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CHAPTER 1 -  INTRODUCTION

l . t  N itro g e n  M etabolism

1.1 .1  S yn thes is  o f  Urea

Urea is  the main n itro ge no us  end p ro d u c t o f  amino a c id  ca tabo lism  

in  seve ra l groups o f  v e r te b ra te s , in c lu d in g  th e  mammals. I t s  s yn the s is  

rep resen ts  th e  convers ion  o f  ammonia, th e  p rim ary  b u t t o x ic  p ro du c t o f  

amino a c id  d e am ina tion , to  a harmless substance exc re ted  by these an im a ls .

Urea is  syn the s ize d  in  the l i v e r  by a s e r ie s  o f  re a c tio n s  known as 

th e  Krebs urea cy c le  (Krebs and H e n s e le it , 1932). Accord ing to  th e  

o r ig in a l  scheme o f  Krebs and H e n s e le it , urea is  formed from  ammonia and 

carbon d io x id e  by a c y c l ic  process in  which o r n it h in e ,  c i t r u t l t n e  and 

a rg in in e  a re  in te rm e d ia te s . The cy c le  is  now known to  in v o lv e  f iv e  

enzymic s teps (Diagram 1 ) .  Ratner (1947) showed th a t  a sp a rta te  is  the  

s p e c i f ic  n itro g e n  donor in  th e  convers ion  o f  c i t r u l l i n e  to  a rg in in e .

Thus o n ly  one h a l f  o f  th e  n itro g e n  o f  urea o r ig in a te s  from  fr e e  ammonia.

The most im p o rta n t donor o f  amino n itro g e n  f o r  the fo rm a tio n  o f  

a sp a rta te  in  mammals is  g lu tam ate  (B e r l e t  a_1_., 1967). Ni .-ogen is  

tra n s fe rre d  from  a l l  amino ac id s to  g lu ta m ic  a c id  by tra n sa m in a tio n  w ith  

a -  k e to g lu ta r ic  a c id . T h is  n itro g e n  is  then converted  to  urea v ia  

g lu ta m ic  -  a s p a r t ic  transam inase and th e  urea c y c le . These n itro g e n -  

t r a n s fe r r in g  re a c tio n s  and th e  ge ne ra tio n  o f  oxa lo a ce ta te  and a -  

k e to g lu ta ra te  by way o f  the  c i t r i c  a c id  c y c le  are  in te rde pe nd en t (see 

Diagram 2 ).

The enzymes o f  a rg in in e  b io s y n th e s is  a re  w id e ly  d is t r ib u te d  in  

na tu re  to  p ro v id e  a rg in in e  f o r  th e  syn th e s is  o f  p ro te in  and o f  phosphogens.



B
B

E
B

B
2.

2 AMP + Pi2 ATP

Carbainyl Phosphate

N -  A ce ty l 

G lutam ate, 

HSZ+

•O rn ith in e

zA s p a rta te :

A rg in in o su cc in a te

Carbamyl Phosphate Synthe case 

O rn ith in e  Transcarbamylase 

A rg in in o s u c c in a te  Synthetase 

A rg in in o s u c c in a te  Lyase 

A rginase

Diagram 1 -  The Urea Cycle and Enzymes o f  Urea B io syn th es is
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N itro ge n

O rn ith in e

[Urea Cyc1<

U rea<- A rg in ii A rg in in o su cc in a te  f -

Diagram 2 -  Syn thes is  o f  G lutam ate and Urea Form ation



In  u r e o te l ic  a n im a ls , in c lu d in g  a l l  mammals and most a d u lt  am phib ians, 

th e  co u p lin g  o f  a rg in in e  b io s y n th e s is  to  * h ig h  a c t iv i t y  o f  a rg in ase  in  

th e  l i v e r  r e s u lts  in  j. fu n c t io n a l urea c j ; le .

1 .1 .2  The Enzymes o f  th e  Urea Cycle

Diagram 1 shows the urea cy c le  and the re a c tio n s  ca ta lyse d  by the 

f iv e  enzymes : carbamyl phosphate s yn th e ta se , o r n ith in e  transcarbam ylase, 

a rg in in o s u c c in a te  syn th e ta se , a rg in in o s u c c in a te  lya se  and a rg im s e .

1 .1 .2 .1  Carbamyl Phosphate Synthetases

G r is o l ia  and Cohen (1952) showed th a t  th e  s y n th e s is  o f  c i t r u l l in e  

from  o r n ith in e  is  c a r r ie d  o u t in  two s teps each be ing  ca ta lyse d  by 

separa te  enzymes, namely C .P.S. and C T.C . CarbuWyl phosphate syn the tase 

i s  lo c a l is e d  in  the m itoch on dria  o f  u r e o te l ic  l i v e r s ,  to g e th e r w ith  O.T.C. 

Thus th e  fo rm a tio n  o f  c i t r u l l i n e  occurs v ia  th e  fo rm a tio n  o f  an in te rm e d ia te , 

earbainy] phosphate, which is  syn the s ize d  from  carbon d io x id e  and ammonia 

w ith  th e  a id  o f  th e  enzyme, C.P.S.

