ip ita te  th e  dena tu red  

n u c le ic  a c id  and p ro te in ,  the  supe rn a ta n t d isca rd e d  and th e  w a s h in g  

and c e n tr ifu g a t io n  repea ted  tw ic e .  The tubes w ere  d ra in ed  by  

in v e rs io n  and th e  s id e s  w ip e d . 2 m l.  0 .3  N NaOH w e re  added and 

the  tubes  in cu b a te d  a t 37°C  fo r  1 h o u r. Now the  f i l t e r s  w ere  

rem oved from  th e  tu b e s . P re c ip ita t io n  w as produced b y  the  a d d it io n  

o f s u f f ic ie n t  100% TCA to  make a f in a l  c o n c e n tra tio n  o f 10% TCA and 

the  tubes  c e n tr ifu g e d  a t 1000 g fo r  10 m inu tes a t 0 ^ 0 .  The tubes 

w e re  a g a in  d ra in e d  and w ip e d , then  w ashed w ith  5 m l.  p o tass ium  

a c e ta te  in  e th a n o l,  th e n  w ith  5 m l. e th a n o l/e th e r . F in a lly  the  

p re c ip ita te  w as d is s o lv e d  b y  a dd ing  0 .3  m l. hyam ine  h y d ro x id e  and 

s ta n d in g  o v e rn ig h t a t room te m p e ra tu re . The tubes  w e re  w ashed  

in to  c o u n tin g  v ia ls  u s in g  s u f f ic ie n t  to lu e n e  to  make a to ta l  vo lum e 

o f 10 m l.  A fte r  s ta n d in g  o v e rn ig h t a t 4 °C , the  v ia ls  w e re  coun ted  

in  a P h ill ip s  L iq u id  S c in t i l la t io n  C o u n te r.

A f lo w  shee t sum m a ris ing  th e  procedure  is  show n in  F ig .  4
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PREPARATION OF MATERIAL FOR C O UN TING

Supernata nt 
D is c a rd

S /N
D is c a rd

S /N
D is c a rd

S /N
D is c a rd

S /N
D is c a rd

S /N
D is c a rd

T is s u e  and F i lte r

10% TCA 
0°C
1000 g 10 '

P re c ip ita te  and F i l te r

10% TCA 
0°C
1000 g 10 '

P re c ip ita te  and F i l te r  
1 0% TCA 
0°C
1 0 0 0  g 10'

P re c ip ita te  and F i l te r  ' ;

2 - ml .  0 .3  N NaOH 
37°C  
1 hour

F i l te r  d is ca rd e d

m l 100% TCA 
Stand 1 O' a t 0°C 
C e n tr ifu g e  a t 1000 g fo r  

10 ' a t 0°C

P re c ip ita te

1% K A c . in  E t  OH 
1000 g 10 '

P re c ip ita te

E t  OH : Et O 2 ; 1
1 0 0 0  g  10'

P re c ip ita te

0 .3  m l.  H yam ine  H C l 
O v e rn ig h t a t room tem pera tu re  

o r 60 C fo r  20 '

M a ke  to  10 m l.  w ith  T o luene  PPO
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2 .6 PREPARATION OF HISTO LO G ICAL MATERIAL

By t r i a l  and e rro r i t  w as  found  th a t th e  s im p le r  the  sch e d u le  

th e  more chance  th e re  w as o f h a v in g  some m a te r ia l le f t  a t the  end 

o f i t .  The s c h e d u le  used is  g iv e n  in  T ab le  1 1 . The f i l t e r  and 

a tta c h e d  t is s u e  w e re  tre a te d  as a u n it .  A t the  end o f the  

s ta in in g  s c h e d u le , the  f i l t e r  w a s  p la ce d  on a g la s s  s lid e  and 

c le a re d  b y  th e  a d d it io n  o f e th y l a c e ta te  or m ounting  f lu id .
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TABLE 11

SCHEDULE FOR F IX IN G . DEHYDRATING AND STAINING TISSUE

10% fo rm o l s a lin e  

W a s h  in  w a te r 

5 0% a lc o h o l 

70% a lc o h o l 

96% a lc o h o l 

A b s o lu te  a lc o h o l 

X y lo l

A b s o lu te  a lc o h o l

M e th y la te d  s p ir i ts

W a te r

Io d in e

H yp o

W a te r

H aem alum

W a te r

A c id  a lc o h o l 

W a te r

Am m onia w a te r  

W a te r  

E o s in  

W a te r

A b s o lu te  a lc o h o l 

X y lo l

12 hours 

i  hou r 

i  hou r 

i  hou r 

i  hou r

1 hour

6 m ins (change once) 

6 m ins (change once) 

3 m ins

2 m ins 

2 m ins 

2 m ins 

2 m ins 

2 m ins 

R inse

1 m in

2 m ins 

U n t i l  b lu e  

2 m ins

1 m in 

R inse

1 m in

2 m ins
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3 . 1  T H E  N O R M A L  RAT K I D N E Y  W E I G H T

THE RELATIONSHIPS OF KIDNEY W EIGHT TO OTHER PARAMETERS

I t  w as d e c id e d  to  perfo rm  a s im p le  in v e s tig a t io n  to  de te rm ine  i f  

k id n e y  w e ig h t is  re la te d  to  the  w e ig h t o f the  a n im a l o r to  the  w e ig h t 

o f  the  l iv e r .  In  o rd e r to  m in im is e  a n y  v a r ia t io n  in  w e ig h t due to  the  

in ta k e  o f food  and w a te r ,  10 a n im a ls  v a ry in g  in  w e ig h t from  16 0-210  g 

w e re  caged in d iv id u a l ly  fo r  7 days be fo re  s a c r if ic e .  They w e re  g iv e n  

food  and w a te r  ad  l ib itu m  u n t i l  60 m inu tes be fo re  s a c r if ic e  w hen food  

and w a te r  w e re  re m o ve d .

The a n im a ls  w e re  w e ig h e d  and s a c r if ic e d ,  the  k id n e y s  and liv e rs  

rem oved , w a s h e d , b lo t te d  and w e ig h e d  on w a tc h -g la s s e s .  The dry  

w e ig h ts  o f th e  t is s u e s  w e re  now e s tim a te d  as d e s c rib e d  in  S e c tion  

2 . 1 . 4 . 7 .  The re s u lts  a re  show n in  Tab le  12 .

I t  is  c le a r  from  th e s e  f ig u re s  th a t the  c o rre la t io n  be tw e en  to ta l 

re n a l w e ig h t and  ra t b o d y  w e ig h t is  no t good; a b e tte r  c o r re la t io n  

e x is ts  be tw e e n  re n a l d ry  w e ig h t and ra t body  w e ig h t,  and the  

re la t io n s h ip  b e tw e e n  re n a l d ry  w e ig h t and to ta l re n a l w e ig h t is  

f a i r ly  c o n s ta n t .  The c o r re la t io n  be tw een  l iv e r  w e ig h t and body  

w e ig h t is  f a i r ly  good as is  th a t be tw een  l iv e r  d ry  w e ig h t a n d 'b o d y  

w e ig h t .  The b e s t  c o r re la t io n  is  th a t be tw een  k id n e y  d ry  w e ig h t 

and l iv e r  w e ig h t ,  w h ic h  is  b e tte r  th a n  e ith e r  the  c o r re la t io n  be tw een  

k id n e y  d ry  w e ig h t and l iv e r  d ry  w e ig h t o r be tw een k id n e y  d ry  w e ig h t 

and l iv e r  w a te r  c o n te n t.
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3 .2  CHANGES OCCURRING IN  THE PHYSIOLOGICAL AND

B IO C H E M IC A L STATE OF THE RAT FOLLO W ING  

UNILATERAL NEPHRECTOMY

In  s e e k in g  th e  s t im u lu s  to  th e  com pensa to ry  g row th  w h ic h  occurs  

fo llo w in g  rem o va l o f one k id n e y ,  i t  w as de c id e d  f i r s t  to  s tu d y  the  

e f fe c t  o f u n i la te ra l neph rec tom y on th e  p h y s io lo g ic a l and b io c h e m ic a l 

s ta te  o f th e  a n im a l.  The k id n e y  is  concerned  in  the  c o n tro l o f the  

re la t iv e  and a c tu a l c o n c e n tra tio n s  o f sodium  and w a te r , the  c o n tro l 

o f  a c id -b a s e  b a la n c e  and am m onia m e ta b o lis m , th e  c o n tro l o f  the  

a r te r ia l b lo o d  p re ssu re  and v a r io u s  o th e r a sp e c ts  o f m e ta b o lis m , 

in c lu d in g  th e  s y n th e s is  o f c re a tin e  as w e l l  as the  e x c re t io n  o f many 

s u b s ta n c e s . C o n s e q u e n tly , a se r ie s  o f sho rt expe rim e n ts  w as 

p lanne d  to  s tu d y  th e  e f fe c t  o f u n ila te ra l nephrectom y on some o f 

th e se  pa ram ete rs .

3 . 2 , 1  The E ffe c t o f  U n ila te ra l N ephrec tom y on Plasm a 

Sodium  L e ve ls

H a ll ib u r to n  (1966) found  no c o n s is te n t a lte ra t io n  in  serum sodium  

le v e ls  a t  24 hours and 48 hours fo llo w in g  u n ila te ra l neph rec tom y in  

th e  r a t .  B o re l l i  e t a l .  (1 9 6 2 ),in  the  dog , repo rt a tra n s ie n t in c re a se  

in  p lasm a sod ium  in  th e  f i r s t  day fo llo w in g  u n ila te ra l nep h rec to m y, 

fo llo w e d  b y  a s l ig h t  f a l l  in  the  n e x t 4 d a y s . They re p o rt no change 

in  p lasm a p o ta ss iu m  or c h lo r id e  le v e ls ,  b u t a f a l l  in  u r in a ry  sodium  

and c h lo r id e  in  the  f i r s t  3 days fo llo w in g  u n ila te ra l neph rec tom y and
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an in c re a s e  in  u r in a ry  p o ta s s iu m . They e x p la in  these  f in d in g s  as 

due to  a lte ra t io n  in  a d re n a l a c t iv i t y  fo llo w in g  u n ila te ra l n e p h re c to m y .

C o n s e q u e n tly  i t  w as  d e c id e d  to  s tu d y  the  le v e ls  o f p lasm a sod ium  

a t v a r io u s  tim e s  in  the  f i r s t  few  days a fte r  u n ila te ra l nephrec tom y in  

th e  r a t .  S ix  p a irs  o f ra ts ,  a l l  w e ig h in g  around 2 00 g w e re  used in  

th e  e x p e rim e n t. One a n im a l o f each p a ir  w as n e p h rec to m ized  and 

th e  o th e r had a sham o p e ra tio n . A t each tim e  in te rv a l ch o s e n , 2 

p a irs  o f ra ts  w e re  s tu d ie d .  P lasm a sod ium  le v e ls  w e re  e s tim a te d  

b e fo re  o p e ra tio n  and  a t s a c r if ic e .  The re s u lts  a re  show n in  T ab le  

13 . I t  can  be  seen from  th e se  fig u re s  th a t the re  is  no c o n s is te n t 

a lte ra t io n  in  p lasm a sod ium  le v e ls  a f te r  u n ila te ra l nephrectom y 

com pared to  s h a m -o p e ra te d  a n im a ls .  A f a l l  in  p lasm a sod ium  is  

found  in  b o th  g roups a t 16 and 24 hours a f te r  o p e ra tio n . T h is  may 

be due to  a re d u c tio n  in  food  in ta k e  in  th e  f i r s t  24 hours a f te r  

o p e ra t io n .
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TABLE 13

T rea tm en t

Plasm a Sodium m i l l ie q u iv / 1 ,

Pre -o p e ra t iv e  
L e v e l

P o s t-o p e ra tiv e
L e v e l

T i m e  (hours) o f 
P o s t-o p e ra t iv e  

Reading

149^ 149 6

Sham 144 140 8

N e phrec tom y 153 130 16

156 133 24

142 143 6
R igh t 124 124 8
U n ila te ra l

149 127 16
N e phrec tom y 152 144 24

_

C hange in  p lasm a sod ium  le v e ls  in  th e  ra ts  a t 

v a r io u s  tim e s  a f te r  sham o p e ra tio n  and r ig h t 

u n i la te ra l ne p h re c to m y .

a .  A l l  v a lu e s  a re  means fo r  2 ra ts  w e ig h in g  2 00 g ;
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3 . 2 . 2  P lasm a A m ino A c id  A n a ly s is

There are  s e v e ra l reasons  w h y  an in v e s tig a t io n  o f th e  changes 

o c c u rr in g  fo llo w in g  u n ila te ra l nephrectom y shou ld  in c lu d e  p lasm a 

am ino  a c id  e s tim a tio n s  , F i r s t ly ,  i t  is  know n th a t d ie ts  h ig h  in  

p ro te in  p roduce  re n a l g ro w th , e s p e c ia lly  a h ig h  g e la t in  d ie t  (M o o re , 

1967) .  A ls o ,  a d ie t  h ig h  in  g ly c in e  g iv e s  an in c re a s e  in  k id n e y  

s iz e  (M o o re , 1967) .  I t  w o u ld  be in te re s t in g  to  no te  w h e th e r or no t 

u n i la te ra l nep h rec to m y a lte rs  th e  p lasm a g ly c in e  le v e l.  S e cond ly , 

th e  k id n e y  p la y s  an im p o rta n t ro le  in  the  m e ta bo lism  o f am m onia v ia  

its  ro le  in  th e  m a in ten ance  o f  a c id -b a s e  b a la n c e . The p ro d u c tio n  

o f am m onia b y  the  k id n e y  is  show n in  F ig .  5 . P itts  (1968) has 

show n th a t in  dogs 33-50% o f am m onia e xc re te d  b y  the  k id n e y  com es 

from  th e  am ide  n itro g e n  o f g lu ta m in e  and a fu rth e r 16-25% from  the  

am ino  n itro g e n  o f g lu ta m in e . O th e r am ino a c id s ,  in c lu d in g  g ly c in e  

and a la n in e ,  can a c t as donors in  am m onia p ro d u c tio n  (P it ts ,  1968) .

Am ino a c id  a n a ly s is  w as perfo rm ed on venous b lo o d  from  a n im a ls  

n e p h re c to m ize d  a t v a r io u s  in te r v a ls .  The tra c in g s  show ed o n ly  

m in o r changes u n t i l  th e  e xp e rim e n t w as perform ed on b lo o d  from  an 

a n im a l nep h re c to m ize d  14 hours p re v io u s ly ; th is  show ed a g re a t f a l l  

in  th e  p lasm a g lu ta m in e  le v e l and an in c re a se  in  the  g lu ta m ic  a c id  

le v e l .  T h is  e xp e rim e n t has as y e t no t been repea ted  and the  

re s u lts  ca n n o t be  show n h e re . A l s o ,  the re  appeared to  be  an 

in c re a s e  in  b lo o d  am m onia on am ino  a c id  a n a ly s is .  C o n s e q u e n tly , 

p lasm a am m onia w as in v e s tig a te d  more c a re fu lly .



F IG . 5

THE PRODUCTION OF A M M O N IA  BY RENAL TUBULAR CELLS

90

NH

NH
NH
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® g lu ta m ic  
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g lu ta m in e
g lu ta m in a se  I

oC -a m in o  a c id

og lu ta m in e

© -  am ino  n itro g e n  

o -  am ide  n itro g e n
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3 . 2 . 3  B lood Am m onia L eve ls

On the  am in o  a c id  a n a ly s is  cu rves  ju s t  de sc rib e d  the re  appeared 

to  be  some in c re a s e  in  am m onia le v e ls  in  some o f the  t ra c in g s .  

H o w e ve r, am m onia e s tim a te d  in  th is  w a y  is  no t a true  re f le c t io n  o f 

th e  b lo o d  am m onia le v e l a t the  tim e  o f w ith d ra w a l o f b lo o d  (L e a f, 

1969) .  C o n s e q u e n tly  i t  w as d e c id e d  to  In v e s tig a te  the  b lo o d  

am m onia le v e l in  no rm a l and neph rec tom ized  ra ts  b y  a more s e n s it iv e  

te c h n iq u e , u s in g  the  enzym e g lu ta m a te  deh yd rogena se . The m ethods 

is  d e s c rib e d  in  d e ta i l  in  S e c tio n  2 . 2 . 6 ,

Four p a irs  o f a n im a ls  w ere  used in  the  e x p e rim e n t. U nder e the r 

a n a e s th e s ia  2 m l.  o f venous b lo o d  w e re  w ith d ra w n  from  the  le f t  

ju g u la r  v e in  in to  a h e p a r in is e d  s y r in g e ; the  a n im a l w as then  e ith e r  

n ep h rec to m ized  or sham o p e ra te d . One p a ir  o f a n im a ls  w as aga in  

a n a e s th e tis e d  a t th e  end o f 4 hours and 2 m l,  o f b lo o d  w ith d ra w n  

from  the  r ig h t  ju g u la r  v e in ,  the  a n im a ls  w ere  then  s a c r if ic e d ,  A 

fu r th e r  2 p a irs  w e re  s a c r if ic e d  14 hours p o s t-o p e ra t iv e ly ,  aga in  a fte r  

w ith d ra w a l o f  b lo o d  from  the  ju g u la r  v e in ,  and the  la s t  p a ir  w ere  

s a c r if ic e d  24 hours a fte r  u n ila te ra l nep h rec to m y. Two p a irs  o f 

a n im a ls  w e re  chosen  a t  14 hours a fte r  nephrectom y s in c e  i t  w as a t 

th is  tim e  th a t the  change in  g lu ta m a te /g lu ta m in e  ra t io  w as m ost 

apparen t on am ino  a c id  a n a ly s is  and the  apparen t in c re a se  in  b lo o d  

am m onia w as noted a t th is  t im e .

Am m onia e s tim a tio n s  w e re  perform ed on the  b lo o d  sam ples as 

d e s c r ib e d  in  S e c tio n  2 . The re s u lts  are  shown in  T ab le  14 .
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T rea tm en t
B lood Ammonia pg /lO O  m l P o s t-o p e ra tiv e  

T im e o f Second 
Reading (hours)F irs t  Reading Second Reading

Sham O p e ra tio n 9 5 . 8 ^ 59 . 4 4

U n ila te ra l N eph rec tom y 71 . 4 4 2 . 5 4

Sham O p e ra tio n 44 . 4 81 . 0 14
H I t 68 . 4 60 .2 14

U n ila te ra l N eph rec tom y 57 . 9 7 . 7 14

M 11 77 . 2 5 2 . 0 14

Sham O p e ra tio n  

U n ila te ra l N e ph rec tom y

34 . 8

32 .7

3 2 . 8

69 .5

24

24

B lood  am m onia le v e ls  a t v a r io u s  tim e s  a f te r  sham 

o p e ra tio n  and r ig h t  u n ila te ra l n ep h rec to m y .

a . Each re a d in g  rep resen ts  one ra t w e ig h in g  around 

200 g .
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These re s u lts  show th a t the  b lo o d  am monia le v e l does change b o th  

in  sham opera ted  and nep h rec to m ized  a n im a ls , b u t the re  is  no co n s ta n c y  

in  th e  d ire c t io n  o f th e se  c h a n g e s . W h a t is  c le a r  is  th a t th e  apparen t 

in c re a s e  in  b lo o d  am m onia le v e ls  seen on am ino  a c id  a n a ly s is  is  

c e r ta in ly  an a r te fa c t and the re  is  no reason to  ju s t i f y  a more p ro longed  

s tu d y  o f b lood am m onia fo llo w in g  u n ila te ra l n ep h rec to m y .

3 , 2 . 4  A c id -B a s e  B a lance

Tw o im p o rta n t fu n c t io n s  o f the  k id n e y  are the  e x c re tio n  o f a c id  and 

the  b u ffe r in g  o f u r in e .  I t  is  p o s s ib le  th e re fo re  th a t rem o va l o f one 

k id n e y  re s u lts  in  some upse t o f a c id -b a s e  b a la n c e . E s tim a tio n s  o f 

a c id -b a s e  b a la n c e  w e re  perform ed on M ic ro  A s tru p  equ ipm en t as 

d e s c r ib e d  in  S e c tio n  2 . 2 . 5 .  T h is  is  som eth ing  w h ic h  is  o b v io u s ly  

much more e a s i ly  and a c c u ra te ly  perform ed on an a n im a l la rg e r than  the  

ra t s in c e  i t  in v o lv e s  o b ta in in g  a r te r ia l o r c a p il la r y  b lo o d . I t  is  

ne ce ssa ry  to  a n a e s th e tis e  a ra t in  o rder to  o b ta in  a r te r ia l b lo o d , and 

th is  w as in  fa c t  done , u s in g  e th e r .

B lood from  th e  ra t ao rta  w as o b ta ined  as d e s c rib e d  in  S ec tion  

2 . 1 . 4 . 5 .  S ince  m ost a n im a ls  b le d  fa ir ly  p ro fu s e ly  fo llo w in g  punctu re  

o f th e  a o r ta , i t  w as no t p o s s ib le  to  perform  p re -  and p o s t-n e p h re c to m y  

e s tim a tio n s  on the  same a n im a ls .  Ten a n im a ls , w e ig h in g  around 200 

gm . w e re  u s e d . Tw o a n im a ls  w e re  a n a e s th e tis e d  w ith  e th e r and b lo o d  

w ith d ra w n  from  the  ao rta  and the  a c id -b a s e  ba la n ce  e s tim a te d  as 

d e s c r ib e d . O f the  o th e r 8 a n im a ls , 4 w ere  nep h rec to m ized  and 4 sham 

o p e ra te d . B lood  w as w ith d ra w n  from  2 neph rec tom ized  and 2 sham 

ope ra ted  a n im a ls  16 hours la te r  and the  rem a in ing  4 a n im a ls  w e re  

s im ila r ly  tre a te d  24 hours a fte r  u n ila te ra l n e p h rec to m y. The re s u lts  are 

show n in  T a b le  15 .
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Trea tm ent

T im e a f te r  
T rea tm en t o f 

A o r t ic  Puncture 
(h rs)

pH
A c tu a l
PCO^

Base
Excess
m .e q / l

B u ffe r 
Base 

m . e q / l

S tandard 
B ica rbona te  

m . e q / l

None 0 7.38P 42 . 5 0 51 24

None 0 7 . 4 0 4 0 . 0 0 47 24

Sham 16 7 . 6 0 10 1 61 . 5 2 4 . 5

Sham 16 7 . 5 8 10 0 61 24 . 5

U n ila te ra l
N e ph rec tom y 16 7 . 6 0 10 -11 46 . 5 17

U n ila te ra l
N e ph rec tom y 16 7 .62 21 . 5 + 18 47 17

Sham 24 7 . 43 30 -1 56 23 . 5

Sham 24 7 . 4 5 33 +1 57 25

U n ila te ra l
24 7 . 4 8 32 . 5 + 2 . 5 54 . 5 26 . 5N e phrec tom y

Un i la te ra l 
N e ph rec tom y 24 7 . 4 9 26 0 54 2 4 . 5

A c id -b a s e  b a la n c e  a t v a r io u s  tim es  a f te r  sham 

o p e ra tio n  and r ig h t u n ila te ra l n ep h rec to m y .

a .  Each s e t o f read ings  rep resen ts  one ra t 

w e ig h in g  around 200 g .



I t  can be seen from  th e se  re s u lts  th a t o p e ra tio n , w h e th e r a 

u n ila te ra l neph rec tom y o r a sham ope ra tion  produces a r is e  in  pH 

and a f a l l  in  pCO ^ a t 16 hou rs ; th is  has re tu rne d  to  no rm a l b y  24 

hours and is  p resum ab ly  due to  p o s t-o p e ra t iv e  h y p e rv e n tila t io n  b y  

the  rate

3 . 2 , 5  A m id o tra n s fe ra s e  ( 2 . 6 . 2 . 1 )  A c t iv i ty

The v a r io u s  m ethods used to  e s tim a te  the  degree o f com pensa to ry  

g ro w th  o c c u rr in g  in  the  s o l i ta r y  k id n e y  o f the  u n i la te ra l ly  

n ep h re c to m ize d  a n im a l w e re  g ive n  in  the  In tro d u c to ry  S e c tio n . L i t t le  

a tte m p t has been  made to  de te rm ine  w h e th e r o r no t th e  g row th  w h ic h  

has been e s tim a te d  as in c re a se d  m ito t ic  in d e x , D N A , RNA or p ro te in  

c o n te n t, is  tra n s la te d  in to  an in c re a s e  in  s p e c if ic  b io c h e m ic a l 

com ponents o f re n a l t i s s u e .  From th is  p o in t o f v ie w  i t  w as de c id e d  

to  s tu d y  the  enzym e a m id o tra n s fe ra s e . T h is  enzym e is  in v o lv e d  in  

th e  f i r s t  s tage  o f c re a tin e  s y n th e s is ,  i . e .  the  fo rm a tio n  o f g u a n id o -  

a c e t ic  a c id  and o rn ith in e  from  a rg in in e  and g ly c in e  :

N H „

C -N H

NH

(GHg)^

G H -N H ,

GOGH
A rg in in e

+

NH,

G H ^

GOOH

\

G ly c in e

NH,

(GHg)g +

C H -N H ,

GOOH

O rn ith in e

N H ,

o ='n h

NH

I
C H .
I

GOOH

G u a n id o  -  
a c e t ic  a c id
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The second  re a c tio n  in  the  s y n th e s is ,  i . e .  th e  re a c t io n  o f 

g u a n id o -a c e tic  a c id  and m e th io n in e  to  form  h o m o cys te in e  and c re a tin e  

occu rs  in  th e  l iv e r ,  b u t the  f i r s t  s ta g e , in  the  ra t a t  le a s t ,  occu rs  

a lm o s t e x c lu s iv e ly  in  th e  k id n e y s  (Van P ilsum  et a l . ,  1967a) .

The enzym e has a ttra c te d  some in te re s t s in c e  the  d is c o v e ry  b y  

W a lk e r  (1959 and 1961) th a t the  a d d it io n  o f 2% c re a tin e  to  the  d ie t 

reduces th e  a m id o tra n s fe ra s e  a c t iv i t y  o f ra t k id n e y s  o r c h ic k  l iv e rs  

to  v e ry  lo w  le v e ls  . H e a ls o  found  th a t the  le v e ls  w e re  indepe nden t 

o f p lasm a or k id n e y  c re a t in in e  le v e ls .  Van P ilsum  e t a l ,  (1967a) on 

the  o th e r hand found  th a t ra t k id n e y  a m id o tra n s fe ra se  a c t iv i t y  w as 

re la te d  to  the  le v e l o f  c re a tin e  in  the  plasm a o r k id n e y s  o f p ro te in -  

d e p le te d  or s ta rv in g  r a t s ,  b e in g  lo w e r w hen the  p lasm a c re a tin e  

becam e e le v a te d . Van P ilsum  et a l .  (1967b) a ls o  repo rte d  an in c re a se  

in  ra t to ta l  ca rca ss  a m id o tra n s fe ra s e  a c t iv i t y ,  a f te r  in tra p e r ito n e a l 

in je c t io n  o f a rg in in e  p lus  g ly c in e ;  b y  c o n s id e ra tio n  o f the  re s u lts  in  

S e c tio n  3 , i t  seems p o s s ib le  th a t Van P ilsum  in duced  a degree o f re n a l 

h y p e rtro p h y  b y  in je c t io n  o f g ly c in e  and th a t th is  and no t a ny  d i r e c t  

e f fe c t  on th e  enzym e e x p la in s  th e  in c re a se  in  a m id o tra n s fe ra s e  he 

o b ta in e d . H o w e v e r, i t  w o u ld  be in te re s t in g  to  de te rm ine  w h a t happens 

to  k id n e y  a m id o tra n s fe ra s e  a c t iv i t y  in  th e  e a r ly  s tages fo llo w in g  

u n ila te ra l n e p h re c to m y .

N in e  m ale  ra ts  w e ig h in g  a p p ro x im a te ly  200 g .  w e re  u se d . Three 

a n im a ls  w e re  nep h re c to m ize d  and 3 sh a m -o p e ra te d . Three w e re  

uno pera ted  c o n tro ls  . F o r ty -e ig h t  hours la te r  the  a n im a ls  w ere
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s a c r if ic e d  a nd  the  k id n e y s  rem o ved , A m id o tra n s fe ra se  w as assaye d  

as d e s c r ib e d  in  S e c tio n  2 . 4 ;  a l l  assays  w e re  perform ed a t the  same 

t im e . The re s u lts  are exp ressed  in  o p t ic a l d e n s ity  u n its  and are 

show n in  T a b le  16 .

I t  can  be seen from  th e se  re s u lts  th a t u n ila te ra l nephrectom y 

does n o t p roduce  an in c re a s e  in  th e  a m id o tra n s fe ra se  a c t iv i t y  o f the  

re m a in in g  k id n e y .  A t f i r s t  s ig h t,  the  a n im a ls  w h ic h  had a sham 

o p e ra tio n  w o u ld  app ea r to  have  lo w e r a m id o tra n s fe ra se  a c t iv i t y  than  

e ith e r  o f th e  o th e r 2 groups . S ta t is t ic a l e v a lu a tio n  b y  s tu d e n t t  

te s t in g  does not su p p o rt t h is ,  even in  the  case o f the  la rg e s t 

d iffe re n c e  b e tw e e n  groups { a in  T ab le  16) .  T h is  m ig h t, h o w e ve r, 

be due to  th e  fa c t  th a t th e  num bers o f ra ts  in  each g roup (3) is  to o  

s m a ll,  s in c e  s tu d e n t t  te s t in g  re ve a ls  o n ly  la rge  d iffe re n c e s  be tw een  

s m a ll g ro u p s . The re s u lts  d o , h o w e ve r, g iv e  ground fo r  s u s p ic io n  

th a t s h a m -o p e ra tio n  dep resses  the  to ta l  a m id o tra n s fe ra s e  a c t iv i t y  

and th a t th is  d e p re s s io n  is  overcom e in  the  k id n e y  re m a in in g  a f te r  

u n i la te ra l n e p h re c to m y . I f  th is  is  th e  c a se ,  i t  w o u ld  c o rre la te  w e l l  

w ith  th e  f in d in g s  o f Van P ilsum  (1967a) th a t k id n e y  a m id o tra n s fe ra s e  

a c t iv i t y  is  d ep re ssed  w hen p lasm a c re a tin e  is  h igh  as o p e ra tio n  is  

l ik e ly  to  have  an e f fe c t  s im ila r  to  s ta rv a tio n  in  lib e ra t in g  c re a tin e  

from  m u s c le .



98

C£>

o o•r*t CO LO-M CO r-4 CO
& o r-l CO
+j o O o
X!
bi +1 +  i + 1
cd o CO CM
>

o CO 00CD 00<4-4
S O o »—)

CO CO o
CO to 00

0 o o r—1
d o o o0ui x;

bi + 1 + 1 +1
H CM rH COĈ COCO CO
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3 . 2 . 6  A r te r ia l B lood  Pressure

The k id n e y  p la y s  an e s s e n tia l ro le  in  the  m a in tenance  o f a r te r ia l 

b lo o d  p re s s u re . The m a in  th e o rie s  on the  m echanism  b y  w h ic h  i t  

does th is  a re  g iv e n  in  S e c tion  3 . 5 . 2 ,  Four a n im a ls  w e re  used to  

de te rm ine  w h e th e r u n i la te ra l nephrectom y has any  e f fe c t  on a r te r ia l 

b lo o d  p re ssu re  le v e l.  B lood p ressu re  w as e s tim a te d  b y  means o f 

c a ro t id  c a n u la t io n  as d e s c r ib e d  in  S ec tion  2 . 1 . 4 . 4 .  The a n im a ls  

w e re  a n a e s th e tis e d  w ith  p e n to b a rb ito n e  as d e sc rib e d  in  S e c tion

2 .1  . 4 , 4 .  B lo o d  p ressu re  read ings  w e re  ta ke n  a t in te rva ls fo r  15 

m inu tes  b e fo re  u n ila te ra l nep h rec to m y, and fo r  30 m inu tes  a fte rw a rd s . 

The re s u lts  a re  show n in  F ig .  6 .  I t  is  c le a r  th a t u n i la te ra l 

neph rec tom y has no e f fe c t  on ra t a r te r ia l b lo o d  p re s s u re , a t  le a s t in  

th e  f i r s t  30 m in u te s .

F IG . 6 : The E ffe c t o f U n ila te ra l N ephrectom y or Sham O p e ra tio n  

on Rat A r te r ia l B lood  Pressure
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3 .3  THE EFFECT OF ADM INISTRATIO N OF

VARIOUS SUBSTANCES ON KIDNEY GROWTH

The co m p e n sa to ry  g row th  o f the  k id n e y  w h ic h  occurs  fo llo w in g  

c o n tra la te ra l nep h rec to m y has o fte n  been c la im e d  to  be due to  w o rk  

h y p e rtro p h y  ( o f .  S e c tio n  1 ), in  the  same w a y  as a m usc le  w h ic h  is  

re p e a te d ly  e x e rc is e d  responds b y  h y p e rtro p h y in g . I f  th is  is  the 

c a se ,  i t  s h o u ld  be p o s s ib le  to  p roduce h yp e rtro p h y  and perhaps 

a tro p h y  o f th e  k id n e y  b y  d ie ta ry  means or b y  in je c t io n  o f subs tance s  

han d le d  b y  th e  k id n e y .  Agents w h ic h  have p re v io u s ly  been show n 

to  a f fe c t  the  g ro w th  ra te  o f the  k id n e y  w e re  d e sc rib e d  in  the  

in tro d u c to ry  s e c t io n .  The m ost c o n s is te n t e ffe c t obse rved  has been 

th a t o f g e la t in  and g ly c in e  in  p rodu c ing  re n a l h y p e rtro p h y . The 

e f fe c t  o f g ly c in e  has been s tu d ie d  aga in  in  th is  in v e s t ig a t io n  as w e l l  

as the  e f fe c t  o f o th e r am ino  a c id s  and in o rg a n ic  and o rg a n ic  s a lts ,  

and v a r ia t io n  in  p ro te in  and fa t  co n te n t o f the  d ie t .

3 . 3 . 1  The E ffe c t o f  In je c t io n  o f a U re a /S a lin e  M ix tu re  

on K id n e y  W e ig h t and C o m p o s itio n

V arious  e xp e rim e n ts  in v o lv in g  u re te ra l t ra n s p la n ta tio n  have a lre a d y  

been d e s c r ib e d  in  S e c tio n  1; in  th o se  cases  in  w h ic h  th e  o p e ra tiv e  

p rocedures p roduced  g ro w th  o f the  k id n e y , i t  w as argued th a t th is  w as 

due to  the  e x tra  e x c re to ry  w o rk  w h ic h  the  k id n e y s  had to  p e rfo rm . I t  

w as d e c id e d  to  perfo rm  a se r ie s  o f expe rim en ts  in v o lv in g  th e  repea ted  

In je c t io n  o f a h y p e rto n ic  s o lu tio n  o f urea and s a l in e .
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T h is  w o rk  has a lre a d y  been reported  b y  Thom son (1970) .  The 

re s u lts  a re  in c lu d e d  in  th is  w o rk  a ls o  and are shown in  T ab les  17 

to  2 2 .

I t  is  c le a r  th a t the  repea ted  in je c t io n  o f such a h y p e rto n ic  

s o lu t io n  has no e f fe c t  on k id n e y  w e ig h t o r the  re n a l c o n te n t o f 

RNA. I t  is  a ls o  c le a r  th a t such in je c t io n s  have no e ffe c t on the  

response  to  u n ila te ra l nephrectom y a t 96 hours (Tab le  22) .
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TABLE 17

T rea tm e n t
N o . o f 

A n im a ls
M e a n  W e ig h t 

G a in  (g)
T o ta l R enal W e ig h t^

(g)

In je c te d  w ith  2 0 m l 
u re a /s a l in e  m ix tu re  
o v e r 8 days

3^ 19 1 . 55  + 0 .137

A n a e s th e tis e d  b u t 
u n in je c te d  c o n tro ls

6 17 .5 1 . 55  t  0 . 130

The e f fe c t  on b o d y  w e ig h t and to ta l re n a l w e ig h t o f the 

in tra v e n o u s  in je c t io n  o f 20 m l. o f u re a /s a lin e  m ix tu re  ove r 

8 d a y s .

a .  The o th e r 3 a n im a ls  in  th is  group d ied  du rin g  the  

in je c t io n s  and w e re  e x c lu d e d .

b .  V a lues  a re  the  means fo r  the  group + S tandard E rror.
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TABLE 18

Trea tm ent
N o . o f 

A n im a ls
M e a n  W e ig h t 

G a in  (g)
T o ta l Renal W e igh t^  

(g)

In je c te d  w ith  3 0 m l 
u re a /s a lin e  m ix tu re  
o v e r 7 days

6 -4 1 .9 8  + 0 .2 2 0

A n a e s th e tis e d  b u t 
un in je c te d  c o n tro ls

6 8 2 .1 4  + 0 .1 2 4

The e f fe c t  on body  w e ig h t and to ta l re n a l w e ig h t o f the  

in tra ve n o u s  in je c t io n  o f 30 m l.  o f u re a /s a lin e  m ix tu re  ove r 

7 d a y s .

a .  V a lues are  the  means fo r  th e  group + S tandard E rro r.
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TABLE 19

Trea tm en t
N o , o f 

A n im a ls
M  ean W e ig h t 

G a in  (g)
T o ta l R enal W e ig h t^

(g)

In je c te d  w ith  25 m l 
u re a /s a l in e  m ix tu re  
o ve r 5 days

5 -16 1 .73 + 0 .0 6 4

A n a e s th e tis e d  b u t 
u n in je c te d  c o n tro ls 6 11 1 .9 1  + 0 .1 4 5

The e f fe c t  on b od y  w e ig h t and to ta l re n a l w e ig h t o f the  

in tra ve n o u s  in je c t io n  o f 25 m l. o f u re a /s a lin e  m ix tu re  ove r 

5 d a y s .

a .  V a lues are  the  means fo r  th e  groups + S tandard E rro r.



TABLE 20

105

Trea tm en t
N o . o f 

Anim a Is
M ean  W e ig h t 

G a in  (g)
T o ta l Renal W e ig h t^

(g)

In je c te d  w ith  25 m l 
u re a /s a l in e  m ix tu re  
ove r 5 days

7^ 3 1 .4 9  + 0 .152

A n a e s th e tis e d  b u t 
u n in je c te d  c o n tro ls

12 7 1 .5 7  + 0 .173

The e f fe c t  on b od y  w e ig h t and to ta l re n a l w e ig h t o f the 

in tra ve n o u s  in je c t io n  o f 25 m l. o f u re a /s a lin e  m ix tu re  ove r 

5 d a y s ,

a ,  5 a n im a ls  in  th is  group d ie d  du ring  in je c t io n  and w e re  

e x c lu d e d .

b .  V a lues are  th e  means fo r  the  groups + S tandard E rro r.
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TABLE 21

T rea tm en t N o . o f 
A n im a ls

M e a n
W e ig h t
G a in (g )

1
T o ta l Renal T o ta l Renal 
W e ig h t (g)^ ] RNAP JJg^

jug RNAP/
100 mg T issu e

In je c te d  w ith  
25 m l u re a /  
s a lin e  m ix tu re
o v e r 4 days

6 -11 1 .4 5  + 0 ,1 2 2 705 + 20 4 8 .9  + 3 .2 9

A n a e s th e tis e d
u n in je c te d
c o n tro ls

12 -7 1 .43  + 0 .1 3 4 689 + 39 4 8 .3  + 3 .6 4

The e f fe c t  on bod y  w e ig h t,  to ta l re n a l w e ig h t and to ta l  re n a l 

RNAP o f th e  in tra ve n o u s  in je c t io n  o f 25 m l. o f u re a /s a lin e  

m ix tu re  o ve r 4 d a y s .

a .  V a lues are  m eans fo r  the  groups + S tandard E rro r.
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TABLE 22

■vJ -

T rea tm ent N o . o f 
A n im a ls

M ean
W e ig h t
G a in (g )

R igh t K idne y  . 
W e ig h t (g)

L e ft K idne y  
W e ig h t (g) L t/R t R a tio

R igh t 
u n i la te ra l 
nephrec tom y 
+ in je c t io n  
o f 10 m l 
u re a /  s a lin e  
m ix tu re  
ove r 4 days

4 -9 0 .6 7 0  + 0 .0 2 7 ^ 0 .787  + 0 .0 1 8 ^ 1 .1 5  + 0 .0 2 0

R ight
u n ila te ra l
nephrectom y
+
a n a e s th e tis e  
no t in je c te d

6

d

____ -

1

_ __

0 .7 3 0  + 0 .031 0 .855  + 0 .041^ ' 1 .1 7  + 0 .02

The e f fe c t  on th e  response  to  r ig h t  u n ila te ra l neph rec tom y o f 

th e  in je c t io n  o f 16 m l.  o f u re a /s a lin e  m ix tu re  in  the  96 hours 

b e tw e en  o p e ra tio n  and s a c r if ic e .

a .  V a lues  are  means fo r  the  groups + Standard E rro r.

b .  C hange s ig n if ic a n t ly  d if fe re n t from  ze ro  (p <  0 .0 5 )

c .  C hange s ig n if ic a n t ly  d if fe re n t  from  ze ro  (p 0 .0 5 )
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3 ,3 .2  The E ffe c t o f D ie ts  c o n ta in in g  Sodium C h lo r id e  and 

P o tass ium  C h lo r id e

S ince m uch o f th e  k id n e y 's  w o rk  is  perform ed in  the  a b s o rp tio n  o f 

so d iu m , i t  m ig h t be  re a so n a b le  to  suppose th a t fe e d in g  a d ie t  h igh  in  

sod ium  m igh t cause  re n a l g ro w th . An e s s e n tia l fu n c t io n  o f the  k id n e y  

is  the  e x c re t io n  o f p o tass ium  w h ic h  is  to x ic  in  e xce ss ; th e re fo re  i t  

m igh t be  re a so n a b le  to  suppose  th a t a d ie t h ig h  in  po ta ss iu m  m igh t 

re s u lt  in  g ro w th  o f the  po ta ss iu m  e x c re to ry  appara tus . I t  has been 

show n th a t in  dogs g iv e n  h ig h  doses o f po tass ium  c h lo r id e  fo r  s e v e ra l 

days a d a p ta tio n  occu rs  so th a t the  excess  po tass ium  is  exc re te d  more 

ra p id ly  as t im e  goes on (P it ts ,  1968). T h is  suggests  in d u c tio n  o f an 

enzym e sys tem  and i t  m igh t be p o s s ib le  th a t in  a s m a ll a n im a l such as 

the  ra t any  in c re a s e  in  enzym e c o n te n t m ig h t be m easured as g ro w th .

E igh teen  m a le  ra ts  w e ig h in g  a round 200 g . w ere  used in  the  

e x p e rim e n t, and d iv id e d  In to  3 g ro u p s . One g roup w as fed  a c o n tro l 

s to c k  d ie t ,  a n o th e r a s to ck  d ie t  supp lem ented  w ith  2% b y  w e ig h t o f 

Na C l and th e  th ird  g roup w e re  fed a s tock  d ie t supp lem en ted  w ith  

s u f f ic ie n t  K C l to  m ake i t  is o -o s m o la r  w ith  2% Na C l .  The c o m p o s itio n  

o f the  d ie ts  is  g iv e n  in  T ab le  8 . A t the  end o f 6 days th e  a n im a ls  w e re  

s a c r if ic e d  and  th e  k id n e y s  and liv e rs  rem oved and w e ig h e d . The 

re s u lts  a re  show n in  T a b le  2 3 . I t  is  c le a r  from  th e se  re s u lts  th a t 

the  s u p p le m e n ta tio n  o f th e  ra t d ie t  w ith  2% Na C l o r an is o -o s m o la r  

q u a n tity  o f K C l has no e f fe c t  on k id n e y  w e ig h t o r l iv e r  w e ig h t .
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3 .3 .3  The E ffe c ts  o f D ie ta ry  G e la t in  and G ly c in e  on 

K idne y  W e ig h t and C o m p o s itio n

M o o re  (1967) found  th a t a d ie t  c o n ta in in g  3 0% g e la t in  p roduced a 

5 0% in c re a s e  in  re n a l w e ig h t in  6 days as w e l l  as a 25% in c re a se  in  

R N A /D N A , i . e .  i t  had an e ffe c t s im ila r  to  u n ila te ra l n e p h re c to m y .

N o w , a d ie t  c o n ta in in g  30% g e la t in  rep resen ts  a d ie t  c o n ta in in g  8% 

g ly c in e ,  s in c e  g ly c in e  is  th e  m ost abundant am ino  a c id  in  g e la t in  

(M o o re , 196 7 ). A d ie t  c o n ta in in g  8% g ly c in e  produced a degree o f 

re n a l h y p e rtro p h y , to  the  e x te n t o f 25% in c re a se  in  re n a l m ass , and 

an in c re a s e  in  RNA/DNA and an in c re a se  in  p ro te in /D N A . There w as 

no in c re a s e  in  D N A . In  the  p resen t in v e s t ig a t io n ,  th e se  expe rim en ts  

w e re  repea ted  and in  a d d it io n  the  e ffe c t on the  l iv e r  w as  n o te d .

T w e lve  m ale  r a ts , 6 c o n tro l and 6 te s t ,  w ere  used in  the  expe rim e n t 

on g e la t in .  One g roup w as fed  a 3 0% g e la t in  d ie t  fo r  6 d a y s , the  o the r 

w as fed  th e  u s u a l c o n tro l d ie t .  A t the  end o f 6 d a y s , the  a n im a ls  

w e re  s a c r if ic e d  and th e  k id n e y s  and liv e rs  rem oved, w e ig h e d  and 

a n a ly s e d  fo r  RNA, DNA and p ro te in .  The re s u lts  a re  show n in  

T ab les  2 4 -2 6  . I t  can be seen from  these  f ig u re s  th a t a d ie t  c o n ta in in g  

15% c a s e in  and 30% g e la t in  g iv e s  a 40% in c rea se  in  re n a l w e ig h t ove r 

6 'days com pared to  th e  c o n tro l d ie t w h ic h  c o n ta in s  15% c a s e in .  I t  

g iv e s  a 25% in c re a se  in  re n a l RNA, a 22% in c re a se  in  p ro te in  and a 

7% in c re a se  in  D N A , though  th is  in c re a se  in  DNA is  no t s t a t is t ic a l ly  

s ig n if ic a n t ly  d if fe re n t from  z e ro .



I l l

T h is  can be com pared  to  the  f in d in g s  o f H a llib u r to n  (1966) o f the  

g ro w th  respon se  o b ta in e d  in  com pensa to ry  re n a l h y p e rtro p h y . A 25% 

in c re a s e  in  re n a l RNA o ccu rs  a t 48 hours a fte r  u n ila te ra l nephrectom y 

as does a 22% in c re a s e  in  re n a l p ro te in  and a 7% Increase  in  re n a l 

D N A . The am oun t o f R N A /c e ll and p r o te in /c e l l  show s an 18% 

in c re a s e , w h ic h  is  o f s im ila r  e x te n t to  th a t o c c u rr in g  fo llo w in g  

u n ila te ra l n e p h re c to m y . H o w e v e r, the  in c re a se  in  re n a l w e ig h t (40%) 

o c c u rr in g  in  a n im a ls  fe d  the  g e la t in  is  doub le  th a t w h ic h  w o u ld  be 

expe c ted  to  o c c u r in  u n i la te ra l ly  nephrec tom ized  a n im a ls  a t 48 h o u rs . 

A ls o ,  in  c o m p e n sa to ry  re n a l h y p e rtro p h y , the  RNA c o n c e n tra t io n , i . e .  

RNA/lOO m g . t is s u e  show s a p p ro x im a te ly  a 12% in c re a se  a t 48 hours 

as does th e  p ro te in /lO O  m g. ra t io  w hereas in  a n im a ls  fed  3 0% 

g e la t in  fo r  6 days  th e re  is  an 8% re d u c tio n  in  RNA/lOO m g. and a 7% 

re d u c tio n  in  p ro te in /lO O  m g. The mean c e l l  mass is  in v e rs e ly  

p ro p o rt io n a l to  the  c o n te n t o f D N A /lO O  m g. A t 48 hours a f te r  

u n i la te ra l n e p h re c to m y , the  mean c e l l  mass does no t in c re a se  

w hereas th e re  is  a 22% in c re a se  in  mean c e l l  mass in  a n im a ls  fed  

g e la t in  fo r  6 d a y s . In  o th e r w o rd s , the  p rocess o c c u rr in g  w hen a 

h ig h  g e la t in  d ie t  is  fe d  Is id e n t ic a l to  th a t o ccu rr in g  in  com pensa to ry  

re n a l h y p e rtro p h y , b u t in  a d d it io n  some o the r subs tance  b e s id e s  D N A, 

RNA and p ro te in  a c c u m u la te s  in  the  c e l l .
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TABLE 25

N o . o f A n im a ls

M e a n  Body W e ig h t 
G a in  (g)

L iv e r  W e ig h t (g)

T o ta l L iv e r  RNAP juig

m . RNAP
1 00 mg

T o ta l L iv e r  P ro te in

pg P ro te in  
100 mg

T o ta l L iv e r  DNA pg

ug DNA 
100 mg

RNAP

C o n tro l D ie t  
c o n ta in in g  
15% C a se in

6

21

pg DNA

6410 + 734

8 2 .3  4- 16

1670 4- 315

2 1 .4  + 2 .3

22950!-

256

0 .2 6 ,

H ig h  P ro te in  D ie t  
c o n ta in in g  

15% C a s e in  
4-3 0% G e la t in

19

7 .6 7  4- 1 .35 8 .4 7  4- 0 .96

6680 4- 800

7 9 .3  4- 9 .