Jones .et _al_. (1955) ch e m ica lly  s yn the s ize d  carbamyl phosphate and 

thus e lu c id a te d  i t s  s t ru c tu re . They a ls o  showed th a t  carbamyl phosphate 

cou ld be used in  th e  f i r s t  s te p  o f  two d i f f e r e n t  b io s y n th e t ic  pathways, 

namely the s y n th e s is  o f  a rg in in e  and urea in  th e  urea c y c le ,  and the  

syn th e s is  o f  p y r im id in e s . Hager and Jones (1567) showed th a t  th e re  are 

two carbamyl phosphate syn th e ta se s , one o n ly  be ing p re sen t in  u re o te l ic  

spe c ie s . In  u r e o te l ic  l i v e r s  th e  enzyme c a ta ly z in g  th e  syn th e s is  o f 

carbamyl phosphate in  urea cy c le  is  known as carbamyl phosphate 

syn the tase  I  (E .C . 2 .7 .2 .5 ) .

R ecently G u th o h rle in  and Knappe (1968) have prepared homogeneous
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r a t  l i v e r  syn the tase w ith  a m o lecu la r w e ig h t o f  250 000 and ^  and 

D20 va lues o f  10,95 and 4 ,0 2 , r e s p e c t iv e ly ,  and a s p e c i f ic  a c t iv i t y  o f  

1 ,67 um oles/m in./m g. The synthe tase from  v e r te b ra te  l i v e r  ca ta lyses  

th e  o v e ra l l  re a c tio n  in  which 2 moles o f  ATP are u t i l i s e d  to  form 

carbamyl phosphate as shown in  re a c tio n  1 .

v M h tih r le in  and Knappe (1968) have e lu c id a te d  th e  mechanism by 

Which ace ty lg lu ta m a te  fu n c tio n s  as an a l lo s te r ic  e f fe c to r .  An 

a c t iv a t io n  re a c tio n  was de te c ted  th a t  is  a ce ty l g lu tam ate-dependent.

is  a c t iv a te d  from  th e  c a t a ly t ic a l ly  In a c t iv e  con fo rm a tio n .

The re a c tio n  re s u lt in g  1n th e  fo rm a tio n  o f  carbamyl phosphate has 

been shown by Metzenberg e t a L  (1958) to  c o n s is t o f  a t  le a s t  two steps. 

The f i r s t  u t i l i s e s  ATP to  a c t iv a te  carbon d io x id e , and th e  second, 

w hich is  r e v e rs ib le ,  u t i l i s e s  ATP to  fo rm  the C-N bond. Jones and 

S pector (1960) have shewn th a t  a c t iv a te d  carbon d io x id e  takes th e  form  

o f  an enzyme -  carboxy phosphate, th e  an hyd rid e , carboxy phosphate, 

be ing an in te rm e d ia te  in  the re a c t io n . The fo llo w in g  sequence has been 

proposed (M e is te r , 1965) :

E + HCOg 4- ATP —> E -  carboxy phosphate + ADP (2a)

E -  carboxy phosphate + NH^t-^E -carbam ate + P i (2b)

E -  carbamate + ATF-> E + carbany l phosphate + ADP (2c)

G u tho h rle in  and Knappe (1969) have proposed two p o s s ib i l i t ie s  

concern ing th e  above sequence :

a c e ty l -  H,12CU2KU3 
g lu tam ate  carbamyl 

phosphate
0 )

ATP and Mg' ions s ta b i l i s e  th e  a c t iv e  con fo rm a tio n  o f  th e  enzyme which
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(a ) th a t  s teps 2a and 2b occu r s im u ltan eo us ly  as a concerted  

r e a c t io n , and

(b ) th a t  'a c t iv e  C02 ' is  form ed f i r s t  in  a ra p id ,  re v e rs ib le  

s te p , and th a t  ADR and Pi are re leased from  the enzyme on ly  

on re a c tio n  w ith  NH^*.

1 .1 .2 .2  O rn ith in e  Transcarbarovlase

O rn ith in e  transcarbam ylase (E.C. 2 .1 .3 .3 )  ca ta lyse s  the fo rm a tio n  

o f  c i t r u l l i n e  from  carbamyl phosphate and o r n it h in e  as shown in  re a c tio n  3.

0 0

(CH2) 3 NH2 C0PO32’  I jH - C  + KP042 + H* (3 )

HC— NH3 carbajjivl (CH2 ) 3

1:00™ phosphate H C — NH3+

L - o rn ith in e  COO"

L - c i t r u l l i n e

In  1957, O .T .C ., about 92% p u re , w ith  a c a c t iv i t y  o f

200 pm oles/m in./m g. a t  pH 7 ,3  and 37°C, was p; am r a t  l i v e r

by R eichard (1957). The m ain component has an u20 ^  va lue  o f  5,5 S.