1940 4- 160

22 .4  4- 1 .45

23310:

256

0 .3 0

The e f fe c t  o f a d ie t  c o n ta in in g  30% g e la t in  com pared 

to  a c o n tro l d ie t  c o n ta in in g  15% ca s e in  on l iv e r  w e ig h t 

and c o m p o s it io n .

a .  V a lues are  means fo r  the  groups + S .D .
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TABLE 26

The E ffe c t o f a D ie t  c o n ta in in g  30% G e la t in  on K idne y  and L iv e r

W e ig h ts  and C o m p o s itio n s

% Inc re ase  o r D ecrease  
due to  G e la t in  ove r 15% 

C a se in  D ie t

Body w e ig h t g a in

T o ta l re n a l w e ig h t

T o ta l re n a l RNAP

Renal RNAP/100 mg t is s u e

T o ta l re n a l p ro te in

R enal p ro te in /1 0 0  mg t is s u e

T o ta l re n a l DNA

Renal D N A /1 0 0  mg t is s u e

L iv e r  w e ig h t

L iv e r  RNAP

L iv e r  RNAP/100 mg

L iv e r  p ro te in

L iv e r  p ro te in /1 0 0  mg

L iv e r  DNA

0

41

25

- 8*

22

-7 *

7

- IB

9 * *

4 * *

- 4 * *

l y * *

23

0

*  = no t s ig n if ic a n t ly  d if fe re n t  from zero

-  no t s ig n if ic a n t
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G e la t in  is  a d iu re t ic  and is  know n to  in c re a se  the  GFR (V og l, 

1953), and i t  m ay be th a t the  subs tance  a c c u m u la tin g  in  the  k id n e y  

is  w a te r .  The g row th  o f the  k id n e y  induced  b y  g e la t in  m igh t be 

re la te d  to  th is  phenom enon.

In  the  case o f the  l iv e r  (see T ab les  24 and 25 ), th e re  is  no 

s ta t is t ic a l ly  s ig n if ic a n t  d iffe re n c e  in  l iv e r  w e ig h t-o r  c o m p o s itio n . 

There is  a 17% in c re a s e  in  l iv e r  p ro te in  c o n te n t, b u t th is  is  no t 

suppo rted  as a p o s it iv e  f in d in g  b y  s tuden t t  te s t  a n a ly s is .

G ly c in e  is  the  m ost abundan t am ino  a c id  in  g e la t in  and a d ie t 

c o n ta in in g  8% g ly c in e  is  e q u iv a le n t to  one c o n ta in in g  3 0% g e la t in  

as fa r  as g ly c in e  co n te n t is  concerned  (M oo re , 1967 ). Tw o groups 

o f 6 a n im a ls  w e re  fed  a d ie t  c o n ta in in g  8% g ly c in e  and a c o n tro l 

d ie t  re s p e c t iv e ly  fo r  6 days and the  k id n e y s  and liv e rs  rem oved and 

a n a ly s e d  as b e fo re . The c o m p o s itio n  o f the  d ie ts  is  show n in  

T ab le  7 .

The re s u lts  are show n in  T ab les  27 to  29 , and th e  re s u lts  o f a 

subsequen t exp e rim e n t are  shown in  Tab le  3 0.
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TABLE 27

~1

Trea tm ent N o , o f 
A n im a ls

M e a n  
W e ig h t 
G a in  (g)

T o ta l Renal W t (g) L iv e r  W e ig h t
(g)

Renal W e iq h g j» 
Body W e ig h t

_ L S i_
C o n tro l
D ie t

D ie t
c o n ta in in g  
8% g ly c in e

19

21

1 .213  + 0 .123

1 .382  + 0 .066

8 .2 9 0  4- 0 .289

8 .4 5 6  4- 1 .183

6.7284-0 .574

7 .692+0.490

The e ffe c t o f a d ie t  c o n ta in in g  8% g ly c in e  com pared to  a 

c o n tro l d ie t  on k id n e y  and l iv e r  w e ig h ts  .

a .  One a n im a l from  th is  group show ed p e rs is te n t seve re  w e ig h t 

lo s s  and w as e x c lu d e d .

b .  V a lues are  means fo r  the  groups + S .D .

c .  D iffe re n c e  s ig n if ic a n t ly  d if fe re n t  from  zero  (p <( 0 .01 )

d .  D iffe re n c e  s ig n if ic a n t ly  d iffe re n t from ze ro  (p </ 0 .01 )

re n a l w e ig h t .
e . The ra t io  :— i  r V y  is  g ive n  here fo r  purposes o fb od y  w e ig h t ^

com parison  w ith  la te r  e x p e rim e n ts .
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TABLE 30

Trea tm en t N o . o f 
A n im a ls

M ean  
W e ig h t 
G a in  (g)

T o ta l Renal W t (g)
Renal W e ig h t 
Body W e ig h t

C o n tro l
D ie t

5 20 1 .1 1 0  + 0 .1 6 7 ^ 6 .9 5 3  + 0 .346

D ie t
c o n ta in in g  
8% g ly c in e

5 18

b

1 .2 8 5  + 0 .0 6 6

c

8 .2 3 3  + 0 .827

The e f fe c t  o f a d ie t  c o n ta in in g  8% g ly c in e  on k id n e y  w e ig h t

a .  V a lues are means fo r  th e  groups + S .D .

b .  D iffe re n c e  s ig n if ic a n t ly  d if fe re n t from  ze ro  (p /  0 .05 )

c . D iffe re n c e  s ig n if ic a n t ly  d if fe re n t from  ze ro  

(p <( 0 .0 5  and a lm o s t 0 .0 1 ) .



120

I t  can be seen from  th e se  re s u lts  th a t the  d ie t  c o n ta in in g  8% 

g ly c in e  caused  a 14% Increase  in  re n a l w e ig h t in  the  f i r s t  expe rim e n t 

(Tab les  28 and 29) and a 16% in c rea se  in  re n a l w e ig h t in  the  second 

e xp e rim e n t (Tab le  3 0 ). These re s u lts  are s ta t is t ic a l ly  s ig n if ic a n t .  

There w as a 10% in c re a s e  in  RNA and a 14% in c re a se  in  RNAP/DNA. 

H o w e v e r, th e se  changes do not w ith s ta n d  s ta t is t ic a l  te s t  b y  the  

m ethod o f s tu d e n t t  t e s t .  The e ffe c t o f the  a d d it io n  o f po tass ium  

c it r a te  w as te s te d  a t the  same tim e  as th is  expe rim e n t (see S ection  

3 . 3 . 5 ) .  I t  w as n e c e s s a ry  to  perform  a n a ly s is  o f v a r ia n c e  b y  

S n edeco r's  F te s t  in  o rde r to  e va lu a te  the  re s u lts  and th is  show ed 

th a t the  d iffe re n c e  in  le f t  k id n e y  RNAP is  s ig n if ic a n t ly  d if fe re n t from 

ze ro  (p <  0 .0 5  and p a lm ost^O . 01 ). H a llib u r to n  (1966) show ed th a t 

the  re la t io n s h ip  be tw een the RNAP o f le f t  and r ig h t  k id n e y s  is  

c o n s ta n t and le f t  k id n e y  RNAP may be ta ke n  as an in d e x  o f to ta l 

k id n e y  RNAP. T h e re fo re , one conc lude s  th a t g ly c in e  p roduces a 

10% in c re a s e  in  k id n e y  RNAP and a 14% in c rea se  in  R N A P /D N A .

I t  does no t p roduce any  change in  the  to ta l am ounts o f p ro te in  

o r  D N A . H o w e ve r, th e  am ount o f D N A /100  mg is  s ig n if ic a n t ly  

reduced  b y  21% (p <  0 .0 1 ) ,  i . e .  an in c rea se  in  mean c e l l  m ass . 

These ch a n g e s , w hen com pared to  those  produced b y  g e la t in ,  are 

seen to  be b a s ic a l ly  s im ila r ,  i . e .  an in c rea se  in  mean c e l l  mass 

p lu s  an in c re a s e  in  RNAP (and a ls o  p ro te in  in  the  case  o f g e la t in ) .

I t  may w e l l  be  th a t the  g ly c in e  e ffe c t rep resen ts  an id e n t ic a l,  

though  le ss  in te n s e , s t im u lu s  to  g row th  than the  g e la t in  e f fe c t .
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M o o re  (1967) o b ta in e d  a 25% in c re a se  in  RNAP w ith  an  8% g ly c in e  

d ie t .  The d iffe re n c e  be tw e en  th e se  f ig u re s  and M o o re 's  m ig h t be 

due to  d iffe re n c e s  in  th e  a n im a ls  used o r in  the  g ly c in e ;  the  e ffe c t 

m ig h t, o f c o u rs e , be  due to  some c o n ta m in a n t o f the  g ly c in e .

In  T ab le  30 the  re s u lts  o f th e  second expe rim e n t are  show n .

In  th is  case  th e re  is  a 16% in c re a s e  in  to ta l re n a l w e ig h t (p < 0 .05 )

and the re  is  an 18% in c re a s e  in  (p /  0 . 05). TheseBody w e ig h t

re s u lts  are  s im ila r  enough to  d is c o u n t the  s u g g e s tio n  th a t an 8% 

g ly c in e  d ie t  p roduces a s ig n if ic a n t  e f fe c t on the  ra t 's  b o d y  w e ig h t.

3 .3 .4  The E ffe c t o f O th e r Am ino A c id s  on Body W e ig h t ,

K id n e y  and L iv e r  W e ig h ts

In  o rde r to  ch e ck  w h e th e r the  e ffe c ts  d e sc rib e d  m ig h t o c c u r w ith  

a n y  am ino  a c id ,  th e  e xpe rim e n ts  ju s t  d e sc rib e d  w e re  repea ted  u s in g  

L -a rg in in e  as the  am ino  a c id  s u p p le m e n t. In  fa c t ,  bo th  L -a rg in in e ,  

H C l and  L -a rg in in e - f re e  base  w e re  used in  case  any  response  m ig h t 

be a ttr ib u te d  to  the  w rong  pa rt o f the  m o le c u le .

Rats w e re  a g a in  used and w e re  fed  and s a c r if ic e d  in  the  usu a l 

m anne r. The re s u lts  a re  show n in  T ab les  31 and 32 . The  ̂

c o m p o s itio n  o f the  d ie ts  is  show n in  Tab le  8 , From Tab le  31 i t  can 

be seen th a t the  d ie t  c o n ta in in g  22% L -a rg in in e -H C l p roduces a 

s ig n if ic a n t  in c re a s e  in  re n a l w e ig h t (p 0 .01 ) co u p le d  w ith  a f a l l  

in  b o d y  w e ig h t and a h ig h ly  s ig n if ic a n t  in c re a se  in  

ra t io  (p <C 0 .0 0 1 ) .  I t  a ls o  produces a h ig h ly  s ig n if ic a n t  f a l l  in
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l iv e r  w e ig h t (p /  0 .0 0 1 ) and a s ig n if ic a n t  (p < ^0 .0 5 ) f a l l  in

L -a rg in in e ” HC1 produces an a c tu a l and a re la t iv e  b o d y  w e ig h t ^

in c re a s e  in  k id n e y  w e ig h t to g e th e r w ith  an a c tu a l and re la t iv e  decrease  

in  l iv e r  w e ig h t .  The e ffe c t is p resum ab ly  due to  c h ro n ic  m e ta b o lic  

a c id o s is  in duced  b y  H C l as L -a rg in in e - fre e  base  does n o t produce 

an e ffe c t o f th is  m a g n itu d e .

From T ab le  32 i t  can be seen th a t L -a rg in in e - fre e  base  produces

a f a l l  in  b o d y  w e ig h t o f  the  order o f 8% (not s t a t is t ic a l ly  s ig n if ic a n t)

and an in c re a se  in  re n a l w e ig h t o f 6% (not s ig n if ic a n t) .  H o w e ve r,

th e re  is  an in c re a s e  o f 18% in  the  ra t io  and th is  isbody w e ig h t

h ig h ly  s ig n if ic a n t  (p <( 0 .0 0 1 ) .

I t  is  n o t c le a r  to  w h a t th is  is  d ue . I t  is  s im ila r  to  the  e ffe c t 

produced b y  L -a rg in in e -H C l b u t o f a much s m a lle r  m a g n itu d e . I t  

may be th a t th is  q u a n tity  o f L -a rg in in e  is  to x ic  to  the  ra t ,  ca u s in g  

a f a l l  in  b od y  w e ig h t,  w hereas the  am ount o f p ro te in aceous  

m a te r ia l in g e s te d  produces a s l ig h t  degree o f in c re a se  in  re n a l 

w e ig h t due to  h y p e rtro p h y .
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Trea tm en t

C o n tro l D ie t D ie t  supp lem en ted  
w ith  L -A rg in in e -H C l

N o , o f  A n im a ls

M e a n  I n i t ia l  Body W t

F in a l Body W t

T o ta l Renal W t

L iv e r  W t

K id n e y  W t 
Body W t

L iv e r  W t
Body W t

164
a

1 8 0 .0 0 0  + 1 2 .500  

1 .2 1 3 +  0 .123
b

161

1 3 2 .0 0 0  + 2 1 .0  

.394  + 0 .1 6 8

8 .2 9 0  + 0 . 2 8 9 4 - ^ 4 . 2 9 0  + 0 .792

6 .7 3 0  + 0 . 5 7 0 4 - ^ 1 0 .3 1 0 +  0 .8 7 0

4 6 .1 0 0  +■ 3.680-4— ^ 3 5 .0 4 2  + 7 .9 3 7

The e f fe c t  o f a d ie t  supp lem en ted  w ith  22% L -A rg in in e -H C l 

on b od y  w e ig h t,  k id n e y  and l iv e r  w e ig h ts  .

a .  V a lues  are  means fo r  the  g roup + S .D .

b .  D iffe re n c e  s ig n if ic a n t ly  d if fe re n t from  ze ro  (p 4  0 .01 )

c .  D iffe re n c e  h ig h ly  s ig n if ic a n t ly  d iffe re n t from ze ro  (p < 0 .001 )

d . D iffe re n c e  h ig h ly  s ig n if ic a n t ly  d if fe re n t from  ze ro  (p < 0 ,001 )

e .  D iffe re n c e  s ig n if ic a n t ly  d if fe re n t from  ze ro  (p <  0 .05 )
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Trea tm ent NOc o f 
A n im a ls

I n i t ia l
Body
W e ig h t (g)

F in a l
Body
W e ig h t(g )

T o ta l 
Renal 
W e ig h t (g)

R enal W t(m g) 
F in a l Body 

W t (g)

C o n tro l
D ie t
15% C a s e in

6 152 + 6 .8 2^ 170+15 .00

. t

1 .1 5 4 + 0 ,1 4 0

t

6 .7 6 3 + 0 .4 7 0

D ie t
supp lem en ted  
w ith  a rg in in e -  
free  base

6 149+6 .62

D

\f
155+12 .50

c

V
1 .2 2 9 + 0 .0 9 7

Cl

V
7 .9 3 0 + 0 .2 9 5

The e f fe c t  o f  a d ie t  c o n ta in in g  18 .5%  L -a rg in in e - fre e  base  on body  

w e ig h t,  k id n e y  and l iv e r  w e ig h ts  .

a .  Va lues are  m eans fo r  th e  groups + S .D ,

b .  The d iffe re n c e  is  no t s ig n if ic a n t ly  d iffe re n t from  ze ro

c .  The d iffe re n c e  is no t s ig n if ic a n t ly  d if fe re n t from  ze ro

d .  The d iffe re n c e  is  h ig h ly  s ig n if ic a n t ly  d if fe re n t from  ze ro  (p <  0 .001 )



125

3 .3 ,5  The E ffe c t o f C itra te  and A ce ta te  S a lts  

on R enal W e ig h t and C o m p o s itio n

I t  Is obv ious  from  the  prece;yd ing s e c tio n  th a t a c id  produces an 

in c re a s e  in  re n a l w e ig h t .  The e ffe c ts  o f  an a lk a l in iz in g  age n t w ere 

in v e s tig a te d  b y  a d m in is te r in g  d ie ts  c o n ta in in g  po tass ium  c it r a te .

In  the  f i r s t  e xpe rim e n t in  the  s e r ie s , po tass ium  c it ra te  w as added 

to  a c o n tro l d ie t  and to  a d ie t  c o n ta in in g  8% g ly c in e .  T h is  w as 

done as an a d d it io n a l pa rt o f the  expe rim en t d e sc rib e d  in  S ec tion

3 .3 .4  and T ab les  2 7 -2 9 , and so can be com pared d ire c t ly  w ith  th a t 

e x p e rim e n t. The c o m p o s itio n s  o f the  d ie ts  a re  show n in  Tab le  8 .

In  the  second e xp e rim e n t in  the  se r ie s  (perform ed w h ile  the  k id n e y s  

from  th e  f i r s t  exp e rim e n t w e re  b e in g  a n a ly s e d ), the  e ffe c ts  o f sodium  

c it r a te  w ere  s tu d ie d  as w e l l  as those  o f po tass ium  c it r a te ,  and in  

a d d it io n  the  e ffe c ts  o f su p p le m e n ta tio n  o f the  c o n tro l d ie t  w ith  

sod ium  and p o ta ss iu m  a c e ta te  w ere  n o te d . The c o m p o s itio n s  o f 

the  a c e ta te  d ie ts  a re  g iv e n  in  T ab le  8a .

The re s u lts  o f  the  f i r s t  expe rim e n t (w ith  po tass ium  c it ra te )  a re

show n in  T a b le t  33 and F ig s .  6 -8 .  From these  re s u lts  i t  is  c le a r

th a t g ly c in e  causes  a r is e  in  to ta l re n a l w e ig h t w h ic h  is  d e f in ite ly

s ig n if ic a n t ,  as w as p re v io u s ly  d e sc rib e d  in  S e c tio n  3 , 3 , 3 ,  The

a d d it io n  o f p o ta ss iu m  c it ra te  a lo n e  to  the  d ie t g iv e s  an in c re a se  in

to ta l re n a l w e ig h t o f 12% w h ic h  is  p roba b ly  s ig n if ic a n t  (p 0 .0 5 ) .

C o n s id e ra tio n  o f  th e  ra t io  (F ig . 7) show s th a tbody  w e ig h t ^

p o tass ium  c it r a te  causes  a re la t iv e  in c re a se  in  re n a l w e ig h t o f 15%
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w h ic h  is  d e f in ite ly  s ig n if ic a n t  (p 0 .0 1 ) ,  A ga in  the  ra t io

show s a f a l l  o f 10% w h ic h  is  s ig n if ic a n t  in  the  case k id n e y  w e ig h t ^

o f the  p o tass ium  c it r a te  d ie t  (p /  0 .0 5 ) b u t show s no s ig n if ic a n t  

d iffe re n c e  in  the  case  o f the  g ly c in e  d ie t when the  decrease  is  o f 

the  o rde r o f 8%. W hen po tass ium  c it ra te  and g ly c in e  are  g ive n

to g e th e r , the  in c re a s e  in  re n a l w e ig h t is  27%, g re a te r than  w hen

r 1 . .• re n a l w e ig h t ^e ith e r  is  fed  s in g ly ,  and the  in c re a s e  in  r — :---------rW — ra t io  is  30%;^ body  w e ig h t

the  f a l l  in  îo llL  ra t io  is  22%. A fu l le r  e v a lu a tio n  o f these
k id n e y  w e ig h t

f in d in g s  re q u ire s  a c o n s id e ra t io n  o f the  re s u lts  o f a n a ly s e s  o f the  

k id n e y s  o f the  a n im a ls  in  th is  e x p e rim e n t. These are  show n in  

T ab les  34 -37  and F ig s .  9 -1 3 .

The fo llo w in g  c o n c lu s io n s  can be drawn :

1 . The a d d it io n  o f po ta ss iu m  c it ra te  to  the  d ie t p roduces a 13% 

re d u c tio n  in  to ta l  re n a l RNAP (p <( 0 .0 5 ) ,  The a d d it io n  o f 

g ly c in e  to  th e  d ie t  produces no s ig n if ic a n t  in c re a s e  in  to ta l 

re n a l RNAP as e va lu a te d  b y  s tu d e n t t  te s t in g ,  b u t S nedecor's  

F te s t  re v e a ls  a 6% in c re a s e  in  le f t  k id n e y  RNAP (p < ’ 0 .0 5 ) .

In  a d d it io n ,  th e  e ffe c t o f  po tass ium  c it ra te  in  p ro d u c in g -th is  

re d u c tio n  in  RNAP is  g re a te r in  the  p resence o f g ly c in e  than  

in  its  a b s e n c e , i . e .  the re  is  an in te ra c t io n  be tw e en  g ly c in e  

and p o tass ium  c it r a te  (p <C.0.01), (See T ab les  34 and 37 ;

F ig .  9 ) .

2 . /
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2 . The a d d it io n  o f p o tass ium  c it ra te  to  the  d ie t p roduces a 2 0% 

re d u c tio n  in  mean RNAP/lOO mg (p <C0.01). A d d it io n  o f 

g ly c in e  p roduces no s ig n if ic a n t  a lte ra t io n  in  RNAP/lOO m g. 

W hen g ly c in e  and po tass ium  c it ra te  are bo th  p re s e n t, the re  

is  a 15% f a l l  in  RNA/lOO mg com pared to  c o n tro ls  (p <( 0 .0 5 ) ,

i . e .  th e re  is  an in te ra c t io n  b e tw e en  g ly c in e  and p o tass ium  

c it r a te  (see F ig .  10 ).

RNAP
3 . In  the  case  o f the  mean ——  ra t io ,  g ly c in e  p roduces no 

s ig n if ic a n t  a lte ra t io n  no r does po tass ium  c it ra te ;  how eve r, 

th e re  is  a s ig n if ic a n t  in c re a se  in  the  ra t io  in  those  a n im a ls  

fed  g ly c in e  + p o ta ss iu m  c it ra te  (p 0 ,05  w ith  re s p e c t to  

c o n tro ls  and p 0 .01  w ith  re s p e c t to  th o se  a n im a ls  fed  

po ta ss iu m  c it r a te ) .  T h e re fo re , a g a in  the re  is  ah in te ra c t io n  

be tw een  g ly c in e  and po tass ium  c it ra te  (see F ig . 11 ).

4 .  There is  a s ig n if ic a n t  in c re a s e  in  ^------t t t  in^ f in a l  body  w e ig h t

th e se  a n im a ls  fed  g ly c in e  + po tass ium  c it ra te  com pared to  

th o se  fed  po ta ss iu m  c it ra te  (p <[ 0 .0 5 ) .  (See F ig .  12 ).

5 .  There is  a s ig n if ic a n t  decrease  in  D N A /100  mg in  the 

group fed  g ly c in e ,  com pared to  the c o n tro l g roup (p <  0 .0 1 ) .  

There is  a s ig n if ic a n t  decrease  in  D N A /1 0 0  mg in  the  group 

fed  g ly c in e  + p o tass ium  c it r a te  com pared to  the  g roup fed 

po ta ss iu m  c it ra te  (p < 0 .0 1 )  and a h ig h ly  s ig n if ic a n t  decrease  

com pared to  the  c o n tro l group (p ^ 0 . 0 0 1 ) .  A ga in  the re  is

an in te ra c t io n  be tw e en  g ly c in e  and p o tass ium  c i t r a te .
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The re s u lts  o f the  second expe rim en t in  the  s e r ie s  are shown in  Tab le  

38 and F ig s ,  1 4 /1 5 '. . ■ The. fo llo w in g  c o n c lu s io n s  can be draw n :

1 . The a d d it io n  o f sod ium  c it ra te  to  the  d ie t causes no s ig n if ic a n t

in c re a se  in  to ta l re n a l w e ig h t.  H o w e ve r, the re  is  an 

in te ra c t io n  be tw e en  sodium  c it ra te  and g ly c in e  (F ig . 14 ).

2 . A ga in  p o tass ium  c it ra te  causes a s ig n if ic a n t  in c re a se  in  to ta l

. 1 . / « «..V -, . . to ta l re n a l w e ig h t
re n a l w e ig h t (p <  0 .0 5 ) and a g re a te r in c re a se  in  ^ n a i  bod y  w e ig h t

ra t io  (p 0 .0 0 1 ) .  A ls o  the re  is  an in te ra c t io n  be tw een  g ly c in e  

and c i t r a te .

3 . Sodium  a c e ta te  causes a s ig n if ic a n t  in c rea se  in  to ta l re n a l 

■ w e ig h t (p < ^ 0 .0 1 ). I t  does not a f fe c t  the  bod y  w e ig h t .

4 .  P o tass ium  a c e ta te  causes  a f a l l  in  body  w e ig h t (p < ^0 .0 5 ).

I t  causes no s ig n if ic a n t  in c re a se  in  to ta l re n a l w e ig h t b u t

. .. to ta l re n a l w e ig h t ,
causes  an in c re a s e  in  the  ra t io  %— rZ'~"T r x T  (P < 0 .0 1 ) .f in a l body w e ig h t

The reasons fo r  th e se  changes are no t c le a r .  There appears to  

b e , in  the  case  o f p o tass ium  c it r a te ,  an in c re a se  in  k id n e y  w e ig h t,  

a s l ig h t  f a l l  in  b od y  w e ig h t,  coup led  w ith  a s l ig h t  degree o f a tro p h y  

o f the  k id n e y .  T h is  is  m ost e v id e n t in  the  presence o f g ly c in e .