The e q u i l ib r iu m  a t 37°C g r e a t ly  fa vou rs  c i t r u l l i n e  fo rm a tio n  as is  shown 

by th e  e q u i l ib r iu m  con s ta n t :

Keq = f o r m tm n e j ( carbamyi""pR5sphate) = 1 x lo 5  a t PH 7 -4 

(R e ich a rd , 1957)

O.T.C. from  bov ine  l i v e r  has a s p e c i f ic  a c t iv i t y  o f  880 pm oles/m in./m g. 

p ro te in  a t  pH 8 ,4  (Cohen and M a rs h a ll, 1962). Cohen and M arsha ll (1962) 

is o la te d  O.T.C. from  bov ine  l i v e r  and found i t s  m o le cu la r w e ig h t to  be 

110 000.



From k in e t ic  s tu d ie s  on the p u r i f ie d  enzyme (be ef l i v e r ) ,

Joseph e t  aj_. (1964) f e l t  t h e i r  da ta  supported th e  hyp othes is  th a t  th e  

mechanism o f a c t io n  o f O .T.C . in vo lve s  b in d in g  o f  the  two s u b s tra te s  

(carbaniyl phosphate and o r n ith in e )  s im u ltan eo us ly  a t  d i f f e r e n t  s i te s  

on th e  enzyme. They fu r t h e r  suggested th a t  the  carbamyl phosphate 

b in ds a lm ost e n t i r e ly  th rough the phosphate group.

1 .1 .2 .3  A rq in in o su cc in a te  Synthetase

R atner and Pappas (19 49 ), and Ratner and P e track  (1951, 1953) 

id e n t i f ie d  and separa ted two enzymes which c a ta ly s e  the  con vers ion  o f  

c i t r u l l i n e  to  a rg in in e . T h is  convers ion  thus takes p lace in  two s te p s ; 

f i r s t l y ,  th e  syn th e s is  o f  an in te rm e d ia te , a rg in in o s u c c in a te , from 

c i t r u l l i n e  and a s p a r ta te , ca ta lyse d  by the  condensing enzyme, A .S .S ., 

and, seco nd ly , th e  c leavage o f  a rg in in o s u c c in a te  to  form  fum ara te and 

a rg in in e , ca ta lysed  by A .S .L . (see Diagram 1 ) .  These two enzymes occur 

to g e th e r in  th e  l i v e r  c y to s o l o f  a l l  u r e o te l i :  species and in  le s s e r 

amounts in  th e  k idney and o th e r t is s u e s .

In  the re a c tio n  ca ta lyse d  by A .S .S . ( E.C. 6 .3 .4 .5 ) ,  1 mole o f 

i s  u t i l i s e d  in  th e  r e v e rs ib le  condensation between c i t r u l l i n e  and 

a s p a rta te  (R a tn e r, 1954) as shown in  re a c tio n  4.

NH7 COO' NHo COO"
i z  + i  ,   , i i  i j
C = 0 + H3 N CK + Mg ATP F =  C— NH— CH +AMPSMgPPi'

NH NH CH2

( c h 2)3 c d o -C00"

H3M CH CO O " L -a s p a rt ic  ac id
+ ■

H3N CH COO

l- a r q in i  nosucc ina te (4)



Only th e  syn the tases from  hog k idney (Schuegraf e t  aT_., 1960) and 

bov ine  l i v e r  (Rochovansky and R a tn e r, 1961 and 1967) have been e x te n s iv e ly  

p u r i f ie d .  The c r y s ta l l in e  enzyme has a s p e c i f ic  a c t iv i t y  o f  3,83 nm oles/ 

m in ./m g. a t  38°C and . homogeneous as judged by sed im e n ta tio n  v e lo c ity  

and ge l e le c tro p h o re s is . The enzyme has a m o lecu la r w e ig h t o f  175 000 

and is  composed o f  4 s u b u n its  each 45 000 in  m o lecu la r w e ig h t (S .D .S . - 

gel e le c tro p h o re s is  in  the  presence o f  reduc ing  ag en ts ). A m o lecu la r 

w e ig h t o f  90 000 was o b ta in ed  in  th e  absence o f  a reduc ing  agen t. Thus 

th e  enzyme is  a te tra m e r in  which two p a irs  o f  monomers a re  c ro s s - lin k e d  

by d is u lp h id e  bonds (R a tn e r, 1973).

1 .1 .2 .4  A rq in in o su cc in a te  Lvase (a ls o  known as a rg in in o su cc in a se )

As M entioned above, A .S .S . was o r ig in a l ly  'ound to g e th e r w ith  A .S.A . 

in  th e  so lu b le  f r a c t io n  o f mammalian l i v e r  (R a tner and Pappas, 1949).

The two enzymes were separa ted  and A .S .L . (E.C. 4 .3 .2 .1 )  was shown to  

ca ta ly s e  th e  r - / e r s ib le  c leavage o f  a rg in in o s u c c in a te  to  a rg in in e  and 

fum ara te (R a tn s r and P e tra ck , 1951, 1953) -  see re a c tio n  5.

NH C00H NH
« I ii
C -  NH -  CH C— NH2 COOH

NH 5 = = ^  NH "+  CH
I I 2 I II

(ch2 ) 3 COOH (CH2 ) 3 CH

H2N CH COOH H2N CH COOH COOH

L-a rg in o su cc in a te  L -a rq in in e  fum ara te

(5)

A .S .L . has been p a r t i a l l y  p u r i f ie d  by R atner e t  a l ■(1953) from  

bov ine  l i v e r .  A .S .L . from  bovine l i v e r  has a m o lecu la r w e ig h t o f  202 COO 

a t  pH 7 ,5 . In  T r is  b u f fe r ,  however, d is s o c ia t io n  in to  sub un its  occurs
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and in a c t iv a t io n  re s u lt s .  The in a c t iv a t io n  is  re v e rs ib le  and is  

prevented by L -a rg in in e , l -a rg in in o s u c c in a te  o r  Pi (H a v ir  e t  a l_ ., 1965). 

Bovine l i v e r  A .S . I .  has a s p e c i f ic  a c t iv i t y  o f  15 ,3 pm o les/m in./m g. a t 

pH 7 ,5  (H a v ir  e t  a l_ ., 1965).

A .S .L . has a ls o  been de te c ted  in  th e  k idney (Bray and R a tn e r, 1971) 

and in  b ra in  t is s u e  o f  mammalian s p e c ie s , in c lu d in g  prim ates (R a tner e t  al_. 

1960).

1 .1 .2 .5  A rg inase

Arg inase (E.G. 3 .5 .3 .1 ) ,  a so lu b le  cy to p la sm ic  enzyme, is  most 

abundant in  the  l iv e r s  o f  u r e o te l ic  an im a ls , where i t  has the  h ig h e s t 

in  v i t r o  a c t iv i t y  o f  th e  f iv e  urea cyc le  enzymes. A rg inase ca ta lyses  

th e  i r r e v e r s ib le  h y d ro ly s is  o f  L -a rg in in e  to  o r n it h in e  and ure a , as shown 

in  re a c tio n  6 .

NH9 NH,
| 2 l 2
C =  NH (CH7 ) ,I Mn2+ /NH9 I 2 3
NH + V  ~ — > 0 = ^ + H -  C -  * L
I 2 NHo I 2

(CH2) 3 £ COOH

H - C - N H g  urea L -o rn l th in e

COOH ( 6 )

L -a rg in in e

Mn2+ ion s  are re q u ire d  fo r  arg inase a c t io n  and s ta b i l is a t io n  

(Van S lyke and A rc h ib a ld , 1946). Van S lyke and A rc h ib a ld  (1946) devised 

the  f i r s t  i n i t i a l - r a t e  assay and undertook th e  s p e c i f ic a t io n  o f  a rg inase . 

A rg inase from  r a t  l i v e r  has been p u r i f ie d  by  Schimke (1964b) and by 

H irsch -K o lb  and Greenberg (1968 ). Rat l i v e r  a rg in ase has a m o lecu la r 

w e ig h t o f  118 000 in  the o lig o m e r ic  form  and an S^q y va lue  o f  6 , 1.
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I t s  s p e c i f ic  a c t iv i t y  is  790 ym oles/m in ./m g. p ro te in  (H irsch -K o lb  and 

Greenberg, 1968). Bovine l i v e r  a rg in ase  has a s p e c i f ic  a c t iv i t y  o f  

1040 pm oles/m in./m g. a t  pH 10,2 (Greenberg, 1960).

1 .1 .3  in t r a c e l lu la r  C on cen tra tions o f th e  Urea Cycle Enzymes

In  th e  course o f  in  v iv o  s tu d ie s  enzyme le v e ls  have been 

determ ined in  both human and r a t  l i v e r s .  Table 1 shows th e  a c t iv i t ie s  

o f  th e  urea cyc le  enzymes in  r a t  and human l i v e r .

Table 1 -  A c t iv i t y  o f  Urea Cycle Enzymes in  L iv e r

Rat® Man*

y m o le s /m in ./g . 
w et w t. l i v e r

ym oles/m in ./m g.
p ro te in

ym o le s /m in ./g . 
w e t w t. l i v e r

ym oles/m in ./m g.
p ro te in

C.P.S. 

O.T.C. 

A .S .S . 

A .S .L . 

Arg.

9 ,98  4 0,833 (5) 

380 ± 1 ,2 0  (5) 

1,42 ± 0,700 (5) 

2,50 ± 0,107 (2) 

497 ±180 (5)

0,134 ± 0,016 (5) 

5,52 ± 0,317 (4) 

0,220 ± 0,001 (5) 

0,267 ± 0,083 (2) 

7.00 t  C 533 (5)

6,00  ± 0.283 (2) 

141 ± 9,17 (2 ) 

0,860 ± 0,057 (2 ) 

2,90  ± 0,100 (2) 

129

0,052 ± 0,008 (2) 

1,85 ± 0,017 (2 ) 

0,013 ± 0,000 (2) 

0,044 ± 0,004 (2) 

1,80

(a ) From Brawn and Cohen ( I9 6 0 ) .