T h is  a tro p h y  a ffe c ts  o n ly  RNA, b u t the re  is  s u f f ic ie n t  e v id e n ce  to  

encourage a more p ro longed  s tudy  o f the  e ffe c t o f D N A . The 

in te ra c t io n  w h ic h  occu rs  be tw een  g ly c in e  and po tass ium  c it ra te  

in  a lte r in g  k id n e y  n u c le ic  a c id  c o n te n t suggests  th a t pe rha ps , w hen 

th e y  are  a d m in is te re d  in  c o m b in a tio n , some o th e r fa c to r  com es in to  

p la y  to  reduce  k id n e y  RNA and , more e s p e c ia l ly ,  k id n e y  D N A . I t
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seem s p o s s ib le  th a t ,  i f  the  k id n e y  c e l ls  are g ro s s ly  o ve rhyd ra ted  

and have a v e ry  h ig h  in t ra c e l lu la r  po tass ium  le v e l,  th is  m igh t 

a f fe c t  the  ra te  o f n u c le ic  a c id  s y n th e s is . I t  w o u ld  be in te re s t in g  

to  de te rm ine  the  e f fe c t  o f  sod ium  c it ra te  on k id n e y  c o m p o s it io n . 

Sodium c it ra te  has ro u g h ly  the  same typ e  o f e ffe c t on k id n e y  w e ig h t 

as p o ta ss iu m  c it r a te ,  b u t does no t produce a decrease  in  body 

w e ig h t .  P o tass ium  a c e ta te  has a s im ila r  e ffe c t on k id n e y  w e ig h t,  

b u t p roduces a m arked re d u c tio n  in  body  w e ig h t.  Sodium a c e ta te  

has a s im ila r  e f fe c t  on k id n e y  w e ig h t b u t no e ffe c t on body  w e ig h t.

The m echan ism  o f the  e f fe c t  is  no t c le a r .  The f a l l  in  RNA m igh t 

be  due to  the  a lk a l in iz in g  e ffe c t o f po tass ium  c it r a te .  S ince the re  

is  no a lte ra t io n  in  the  p ro te in  c o n te n t o f  the k id n e y s ,  the  e ffe c t 

w o u ld  appea r to  be on an e a r ly  stage o f p ro te in  s y n th e s is ,  i . e .  b y  

in h ib it in g  the  fo rm a tio n  o f s p e c ie s  o f RNA. T h is  is ,  o f c o u rs e , 

assu m in g  th a t th e  e ffe c t is  due to  the  a lk a l in iz in g  p ro p e rtie s  o f 

p o ta ss iu m  c it r a te  re n d e rin g  su p e rflu o u s  the  k id n e y s ' fu n c t io n  in  

the  e x c re tio n  o f a c id .  I t  c o u ld , o f c o u rse , a c t v ia  the  c re a tio n  o f 

a s ta te  o f io n ic  im b a la n ce  (the  c it ra te  a n io n  b e in g  m e ta b o liz e d , 

le a v in g  3 free  p o ta ss iu m  ions) though  th is  seems le s s  l i k e ly .  I t  

w o u ld  be n e c e s s a ry  to  perform  a n a ly s e s  on the  k id n e y s  from 

a n im a ls  fed  sod ium  c it r a te  and sodium  and p o tass ium  a c e ta te  in  

o rde r to  o b ta in  a b e tte r  idea o f w h a t is  o c c u rr in g .

The in c re a s e  in  re n a l w e ig h t seems m ost l ik e ly  to  be due to  an 

in c re a s e  in  w a te r  c o n te n t o f the  k id n e y s  . I t  w as th o u g h t th a t i t
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m ig h t be  due to  l ip id  a c c u m u la tio n  as the  k id n e y s  from  the  an im a ls  

fed  p o ta ss iu m  c it ra te  appeared ra th e r p a le r than  n o rm a l. 

C o n s e q u e n tly  the  le f t  k id n e y s  from  the  a n im a ls  in  the  second 

expe rim e n t w e re  a n a ly s e d  fo r  l ip id  c o n te n t. The re s u lts  a re  show n 

in  T ab le  39 .

I t  is  c le a r  from  these  fig u re s  th a t the  a d m in is tra tio n  o f 

p o ta ss iu m  c it r a te  produces no s ig n if ic a n t  in c re a se  in  k id n e y  l ip id  

c o n te n t; the  k id n e y s  from  the  group fed g ly c in e  and po tass ium  

c it r a te  w e re  n o t, h o w e ve r, a n a lyse d  and i t  w o u ld  be n e ce ssa ry  to  

perform  th is  s e t o f a n a ly s e s  in  v ie w  o f the fa c t th a t th e re  is  an 

in te ra c t io n  be tw e en  g ly c in e  and po tass ium  c it ra te  -  the  ra t io  o f 

----------- iiG M ------------ w h ile  not s ta t is t ic a l ly  s ig n if ic a n t  is  h ig h e r in
f in a l  b o d y  w e ig h t 

the  group fed  10% po tass ium  c it r a te .
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T O T A L  R E N A L  W E I G H T

132

G ly c in e K . C itra te
D ie t D ie t

C o n tro l
D ie t

K . C itra te  + G ly c in e  
D ie t

S ta t is t ic a l e v a lu a tio n  o f the  d iffe re n c e s  in  to ta l  re n a l w e ig h t 

be tw een  the  groups show n in  T ab le  33 .
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R E N A L  W E I G H T  

B O D Y  W E I G H T

133

G ly c in e
D ie t

K . C itra te  
D ie t

C o n tro l
D ie t

o
o

K . C itra te  + G ly c in e  
D ie t

S ta t is t ic a l e v a lu a tio n  o f the  d iffe re n c e s  in  ra t iobody w e ig h t

b e tw e en  the  groups show n in  T ab le  3 3 .
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L I V E R  W E I G H T  

K I D N E Y  W E I G H T

134

C o n tro l
D ie t

o

K . C itra te  
D ie t

G ly c in e
D ie t

K . C itra te  + G ly c in e  
D ie t

” l iv e rS ta t is t ic a l e v a lu a tio n  o f the  d iffe re n c e s  in k id n e y
ra t io  be tw een

the  groups show n in  T ab le  33 .
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TABLE 35

Trea tm en t
N o . o f 

A n im a ls

' P ro te in /K id n e y  mg
(Ucf)

P ro te in /1 0 0  mg (jig)

L e ft R igh t L e ft R igh t

C o n tro l
D ie t
(15% G ly c in e )

5 112 +20® 122 + 19 1 8 .9  + 2 . 2 1 9 .7  + 2 . 4

D ie t
c o n ta in in g  
8% G ly c in e

6 126 + 10 116 + 12 1 8 .3  + 1 .3 1 6 .6  + 1 .7

D ie t
c o n ta in in g  
10% K . C itra te

6 1 1 4 + 7 130 + 22 1 7 .4  + 1 .2 18 .7  + 3 . 7

D ie t
c o n ta in in g  
8% G ly c in e  + 
10% K . C itra te

6 124 + 9 130 + 10 1 6 . 6 + 0 . 9 1 6 .5  + 0 .8  1

The e ffe c ts  o f su p p le m e n ta tio n  o f a c o n tro l d ie t  and a d ie t  

c o n ta in in g  8% g ly c in e  w ith  10% po tass ium  c it ra te  on k id n e y  

p ro te in  c o n te n t.

a .  Va lues are  means fo r  the  groups + S .D .
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TABLE 36

T rea tm ent
N o , o f 

A n im a ls

D N A/K ID N EY
(vig)

D N A / 
100 mg

T o ta l DNA(ug.) 
F in a lB o d y  W t

(g) iL e ft R ight
(mean)

(vg)

C o n tro l
D ie t
(15% G ly c in e )

5 2676 + 583^ 2597 + 458
b
436 + 48 2 9 .3 4  + 3 .67

D ie t
c o n ta in in g  
8% G ly c in e

6 2564 + 190 2242 + 188 346 + 28 2 7 ,0 0  + 3 .1 1

D ie t
c o n ta in in g  
10% K , C itra te

6 2384 + 410 2754 + 306 381 + 53 3 0 ,0 0  +_ 3 .8 5

D ie t
c o n ta in in g  
8% G ly c in e  + 
10% K , C itra te

6 2202 ± 286 2333 + 282 296 + 33 2 6 .0 8  + 3 . 8 6

The e ffe c ts  o f s u p p le m e n ta tio n  o f a c o n tro l d ie t and a d ie t  

c o n ta in in g  g ly c in e  w ith  10% po tass ium  c it ra te  on k id n e y  DNA 

c o n te n t.

a .  V a lues are means fo r  the  groups + S .D .

b .  S ta t is t ic a l e v a lu a tio n  is  show n in  F ig ,  13
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T O T A L  K I D N E Y  R N A P

K.  C itra te  
D ie t

G ly c in e
D ie t

C o n tro l
D ie t

K . C itra te  + G ly c in e  
D ie t

S ta t is t ic a l e v a lu a tio n  o f the  d iffe re n c e s  in  to ta l k id n e y  RNAP 

( le f t  and r ig h t  k id n e y s ) be tw e en  the  groups shown in  T ab le  34 

( s ta t is t ic s  perfo rm ed b y  s tu d e n t t  te s t in g ) .
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TABLE 37

L E F T  K ID N E Y  R N A P

A n a ly s is  o f v a r ia n c e  in  le f t  k id n e y  RNAP be tw een  the  groups shown 

in  T a b le  3 4 . Perform ed by  S nedeco r's  F te s t  (M o ro n e y , 1951 ).

V a ria tio n  due to  :

G ly c in e  S ig n if ic a n t P <  0 .0 5  and a lm o s t^ O .  01

P o tass ium  C itra te  " P <  0 .05

F irs t  O rde r In te ra c t io n  " P <  0 .01
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M E A N  R N A P / 1 0 0  mg

140

LOO
o

K . C itra te  
D ie t

G ly c in e
D ie t

C o n tro l
D ie t

G ly c in e  + K . C itra te  
D ie t

S ta t is t ic a l e v a lu a tio n  o f the d iffe re n c e s  in  mean RNAP/lOO mg 

b e tw e en  th e  groups show n in  T ab le  3 4 . A n a ly s is  perform ed 

b y  s tu d e n t t  t e s t .



F I G , 11

141

M E A N R N A P
D N A

P <  0 .0 5

LOO
O

K . C itra te  
D ie t

G ly c in e
D ie t

C o n tro l
D ie t

G ly c in e  + K .  C itra te  
D ie t

RNAP
S ta t is t ic a l a n a ly s is  of the  d iffe re n c e s  in  ra tio s  be tw een  the

groups show n in  T ab le  3 4 , The a n a ly s is  w as perform ed b y ' 

S tudent t  te s t in g .
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T O T A L  K I D N E Y  R N A P  

F I N A L  B O D Y  W E I G H T

o ,

C o n tro l
D ie t

K . C itra te  
D ie t

G ly c in e
D ie t

G ly c in e  + K . C itra te  
D ie t

S ta t is t ic a l a n a ly s is  o f the  d iffe re n c e s  in
to ta l k id n e y  RNAP 
f in a l body  w e ig h t

be tw een  the  groups shown in  Tab le  3 4 .
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M E A N  D N  A / 1 0 0  nng
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,0

\cn

o
o

o

G ly c in e
D ie t

X . C itra te  
D ie t

C o n tro l
D ie t

G ly c in e  + K . C itra te  
D ie t

S ta t is t ic a l a n a ly s is  o f the  d iffe re n c e s  in  mean D N A /lO O  mg 

be tw een  the  groups show n in  T ab le  36 .
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TABLE 38

Trea tm en t

C o n tro l D ie t  
(15% g ly c in e )

D ie t
c o n ta in in g  
8% g ly c in e

D ie t
c o n ta in in g  

9% Na C itra te

D ie t
c o n ta in in g  

0% K . C itra te

D ie t
c o n ta in in g  
8% g ly c in e  + 

9% Na C itra te

D ie t
c o n ta in in g  
8% g ly c in e  + 

10% K . C itra te

D ie t
c o n ta in in g  

4% Na A c e ta te

D ie t
c o n ta in in g  

0% K , A ce ta te

N o . o f 
A n im a ls

M ean  
W e ig h t 
G a in

20

18

27

31

F in a l W t

160+15 .2

21

12

H/*

T o ta l 
R enal W t

(g)

1 .0 9 1 + 0 ,1 2 0

1 .2 8 5 + 0 .0 6 6

1 .1 4 4 + 0 .0 4 4

1 .2 2 6 + 0 .1 1 8

1 .3 5 7 + 0 .0 8 0

1 .3 1 7 + 0 .1 4 0

1 .3 2 7 + 0 .1 0 4

136+11 .4  1 .1 8 4 + 0 .1 1 1

T o ta l 
R enal W t(m q) 

F in a l 
Body W t (g)

6 .8 2 0 + 0 .3 8 7

8 .6 2 0 + 1 .3 0

7 .4 2  0+0 .713

8 .4 4 0 + 0 .2 7 0

8 .9 2 0 + 0 .6 1 0

8 .8 0 0 + 0 .6 0 0

8 .6 -80+0.878

8 .7 6  + 1 .1 1 0

The e ffe c ts  o f d ie ts  c o n ta in in g  sod ium  and p o ta ss iu m  c it ra te  , 
g ly c in e  and sod ium  and p o tass ium  a c e ta te  on b o d y  w è ig h t and 
k id n e y  w e ig h t .

a .  V a lues are  means fo r  the  groups + S .D .

b .  D if fe re n c e  s ig n i f ic a n t ly ,d if fe re n t from ze ro  (p <  0 .0 5 )
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FI G.  14

T O T A L  R E N A L  W E I G H T

' o

G ly c in e
D ie t

Na C itra te  
D ie t

K . C itra te  
D ie t

K . A ce ta te  
D ie t

Na A ce ta te  
D ie t

C o n tro l
D ie t

K . C itra te  
D ie t

G ly c in e

Na C itra te  
D ie t

G ly c in e

S ta t is t ic a l e v a lu a tio n  o f the d iffe re n c e s  in  to ta l re n a l w e ig h t 

be tw e e n  the  groups show n in  T ab le  3 8 .
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T O T A L  R E N A L  W E I G H T  

F I N A L  B O D Y  W E I G H T
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K . C itra te  
D ie t

Na C itra te  
D ie t

P 0 .05

G ly c in eG ly c in eG ly c in e
D ie t

Q>

Na C itra te K . C itra te

C o n tro l
D ie t

Na A ce ta te K . A ce ta te
D ie t D ie t

..... ......................
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TABLE 39

Trea tm ent
N o , o f 
A n im a ls

L e ft K idne y  W t
(g)

L e ft K idney 
L ip id  (mg)

L ip id / l  00 mg 
(mg)

L ip id  mg 
F in a l Body 

W t (g)

C o n tro l
D ie t
(15% C a se in )

5 0 .5 3 2 + 0 .0 6 2 ^ 2 1 .3 0 + 1 .5 0 4 . 0 6  + 0 .67 0 .1 3 4 + 0 .0 2 3

D ie t
c o n ta in in g  
10% K .C it ra te

5 0 .6 1 4 + 0 .0 8 0 2 2 .8 0 + 2 .8 9 3 . 76  + 0 . 4 5 0 .1 5 7 + 0 .0 1 3

The e f fe c t  o f a d ie t  c o n ta in in g  10% po tass ium  c it ra te  on k id n e y  

l ip id  le v e ls  .

a .  Va lues are  means fo r  th e  groups + S . D ,
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3 . 3 . 6  The E ffe c t o f A ttem p ted  In c re a s e  in  G lu cu n e o g e n e s is  

o f Body W e ig h ty  L iv e r  and K idne y  W e ig h ts

The k id n e y  y l ik e  th e  l iv e r ,  posse sses  a l l  the  enzym es o f 

g lucË tneogenesis  and p la y s  a m a jo r ro le  in  the  p ro c e s s . An a tte m p t -was 

made b y  d ie ta ry  means to  in c re a se  th e  g lu co n e o g e n ic  a c t iv i t y  o f the  

k id n e y  to 'd e te rm in e  w h e th e r th is  w o u ld  cause a m easurab le  in c re a se  in  

re n a l w e ig h t .  T h is  w as done b y  a d m in is te r in g  a h ig h  fa t  d ie t  to  one group 

o f a n im a ls  and  a c o n tro l d ie t  to  a n o th e r g ro u p . The e xp e rim e n t la s te d  6 

days and the  a n im a ls  w e re  w e ig h e d  and s a c r if ic e d  as b e fo re . The re s u lts  

are  show n in  T ab le  40 , and the  c o m p o s itio n s  o f th e  d ie ts  are g iv e n  in  

T a b le  9 , I t  can  be seen th a t the re  w as no d iffe re n c e  in  k id n e y  or l iv e r  

w e ig h ts ,

A fu r th e r  e xpe rim e n t w as undertaken  in  w h ic h  one group o f a n im a ls  

w as fed  a p ro te in - f re e  h ig h  fa t  d ie t  fo r  6 days w h ile  the  c o n tro l g roup 

re c e iv e d  a p ro te in - f re e  h ig h  ca rboh yd ra te  d ie t  fo r  th e  same le n g th  o f t im e .  

T h is  m igh t re a s o n a b ly  be expe c ted  to  exaggera te  a ny  la te n t response  to  

the  d ie ts  used in  th e  f i r s t  e x p e rim e n t. The re s u lts  o f th is  expe rim e n t are 

show n in  T ab le  41 and the  c o m p o s itio n  o f the  d ie ts  is  g iv e n  in  T ab le  9 . 

There is  no d iffe re n c e  in  to ta l re n a l w e ig h t .  The mean l iv e r  w e ig h t o f  the  

g roup  fed  the  h ig h  fa t  p ro te in - fre e  d ie t is  h ig h e r than  the  mean l iv e r  w e ig h t 

o f the  group fed  the  h ig h  c a rb o h y d ra te -p ro te in - fre e  d ie t;  h o w e ve r, P is  

ju s t  g re a te r th a n  0 . 0 5 ,  b u t the  ra t io  is  s ig n if ic a n t ly

g re a te r in  the  fo rm e r g roup (p < (0 .01) as is  a ls o  the  ra t io  w e i^ ^ t

(p < 0 . 0 5 ) .  T h is  su g g e s ts  th a t the  l iv e r  w e ig h t is  in c re a s in g  re la t iv e  to  

body  w e ig h t,  and th a t the  h ig h  fa t  p ro te in - fre e  d ie t  is  a f fe c t in g  the  l iv e r ,  

though  no t th e  k id n e y .  The re s u lt  m igh t be due to  h yp e rtro p h y  o f the  l iv e r  

o r s im p ly  to  a c c u m u la tio n  o f l ip id .
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TABLE 40

Trea tm en t
N o . o f 

A n im a ls

M ean
W e ig h t
G a in (g )

T o ta l 
R enal W e ig h t 

(g)

L iv e r  W e ig h t (g)

C o n tro l D ie t  
(11 .2%  fa t)

6 17 1 .1 4 4  + 0 . 1 1 0 ^ 6 . 668  + 0 . 2 8 0

H ig h  Fat 
D ie t  
(30% fa t)

6 20 1 .1 9 8  + 0 .052 6 . 672  + 0 , 260

The e f fe c t  o f  a d m in is tra t io n  o f a h igh  fa t  d ie t com pared to  a 

c o n tro l d ie t  on k id n e y  and l iv e r  w e ig h t.

a .  V a lues are  means fo r  the  groups + S .D .
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TABLE 41

Treatm ent

W e ig h ts
P ro te in -F re e  D ie t P ro te in -F re e  

H ig h  Fa t D ie t

N o . o f A n im a ls 6 6

I n i t ia l  Body W e ig h t (g) 171 .0 0  + 5 .8 3 ^ 16 9 .0 0  + 7 . 35

F in a l Body W e ig h t (g) 155 .00  + 1 2 . 1 1 49 . 00  + 5 . 7 4

T o ta l R enal W e ig h t (g) 0 . 99  + 0.061 1 , 0 0  + 0 .1 2 8

L iv e r  W e ig h t ( g  ) 6 . 0 8  + 0 .5 5 *^ ^ “ -+ 6 . 93  + 0 .77

Renal W e ig h t 
Body W e ig h t

6 . 43  + 0 . 4 6 . 7 0 + 0 . 6 6

L iv e r  W e ig h t 
Body W e ig h t

39 . 43  + 3 . 0  ^ —  ̂ 4 6 . 3 8 + 4 . 1 6

L iv e r
K idne y

6 . 1 6  + 0 .58+^— - 6 . 4 9  + 0 . 44

The e f fe c t  o f a d m in is tra t io n  o f a h ig h  fa t - p ro te in - f re e  d ie t 

com pared to  a h ig h  c a rb o h y d ra te -p ro te in - fre e  d ie t  on b od y  

w e ig h t,  k id n e y  and l iv e r  w e ig h ts  .

a .  V a lues are  means fo r  the  groups + S .D .

b .  D iffe re n c e  not s ig n if ic a n t ly  d if fe re n t from ze ro  (p > 0 .05)

c .  D iffe re n c e  s ig n if ic a n t ly  d if fe re n t from  ze ro  (p <  0 .01 )

d .  D iffe re n c e  s ig n if ic a n t ly  d if fe re n t  from  ze ro  (p <  0.05)
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3 . 4  THE HUM ORAL THEORY

Num erous e xp e rim e n ts  have been perform ed to  de te rm ine  w h e th e r 

g row th  In the  re n o p r iv a l s ta te  is  s t im u la te d  b y  a hum ora l agen t (see 

S e c tion  1 ) , These have g iv e n  c o n tra d ic to ry  re s u lts .  In  p a r t,  th is  

has been due to  the  fa c t  th a t the  in v e s tig a to rs  have used as th e ir  

in d e x  o f g ro w th  a change in  the  m ito t ic  in d e x  or the  in c o rp o ra tio n  o f 

ra d io -a c t iv e  Iso to p e  in to  D N A . H a llib u r to n  (1966) and o thers have 

show n th a t in c re a s e  in  DNA p la ys  a s m a ll ro le  in  the  p rocess ; 

th e re fo re , in  the  p resen t s tu d y  a more s e n s it iv e  in d e x  o f hyp e rtro p h y  

w as s o u g h t. I t  w as  d e c id e d  to  use the  in c o rp o ra tio n  o f Iso to p e  in to  

RNA and p ro te in  as w e l l  as DNA and to  seek a system  w h ic h  a llo w e d  

th e  d e te c tio n  o f  a s m a ll q u a n tity  o f any  hum ora l ag e n t w h ic h  m igh t be 

p re se n t in  th e  b lo o d  o f n ep h rec to m ized  a n im a ls ,

and L e s lie  ( 1 9 6 ^ '  1966) ^ r ( 1966)  d e s c r ib e  an

in  v i t r o  sys tem  o f a d u lt  g u in e a ^  p ig  k id n e y  c e l ls  w h ic h  rem a in  v ia b le  

and agg rega te  on m ic ropo re  f i l t e r s .  The c e lls  c o n tin u e  to  m e ta b o lize  

b u t have  a v e ry  low  ra te  o f c e l l  d iv is io n .  The d isa g g re g a te d  s in g le  

c e l l  su sp e n s io n  b e g in s  to  form  p r im it iv e  tu b u la r  s tru c tu re s  4 days 

a fte r  s e tt in g  up the  c u ltu re s ; these  s tru c tu re s  becom e more, organ iz e d  

and are  w e l l  fo rm ed tu b u le s  a t 8 -1 0  d a y s . T h is  s y s te m , b y  a llo w in g  

th e  use o f s m a ll num bers o f k id n e y  c e l ls 'w o u ld  pe rm it the  d e te c tio n  

o f a s m a ll q u a n tity  o f s t im u la n t fa c to r .  The te ch n iq u e  w as a ttem p ted  

u s in g  young a d u lt  ra t k id n e y  c e l ls ,  and is  d e s c rib e d  in  S e c tion  2 . 5 .
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G row th  w as e s tim a te d  u s in g  iso to p e  in c o rp o ra t io n . In  the  e a r lie r

14
e x p e rim e n ts , de s ig n e d  to  te s t  the  sys te m , 0  le u c in e  w as used to  

e s tim a te  p ro te in  s y n th e s is  and RNA s y n th e s is ; le u c in e  en te rs  m a in ly

3
in to  p ro te in  s y n th e s is  b u t a ls o  en te rs  RNA s y n th e s is .  T r it ia te d  ( H) 

c y to s in e  w as used to  e s tim a te  RNA and DNA s y n th e s is .  In  la te r

e x p e rim e n ts , de s ig n e d  to  te s t  fo r  the  presence o f p lasm a fa c to rs ,

3 14H le u c in e  and C th y m id in e , w h ic h  en te rs  o n ly  DNA s y n th e s is ,

w e re  used to  e s tim a te  g ro w th .

T r ia l e xpe rim e n ts  w e re  perfo rm ed on s e v e ra l o c c a s io n s . G e n e ra lly  

5 -6  hours w e re  re q u ire d  fo r  s e tt in g  up the  c u ltu re s .  In  th e se  t r ia l  

e x p e rim e n ts , some o f the  c u ltu re s  w ere  rem oved fo r  h is to lo g ic a l 

purposes w h ile  o the rs  w e re  te s te d  fo r  Iso to pe  in c o rp o ra tio n . 