Although C .P.S. and O.T.C. occu r to g e th e r in  the m ito c h o n d r ia , the 

le v e l o f  O.T.C. is  many tim es the le v e l o f  C .P.S. C onsequently, th e re  is  

an e f f i c ie n t  u t i l i s a t i o n  o f  carbamyl phosphate. The s i tu a t io n  o f  these 

two enzymes in  one o rg a n e lle , nam ely, the m itoch on drion  pro v id es  f o r  an 

e f f i c ie n t  cou p lin g  o f  the two re a c tio n s . The fa c t  th a t  ATP is  a lso  

produced in  the m itoch on drion  by o x id a t iv e  p h o s p h o ry la tio n , a llo w s  f o r  an 

e f f i c ie n t  convers ion  o f  ammonia to  urea and a consequent low le v e l o f  

ammonia.
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1 .1 .4  The R a te -L im it in g  Step

On the ba s is  o f  enzyme le v e ls ,  A .S .S . has been cons ide red to  be 

the r a te - l im i t in g  enzyme. Freed land and S o d ik o ff (1962) regard  A.S.S . 

as an im p o rta n t 'pacemaker enzyme‘ . Janssens and Cohen (1966) a lso  

m ention th a t  A .S . ,  i :  r a t e - l im it in g  in  the A fr ic a n  lu n g f is h . Ratner (1973) 

m a in ta in s  t h a t ,  s in n  the two syn the tase  le v e ls  (C .P .S . and A .S .S .)  are both 

low , th e  p o s s ib i l i t y  should be con s ide re d , th a t  one o r  more in t r a c e l lu la r  

su b s tra te  le v e ls  (ATP, c i t r u l l i n e ,  a s p a rta te )  may be r a te - l im it in g .

There i s ,  however, evidence th a t  C.P.S. may be r a t e - l im it in g  in  

c e r ta in  spe c ies . I t  is  th e  o n ly  urea cyc le  enzyme which shows any 

change in  a e s t iv a t in g  an im a ls . The a c t iv i t y  is  ra ise d  s ix - f o ld  in  

a e s t iv a t in g  anim als as has bee ' shown by B a lin sky  e t  al_.(1967 a , b ) .  On 

re tu rn  to  w a te r , th e  a c t iv i t y  drops to  the normal le v e l.

A rg inase does no t seem to  be r a t e - l im it in g  to  urea s y n th e s is .

This is  in d ic a te d  by the very  h ig h  observed a c t iv i t y ,  the presence o f 

the enzyme in  n o n -u re o te lic  species and a lso  by i t s  r e la t iv e ly  high 

Km (0,0116M) f o r  a rg in in e  a t  pH 8 ,4  (H unter and Downs, 1945). This is  in  

excess o f  the in t r a c e l lu la r  co n ce n tra tio n  o f t h is  substance (30-50 pM).

Th is  means th a t  th e  enzyme is  always l i k e l y  to  have 're s e rv e  c a p a c ity 1 to  

In c re ase i t s  ra te  in  response to  any accum ulation o f  a rg in in e  (B a lin s k y , 

1970a).

1 .1 .5  C o-ord in a ted  Changes in  the  Enzymes o f  the Urea Cycle

The v a r ia b le s  th a t  can a f fe c t  enzyme le v e ls  in c lu d e , in  in ta c t  

an im a ls , n u t r i t i o n a l ,  horm onal, deve lopm en ta l, th e rm a l, c irc a d ia n  and 

g e n e tic  fa c to rs  (Schim ke, 1973). Some o f  th e  fa c to rs  a f fe c t in g  urea 

cy c le  enzyme le v e ls  are  de scrib ed below.
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I t  has been known ever s in ce  th e  work o f  L igh tbody and Kleinman (1939) 

th a t  increa sed ^ o t e in  con te n t o f  the d ie t  more than doubles th e  r a t  l i v e r  

a rg in ase  a c t iv i t y  pe r gram d ry  w e ig h t. In  a s tudy o f  th e  e f fe c ts  o f  

v a r ia t io n  in  d ie ta r y  p ro te in  upon h e p a tic  a rg in ase  in  r a t ,

Mandelstam and Yudkin (1952) found th a t  the amount o f  enzyme, both in  

r e la t io n  to  u n i t  w et w e ig h t o f  l i v e r  and to ta l  amount o f  p r o te in ,  he p a tic  

n itro g e n  and body w e ig h t increases w ith  an inc rea se in  d ie ta r y  p ro te in . 

Ashida and H arper (1961) fe d  -a ts  on d ie ts  c o n ta in in g  25-70% p ro te in  and 

found th a t  t o ta l  l i v e r  a rg in ase was p ro p o rtio n a l to  th e  q u a n t i ty  o f  urea 

e xc re te d . They a lso  dem onstrated th a t  th e  enzyme change was complete 

about 9 days a f t e r  the maximum change in  p ro te in  con te n t o f  the d ie t .

A g a in , d a i ly  urea e x c re tio n  th ro ug ho u t t h is  p e rio d  was p ro p o rtio n a l to  

th e  r is in g  le v e l o f  a rg in ase .

Schimke (1962a) in  one o f  the  e a r l ie s t  a r t ic le s  on th e  re g u la t io n  

o f  a m e ta bo lic  pathway, dem onstrated th a t  a l l  th e  o th e r  enzymes o f  the  

urea cy c le  as w e ll as a rg in ase  changed as a co -o rd in a te d  group in  

p ro p o rtio n  bo th to  the  urea exc re ted  and to  the  p ro te in  consumed. In  

th e  s tu d y , each group o f  an im als was m a in ta ine d a t  each le v e l o f  p ro te in  

in ta k e  (15% and 60% p ro te in )  f o r  two weeks, s ince  fo u r  to  e ig h t  days were 

re q u ire d  to  reach the  f u l l  inc rea se  in  a c t iv i t y .  A tta in m e n t o f  th e  new 

le v e l was independent o f  g row th . There was evidence th a t  th e  increases 

were due to  increases in  th e  ab so lu te  amount o f  enzymes. R eg u la tion  o f 

th e  urea c y c le  enzymes by d ie t  was a ls o  dem onstrated by Das (1971).

S im ila r  ad ap tive  increases have been found by Nuzum and Snodgrass 

(1571) in  p r im a te s , in c lu d in g  man. Stephen and Waterlow (1968) found 

th a t  A .S .L . le v e ls  are  reduced in  m alnourished c h ild re n  and can be e le va te d  

by re fe e d in g .
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C o-ord in a ted  changes o f  th e  f iv e  enzymes suggested th a t  urea 

fo rm a tio n  may he under in te g ra te d  re g u la t io n  as a pathway. The 

a c t iv i t i e s  o f o th e r  h e p a tic  enzymes showed a v a r ie d  response to  p ro te in  

in c re a s e . Mai a te  and g lu  a te  dehydrogenase a c t iv i t i e s  d id  no t change 

s ig n i f i c a n t ly  in  an im als fe d  on h ig h  p ro te in  d ie ts ;  l a c t ic  dehydrogenase 

decreased, and g lucose -  6 -  phosphate dehydrogenase in c re a se d , a lthough 

o n ly  on th e  h ig h e s t p ro te in  in ta k e  (60%). However, th e  enzymes c lo s e ly  

re la te d  to  th e  op e ra tion s  o f  the  urea c y c le ,  g lu ta m ic -a la n in e  and 

g lu ta m ic -a s p a r t ic  transam inases, were increa sed ap p ro x im a te ly  tw o fo ld  

(Schim ke, 1962a).

Amino a c id  loa d  was found to  be a most Im po rtan t c o n tr ib u t in g  fa c to r  

to  re g u la t io n  o f  enzyme le v e ls .  Schimke (1962b) compared th e  e f fe c ts  o f 

a pe r io d  o f  fa s t in g  w ith  changes found a f t e r  th e  animals had been m ainta ined 

on a p ro te in - f r e e  d ie t  in  which carbohydra te  serves as the  energy source. 

Urea e x c re tio n  was g re a t ly  d im in ishe d  on th e  p r o te in - f r e e  d ie t  and th is  

was lin k e d  to  th e  ap p re c ia b le  decreases in  the  le v e ls  o f  a c t iv i t y  o f  urea 

c y c le  enzymes. In  c o n tra s t urea e x c re tio n  du rin g  fa s t in g  was g re a t ly  

e le va te d  because o f  the  breakdown o f  t is s u e  p ro te in  f o r  energy needs, 

and t h is  was asso c ia te d  w ith  co -o rd in a te d  increases in  enzymic a c t iv i t y .

The increa ses occu rred  d u r in g  a p e rio d  in  which th e  to ta l  l i v e r  p ro te in  

was be ing  de p le ted . Many o th e r enzymes decreased in  a c t iv i t y  du rin g  

s ta rv a t io n ,  whereas g lu ta m ic  dehydrogenase, g lu ta m ic -a s p a r t ic  transam inase, 

and g lu ta m ic -a la n in e  transam inase a c t iv i t i e s  were found to  increase 

(Schim ke, 1962b). The la t t e r  increases again p o in t to  re g u la t io n  o f  the  

whole pathway, as these enzymes a re  c lo s e ly  re la te d  to  th e  urea c y c le . 

A d m in is tra tio n  o f  urea cy c le  In te rm e d ia te s , o r n it h in e ,  c i t r u l l i n e ,  

a rg in in e  and o f  u re a , r e s u lte d  in  no changes in  a c t iv i t y ,  no r were 

s ig n i f i c a n t  changes produced in  the in t r a c e l lu la r  c o n ce n tra tio n s  o f  these
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am?no a c id s  by  fa s t in g ,  by a p r o te in - f r e e  d ie t ,  o r  by a p r o te in - r ic h  .n e t 

(Schim ke, 1963).