H is to lo g ic a l p re p a ra tio n  p roved to  be the m ost d i f f ic u l t  pa rt o f th e  

te c h n iq u e . The m ethod d e s c r ib e d  b y  (1966) p roved to  be too

tra u m a tic  fo r  the  s m a ll num ber o f c e l ls  used in  th e s e  e xpe rim e n ts  and 

f in a l ly  the  som ew hat s im p lif ie d  sched u le  g iv e n  in  S e c tion  2 .6  w as 

a d o p te d .

3 . 4 . 1  In  V itro  E xperim en t N o . 1 : To T e s t th e  System

An in i t ia l  p re p a ra to ry  e xpe rim e n t w as undertaken  in  o rde r to  te s t 

the  system  and de te rm ine  ro u g h ly  the  Iso tope  In c o rp o ra tio n  w h ic h  

m ig h t be expe c ted  a t v a r io u s  tim e s  a f te r  in i t ia l  in c u b a tio n  o f the  

c u ltu re s .  C o n s e q u e n tly  an expe rim en t w as se t up w ith  12 f i l t e r
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w e l ls ,  each c o n ta in in g  5 x 1 0 ^  c e l ls .  F o llo w in g  6 -h o u r in co rp o ra tio n s

14 3w ith  5 C le u c in e  and 5 |iC  H c y to s in e  d u p lic a te  c u ltu re s  w ere

h a rve s te d  a t 24 h o u rs , 36 h o u rs , 48 hou rs , 3 d a y s , 6 days and 8

d a y s . The re s u lts  are show n in  T ab le  4 2 . In  f i l t e r  w e l l  N o , 2 o f

the  c u ltu re s  ha rve s te d  a t 24 ho u rs , the  low  a c t iv i t y  w as due to  i l l -

f i t t in g  appara tus  c a u s in g  e x c e s s iv e  a lk a liz a t io n  due to  lo s s  o f CO ^ .

T h is  can th e re fo re  be exc lu d e d  from  the  c a lc u la t io n s .  I t  is  c le a r ,

ho w e ve r, th a t ,  w h ile  the re  is  a g ra d u a l lo ss  o f a c t iv i t y  over 8 d a y s ,

the  c e l ls  rem a in  v ia b le  and c o n tin u e  to  s y n th e s iz e  p ro te in  and n u c le ic

a c id  fo r  th e  f i r s t  3 -4  d a y s . In  la te r  expe rim en ts  the iso to p e s  used

w e re  le u c in e  and th y m id in e  in  o rde r to  o b ta in  an e s tim a te  o f

DNA s y n th e s is  as w e l l  as p ro te in  and n u c le ic  a c id .

There is a fa i r ly  w id e  s c a tte r  in  iso to p e  re tu rn  from  d u p lic a te  

c u ltu re s  and i t  is  o b v io u s  th a t to  o b ta in  a d e f in ite  re s u lt  the re  w o u ld  

need to  be a la rge  d iffe re n c e  be tw een  c u ltu re s  in cu b a te d  w ith  te s t and 

c o n tro l ra t p la s m a s . From the  re s u lts  ob ta in e d  in  th is  in i t ia l  

p re p a ra to ry  expe rim e rt, i t  w as  de c id e d  to  h a rve s t a l l  c u ltu re s  a t 3 

days in  the  expe rim e n ts  des igne d  to  te s t  the  e f fe c t  o f p la s m a . At 

th is  tim e  th e re  is  fa i r ly  h ig h  a c t iv i t y  in  the  c u ltu re s  and a t the  same 

tim e  the  c e l ls  b e g in  to  form  p r im it iv e  tu b u la r  s tru c tu re s  1966) .
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T im e o f 
H a rv e s tin g  

(days)

C o u n ts /M in /1 0^ C e lls

1 4 ^  _ . ac  
C L e u c ine

C o u n t s / M in / l0^ C e lls  

^H  C y to s in e ^ ^

1 362 • 100

1 .5 386 70

2 100 18

3 223 41

. 6 5 1

8 5 0 .4

Is o to p e  re c o v e ry  from  c u ltu re s  h a rves ted  a t v a r io u s  tim e s

a .  V a lues are  the means o f 2 c u ltu re s .

b .  V a lues are  the  means o f 2 c u ltu re s .

c .  V a lues re p re se n t the  iso to p e  re co ve ry  a f te r  a 6 -h o u r 

in c o rp o ra tio n  o f 5 C o f le u c in e .

d .  Va lues re p re se n t the is o to p e  re co ve ry  a fte r  a 6 -h o u r
3

in c o rp o ra tio n  o f 5 j i  C o f H c y to s in e .
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3 , 4 . 2  In c u b a tio n  w ith  S ham -O perated 

and N e p h re c to m ize d  Rat Plasma

I t  w as the  o p in io n  o f the  in v e s tig a to r  th a t the  re s u lt  o f the  

fo re g o in g  exp e rim e n t show ed th a t ag g re g a tin g  a d u lt  k id n e y  c e l l  

c u ltu re s  form ed a b io c h e m ic a lly  a c t iv e  c o lo n y  w h ic h  c o u ld  be used 

to  te s t  fo r  the  p resence  o f a s t im u la to ry  fa c to r  in  the  b lo o d  o f 

n ep h rec to m ized  ra ts .  Three such expe rim en ts  w e re  undertaken  and 

w e re  perfo rm ed as a lre a d y  d e s c rib e d  excep t th a t a l l  c u ltu re s  w e re  

h a rve s te d  a t 3 d a y s . There w e re  8 c u ltu re s  in  each e x p e rim e n t,

4 te s t  and 4 c o n tro l.  One hou r be fo re  iso to p e  in c o rp o ra tio n  w as 

be g u n , the  m edium  w as changed from one c o n ta in in g  5% c a l f  serum 

to  one c o n ta in in g  15% n ep h rec to m ized  o r 15% sham -ope ra ted  ra t 

p la s m a . The p lasm a w as w ith d ra w n  from  a n im a ls  n ep h rec to m ized  

36 hours p re v io u s ly ;  the  a n im a ls  w e re  m ale ra ts  w e ig h in g  120 g , 

i . e .  the  same sex  and w e ig h t as the  a n im a l from  w h ic h  the  c u ltu re d  

t is s u e  w as o b ta in e d . Is o to p e  w as in co rp o ra te d  fo r  6 hou rs ; 5 ^ c

3
H le u c in e  w as used to  e s tim a te  p ro te in  and to  a le s s e r  e x te n t

14
RNA s y n th e s is  and 5 - 10  pG C th y m id in e  w as used to  e s tim a te  

DNA s y n th e s is .
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3 , 4 . 2  .1 The E ffe c t o f 15% Rat Plasma on 30 x  10^ C e lls

In  the  f i r s t  e xp e rim e n t in  the  se rie s  the  e ffe c t o f 15% sham -

ope ra ted  and nep h rec to m ized  ra t p lasm a w as s tu d ie d , u s in g  

63 0 x 1 0  c e l ls  pe r f i l t e r  w e l l .  The re s u lts  are shown in  T ab le  4 3 ,

3
I t  is  seen from  th e se  re s u lts  th a t th e  s p e c if ic  a c t iv i t y  o f H le u c in e  

in  the  group in cu b a te d  w ith  p lasm a from  nep h rec to m ized  a n im a ls  is  

a p p ro x im a te ly  tw ic e  th a t o f the  group incuba ted  w ith  p lasm a from 

n e p h rec to m ized  a n im a ls .  T h is  suggests  th a t a s t im u la n t fa c to r  

is  .p resen t in  the  b lo o d  o f nep h rec to m ized  a n im a ls .  Plow e v e r, the re  

is  a w id e  s c a tte r  be tw e en  c u ltu re s  w ith in  the  same g roup  and 

s ta t is t ic a l  e v a lu a tio n  d id  no t supp o rt the  th e o ry . T h e re fo re , i t  

w as  d e c ided  to  repea t the  e x p e rim e n t, th is  tim e  u s in g  a s m a lle r  

num ber o f  c e l ls  per c u ltu re  v e s s e l and th e  same c o n c e n tra tio n  o f 

ra t p la s m a . I t  can a ls o  be seen th a t the re  is  no d iffe re n c e  in  

in c o rp o ra tio n  o f th y m id in e  and th a t th is  in c o rp o ra tio n  is  v e ry  

lo w . T h is  su g g e s ts  th a t a n y  s t im u la n t fa c to r  w h ic h  is  p resen t a c ts  

b y  c a u s in g  h y p e rtro p h y , i . e .  RNA and p ro te in  s y n th e s is  and not on 

DNA s y n th e s is .  T h is  is  in  ke e p in g  w ith  the  s itu a t io n  o b ta in in g  in  

the  w h o le  a n im a l (H a llib u r to n ,  1966) .
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Trea tm en t
N o , o f 

C e lls  per 
C u ltu re

S p e c if ic  A c t iv i ty  
o f H Leuc ine  

Recovered 
( d . p , m / l O  c e lls )

S p e c if ic  A c t iv i ty  
o f C T hym ig ine  

Recovered 
(d .p .m /1 0  c e lls )

In cu b a te d  w ith  
15% plasm a 
from  r ig h t 
u n i la te ra l ly  
n ep h rec to m ized  
ra ts

30 X 10® 1300 + 780^ 0 . 84 . +  0 .40

In cu b a te d  w ith  
15% p lasm a 
from  sham 
nep h rec to m ized  
ra ts

3 0 x 1 0 ® 673 + 205 0.81 + 0 .28

y

The e f fe c t  on 30 x  10 a d u lt  ra t k id n e y  c e l ls  a g g re g a tin g  

in  v i t r o  o f a 6 -h o u r in c u b a tio n  w ith  p lasm a from  u n ila te ra l ly  

nep h re c to m ize d  ra ts  com pared to  the  e ffe c t o f in c u b a tio n  

w ith  p lasm a from  sh a m -ope ra ted  a n im a ls .

A fte r  6 -h o u r in c o rp o ra tio n  o f 5 jiC  H le u c in e

14
A fte r  6 -h o u r in c o rp o ra tio n  o f 5 jiC  G 
th y m id in e

c . Va lues are means fo r  the  groups + 8 . E .
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3 . 4 . 2  .2 The E ffe c t o f 15% Rat P lasm a on 10 x  10^ C e lls

The re s u lts  o f  th is  exp e rim e n t a re  show n in  T ab le  4 4 . In  th is

3
e x p e rim e n t a ls o  the  s p e c if ic  a c t iv i t y  o f H le u c in e  in c o rp o ra tio n

in  th e  g roup in cu b a te d  w ith  p lasm a from n ep h rec to m ized  ra ts  is

more than  tw ic e  th a t in  the  g roup  in cu b a te d  w ith  p lasm a from  sham

opera ted  ra ts .  In  th is  expe rim e n t th e  to ta l  re tu rn  o f is o to p e  w as

v e ry  lo w . T h is  m ay in  pa rt be due to  decay s in c e , beca use  o f

p i le -u p  a t the  s c in t i l la t io n  c o u n te r, s e v e ra l days e lapsed  be tw een

14
p re p a ra tio n  and c o u n tin g . The s p e c if ic  a c t iv i t y  o f C th y m id in e  

recove red  w as tw ic e  as g re a t in  the  te s t  as the  c o n tro l g ro u p . 

H o w e v e r, the  to ta l  in c o rp o ra tio n  o f ^'^C th y m id in e  w as v e r y  low  

and i t  is  d i f f ic u l t  to  draw d e f in ite  c o n c lu s io n s  rega rd in g  DNA 

s y n th e s is  from  th e se  f ig u re s .  H o w e ve r, a g a in  s t a t is t ic a l  

e v a lu a tio n  o f the  re s u lts  does no t suppo rt the  th e o ry .
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TABLE 44

T rea tm ent
N o . o f 

C e lls  per 
C u ltu re

N o . o f 
C u ltu re s

S p e c if ic  A c t iv i ty
o f H Leu c ine  

n an Recovered
( d .p .m /1 0 c e l ls )

S p e c if ic  A c t iv i ty  
o f C T h ym id in e .

Recovered 
( d .p .m / lO  c e lls )

In cu b a te d  w ith  
15% plasm a 
from  r ig h t 
u n i la te ra l ly  
nep h rec to m ized  
ra ts

1 0 x 1 0 ® 3 29 .1  + 8 .2 3 . 27  + 1 . 3 5

In c u b a te d  w ith  
15% plasm a 
from  sham 
nep h rec to m ized  
ra ts

1 0 x 1 0 ® 4 14 .7  + 3 . 9 0 1 . 25  + 0 .25

The e f fe c t  on 10 x  10 a d u lt  ra t k id n e y  c e l ls  a g g re g a tin g  in  v it r o  

o f a 6 -h o u r in c u b a tio n  w ith  p lasm a from u n i la te ra l ly  nep h rec to m ized  

ra ts  com pared to  the  e ffe c t o f in c u b a tio n  w ith  p lasm a from  sham 

opera ted  a n im a ls .

a .  The Iso to p e  re tu rn  in  th is  case  is  v e ry  lo w . T h is  w as due to  

a c o n s id e ra b le  d e la y  in  co u n tin g  due to  te c h n ic a l d i f f ic u l t ie s  

w ith  the  l iq u id  s c in t i l la t io n  co u n te r.

3
b .  A f te r  6 -h o u r  in c o rp o ra tio n  o f 5 pC H le u c in e

14
c .  A f te r  6 -h o u r in c o rp o ra tio n  o f 5 pC C th y m id in e

d .. V a lues are means fo r  the  groups + S . E .



160

3 . 4 , 2 . 3  The E ffe c t o f 15% Rat Plasma on 3 x  10^ C e lls

I t  m igh t be  re a so n a b le  to  suppose th a t ,  i f  the  re s u lts  o f the  

tw o  p rev io us  e xp e rim e n ts  in d ic a te  the  presence  o f a hum ora l s t im u la n t 

in  u n i la te ra l ly  nep h re c to m ize d  a n im a ls , the  e ffe c t m igh t be  seen 

even more c le a r ly  b y  fu r th e r  reduc ing  the  num ber o f c e l ls  per f i l t e r  

v e s s e l.  T he re fo re  the  exp e rim e n t w as repea ted  us in g  3 x 1 0 ^  c e lls  

per v e s s e l,  and m a in ta in in g  the  c o n c e n tra tio n  o f p lasm a in  the  

m edium  a t 15% . The re s u lts  o f  th is  expe rim en t are show n in  

T a b le  4 5 . I t  can  be seen from  th is  ta b le  th a t the  mean s p e c if ic

3
a c t iv i t y  o f H le u c in e  recove red  from  the  c u ltu re s  in cu b a te d  w ith  

p lasm a from  n e p h re c to m ize d  a n im a ls  is  14 tim e s  g re a te r than  the  mean

3
s p e c if ic  a c t iv i t y  o f H le u c in e  recovered  from the  c o n tro l c u ltu re s .  

T h is  m igh t su g g e s t a v e ry  g re a t ly  in c re a se d  p ro te in  and RNA 

m e ta b o lis m . In te re s t in g ly ,  and s u rp r is in g ly ,  in  v ie w  o f the  

f in d in g s  in  th e  p re v io u s  e x p e rim e n ts , the  s p e c if ic  a c t iv i t y  o f

th y m id in e  recove red  from  the  te s t  c u ltu re s  is  15 tim e s  g re a te r 

th a n  th a t from  th e  c o n tro l c u ltu re s .  T h is  m igh t sugg es t a g re a te r 

degree o f DNA s y n th e s is .  I t  is  in te re s t in g  th a t the  suggested  

degree o f in c re a s e  in  p ro te in  and RNA m e tabo lism  is  o f the  same 

o rde r as th a t o f DNA m e ta b o lis m , a lth o u g h  the  to ta l in c o rp o ra tio n

3
o f H le u c in e  is  m uch g re a te r than  the  to ta l in c o rp o ra tio n  o f 

th y m id in e . I t  m ust be remembered th a t tw ic e  as much 

th y m id in e  w as added to  each v e s s e l (10 jaC in s te a d  o f 5 | iC ) ,  b u t 

th is  is  v e ry  u n l ik e ly  to  have  made a n y .d iffe re n c e  to  the f in a l 

re s u lt .
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Trea tm ent

------

N o . o f 
C e lls  per 
C u ltu re

N o . o f 
C u ltu re s

S p e c if ic  A c t iv i ty  
o f H L e u c in e  
Recovered 

( d .p .m / lO  c e l ls )

S p e c if ic  A c t iv i ty  
o f C T hym ig ine  

Recovered 
(d .p .m / lO  c e lls )

In cu b a te d  w ith  
15% p lasm a 
from  r ig h t 
u n i la te ra l ly  
n ep h rec to m ized  
ra ts

3 x 1 0 ® 4
c

17 ,815  + 10 ,6 0 0 494 + 215

In c u b a te d  w ith  
15% p lasm a 
from  sham 
n ep h rec to m ized  
ra ts

3 x 1 0 ® 4 1 ,2 9 0  + 700 32 + 30

The e ffe c t on 3 x  10 a d u lt  ra t k id n e y  c e l ls  a g g re g a tin g  in  v it r o  

o f in c u b a tio n  w ith  p lasm a from  u n ila te ra l ly  n ep h rec to m ized  ra ts  

com pared to  the  e f fe c t  o f in c u b a tio n  w ith  p lasm a from  sham 

ope ra ted  a n im a ls .

a .  A fte r  6 -h o u r  in c o rp o ra tio n  o f 5 pC H le u c in e

14
b . A fte r  6 -h o u r  in c o rp o ra tio n  o f 10 pC C th y m id in e

c . Va lues are means fo r  the .g roups  + S. E .
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The In te rp re ta t io n  o f the  re s u lts  from th is  la s t e xp e rim e n t in  the se rie s  

is  ra th e r d i f f ic u l t .  S tudent t  te s t in g  shows th a t th e re  is  no t a s ig n if ic a n t  

d iffe re n c e  in  is o to p e  in c o rp o ra tio n  be tw een the  tw o  g ro u p s . H o w e ve r, i t  

can be seen from  T ab le  45 th a t ,  a f te r  a llo w in g  fo r  the  s tanda rd  e rro r, 

the re  is  no o v e rla p  be tw e en  the  tw o  groups in  th is  e x p e rim e n t. T h is , 

c o u p le d  w ith  the  fa c t  th a t in  each o f the  th ree  e xpe rim e n ts  the  group 

in cu b a te d  w ith  p lasm a from  neph rec tom ized  ra ts  has a h ig h e r in c o rp o ra tio n  

o f is o to p e  in to  p ro te in  and RNA, g iv e s  ground fo r  the  g ra v e s t s u s p ic io n  

th a t a hum ora l agen t is  p re se n t in  the  p lasm a o f u n i la te ra l ly  

n e p h re c to m iz e d  ra ts .

A ssum ing  th is  to  be the  c a s e , i t  can be seen w h y  p re v io u s  a tte m p ts  

to  .d isco ve r the  p resence  o f such  a fa c to r  have fa i le d .  These have been 

conce rned  p r in c ip a l ly  w ith  w h o le  a n im a l c ro s s -c ir c u la t io n  e x p e rim e n ts . 

N o w , in  the  p re se n t c a s e , a p o s it iv e  re s u lt  w as o b ta in e d  b y  e xp o s in g  

3 X l o f  c e l ls  to  p lasm a fo r  6 hou rs ; each f i l t e r  w e l l  c o n ta in e d  0 .225  

m l o f p lasm a in  a to ta l  vo lum e  o f 1 .8  m i. A s im p le  c a lc u la t io n  show s 

th a t the  am ount o f b lo o d  w h ic h  w o u ld  have to  be c ro s s -c irc u la te d  in to  

a w h o le  a n im a l to  b a th e  2 k id n e y s  w ith  a s im ila r  c o n c e n tra tio n  o f 

p lasm a fo r  1 -2  days w o u ld  be enorm ous, and in  fa c t im p o s s ib le  to  

a c h ie v e .

I t  w o u ld  app ea r th a t th is  fa c to r  in  the  p lasm a p roduces a h yp e rtro p h y  

a t lo w e r re la t iv e  c o n c e n tra tio n s  and a h y p e rp la s ia  a t h ig h e r re la t iv e  

c o n c e n tra tio n s  as DNA m e ta bo lism  is  a ffe c te d  o n ly  w hen th e re  are  

3 x 1 0 ^  c e l ls  pe r c u ltu re  v e s s e l.  A ls o , the  fa c to r  need no t be a 

s t im u la to r  o f g ro w th , b u t c o u ld  be an in h ib ito r  w h ic h  is  no t p resen t in 

the  p lasm a o f n ep h rec to m ized  ra ts .  The p resen t in v e s t ig a to r  b e lie v e s  

th a t a s t im u la to ry  fa c to r  w o u ld  seem more l i k e ly .
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3 .5 in v e s t ig a t io n  OF METHODS REPUTED TO 

EXAGGERATE THE RESPONSE TO UNILATERAL 

NEPHRECTOMY

3 ,5 .1  P a rt ia l H e pa tec to m y

P a s c h k is , G odda rd , C an ta row  and A d ibe  (1959) found  th a t ra ts

s u b je c te d  to  com b ined  u n ila te ra l nephrectom y and p a r t iW i

h e p a te c to m y d eve lop ed  k id n e y s  5 0% h e a v ie r  than  those  in

u n i la te ra l ly  n ep h rec to m ized  c o n tro ls .  S im pson (1961 ), ho w e ve r,

32found  no a lte ra t io n  in  P in c o rp o ra tio n  in to  k id n e y  DNA in  norm a l 

ra ts  as a re s u lt  o f p a r t ia l h e p a te c to m y . P a schk is  e t a l .  c la im e d  

th a t the  in c re a se d  response  th e y  ob ta in e d  w as due to  some g e n e ra l 

g ro w th  p rom o ting  m echan ism  a c t iv a te d  b y  p a r t ia l h e p a te c to m y; the  

re s u lts  o f S im pson are a t v a r ia n c e  w ith  t h is .  I t  w as d e c id e d ,to  

in v e s t ig a te  the  response  to  u n ila te ra l nephrectom y in  p a r t ia l ly  

he p a te c to m ize d  a n im a ls  in  o rde r to  s e tt le  th e  is s u e .

C o n s e q u e n tly  16 a n im a ls  w e re  d iv id e d  in to  2 groups o f eq u a l 

w e ig h t .  To 8 o f th e se  a tw o - th ird s  p a r t ia l hepa te c to m y w as 

perfo rm ed and th e  re m a in in g  8 had sham hep a te c to m les  . A i l  the 

a n im a ls  w e re  r ig h t - u n i la te r a l ly  neph rec tom ized  Im m e d ia te ly  a f te r  

the  p a r t ia l h e p a te c to m y  or sham he p a te c to m y . They w e re  caged 

in d iv id u a l ly  u n t i l  96 hours a f te r  the  ope ra tio n s  w hen th e y  w ere  

s a c r if ic e d  and the  k id n e y s  and liv e rs  removed and w e ig h e d .
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The re s u lts  o f th is  expe rim e n t are shown in  T ab les  46 and 4 7 .

I t  is  c le a r  th a t the re  is  no s ta t is t ic a l ly  s ig n if ic a n t  d iffe re n c e  in

the  response  to  u n ila te ra l nephrectom y be tw een the  2 g ro u p s .

There appears to  be a te n d e n cy  tow ards a decrease  in  the  response

in  the  group w h ic h  w as p a r t ia l ly  h e p a te c to m ize d ; h o w e ve r, w hen 

le f tth e  ra t io  is  co rre c te d  fo r  body  w e ig h t,  i t  is  c le a r  th a t the
r ig h t

response  to  u n ila te ra l nephrectom y is  id e n t ic a l in  the  2 g ro u p s .

In  T ab le  47 , the  response  o f the  fragm ent re m a in in g  a fte r  p a r t ia l 

h e p a te c to m y is  e s t im a te d . The l iv e r  recovered  73 .5%  o f its  

o r ig in a l w e ig h t 96 hours a f te r  o p e ra tio n . T h is  f ig u re  corresponds 

w ith  o the r e s tim a te s  o f l iv e r  w e ig h t reco ve ry  a t th is  t im e . B rues, 

D ru ry  and Brues (1936) g iv e  a f ig u re  o f 76 .7%  re co v e ry  a t 96 hou rs , 

w hen co rre c te d  fo r  b od y  w e ig h t lo s s .  There fo re  i t  can be conc lude d  

th a t u n i la te ra l nephrectom y has no e ffe c t on the  g row th  response o f 

the  l iv e r  fragm en t re m a in in g  a fte r  tw o - th ird s  p a r t ia l h e p a te c to m y .

These re s u lts  d is p ro v e  the  th e o ry  th a t some g e n e ra l g row th  

p rom oting  agen t is  lib e ra te d  fo llo w in g  p a r t ia l hep a te c to m y or 

u n ila te ra l ne p h re c to m y .
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N o . o f A n im a ls  

I n i t ia l  Body W e ig h t 

F in a l Body W e ig h t 

R igh t K id n e y  W e ig h t 

L e ft K idne y  W e ig h t 

L e ft
R igh t

L e ft
R igh t

R atio

R a tio

Sham H epa tec tom y f  P a r t ia l H e pa tec to m y
fo llo w e d  b y  r ig h t . fo llo w e d  b y  r ig h t

U n ila te ra l N ephrectom y U n ila te ra l N ephrec tom y

222

210

-1-4.07 0

-t 2 .1 5 0

F in a l Body W e ig h t

0 .721  -t- 0 .013

0 .9 3 0  + 0 .0 8 0

1 .3 1 0  + 0 .1 6 0

0 .0062  -t 0 .0006

221

199

4- 3 .6 1 0

+ 9 .5 4 0

0 .7 7 5  0 .054

0 .9 3 0  0 .054

1 .1 9 0  + 0 .1 1 0

0 .0 0 6 0  + 0 .0008

The e f fe c t  o f f  p a r t ia l hepa te c to m y on the response  to  

u n ila te ra l n e p h re c to m y .

a .  V a lues are  means fo r  the  groups + S .D ,
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Sham H e pa tec tom y _ f  P a rt ia l H e pa tec to m y 
fo llo w e d  b y  r ig h t fo llo w e d  b y  r ig h t

U n ila te ra l N ephrectom y U n ila te ra l N ephrectom y

N o , o f A n im a ls

W e ig h t o f L iv e r  
E xc ise d

F in a l L iv e r  W e ig h t

% L iv e r  W e ig h t 
R ecovered

% L iv e r  W e ig h t 
Recovered 
(c o rre c te d  fo r  F in a l 
Body W e ig h t)

8

0

9 .0 8  + 0 .7 3 '

8

6 .1 1  + 0 . 9 3

6 .3 5  + 0 .91  

6 9 .9 4

7 3 .4 5  + 5 .11

The e f fe c t  o f r ig h t  u n ila te ra l nephrectom y on the  response  to  

I  p a r t ia l h e p a te c to m y .

a .  V a lues are means fo r  th e  groups + S .D .
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3 .5 .2  R enal D e nen^a tlon

A lle n  and M a n n  (1935) re p o rt a h ig h e r response  to  u n ila te ra l 

nephrectom y in  ra b b its  w hen th e  re n a l nerves are s tr ip p e d  from  the 

p e d ic le  o f th e  re m a in in g  k id n e y .  They a ls o  repo rte d  a h ig h  

m o r ta lity  a t o p e ra tio n . The p resen t in v e s t ig a t io n  p ro v id e s  an 

e x p la n a tio n  fo r  th is  h ig h  m o r ta l ity .

The p resen t in v e s t ig a to r  dec ided  to  s tu d y  the  e ffe c t o f re n a l 

d e n e rv a tio n  w h ile  a tte m p tin g  to  o b ta in  a m ethod o f te s t in g  h is  

o r ig in a l h y p o th e s is , nam ely  th a t ,  s in ce  the k id n e y  expends 80% of 

its  energy in  re a b so rb in g  sod ium  io n s , the  s tim u lu s  to  re n a l 

h yp e rtro p h y  m ust in  some w a y  be a s s o c ia te d  w ith  the  m a in tenance  

and c o n tro l o f sod ium  le v e ls .  T h is  h yp o th e s is  has been s treng thened  

c o n s id e ra b ly  b y  the  w o rk  o f D e v e n y i (1964) w ho found a 4 0 - fo ld  

in c re a se  in  m ito t ic  in d e x  in  ra ts  g iv e n  s a lin e  d r in k in g  w a te r  p lus  

an in tra p e r ito n e a l in je c t io n  o f A n t id iu re t ic  H orm one , and b y  the  

de m o n s tra tio n  th a t a ld o s te ro n e  in c re a se s  re n a l RNA s y n th e s is  

(C a s tle s  and W il l ia m s o n ,  1965 ).

The mcB t  o b v ious  w a y  to  p rove o r d isp ro ve  th is  h y p o th e s is  is  

to  e x tra c t and p u r ify  the  fa c to r  o r fa c to rs  p resen t in  the  p lasm a o f 

a nep h re c to m ize d  a n im a l, w hose  a c t io n  on p ro te in  and RNA s y n th e s is  

w as i l lu s t r a te d  in  the  expe rim en ts  de sc rib e d  in  S ec tion  3 .3 ,  and 

th e n  to  d e te rm in e , us in g  is o to p ic a l ly  la b e lle d  Na in  v it r o  o r in  v iv o , 

w h e th e r th is  fa c to r  has d ire c t  a c t io n  on the  c o n tro l o f sod ium  in  the
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re n a l tu b u le s  o r w h e th e r i t  p roduces an a lte ra t io n  in  RNA m etabo lism  

s im ila r  to  th a t d e sc rib e d  by  M a lt  (1969) In u n i la te ra l ly  neph rec tom ized  

a n im a ls .

U n fo r tu n a te ly  the  fa c i l i t ie s  fo r  such a s tu d y  w ere  no t a v a ila b le  

du rin g  th e  cou rse  o f th is  w o rk . A no the r approach  w as adop ted ; i t  

w as re co g n ise d  th a t th is  app ro ach , even i f  i t  gave p o s it iv e  re s u lts ,  

w o u ld  no t be a d e f in it iv e  w o rk , b u t m igh t add even g re a te r subs tance  

to  the  h y p o th e s is  th a t the  p rocess o f com pensa to ry  h yp e rtro p h y  in  

the  k id n e y  is  in t im a te ly  connected  w ith  the  c o n tro l o f sod ium  

m étabo lism e^

The a im  o f the  expe rim e n ts  d e sc rib e d  in  th is  s e c t io n  o f th e  w ork  

w as to  in c re a se  the  am ount o f sodium  reabsorbed b y  the  k id n e y  and to  

de te rm ine  w h e th e r th is  in c re a se  in  reabsorbed sod ium  w as a s s o c ia te d  

w ith  an a lte ra t io n  in  re n a l g ro w th . I t  is  in  fa c t v e ry  d i f f ic u l t  to  

in c re a s e  re n a l sod ium  re a b so rp tio n  in  the  in ta c t a n im a l fo r  the  le v e ls  

o f sod ium  in  b lo o d  and e x tra c e llu la r  f lu id  is  m a in ta in e d  w ith in  ve ry  

narrow  l im i t s .  In  o rde r to  a tte m p t to  ob ta in  a m ethod o f ca u s in g  an 

in c re a s e  in  tu b u la r  sod ium  re a b s o rp tio n , one m ust a tte m p t to  

unders tand  the  fa c to rs  w h ic h  c o n tro l sodium  re a b s o rp tio n . T h is  is  

a f ie ld  in  w h ic h  the re  is  m uch a c t iv i t y  a t p re se n t, and a ls o  a fa ir  

degree o f c o n tro v e rs y .

Sodium is  the  p r in c ip a l s o lid  o f the  EOF, the  vo lum e and 

o s m o la lity  o f w h ic h  are  c lo s e ly  re la te d  to  the  am ount o f sod ium  i t  

c o n ta in s . I t  is  g e n e ra lly  co n s id e re d  th a t 80% o f the  sod ium  w h ic h  

is. f i l te re d  is  reabsorbed to g e th e r w ith  c h lo r id e  and b ica rb o n a te  in
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the  p ro x im a l tu b u le .  The re a b s o rp tio n  o f sod ium  ions  is  a c t iv e ,  i . e .  

re q u ire s  the  e x p e n d itu re  o f energy; the  exa c t m echan ism  is  unknow n , 

a lth o u g h  i t  is  b e lie v e d  to  in v o lv e  the  enzym e N a -K  a c t iv a te d  ATPase 

and to  be a s s o c ia te d  w ith  the  e x c re tio n  o f hydrogen and po tass ium  

ions  .(de W a rd e n e r, 1 96 7 ). A p o s tu la te d  m echan ism  is  show n in  

F ig .  17 .

There are  m any fa c to rs  in v o lv e d  in  the c o n tro l o f sod ium  le v e ls  

in  the  b o d y . A r is e  in  the  GFR is  a s s o c ia te d  w ith  g re a te r 

re a b s o rp tio n  o f sod ium ; the  am ount o f sodium  exc re te d  does not 

change as th e  GFR in c re a se s  . I t  seems l ik e ly  th a t a sudden r is e  in  

GFR produces a sudden r is e  in  p ressu re  in  the  p ro x im a l tu b u le  and 

th a t th is  g iv e s  an  im m ed ia te  in c re a s e - in  sodium  re a b s o rp tio n  (Rector 

and B runner, 1966). F u rth e r, M c D o n a ld  and de W a rd e n e r (1965) 

c la im  th a t a sudden e xp a n s io n  o f the  b lood  vo lum e causes re le a se  

o f a horm one, know n  as T h ird  F a c to r, w h ic h  in h ib its  sod ium  

re a b s o rp tio n , and th a t th is  sys tem  is  in  seme w a y  re la te d  to  the  

sys tem  o f c o n tro l o f b lo o d  p ressu re  w h ic h  has a ttra c te d  so much 

a tte n t io n  re c e n t ly ,  i . e .  the  R e n in -A n g io te n s in -A ld o s te ro n e  S ystem , 

w h ic h  is  sum m arized  in  F ig .  l l g , ^
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TUBULAR

LU M EN

PERITUBULAR

FLU ID

C l C l

■>Na N aNa

S chem a tic  re p re s e n ta tio n  o f ion  tra n s p o rt in  the  p ro x im a l tu b u le

B roken lin e s  in d ic a te  p a s s iv e  tra n s p o rt
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C a ro tid
A rte ry

Volum e
R eceptors

ACTH
A drena l
g landDH

L e ft
A trium

A ld o s te ro n e

A n g io te n s in  I I

A n g io te n s in  I  •

Renin,
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The e x a c t m echan ism  o f ren in  fo rm a tio n  and re le a se  is  unknow n 

b u t th e re  is  s tron g  ev id e n ce  th a t i t  is  form ed under c o n d it io n s  o f 

low  sod ium  c o n te n t in  the  d is ta l  tu b u le  and th a t its  re le a s e  is  

dependent on s e v e ra l fa c to rs ,  one o f w h ic h  is the  nerve su p p ly  to  

the  k id n e y .  There is  an in ve rse  re la t io n s h ip  be tw een  plasm a re n in  

and plasm a sod ium  le v e ls  (de W a rdene r, 1967) and re n a l d e n e rva tio n  

lo w ers  the  p lasm a re n in  a c t iv i t y  (Vander, 1967). Thus w e see a 

com p le x  re la t io n s h ip  be tw een  sod ium , b lood  p re ssu re , GFR and body 

w a te r  and b lo o d  v o lu m e . M a s s o n  (1969) found th a t c o n s tr ic t io n  o f 

th e  re n a l a r te ry  produced a tro p h y  o f the  k id n e y  on the  a ffe c te d  s id e  

and h yp e rtro p h y  o f the  c o n tra la te ra l k id n e y .  N o w , u n ila te ra l re n a l 

a r te ry  s te n o s is  p roduces h yp e rte n s io n  b y  cau s in g  e x c e s s iv e  re n in  

l ib e ra t io n  from  the  k id n e y .  I t  seems p o s s ib le  th a t the  tw o  fa c to rs  

are re la te d , though  no t n e c e s s a r ily  so  as u n ila te ra l re n a l a rte ry  

s te n o s is  c o u ld  produce a degree o f re n a l a tro p h y  e q u iv a le n t to  a 

p a r t ia l n e p h re c to m y .

H o w e ve r, s in c e  re n a l d e n e rva tio n  reduces re n in  le v e ls ,  i t  m igh t 

be re a so n a b le  to  suppose th a t i t  in c rea ses  plasm a so d iu m . I f  th is  

is  the  c a s e , i t  m igh t p ro v id e  an e xp la n a tio n  fo r  the  phenom enon 

d e s c r ib e d  b y  A lle n  and M a n n . C o n s e q u e n tly , i t  w as de c id e d  to  

perform  a s e r ie s  o f expe rim en ts  on ra b b its  to  de te rm ine  w h e th e r 

re n a l d e n e rva tio n  w o u ld  in  fa c t in c rea se  the  response  to  u n ila te ra l 

n e p h re c to m y . Three expe rim e n ts  w ere  pe rfo rm ed . One a n im a l d id  

no t s u rv iv e  the o p e ra tio n ; i t  d id  not recove r from  the  a n a e s th e t ic .  

The a n im a ls  w e re  prepared and opera ted on as d e sc rib e d  in  S ection
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2 . O n ly  a b r ie f  sum m ary o f the  re s u lts  is  g ive n  here as the  procedure  

w as found to  g iv e  s u rp r is in g  re s u lts ,  w h ic h  m igh t e x p la in  the  h igh  

m o r ta lity  found  b y  the  w o rke rs  w ho p re v io u s ly  in v e s tig a te d  th is  

te c h n iq u e .

F ig ,  18 show s a s e c t io n  o f the  le f t  k id n e y  from  a ra b b it  s a c r if ic e d  

36 hours p o s t-o p e ra  l i v e l y , The b a s o p h ilic  s t ip p l in g  is  caused  b y  

e x c e s s iv e  in t r a c e l lu la r  d e p o s it io n  o f c a lc iu m . F ig  . '19 show s a 

graph o f changes in  p lasm a so d iu m , serum c a lc iu m  and PCV le v e ls  

du rin g  the  f i r s t  4 p o s t-o p e ra t iv e  d a y s . Serum c a lc iu m  and PCV f e l l  

to  5 0% o f no rm a l in  th e  f i r s t  2 -3  days and then  rose  s l ig h t ly ;  the 

p lasm a sod ium  le v e l w as m a in ta in e d  a t 20% above n o rm a l. H o w eve r, 

in  v ie w  o f th e  p a th o lo g ic a l changes o c c u rr in g  in  the  k id n e y  rem a in ing  

a f te r  u n i la te ra l n ep h rec to m y , the  e xp e rim e n ta l p rocedure  w as not 

fu r th e r  in v e s tig a te d  as to  its  e f fe c t on the  response  to  u n ila te ra l 

n e p h re c to m y .

The e x p la n a tio n  fo r  th e  changes is  not c le a r .  T hey  may have 

occu rred  due to  d e n e rv a tio n  or due to  re n a l fa ilu re  in duced  b y  the 

o p e ra tio n , perhaps b y  rem o va l o f the  ly m p h a tic s  a lo n g  w ith  the  re n a l 

nerve s u p p ly .  The change in  serum  ca lc iu m  bears some re la t io n s h ip  

to  the  c o n d it io n  o f re n a l o s te o d y s tro p h y  w h ic h  sometimes occurs  as a 

c o m p lic a t io n  o f c h ro n ic  re n a l fa ilu re  in  m an, b u t as the  ra b b it  

n o rm a lly  has a serum  c a lc iu m  le v e l tw ic e  th a t o f man no e x a c t 

p a ra l le l can be d ra w n . An e x p la n a tio n  w as how eve r o b ta in e d  fo r  

the  h ig h  m o r ta lity  repo rte d  b y  A lle n  and M ann  (1935 ).
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F I G . 18

B a s o p h ilic  s t ip p l in g  due to  in tra c e llu la r  ca lc iu m  d e p o s it io n

P h o tom icrog raph  o f le f t  k id n e y  (x 680)
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FIG. 19
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S E C T I O N  4

D I S C U S S I O N
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The p resen t in v e s t ig a t io n  w as undertaken  in  an a tte m p t to  d is c o v e r  

some m ethod w h ic h  c o u ld  be used to  d e fin e  the  e x a c t m echan ism  o f the 

c o n tro l o f k id n e y  g ro w th  in  the  re nop r iv a l s ta te .  C o n s e q u e n tly , f iv e  

ty p e s  o f e xpe rim e n t w e re  perform ed :

1 . In v e s t ig a t io n  o f re la t io n s h ip  o f the  norm al k id n e y  w e ig h t 

to  o th e r p a ram e te rs .

2 . In v e s t ig a t io n  o f any  changes w h ic h  m igh t o c c u r in  the  

p h y s io lo g ic a l and b io c h e m ic a l s ta te  o f the  ra t fo llo w in g  

u n i la te ra l n e p h re c to m y .

3 .  In v e s t ig a t io n  o f the  response  o f the  k id n e y s  to  the  o ra l 

and  p a re n te ra l a d m in is tra tio n  to  the  ra t o f subs tance s  

w h ic h  m ig h t be th o u g h t to  prom ote o r in h ib it  re n a l g ro w th .

4 . In v e s t ig a t io n  o f the  h y p o th e s is  th a t com pen sa to ry  re n a l 

h y p e rtro p h y  is  in it ia te d  o r c o n tro lle d  b y  an ag e n t or 

a g e n ts  w h ic h  c ir c u la te  in  the  b lo o d .

5 . In v e s t ig a t io n  o f te c h n iq u e s  repu ted  to  in c re a se  the  

com pen sa to ry  g row th  w h ic h  occurs  a fte r  u n ila te ra l 

n e p h re c to m y .

1 . The N o rm a l Rat K id n e y  W e ig h t

The b e s t c o r re la t io n  found  w as th a t be tw een  the  d ry  w e ig h t o f the  

k id n e y  and th e  l iv e r  w e ig h t .  T h is  w as b e tte r  than  the  c o rre la t io n  

b e tw e e n  the  d ry  w e ig h t o f  the  k id n e y  and the  d ry  w e ig h t o f the  l iv e r  

o r the  c o r re la t io n  be tw e en  the  d ry  w e ig h t o f the  k id n e y  o ve r the  w e t 

w e ig h t o f the  l iv e r .  H a ll ib u r to n  (196 6) found e v id e n ce  o f a s l ig h t



17B

d ec rea se  o f is o to p e  in c o rp o ra tio n  in to  l iv e r  RNA fo llo w in g  u n ila te ra l 

ne p h re c to m y . I t  m ig h t be rew a rd ing  to  s tu d y  the  fu n c t io n  o f the  

l iv e r  fo llo w in g  u n ila te ra l n ep h rec to m y .

2 . P h y s io lo g ic a l and B io c h e m ic a l Changes

No c o n s is te n t a lte ra t io n  in  p lasm a sodium  le v e ls  w as o b ta ined ; 

no s ig n if ic a n t  a lte ra t io n  in  a c id -b a s e  b a lance  vy/as found ; no change 

in  b lo o d  am m onia le v e ls  w e re  n o te d , M e lv in  (1969) found  th a t the  

e x c re tio n  o f p h e n o ls u lp h th a le in  (PSP) w as una lte red  fo r  48 hours and 

th a t p lasm a c re a tin in e  le v e ls  w e re  e le va te d  in  the  f i r s t  48 hours a fte r  

u n i la te ra l ne p h re c to m y . T h is  suggests  th a t fu n c tio n s  e s s e n tia l fo r  

th e  a n im a l's  w e ll- b e in g  are  c o -o rd in a te d  b y  a com pen sa tion  w h ic h  

may be re n a l o r e x tra - re n a l w h ile  those  w h ic h  are n o n -e s s e n t ia l fo r  

s u rv iv a l,  e . g .  PSP c le a ra n ce  o r c re a tin in e  e x c re t io n , are  dependent 

s o le ly  on re n a l g row th  fo r  th e ir  m o d if ic a t io n . The p resen t 

In v e s t ig a to r  b e lie v e s  th a t as w e l l  as hyp e rtro p h y  o f the  s u rv iv in g  

k id n e y  a degree o f e x tra - re n a l com pensa tion  b y  the  re s t o f  the  a n im a l 

occu rs  w hen one k id n e y  is  rem oved . T h is  c o u ld  be a n t ic ip a te d  on 

grounds o f lo g ic ,  fo r  the  more e s s e n tia l a fu n c t io n , the  le ss  l ik e ly  

is  i t  to  depend on the  to ta l fu n c t io n in g  presence o f a p a ir  o f o rg a n s .

H o w e ve r, a m arked change in  the  norm al p lasm a g lu ta m in e /  

g lu ta m a te  ra t io  w as found  fo llo w in g  u n ila te ra l n e p h re c to m y . The 

e x p la n a tio n  fo r  th is  is  n o t o b v io u s . S ince i t  w as n o t found  in  the  

c o n tro l a n im a l, i t  w o u ld  appear no t to  be due to  traum a o r a n a e s th e tic  

a d m in is tra t io n .  S ince the  % in c re a se  in  the  g lu ta m a te  le v e l w as
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a p p ro x im a te ly  the  same as the  % decrease  in  the  g lu ta m in e  le v e l,  

i t  is  reason ab le  to  suppose th a t i t  rep resen ts  an in c re a se d  

c o n v e rs io n  o f  g lu ta m in e  to  g lu ta m a te . T h is  m igh t re s u lt  e ith e r  from  

an a lte ra t io n  o f k id n e y  o r l iv e r  m e tabo lism  or to  an a lte ra t io n  in  

m usc le  m e ta bo lism  o r indeed  to  the  presence  o f the  enzym e g lu ta m in a s e  

in  the  b lo o d .

The enzym e a m id o tra n s fe ra se  w as assayed  in  the  k id n e y s  o f 

u n o pe ra ted , sham ope ra ted  and r ig h t u n i la te ra l ly  nep h rec to m ized  

a n im a ls .  N o d iffe re n c e s  be tw een  th e  groups w e re  found  w hen the  

re s u lts  w e re  a n a ly s e d  b y  s tu d e n t t  t e s t .  H o w e ve r, the  groups w ere  

s m a ll and i t  w as f e l t  th a t th e  re s u lts  d id  show th a t the  a c t iv i t y  In 

the  k id n e y s  from  the  sham opera ted  a n im a ls  tended  to  be  lo w e r than  

th a t o f the  o th e r g ro u p s . T h is ,  i f  i t  is  the  c a se , w o u ld  suggest th a t 

sham o p e ra tio n  dep resses  a m id o tra n s fe ra se  a c t iv i t y  and th a t th is  

d e p re s s io n  is  overcom e in  th e  k id n e y  rem a in ing  a f te r  u n ila te ra l 

ne p h re c to m y . T h is  w o u ld  c o rre la te  w e l l  w ith  the  w o rk  o f Van P ilsum  

(1967a) w ho  found  th a t s ta rv a tio n  depresses k id n e y  a m id o tra n s fe ra se  

a c t iv i t y  and th a t the  d e p re ss io n  is  p roba b ly  due to  th e  h ig h  

c o n c e n tra t io n  o f c re a tin e  in  the  b lo o d  o f s ta rve d  a n im a ls  e x e rtin g  an 

in h ib ito ry  e f fe c t on a m id o tra n s fe ra s e . T h is  has a ls o  been reported  

b y  W a lk e r  (1959 and 1961).

The m ain  c o n c lu s io n  to  be drawn from  th is  s e c tio n  o f th e  w o rk  is  

th a t v e ry  l i t t l e  change occu rs  in  th e  ra t w h ic h  has undergone 

u n ila te ra l n e p h re c to m y . The e x c e p tio n  to  th is  is  th e  m arked 

a lte ra t io n  in  the  g lu ta m a te /g lu ta m in e  ra tio  found  14 hours a f te r

u n ila te ra l n e p h re c to m y . The s ig n if ic a n c e  o f th is  is  no t c le a r  as y e t .
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3 . The P rom otion  and In h ib it io n  o f  Renal G row th

b y  D ie ta ry  and P a ren te ra l M eans

The v a r io u s  d ie ta ry  m ethods p re v io u s ly  used to  s t im u h te  re n a l 

g ro w th  w e re  d e s c r ib e d  in  S e c tion  1 . In  the  p resen t in v e s t ig a t io n ,  

some o f th e se  w e re  used a g a in  (g e la tin ,  g ly c in e ,  a c id ,  sodium  

c h lo r id e  and po ta ss iu m  c h lo r id e ) .  A no the r am ino  a c id  w as 

in v e s tig a te d  (a rg in in e ) and the  e ffe c ts  o f d ie ta ry  sod ium  c it ra te  

and p o tass ium  c it r a te ,  and sodium  a ce ta te  and po ta ss iu m  a c e ta te  

w e re  s tu d ie d ; in  a d d it io n  th e  e ffe c ts  o f repea ted  in je c t io n  o f a 

h y p e rto n ic  u re a /s a l in e  m ix tu re  w e re  re p o rte d .

The repea ted  in je c t io n  o f th e  h y p e rto n ic  u re a /s a lin e  m ix tu re  

produced  no e ffe c t on the  k id n e y  w e ig h t o r c o m p o s itio n  in  the  in ta c t 

a n im a l and d id  no t a l te r  the  g row th  response  o f the  k id n e y  rem a in ing  

a f te r  u n ila te ra l n e p h re c to m y . T h is  w o u ld  su gg es t th a t the  repo rts  

th a t u re te ro p e rito n e o s to m y  (F o rtne r and K ie fe r , 1948) causes 

h y p e rtro p h y  o f the  k id n e y  m igh t be due to  some c o m p lic a t io n  o f 

o p e ra tio n , e .g .  In fe c t io n  ra th e r than  to  the  ex tra  load  o f urea or 

sod ium  to  be e x c re te d .