An a lte r a t io n  in  th e  t o ta l  amount o f  a rg in ase  can be bro ug h t about 

by a change in  th e  ra te  o f  s yn th e s is  o r  in  th e  r s te  o f  deg ra da tion  o f 

the  enzyme. Schimke (1964b) has analyzed these two processes th rough a 

s tu dy o f  enzyme p ro te in  tu rn o v e r. The ra te  o f in c o rp o ra tio n  o r  re lease 

o f  H > la b e l le d  amino a c id  was used to  de te rm ine th e  ra te  o f  s yn the s is  

o r  d e g ra d a tio n , and th e  ab so lu te  amount o f  enzyme. Rates o f s yn the s is  

and de g ra da tion  were determ ined (a ) du r in g  s ta rv a t io n ,  when urea e x c re tio n  

and amount o f  a rg in ase  a re  g r e a t ly  increa sed and (b) a f t e r  a change from  

a 70% to  an 8% p ro te in  d ie t ,  w hich r e s u lts  in  a decrease o f  urea e x c re tio n  

and a rg in ase  le v e ls .

Schimke found th a t  the  ba lance between syn th e s is  and de grada tion  

cou ld  be s h if t e d .  The inc rea se  in  a rg in ase  le v e ls  du r in g  s ta rv a t io n  was 

found to  be due, p r im a r i ly ,  to  an increased s y n th e s is  o f  th e  enzyme 

(Schim ke, 1964b). A change from  a h ig h  p ro te in  (70%) to  a low p ro te in  

( 8%) d ie t  caused a ra p id  decrease in  t o ta l  a rg in ase  ove r a n ine-day 

p e r i. u  (Schimke, 1964b). Schimke found th e  p a tte rn  o f  change as fo llo w s  : 

d u r in g  the  f i r s t  th re e  days o f  d ie t  s h i f t ,  th e re  was a decreased ra te  o f  

a rg in in e  s y n th e s is , and an a cce le ra te d  ra te  o f  de g ra da tion . Thus, d ie ta ry  

re g u la t io n  o f  enzyme deg ra da tion  and s y n th e s is  has been dem onstrated.

1 .1 .5 .2  The E f fe c t  o f  Temperature on A rginase le v e ls

Rats exposed to  c o ld  f o r  seve ra l days lo s t  w e ig h t and had a decreased 

n itro g e n  re te n t io n  d e s p ite  t h e i r  increased food consum ption. Knox and 

Greengard (1965) a lso  found a r is e  in  l i v e r  a rg in ase in  ra ts  exposed to  

th e  co ld . This e le v a tio n  o f  l i v e r  a rg in a se  in  th e  c o ld  was th ou gh t to  

be due to  increased p ro te in  consumption o f the anim als ra th e r  than to  

adrenal s t im u la t io n .
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1 .1 .5 .3  Changes d u r in g  Amphibian Metamorphosis

During m etam orphosis, th e  am phibian undergoes change from  the 

am m on io te lic  la rv a  to  the t e r r e s t r i a l  u r e o te l ic  a d u lt .  In  metamorphosing 

Rana catesbeiana ta d p o le s , th e  urea cy c le  enzymes showed increased 

a c t iv i t y ,  the  inc rea se  o f  C .P.S. be ing  th e  most marked (Brown e t  a h , 1959). 

Urea e x c re tio n  increa sed in  p ro p o rtio n  to  the r is e  in  enzym atic a c t iv i t y .

Two o th e r  enzymes d i r e c t ly  re la te d  to  th e  urea c y c le ,  g lu ta m ic  denydrogenase 

and g lu ta m ic -a s p a r t ic  transam inase, underwent a te n fo ld  and f iv e f o ld  

in c re a s e , r e s p e c t iv e ly ,  d u rin g  m etamorphosis, b u t l a c t i c  dehydrogenase and 

m ala te  dehydrogenase showed no s ig n i f ic a n t  changes in  a c t iv i t y  (Cohen, 

1964-1965).

1 .1 .5 .4  Changes- d u r in g  Mammalian F oe ta l and Neonatal Development

In  the  r a t ,  i t  was found th a t  th e  a c t iv i t y  o f  urea cyc le  enzymes, 

was m easurable o n ly  a few days be fo re  b i r t h ,  and th e re  was a ra p id  r is e  

one day b e fo re  b i r t h  which con tinu ed in to  the  p o s t-n a ta l p e r io d  fo r  a fe.Y 

days (RSiha and Suihkonen, 1968; Kennan and Cohen, 1959; Charbonneau e t  a l . ,  

1967; I l ln e ro v a ,  1968). W ith v/eaning and the  re s u lt in g  inc rea se  in  

p ro te in  consum ption , a second r is e  in  a c t iv i t y  was found (Greengard e t  a l_ ., 

1970 and I l ln e r o v a ,  1968).