I t  w as  found  th a t g e la t in  produced a 40% in c re a s e  in  k id n e y  

w e ig h t ,  a 25% in c re a s e  in  k id n e y  RNA, a 22% in c re a s e  in  k id n e y  

p ro te in  and  a (n o n -s ig n if ic a n t)  7% in c rea se  in  k id n e y  D N A. These 

fig u re s  com pare v e ry  w e l l  w ith  the  c o m p o s itio n  o f th e  k id n e y  

re m a in ing  48 hours a f te r  c o n tra la te ra l nep h rec to m y, as reported  b y  

H a ll ib u r to n  (1 9 6 6 ). H o w e v e r, the  w e ig h t in c re a se  o f 40% is  tw ic e  

th a t w h ic h  occu rs  48 hours a fte r  u n ila te ra l nephrec tom y and in
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a d d it io n  th e  mean c e l l  s iz e  is  in c re a se d  by 20% b y  fe e d in g  a d ie t  h igh  

in  g e la t in  fo r  6 days and the  mean RNA/lOO mg and p ro te in /lO O  mg 

are  s l ig h t ly  (n o n -s ig n if ic a n t ly )  reduced w hereas a t 48 hours a f te r  

u n i la te ra l neph rec tom y the  mean c e l l  s iz e  is  u n a lte re d  and the  

c o n c e n tra tio n s  o f RNA/lOO mg and p ro te in /lO O  mg are in c re a se d  

s ig n if ic a n t ly  (H a llib u r to n ,  1966). T h is  suggests  th a t in  g e la t in -  

in duced  re n a l h y p e rtro p h y  some o th e r subs tance  is  a c c u m u la tin g  

w ith in  the  re n a l tu b u la r  c e l ls . T h is  m igh t be w a te r , and i t  w o u ld  

be in te re s t in g  to  perform  w e t and d ry  w e ig h t a n a ly s e s  o f th e  k id n e y s  

from  a n im a ls  fed a d ie t  c o n ta in in g  30% g e la t in .  The m echan ism  o f 

g e la t in  "induced  h y p e rtro p h y  o f the  k id n e y  is  no t c le a r .  I t  m igh t 

e x e rt i t s  e f fe c t  v ia  its  c h e m ic a l c o m p o s itio n  (g ly c in e  is  the  m ost 

abundan t am ino  a c id ) ,  o r v ia  its  a b i l i t y  to  a c t as a d iu re t ic .  I f  

g e la t in  causes  an in c re a s e  in  GFR and an in c re a se  in  f lo w  ra te  down 

the  tu b u le , one can e n v isa g e  th e  p o s s ib i l i t y  th a t in t r a c e l lu la r  

d e f ic ie n c y  o f su b s tance s  n o rm a lly  reabsorbed m igh t in d u ce  ex tra  

RNA and p ro te in  s y n th e s is  e ith e r  a t the  norm a l s ite  o f re a b s o rp tio n  

o r lo w e r dow n the  tu b u le .

The in v e s t ig a t io n  co n firm e d  the  fin d in g s  o f H a ll ib u r to n  and 

Thom son (196^) and M o o re  (1967) th a t a d ie t c o n ta in in g  8% g ly c in e  

a ls o  induces  a degree o f re n a l h y p e rtro p h y . The e x te n t  o f  the  

h y p e rtro p h y  w as c o n s id e ra b ly  le s s  than  th a t found b y  th e se  w o rk e rs . 

In  the  p re se n t s tu d y , g ly c in e  in duced  15% in c re a s e  in  re n a l w e ig h t 

and 6% in c re a s e  in  RNA (when le f t  k id n e y  RNA is  c o n s id e re d ) . 

H a ll ib u r to n  and Thom son (19617) re p o rt 25% in c re a se  in  re n a l w e ig h t.
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an  in c re a s e  In  RNA/DNA and an in c re a s e  in  p ro te in /D N A . T h is  m igh t 

have  re s u lte d  from  d iffe re n c e s  in  the  g e n e ra tions  o f ra ts  used or from 

some d iffe re n c e  in  the  g ly c in e  u s e d . I f  the  response  w e re  due to  

some co n ta m in a n t o f  g ly c in e ,  th is  w o u ld  e x p la in  the d iffe re n c e s  

b e tw e en  the  tw o  s tu d ie s ; th e y  w e re  perform ed in  the  same la b o ra to ry . 

I t  is  in te re s t in g  th a t g ly c in e  a ls o  produced a 2 0% in c re a s e  in  mean 

c e l l  s iz e .  T h is  is  s im ila r  to  the  ty p e  o f g row th  produced  b y  a d ie t 

h ig h  in  g e la t in ,  though i t  is  o f le s s e r  m a g n itu d e . I t  does suggest 

th a t th e  m echan ism  o f g ly c in e 4 n d u c e d  hyp e rtro p h y  o f the  k id n e y  is  

s im ila r  to  th a t o f g e la t in - in d u c e d  hyp e rtro p h y  o f the  k id n e y .

The m echan ism  o f g ly c in e - in d u c e d  re n a l h y p e rtro p h y  is  no t c le a r .  

G ly c in e  is  m e ta b o lis e d  to  se rin e  a f te r  a c c e p tin g  a o n e -ca rb o n  u n it 

( fo l ic  a c id  w h ic h  on in je c t io n  a ls o  causes re n a l h y p e rtro p h y  is  

in v o lv e d  in  th is  p rocess) or is  u t i l iz e d  in  p o rp h y rin  s y n th e s is  o r in  

c re a tin e  s y n th e s is .  I t  is  p o s s ib le  th a t one o f these  m echan ism s is  

re s p o n s ib le  fo r  the  re n a l g row th ; i f  th is  w e re  the  c a s e , one w o u ld  

e x p e c t a d ie t  c o n ta in in g  8% g ly c in e  to  have the  same q u a n tita t iv e  

e f fe c t  as a d ie t  c o n ta in in g  3 0% g e la t in  and th is  is  n o t the  c a s e .

The e ffe c t c o u ld  a ls o  be due to  some con tam in an t o f g e la t in  and 

g ly c in e  o r to  the  a b i l i t y  o f these  subs tances  to  in c re a s e  the  GFR and 

to  cause  an o s m o tic  d iu re s is . F u rth e r w o rk  sh o u ld  be d ire c te d  a t a 

s tu d y  o f  v a r io u s  com ponents o f the  k id n e y  c e l l  d u rin g  re n a l 

h y p e rtro p h y  in duced  b y  g ly c in e  and g e la t in .
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A d ie t  c o n ta in in g  22% E -a rg in in e  H C l p roduced a s ig n if ic a n t  

in c re a s e  in  re n a l w e ig h t and a h ig h ly  s ig n if ic a n t  in c re a se  in  re n a l 

w e ig h t re la t iv e  to  b o d y  w e ig h t .  In  a d d it io n ,  a f a l l  in  l iv e r  w e ig h t 

r e la t iv e ly  g re a te r than  th e  f a l l  in  b o d y  w e ig h t w as n o te d . The 

in c re a s e  in  re n a l w e ig h t w as c e r ta in ly  due to  the  H C l com ponent o f 

the  m o le cu le  which, b y  in d u c in g  a ch ro n ic  m e ta b o lic  a c id o s is  caused  

re n a l h y p e rtro p h y . The g re a te r f a l l  in  l iv e r  w e ig h t re la t iv e  to  body  

w e ig h t m ig h t a ls o  have  been due to  H C l,  b u t c o u ld  have  occu rred  

due to  some to x ic  e f fe c t  o f a rg in in e . A d ie t  c o n ta in in g  18%

E ;a rg in in e  fre e  base  w as a ls o  s tu d ie d  fo r  its  e f fe c t on k id n e y  w e ig h t 

and body  w e ig h t ,  though  its  e f fe c t on l iv e r  w e ig h t w as n o t re co rd e d . 

T h is  form  o f the  am ino  a c id  produced a s m a ll ( in s ig n if ic a n t)  in c re a se  

in  re n a l w e ig h t,  a s m a ll ( in s ig n i f ic a r t ) decrease  in  body  w e ig h t b u t 

a h ig h ly  s ig n if ic a n t  in c re a s e  in  re n a l w e ig h t re la t iv e  to  body  w e ig h t.  

To e v a lu a te  th is  f in d in g  w o u ld  re q u ire  a s tu d y  o f the  c o m p o s itio n  o f 

the  k id n e y  (and o f the  liv e r )  in  a n im a ls  fed a rg in in e  free  b a s e . T h is  

is  o f  cou rse  a b a s ic  am ino  a c id  and the  e ffe c t may o c c u r because  o f 

th is  p ro p e rty  or because  a rg in in e  in  the  c o n c e n tra tio n  used in  the  d ie t  

Is to x ic  to  th e  r a t .

The a d d it io n  o f an excess  o f sod ium  c h lo r id e  to  th e  d ie t  (2% b y  

w e ig h t)  p roduced  no e f fe c t  on k id n e y  w e ig h t,  no r d id  th e  a d d it io n  o f 

an  e q u im o la r q u a n tity  o f p o tass ium  c h lo r id e .  N e ith e r  o f th e  s a lts  

had an e ffe c t on l iv e r  w e ig h t o r bod y  w e ig h t.  T h is  sugg es ts  th a t 

the  h a n d lin g  o f th e se  s a lts  is  a b s o lu te ly  in dependen t o f  k id n e y  

w e ig h t,  w h ic h  seems u n l ik e ly  in  the  case  o f s o d iu m . W h a t seems
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more l ik e ly  is  th a t sod ium  m e ta b o lism  is  so  f in e ly  c o n tro lle d  th a t 

no  u p se t can  be  p roduced  s im p ly  b y  fe e d in g  an in c re a s e d  am ount o f 

N a d .

The a d d it io n  o f  p o ta ss iu m  c it r a te  (in  an am ount e q u im o la r w ith  the  

d ie t  c o n ta in in g  p o ta s s iu m  c h lo r id e )  to  an o th e rw is e  unaugm ented 

d ie t  and to  a d ie t  fu r th e r  supp lem en ted  w ith  8% g ly c in e  re v e a le d  an 

in te ra c t io n  b e tw e e n  g ly c in e  and po ta ss iu m  c it r a te .  T h u s , p o tass ium  

c it r a te  in d u c e d  a 11% in c re a s e  in  re n a l w e ig h t in  a n im a ls  fed  an 

o th e rw is e  n o rm a l d ie t  and in c re a s e d  the  in c re a s e  in  re n a l w e ig h t 

In duced  b y  g ly c in e .  The c o m p o s itio n s  o f th e  k id n e y s  from  the  

a n im a ls  in  th is  e x p e rim e n t re v e a l th a t po ta ss iu m  c it r a te  in te ra c t in g  

w ith  g ly c in e  ca u se s  a re d u c tio n  In  th e  to ta l  RNA o f  the  k id n e y  and 

p roduces an in c re a s e  in  RNA/DNA ra t io .  F u rth e r w o rk  is  n e c e s s a ry , 

b u t i t  appea rs  th a t p o ta s s iu m  c it ra te  causes  in c re a s e  in  k id n e y  w e ig h t,  

a re d u c tio n  in  b o d y  w e ig h t  and l iv e r  w e ig h t,  a decrease  in  RNA and 

an in c re a s e  in  m ean c e l l  s iz e .  The in c re a s e  in  RNA/DNA ra t io  

su g g e s ts  th a t  w hen  g ly c in e  and po ta ss iu m  c it ra te  a re  b o th  p re se n t 

the  to ta l k id n e y  DNA is  re d u c e d . T h u s , p o ta ss iu m  c it r a te  p ro b a b ly  

p roduces an  in c re a s e  in  c e l l  s iz e  (perhaps due to  w a te r) co u p le d  

w ith  a degree  o f  a tro p h y  o f the  k id n e y  and some lo s s  in  bod y  w e ig h t .

P o tass ium  c it r a te  is  an  a lk a l in is ln g  agen t and th e  e f fe c t  c o u ld  be

m ed ia ted  v ia  th is  p ro p e r ty . T h is  w o u ld  sugg es t th a t g ro w th  and

a tro p h y  a re  p ro c e s s e s  w h ic h  o c c u r in  response  to  th e  a n im a ls '

e n v iro n m e n ta l o r  d ie ta ry  s ta te  and sugg es ts  th a t th e  s t im u lu s  to  
' : 

re n a l h y p e rtro p h y  m ig h t be  m u lt i fa c to f ia l in  o r ig in .
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The e f fe c t  o f sod ium  c it ra te  w as a ls o  s tu d ie d ; its  e f fe c t on re n a l 

mass w as s im ila r  to  th a t o f po tass ium  c it r a te ,  i . e .  i t  in te ra c te d  w ith  

g ly c in e  to  cause  an in c re a s e , b u t i t  does no t cause any re d u c tio n  in  

b o d y  w e ig h t .  The re d u c tio n  in  body  w e ig h t'w a s  th e re fo re  caused  b y  

the  K io n s .  The same e ffe c ts  w e re  noted w ith  sodium  a c e ta te  and 

po tass ium  a c e ta te ; p o ta ss iu m  a c e ta te  produced a m arked re d u c tio n  

in  b od y  w e ig h t and a re la t iv e  in c re a se  in  re n a l w e ig h t.  Sodium  

a c e ta te  gave an in c re a s e  in  re n a l w e ig h t and d id  no t a f fe c t  body  

w e ig h t .  . Thé fu r th e r  e v a lu a tio n  and e x p la n a tio n  o f these  phenom ena 

re q u ire s  a s tu d y  o f k id n e y  w e ig h t and d ry  w e ig h t a n a ly s is  and 

k id n e y  and l iv e r  c o m p o s itio n s  in  a n im a ls  fed  sodium  c it r a te ,  

po tass ium  c it r a te ,  sod ium  a c e ta te  and po tass ium  a c e ta te .

The e f fe c t  o f v a ry in g  the  q u a n tit ie s  o f fa t  in  the d ie t w as a ls o  

S tu d ie d . A h ig h  fa t  d ie t  produced no a lte ra t io n  in  body  w e ig h t,  

k id n e y  o r l iv e r  w e ig h t com pared to  a c o n tro l d ie t .  H o w e ve r, a 

h ig h  fa t - p ro te in - f re e  d ie t ,  w h ile  p ro d u c in g  no a lte ra t io n  in  k id n e y  

w e ig h t,  in c re a se d  l iv e r  w e ig h t re la t iv e  to  body  w e ig h t . T h is  

show s th a t an in c re a s e  in  g lu c o n e o g e n ic  demands have no e ffe c t 

on k id n e y  w e ig h t .  The in c re a s e  in  l iv e r  w e ig h t re q u ire s  fu r th e r  

e v a lu a t io n .  I t  may have  been due to  accu m u la te d  fa t o r to  some 

degree o f h y p e rtro p h y  o f th e  l iv e r .
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4 . The H u m o ra l Theo ry

W h ile  a c c e p tin g  th a t a t is s u e  w h ic h  is  p rese rved  a r t i f i c ia l ly  on 

a m ic ro p o re  f i l t e r  is  e n v iro n m e n ta lly  rem oved from  its  n a tu ra l s ta te , 

th e  p re se n t in v e s t ig a t io n  show ed th a t th e re  is  the  g ra v e s t s u s p ic io n  

th a t th e re  is  an age n t o r agen ts  in  the  b lo o d  o f n e p h rec to m ized  ra ts  

w h ic h  s tim u la te s  the  g ro w th  o f k id n e y  c e l ls .

The m agn itude  o f th e  response  o b ta ined  is  dependent on the  

c o n c e n tra tio n  o f th e  fa c to r ,  re la t iv e  to  the .num ber o f ta rg e t c e l l s .

In  lo w e r re la t iv e  concen tra tion  o f p lasm a i t  caused a 2 - fo ld  b u t no t 

s ta t is t ic a l ly  s ig n if ic a n t  in c re a s e  in  p ro te in  and RNA m e ta bo lism  as 

m easured by  is o to p e  in c o rp o ra t io n . T h is  response  w as m a g n ifie d  

b y  decrea s ing  th e  num ber o f ta rg e t c e l ls  and w hen o n e -te n th  o f the  

o r ig in a l c e l ls  w e re  use d , th e re  w as a 1 4 - fo ld  in c re a se  in  is o to p e  

in c o rp o ra tio n  in to  p ro te in ,  and RNA, and a 15- fo ld  in c re a s e  in  

in c o rp o ra tio n  in to  D N A , as com pared to  th e  e ffe c t o f p lasm a from 

sham ope ra ted  a n im a ls .  T h u s , th e  m agn itude  o f the  e ffe c t is  

p ro p o rt io n a l to  the  re la t iv e  c o n c e n tra tio n  as is  the  q u a li ta t iv e  e ffe c t 

p rodu ced , i . e .  c e l l  d iv is io n  occu rs  w hen the  in c re a s e  in  p ro te in  and 

RNA is  la rg e . T h is  is  th e  same as the  s itu a t io n  in  com pensa to ry  

re n a l g ro w th  in  v iv o  (H a llib u r to n ,  1966).

T h is  re s u lt  a ls o  e x p la in s  th e  d if fe r in g  re s u lts  o b ta in e d  b y  

p re v io u s  w o rk e rs  u s in g  c ro s s -c ir c u la t io n  and sera tra n s fe r  te c h n iq u e s . 

I t  w o u ld  o b v io u s ly  be e x tre m e ly  d i f f ic u l t  to  tra n s fe r  s u f f ic ie n t  serum 

o r b lo o d  from  one a n im a l to  a n o th e r in  o rde r to  p roduce a re s u lt  w h ic h  

c o u ld  s a t is fa c to r i ly  be m easured in  th e  w h o le  a n im a l. The g rea t
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adva n ta ge  o f the  t is s u e  c u ltu re  te c h n iq u e  is  th a t ,  in s te a d  o f in c re a s in g  

th e  am ount o f te s t  subs ta n ce  to  w h ic h  the  ta rg e t t is s u e  is  exposed , 

one can v a ry  the  am ount o f ta rg e t t is s u e ,  th e reby  re q u ir in g  a s m a lle r 

q u a n tity  o f  te s t  subs ta n ce  «

W h a t m igh t th is  hum ora l fa c to r  be? Is  there  a s in g le  fa c to r  or 

are  th e re  s e v e ra l com ponents?  The p resen t in v e s t ig a t io n  does not 

a n s w e r th e s e  q u e s tio n s , a lth o u g h  in fe re n ce  can be draw n from  th is  

and o th e r in v e s t ig a t io n s .  The expe rim en ts  us ing  d ie ta ry  agen ts  

su g g e s t th a t g row th  and a tro p h y  o f the  k id n e y  can o c c u r in  response  

to  a num ber o f a g e n ts . The p resen t in v e s t ig a to r  b e lie v e s  th a t 

com pen sa to ry  re n a l h yp e rtro p h y  occu rs  as a response  to  many a g e n ts . 

P o s s ib ly  e ve ry  subs tance  e xc re te d  o r reabsorbed a c t iv e ly  b y  the  

k id n e y  is  d ir e c t ly  o r in d ir e c t ly  re s p o n s ib le  fo r  s t im u la t in g  g row th  o f 

the  enzym e system  w h ic h  han d le s  i t .

H o w e v e r, th e  k id n e y  expends m ost o f its  ene rgy in  reab so rb in g  

so d iu m . I t  is  re a so n a b le  to  suppose th a t the  c o n tro l o f sod ium  and 

w a te r  m e ta b o lism  is  s p e c ia l ly  lin k e d  to  the  c o n tro l o f  com pensa to ry  

re n a l h y p e rtro p h y . M o re o v e r , the  w o rk  o f D e v e n y i (1964) on the  

e ffe c ts  o f in je c t io n  o f ADH co up led  w ith  s a lin e  a d m in is tra tio n  lend  

c redence  to  th is  v ie w .  I t  is  reason ab le  to  h y p o th e s is e  th a t a 

m a jo r pa rt o f  the  hum ora l fa c to r 's  a c t io n  m igh t be d e r iv e d  from  some 

e ffe c t on sod ium  and w a te r  m e ta b o lis m . ADH is ,  o f c o u rs e , a ls o  

a p re sso r a g e n t, though  th e re  is  no ev id e n ce  th a t its  e f fe c t is  

o b ta in e d  v ia  some a c t io n  on the  b lo o d  p re ssu re , a lth o u g h  M a s s o n
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g ro w th  are re la te d , and G oss (1965) found an in c re a se  in  re n a l g row th  

in  a d re n a l re g e n e ra tio n  h y p e rte n s io n .

I t  is  a ls o  p o s s ib le  th a t the  hum ora l agent is  a p rom ote r o r 

in h ib ito r  o f re n a l g ro w th , the  c o n c e n tra tio n  o f w h ic h  is  a ffe c te d  b y  

re m o va l o f one k id n e y  and w h ic h  a c ts  d ire c t ly  on the  re n a l n u c le ic  

a c id ,  in dependen t o f a n y  upse t in  the  m etabolism , o f sod ium  o r any 

o th e r s u b s ta n c e . Such a p rom ote r w o u ld  be e x tra re n a lly  produced 

and its  e f fe c t iv e  c o n c e n tra tio n  in c re a se d  b y  rem o va l o f 50% o f its  

ta rg e t t is s u e ; an in h ib ito r  c o u ld  be produced In tra re n a lly  and 

dependent fo r  it s  a c t io n  on its  c o n c e n tra tio n  in  the  b lo o d  s u p p ly in g  

th e  k id n e y .  T h is  m igh t seem to  be  suggested  b y  M a lt 's  w o rk  on 

n u c le o la r  RNA w h ic h  in c re a se s  its  iso to p e  tu rn o v e r w ith in  m inu tes 

o f c o n tra la te ra l n e p h re c to m y . H o w e ve r, the  fu n c t io n  o f n u c le o la r  

RNA has no t been a c c u ra te ly  d e fin e d ; u n t i l  its  fu n c t io n  is  kn o w n , 

no d e f in ite  c o n c lu s io n s  can be draw n from  M a lt 's  e x c e lle n t  w o rk .

There are tw o  argum ents a g a in s t the  serum fa c to r  b e in g  a c t iv a te d ’, 

b y  lo s s  o f re n a l t is s u e  pe r s e . F ir s t ly ,  the  k id n e y  is  a ve ry  

s p e c ia liz e d  organ and hand les  subs tances  wh<hSA/jmust be k e p t w ith in  

v e ry  narrow  l im i t s .  I t  w o u ld  be  more lo g ic a l fo r the  re n a l mass to  

be  lin k e d  to  the  b o d y 's  requ irem en ts  w ith  re sp e c t to  th e se  v i t a l  

fu n c t io n s ; th is  w as show n to  be  the  case  in  th is  s tu d y , c . f .  the  

response  to  a d ie t  c o n ta in in g  po tass ium  c it r a te .  S e c o n d ly , i f  

com pen sa to ry  g ro w th  o ccu rred  as a response  to  lo ss  o f re n a l t is s u e  

p e t se , one m igh t e x p e c t an agen t w h ic h  ac te d  d ire c t ly  on re n a l DNA
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in  o rde r to  m ake good the  lo s s ,  i . e .  one m igh t e xp e c t a h y p e rp la s ia ; 

th is  w o u ld  a llo w  le s s  f in e  c o n tro l o f re n a l fu n c tio n  w h ile  the  p rocess  

o f com pen sa to ry  g ro w th  w as o c c u rr in g .

I t  is  th e  o p in io n  o f th e  p resen t in v e s t ig a to r  th a t com pen sa to ry  

g ro w th  o f the  k id n e y  is ,  in  la rge  p a rt, s t im u la te d  b y  a hum ora l agen t 

w h ic h  ow es it s  a c t io n  and re la t iv e  o r a c tu a l e x is te n c e  to  some 

d is tu rb a n c e  o f  sod ium  and w a te r  m e tabo lism  induced  b y  rem o va l o f 

one k id n e y .  T h is  h y p o th e s is  is  dependent upon the  p rem ise  th a t the  

changes in  H n  RNA m etab o i l  sna the la b e ll in g  q f r ibosom es and the  

p ro d u c tio n  o f m em branous w h o rls  d e sc rib e d  by  M a lt  (1969) a re  indeed  

re la te d  to  th e  q u a n t ita t iv e  e v id e n ce  o f hyp e rtro p h y  o b ta in e d  la te r .  I t  

is  a ls o  dependent upon th e  a ssu m p tio n  th a t the  re n a l g ro w th  produced 

b y  in je c t io n  o f ADH and s a lin e  is  in  some w a y , no t n e c e s s a r ily  

d ir e c t ly ,  re la te d  to  th e  e ven ts  o ccu rr in g  fo llo w in g  u n ila te ra l 

n e p h re c to m y .

There a re  num erous age n ts  w h ic h  m igh t be re s p o n s ib le  fo r  the  

com pen sa to ry  g ro w th  o r e ls e  th e  e f fe c t  m igh t be due to  an as y e t 

u n d is c o v e re d  s u b s ta n c e . The more obv ious  p o s s ib i l i t ie s  a re  A D H , 

perhaps a ld o s te ro n e . T h ird  F a c to r, a d e n y l c y c la s e  o r r ib  on uç lea s e . 

One o f th e se  a g e n ts , o r a n o th e r u nd iscove red  one , o r a c o m b in a tio n  

o f s e v e ra l m ig h t s e t in  m o tion  a c h a in  o f even ts  w h ic h  w o u ld  lead  

to  RNA and enzym e s y n th e s is ,  w h ic h  w o u ld  in  tu rn  reduce  the  

s tre n g th  o f th e  s t im u lu s ,  b u t w h ic h  w o u ld  no t re q u ire  the  in f lu e n c e  

o f the  s tim u lu s  fo r  th e ir  own c o n tro l.  C e ll  d iv is io n  w o u ld  o c cu r 

w hen th e  o p tim a l c y to p la s m ic /n u c le a r  ra tio s  w e re  e xce e d e d . The
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adva n ta ge  o f th is  mechanism, is  th a t i t  w o u ld  re s u lt  in  o rdered g row th  

in  w h ic h  in c re a s e  in  c y to p la s m ic  co n ten ts  w o u ld  be d ire c t ly  

p ro p o rt io n a l to  th e  dem ands o f the  a n im a l.

I t  is  o f cou rse  s im ila r  to  the  o ld  W ork  H y p e rtro p h y  Theory  excep t 

th a t i t  ta ke s  in to  a c c o u n t the  com p le x  m echan ism s b y  w h ic h  sodium  

and w a te r  b a la n c e  are m a in ta in e d . As a th e o ry  i t  is  no more or le ss  

v a l id  than  a n y  o the r; h o w e ve r, some s tre n g th  is  g iv e n  to  i t  by  the  

f in d in g s  o f the  p re se n t in v e s t ig a to r  th a t the re  is  a subs tance  or 

subs tance s  in  th e  p lasm a o f neph rec tom ized  a n im a ls  w h ic h  prom otes 

the  g row th  o f a d u lt  ra t k id n e y  c e l ls  in  v i t r o .

5 . M o d if ic a t io n  o f the  Response to  U n ila te ra l N ephrectom y

In  th is  s e c t io n  o f th e  w o rk  the  c la im  th a t the re  m ig h t be n o n 

s p e c if ic  g ro w th  p ro m o tio n a l agen ts  w as in v e s tig a te d .  P a s c h k is ,

. G odda rd , G onta row  and A d ib i (1959) reported  th a t tw o - th ird s  p a r t ia l 

hepa te c to m y exagge ra ted  the  g row th  o f the  k id n e y  re m a in in g  a fte r  

u n i la te ra l n e p h re c to m y . T h is  f in d in g  w as no t c o n firm e d . There 

w as no d iffe re n c e  in  com pen sa to ry  g row th  o f the  k id n e y  4 days a f te r  

u n i la te ra l neph rec tom y in  ra ts  w h ic h  had a tw o - th ird s  p a r t ia l 

h e p a te c to m y ju s t  p r io r  to  u n i la te ra l nep h rec to m y. In  a d d it io n ,  the  

re g ro w th  o f the  l iv e r  w as id e n t ic a l to  th a t w h ic h  w o u ld  have been 

p re d ic te d  a t 4 days (Brues e t a l . ,  1936).

The c la im  b y  A lle n  and M ann  (1935) th a t re n a l d e n e rva tio n  and 

c o n tra la te ra l neph rec tom y in  the  ra b b it gave an in c re a s e  o v e r norm al 

co m pen sa to ry  g ro w th  prom pted a fu r th e r  in v e s t ig a t io n  o f th e  te ch n iq u e
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I t  w a s  found th a t re n a l d e n e rva tio n  and c o n tra la te ra l nephrectom y 

in duced  a s ta te  o f acu te  h y p e rn a tra e m ic , h yp o ca Ica e m ic  n e p h ro c a lc in o s is  

and the  expe rim e n ts  w e re  no t p u rsu e d . The e x p la n a tio n  fo r  the  changes 

is  not c le a r .  The hype rna traem ia  is  p ro b a b ly  due to  re n a l d e n e rv a tio n , 

b u t the  changes in  serum  c a lc iu m  are no t easy to  u n d e rs ta n d . They 

m igh t be due to  re n a l fa i lu re  o r to  some a n a to m ic a l a b n o rm a lity , e .g .  

rem o va l o f the  ly m p h a tic s  induced  b y  the  o p e ra tiv e  p ro ce d u re .

CO NCLUSIO NS

The rem o va l o f one o f a p a ir  o f k id n e y s  produces o n ly  m ino r changes 

in  th e  c o m p o s itio n  o f the  b lo o d  and no changes a t a l l  in  subs tances  

w h ic h  are to x ic  o r w hose  le v e l has to  be m a in ta in e d  be tw een  narrow  

l im i t s .  By v a r io u s  d ie ta ry  means (g ly c in e , g e la t in  o r a c id )  i t  is  

p o s s ib le  to  s t im u la te  the  g row th  o f th e  k id n e y s  in  in ta c t  a n im a ls  . I t  

is  a ls o  p o s s ib le  to  p roduce a tro p h y  o f th e  k id n e y s  u s in g  a po tass ium  

c it r a te  d ie t .  T h is  sugg es ts  th a t re n a l mass is  n o t c o n s ta n t even in  

the  in ta c t  a n im a l, b u t th a t g row th  and a tro p h y  are  p ro cesse s  w h ic h  

go on a l l  the  t im e , depend ing  upon the  e n v iro n m e n ta l in flu e n c e s  to  

w h ic h  the  a n im a l is  e x p o se d .

T h is  g ro w th  m ust no t be seen as a p rocess sepa ra te  from  nonnal 

a c t iv i t y ,  b u t as an in te g ra l pa rt o f no rm a l m e ta b o lic  p ro c e s s e s , the  

e x a c t s t im u lu s  to  w h ic h  rem a ins o b s c u re . In  the  case  o f com pensa to ry  

re n a l h y p e rtro p h y , an a r t i f i c ia l ly  produced e xa g g e ra tio n  o f the  norm al 

re n a l g row th  m echan ism , the re  w as ev idence  th a t the  in c re a se d  re n a l
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mass re s u lte d  from  the  sum m ation  o f va rio u s  com ponent s t im u li and 

th a t p o s s ib ly  each enzym e system  w as s e p a ra te ly  a c t iv a te d .  There 

w a s , h o w e ve r, e v id e n ce  o f a fa c to r  in  the  p lasm a o f n ep h rec to m ized  

ra ts  w h ic h  s tim u la te s  the  g row th  o f a d u lt  k id n e y  c e l ls  in  v i t r o . T h is  

fa c to r  may be a s in g le  subs tance  w h ic h  p la ys  a m uch more im p o rta n t 

pa rt than  any  o th e r in  s t im u la t in g  g row th  in  the  re no p r iv a i s ta te ; 

th is  w o u ld  seem re a so n a b le  s in ce  the  k id n e y  is  a v e ry  s p e c ia liz e d  

t is s u e .

Fu tu re  w o rk  shou ld  be d ire c te d  tow ards  is o la t in g  and id e n t ify in g  

th is  fa c to r  and its  mode o f a c t io n ,  tow ards  s tu d y in g  the  changes 

o c c u rr in g  d u rin g  th e  f i r s t  few  hours fo llo w in g  u n ila te ra l nephrectom y 

in  the  RNA o f th e  re m a in in g  k id n e y  and tow ards  s tu d y in g  p o s s ib le  

a lte ra t io n s  In  s p e c if ic  com ponents o f k id n e y  t is s u e  in duced  b y  

g e la t in ,  g ly c in e ,  and sodium  and po tass ium  c it r a te .
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S E C T I O N  5

S U M M A R Y
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1 . The c o rre la t io n s  be tw een  to ta l  re n a l w e ig h t and o the r 

param eters w e re  in v e s t ig a te d .  The to ta l re n a l d ry  w e ig h t and 

to ta l re n a l w a te r  c o n te n t show fa ir ly  good c o rre la t io n  w ith  body  

w e ig h t,  l iv e r  w e ig h t and l iv e r  d ry  w e ig h t . The b e s t c o r re la t io n  

is  th a t be tw een  re n a l d ry  w e ig h t and l iv e r  w e ig h t.

2 . The p h y s io lo g ic a l and b io c h e m ic a l s ta te  o f th e  ra t in  the  

e a r ly  s tages fo llo w in g  r ig h t  u n ila te ra l nephrectom y w as in v e s tig a te d

(1) There is  no c o n s is te n t a lte ra t io n  in  the  le v e l o f  sod ium  

ions  in  th e  p lasm a in  the  e a r ly  s tages fo llo w in g  u n ila te ra l 

neph rec tom y w hen com pared to  sham opera ted c o n tro ls .

(2) There  is  no c o n s is te n t a lte ra t io n  in  the  s ta te  o f a c id -  

base  b a la n c e  in  the  e a r ly  s tages  fo llo w in g  u n ila te ra l nephrectom y 

w hen  com pared to  sham ope ra ted  c o n tro ls .

(3) The re  is  a re v e rs a l o f th e  no rm a l p lasm a g lu ta m a te / 

g lu ta m in e  ra t io  14 hours a f te r  u n ila te ra l ne p h re c to m y . T h is  has 

re tu rne d  to  no rm a l b y  24 hours a fte r  o p e ra tio n .

(4) There  is  no c o n s is te n t a lte ra t io n  in  the  b lo o d  am monia 

le v e ls  in  th e  e a r ly  s tages  fo llo w in g  u n ila te ra l nephrec tom y w hen 

com pared to  sham ope ra ted  c o n tro ls .
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(5) There  is  no s ig n if ic a n t  a lte ra t io n  in  the  le v e l o f 

a c t iv i t y  o f th e  enzym e a m id o tra n s fe ra se  in  the  k id n e y  rem a in ing  

2 days a fte r  u n i la te ra l n e p h re c to m y . There is  a p o s s ib i l i t y  th a t 

sham o p e ra tio n  re s u lts  in  a re d u c tio n  in  k id n e y  a m id o tra n s fe ra se  

a c t iv i t y ,  and th a t th is  reduc tion  is  overcom e in  the  k id n e y  rem a in ing  

a f te r  u n i la te ra l n e p h rec to m y.

.(G) The re  is  no a lte ra t io n  in  the  le v e l o f a r te r ia l b lo o d  

p re ssu re  in  the  f i r s t  3 0 m inu tes  fo llo w in g  u n ila te ra l n e p h re c to m y .

3 . The s t im u la t io n  and In h ib it io n  o f re n a l g row th  in  the  in ta c t 

and n ep h rec to m ized  ra t w as in v e s tig a te d  b y  the  o ra l and in tra ve n o u s  

a d m in is tra t io n  o f subs tance s  w h ic h  m igh t be th ough t to  prom ote o r 

re ta rd  g ro w th  o f  the  k id n e y s .

(1) There  w as no a lte ra t io n  in  to ta l re n a l w e ig h t o r in  to ta l 

re n a l RNA co n te n t o r in  th e  c o n c e n tra tio n  o f RNA pe r 100 m g. t is s u e  

as a re s u lt  o f  the  repea ted  in tra ve n o u s  in je c t io n  o f a h y p e rto n ic  

u re a /s a lin e  m ix tu re . F u rthe r^ in tra venous  in je c t io n  o f th is  subs tance  

d id  no t a f fe c t  th e  response  to  u n ila te ra l n e p h rec to m y.

(2) There w as no a lte ra t io n  in  body  w e ig h t,  to ta l re n a l 

w e ig h t  o r l iv e r  w e ig h t as a re s u lt  o f the  a d m in is tra tio n  fo r  6 days 

o f d ie ts  c o n ta in in g  2% sod ium  c h lo r id e  or an e q u im o la r q u a n tity  o f 

po ta ss iu m  c h lo r id e .

(3) There w as a m arked in c re a se  in  re n a l w e ig h t and an 

a lte ra t io n  in  re n a l c o m p o s itio n  as a re s u lt  o f the  a d m in is tra tio n  fo r



196

6 days o f a d ie t  c o n ta in in g  3 0% g e la t in .  There w as a 4 0% in c re a se  

in  to ta l  re n a l w e ig h t ,  a 25% in c re a se  in  to ta l re n a l RNA and a 22% 

in c re a s e  in  to ta l  re n a l p ro te in .  The q u a n tita t iv e  changes in  re n a l 

n u c le ic  a c id s  and p ro te in  a re  re m a rka b ly  s im ila r  to  th o se  w h ic h  

o c c u r 48 hou rs  a f te r  u n i la te ra l nephrectom y b u t the  40% in c re a se  in  

re n a l w e ig h t is  tw ic e  w h a t w o u ld  be expec ted  a t th is  t im e  and in  

a d d it io n  g e la t in  causes  a 2 0% in c re a s e  in  mean c e l l  s iz e  and a s m a ll 

d ecrease  in  RN A/lO O  mg and a s m a ll decrease  in  p r o t e in / l00 m g.

T h is  does n o t o c c u r fo llo w in g  u n ila te ra l nephrectom y and suggests  

th e  a c c u m u la tio n  w ith in  the  c e lls  o f some o the r s u b s ta n c e . I t  w as 

th o u g h t th a t th e  e ffe c t o f  g e la t in  c o u ld  be m ed ia ted  e ith e r  by  

p h y s ic a l o r i t s  c h e m ic a l p ro p e r t ie s ,

(4) There  w a s  a s ig n if ic a n t  in c re a se  in  re n a l w e ig h t and an 

a lte ra t io n  in  re n a l c o m p o s itio n  as a re s u lt  o f the  a d m in is tra t io n  fo r  

6 days o f a d ie t  c o n ta in in g  8% g ly c in e .  There w as a 15% in c re a se  

In to ta l  re n a l w e ig h t  and a 6% in c re a se  in  le f t  k id n e y  RNA b u t no 

in c re a s e  in  to ta l  re n a l p ro te in  o r D N À . In  a d d it io n ,  th e re  w as a 

2 0% in c re a s e  in  mean c e l l  s iz e ,  a s m a ll decrease  in  RNA/lOO mg 

and a s m a ll dec rea se  in  p r o t e in / l00 m g. T h is  is  a s im ila r  p a tte rn , 

though  a m uch s m a lle r  response  than  th a t o b ta in e d  w ith  a 30% 

g e la t in  d ie t ,  and a g a in  sugg es ts  the  a c c u m u la tio n  o f some o th e r 

su b s ta n ce  w ith in  th e  c e l l .  The c o n c lu s io n  draw n w as th a t g ly c in e  

w h ic h  is  th e  m ost abundan t am ino  a c id  in  g e la t in  p roduces its
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e ffe c t  b y  a m echan ism  s im ila r  to  th a t o f g e la t in ,  and th a t the  s tim u lu s  

m igh t be  p h y s ic a l o r  c h e m ic a l in  n a tu re .

(5) There  w as no a lte ra t io n  in  re n a l w e ig h t as a re s u lt  o f the  

a d m in is tra t io n  fo r  6 days o f a d ie t c o n ta in in g  18% L -a rg in in e ,  

H o w e ve r, th e re  w as a s ig n if ic a n t  in c re a se  in  the  k id n e y  w e ig h t/b o d y  

w e ig h t r a t io .

(6) There  w as a s ig n if ic a n t  Inc re ase  in  to ta l re n a l w e ig h t as

a re s u lt  o f th e  a d m in is tra t io n  o f a d ie t  c o n ta in in g  22% L -a rg in in e  HCL. 

There w as a ls o  a m arked f a l l  in  body  w e ig h t and th e re fo re  a v e ry  g rea t 

in c re a s e  in  th e  k id n e y  w e ig h t/b o d y  w e ig h t ra tio ; l iv e r  w e ig h t f e l l  

r e la t iv e ly  more than  b od y  w e ig h t .  The c o n c lu s io n  w as th a t a s ta te  

o f  c h ro n ic  m e ta b o lic  a c id o s is  had been induced  and th a t th is  w as 

re s p o n s ib le  fo r  th e  in c re a se  in  re n a l w e ig h t,  b u t th a t some pa rt o f 

the  f a l l  in  b o d y  w e ig h t w as due to  the  L -a rg in in e  w h ic h  is  p ro b a b ly  

to x ic  in  th e  h ig h  c o n c e n tra tio n  used in  these  d ie ts .

(7) There  w as a m arked a lte ra t io n  in  to ta l re n a l w e ig h t and 

k id n e y  c o m p o s itio n  as a re s u lt  o f the  a d m in is tra tio n  o f 10% 

p o tass ium  c it r a te  in  th e  d ie t .  On the  a d d it io n  o f p o tass ium  c it ra te  

to  an o th e rw is e  no rm a l d ie t  th e re  w as 12% in c re a se  in  to ta l re n a l 

w e ig h t and 15% in c re a s e  in  the  re n a l w e ig h t/b o d y  w e ig h t ra t io ,  i . e .  

p o tass ium  c it r a te  caused  an in c re a se  in  k id n e y  w e ig h t and a 

decrease  in  b o d y  w e ig h t .  W hen 8% g ly c in e  and 10% po ta ss iu m  

c it ra te  w e re  g iv e n  in  c o m b in a tio n , th e re  w as a 27% in c re a s e  in  to ta l
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re n a l w e ig h t and a 30% in c re a s e  in  re n a l w e ig h t/b o d y  w e ig h t r a t io .

On t is s u e  a n a ly s is  the  tw o  supp lem en ts  w e re  found to  in te ra c t to

produce a f a l l  in  to ta l  k id n e y  RNA. T hus , po tass ium  c it ra te  w hen

g iv e n  a lo n e  gave  a 13% re d u c tio n  in  k id n e y  RNA; g ly c in e  w hen fed

a lo n e  gave  a 6% in c re a s e  in  le f t  k id n e y  RNA. In  a d d it io n ,  the

e ffe c t o f p o tass ium  c it r a te  on k id n e y  RNA is  g re a te r in  the  p resence

o f g ly c in e  th a n  in  i t s  a b s e n c e . Such an in te ra c t io n  be tw e en  g ly c in e

and po tass ium  c it ra te  a ls o  p la y s  a pa rt in  p rodu c ing  an in c re a se  in

RNA/DNA ra t io  and a decrease  in  RNA/lOO m g, and a decrease  in

D N A /1 0 0  m g. I t  seem s p o s s ib le  th a t some o th e r fa c to r ,  e .g .

o v e rh y d ra tio n  o f the  c e l l  o r abnorm a l in tra c e llu la r  e le c tro ly te

b a la n c e  com es in to  p la y  w hen g ly c in e  and po tass ium  c it ra te  are

fed  in  c o m b in a tio n . The g re a te r p a r t  o f the  e f fe c t,  h o w e ve r, w as

th o u g h t to  be due to  the  a lk a ltn iz in g  p rope rty  o f p o tass ium  c it ra te

ca u s in g  a degree o f re n a l a tro p h y  b y  a c t in g  on the  enzym e system s

re s p o n s ib le  fo r  the  e x c re tio n  o f a c id .  I t  w as found th a t sod ium

c it r a te ,  in  the  p resence  o f g ly c in e ,  p roduced an in c re a s e  in  re n a l

w e ig h t;  sod ium  a c e ta te  caused  an in c re a se  in  re n a l w e ig h t,  a c t in g

s in g ly  o r in  co m b in a tio n  w ith  g ly c in e .  N e ith e r  o f th e se  s a lts

a ffe c te d  the  b o d y  w e ig h t .  P o tass ium  a c e ta te , w h ile  p ro d u c in g

no in c re a s e  in  to ta l  re n a l w e ig h t,  a ffe c te d  body  w e ig h t so much

th a t the re  w as a la rg e  in c re a s e  in  the  re n a l w e ig h t/b o d y  w e ig h t

+
r a t io .  T h u s , th e  f a l l  in  bod y  w e ig h t is  a p ro p e rty  o f the  K Io n s .
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4 , The p o s s ib le  ro le  o f hum ora l a g e n ts , c ir c u la t in g  in  the  b lo o d  

o f nep h re c to m ize d  a n im a ls , in  s t im u la t in g  re n a l g row th  was 

in v e s tig a te d  us ing  an in  v it r o  sys tem  o f a d u lt  ra t k id n e y  c e l ls  

a g g re g a tin g  on m ic ropore  f i l t e r s .

(1) There w as b io c h e m ic a l e v idence  o f v ia b i l i t y ,  m easured 

b y  is o to p e  u p take  in to  n u c le ic  a c id s  and p ro te in  fo r  a t le a s t 4 days 

a f te r  in i t ia l  c u ltu re  in o c u la t io n .  As a re s u lt  o f  the  s tu d ie s  on 

is o to p e  in c o rp o ra tio n  a t v a r io u s  tim es  a fte r  in i t ia l  c u ltu re  in o c u la t io n  

i t  w as d e c id e d  to  h a rv e s t a l l  fu tu re  c u ltu re s  3 days a f te r  in i t ia l  

in o c u la t io n ,  fo llo w in g  a 6 -h o u r iso to p e  in c o rp o ra tio n ,

(2) There w as fa ir ly  good ev idence  o f a s t im u la t in g  fa c to r ,

o r fa c to rs .  In  th e  p lasm a o f a n im a ls  neph rec tom ized  36 hours p r io r

to  w ith d ra w a l o f p la s m a . W ith  30 x  10^ c e l ls  exposed to  15%

plasm a from  nep h re c to m ize d  an im a ls  fo r  7 hours th e re  w as n o n -

3
s ig n if ic a n t  in c re a s e  in  in c o rp o ra tio n  o f H le u c in e  com pared to

the  in c o rp o ra tio n  in to  the  same num ber o f c e l ls  exposed  fo r  the

same tim e  to  15% p lasm a from  a n im a ls  sham ope ra ted  36 hours

p re v io u s ly .  W ith  10 x  10^ c e lls  exposed to  p lasm a from

3
n e p h rec to m ized  a n im a ls  th e re  w as a 2 - fo ld  in c re a se  in  H le u c in e

In c o rp o ra tio n  w h ic h  w as a g a in  in s ig n if ic a n t .  In  n e ith e r  o f the

14
above  cases w as th e re  any  in c re a s e  in  C th y m id in e  in c o rp o ra tio n  

w h ic h  w as v e ry  low  in  b o th  c o n tro ls  and te s t  c u ltu re s .  W hen 

3 x 1 0 ^  c e l ls  w e re  s u b je c te d  to  s im ila r  p lasm a e x p o s it io n , the re
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3
w as a 14 “ fo ld  In c re a s e  in  H le u c in e  in c o rp o ra tio n  and a 15 - fo ld  

14
in c re a se  in  C th y m id in e  in c o rp o ra tio n  in  the  c u ltu re s  in cuba ted  

w ith  p lasm a from  n e p h re c to m ize d  a n im a ls . T h is  show s ev id e n ce  

o f g re a t ly  in c re a s e d  p ro te in ,  RNA and DNA s y n th e s is .  T h u s , the re  

is  a fa c to r  o r  fa c to rs  in  the  p lasm a o f nep h rec tom ized  a n im a ls  w h ic h  

prom otes re n a l g ro w th  and w h ose  e ffe c t can be q u a n tita te d . The 

m agn itude  o f  the  respon se  o b ta in e d  is  p ro p o rt io n a l to  the  

c o n c e n tra tio n  re la t iv e  to  the  num ber o f c e l ls ;  in  lo w e r re la t iv e  

c o n c e n tra tio n s  i t  p roduces a h y p e rtro p h y , i . e .  In c re ase  in  RNA 

and p ro te in  s y n th e s is ,  w h ile  in  h ig h e r  c o n c e n tra t io n //a  Iso  prom otes 

DNA s y n th e s is ,  i . e .  p rom otes a h y p e rp la s ia . H o w e v e r, i t  m a y b e  

th a t the  num ber o f c e l ls  per u n it  area has b y  i t s e l f  some e ffe c t on 

the  degree o f DNA s y n th e s is  and subsequen t m ito s is .

5 .  Tw o o f  the  m ethods repu ted  to  exaggera te  the  no rm a l 

com pen sa to ry  g ro w th  w h ic h  fo llo w s  u n ila te ra l neph rec tom y w ere  

in v e s tig a te d  :

(1) S im u ltaneo us  tw o - th ird s  p a r t ia l hep a te c to m y produced 

no a lte ra t io n  in  the  respon se  to  u n ila te ra l nephrectom y in  the  ra t 

a t  96 h o u rs . T h is  is  fe l t  to  d is p ro v e  the  th e o ry  o f a n o n - t is s u e -  

s p e c if ic  g ro w th  p rom o ting  m echan ism . There w as no a lte ra t io n  in  

the  ra te  o f re g ro w th  o f th e  l iv e r  fragm ent as a re s u lt  o f u n ila te ra l 

n e p h re c to m y .

(2) U n ila te ra l nephrec tom y p lus  c o n tra la te ra l re n a l 

d e n e rv a tio n  in  the  ra b b it  produced a h igh  o p e ra tiv e  m o rta lity ;
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as w e l l  as h y p e rn a tra e m ia , hypoca Icaem ia  and a c u te  n e p h ro c a lc in o s is  

and a f a l l  in  PCV. In  th e  a n im a l w h ic h  su rv iv e d  the  hype rna traem ia  

p e rs is te d  th ro u g h o u t the  4 days o f the  e xp e rim e n t, w hereas the  

h y p o cà lca e m ia  and f a l l  in  PCV reached a m aximum o f 55% b e lo w  

no rm a l a t 3 days and th e re a fte r  began to  m in im iz e . In  v ie w  o f these  

p a th o lo g ic a l c o n d it io n s ,  the  expe rim e n ts  w ere  d is c o n tin u e d  and no 

c o n c lu s io n s  draw n rega rd ing  the  p re v io u s ly  repo rte d  in c re a se d  

response  o b ta in e d  b y  re n a l d e n e rva tio n  and c o n tra la te ra l 

n e p h re c to m y .
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