The p a tte rn  o f change in  human development was found to  be s im i la r  

to  th a t  in  the  r a t .  In d iv id u a l enzym atic a c t iv i t i e s  co u ld , however, be 

de te c ted  much e a r l ie r  in  fa e ta l l i f e ,  namely, a t  e ig h t  weeks. A d u lt 

le v e ls  were a lm ost reached w ith in  a few  weeks a f t e r  b i r t h  (Kennan and Cohen, 

1959, 1961).
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1 .1 .5 .5  Response to  Hormones

C o r t ic o s te ro id  a d m in is tra t io n  r e s u lts  in  t is s u e  breakdown and 

acce le ra te s  g luconeogenes is . Schimke (1963) found th a t  d a i ly  a d m in is tra tio n  

o f  la rg e  doses o f c o r t is o l  (25 mg. pe r lOOg. body w e ig h t) caused an inc rea se 

o f  th e  urea cy c le  enzyme le v e ls  in  p ro p o rtio n  to  th e  inc rea se in  urea 

e x c re t io n . Adrenalectom y reduced enzymic a c t iv i t i e s  (Schim ke, 1963;

McLean and Gurney, 1963; F reed lan d , 1964). This re d u c tio n  is  probab ly  

re la te d  to  decreased gluconeogenesis due to  the removal o f  the source o f 

c o r t is o l .

The presence o f  an in ta c t  adrenal g la n d , however, was n o t necessary 

f o r  th e  inc rea se in  enzyme le v e ls  produced by a h igh p ro te in  d ie t ,  as shown 

by Schimke (19 63 ). He found th a t  an a b ru p t change in  d ie ta r y  p ro te in  

from  15% to  60% p r o te in ,  re s u lte d  in  increa sed le v e ls  o f  urea cyc le  

enzymes in  adrena lectom ised r a ts .  T h is  f in d in g  p a ra l le le d  the  increases 

seen in  the  in ta c t  r a t .

On the  o th e r  hand, th e  e x te n t o f  change in  le v e ls  o f  th e  urea cyc le  

enzymes on ad renalectom y, was dependent on th e  d ie ta ry  p ro te in  co n te n t.

T h is  dependence on d ie ta ry  p ro te in  was re f le c te d  in  th e  more e x ten s ive  

drop in  a c t iv i t y  due to  adrenalectom y in  an im als th a t  had been m ain ta ined 

on a 20-30% p ro te in  d ie t ,  th an  in  an im als m ain ta ine d  on th e  15% p ro te in  

d ie t  (Schim ke, 1963).

Glucagon a d m in is tra tio n  increased th e  a c t iv i te s  o f  th e  urea cyc le  

enzymes (McLean and N o v e llo , 1965). A lthough s ta rv a t io n  is  assoc ia ted  

w ith  a p h y s io lo g ic a l inc rea se  in  g lucagon , th e  aforem entioned increases 

were le ss  marked than th e  increases produced by s ta rv a t io n  and found in  

a l lo x a n -d ia b e t ic  an im als. In s u l in  caused an a n ta g o n is t ic  e f fe c t  to
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glucagon on C.P.S. and A .S .S ., b u t th e  a rg in ase  le v e ls  were u n a ffec ted  

by in s u l in .  Glucagon increased the le v e ls  o f  urea cy c le  enzymes in  

perfused r a t  l i v e r s  (Renhos e t al_, 1966, 1968), in d ic a t in g  th a t  the e f fe c t  

o f  th e  hormone is  d i r e c t ly  on the  l i v e r .  No e f fe c t  o f  in s u l in  was seen 

in  v i t r o , ,  sug ge s ting  th a t  i t s  e f fe c t  may be more complex.

The decreased le v e ls  o f  a rg in ase seen on hypophysectomy (F ra en ke l- 

Conrat e t  a l_ ., 1943) seemed to  be a secondary e f fe c t  as i t  was le ss  than 

th e  decrease w ith  adrenalectom y. This may be due to  the opposing a c tio ns  

o f  A d re n o c o r tic o tro p ic  hormone w h ic h , l ik e  c o r t ic o s te r o id s ,  e le va te d  the 

le v e l o f  th e  enzyme (Beaton, 1963), and growth hormone, which depressed 

i t  (Beaton e ta l_ .  ,1 953).

Thyrox ine  is  a hormone which has e f fe c ts  on numerous m e ta b o lic  

fu n c tio n s  and e s p e c ia l ly  those re la te d  to  energy u t i l i s a t i o n .  S tud ies 

have been undertaken on th e  e f fe c ts  o f  th y ro x in e  on urea c y c le  enzymes.

The most sp e c ta c u la r  e f fe c ts  o f  th y ro x in e  on urea cyc le  enzymes 

were seen in  am phibian m etamorphosis. T hyrox ine  tre a tm e n t o f  premetamorphic 

ta dp o les  caused them to  undergo prem ature m etamorphosis. A t th e  same tim e 

inc rea ses in  the  le v e ls  o f  urea cy c le  enzymes were seen (D o lph in  and 

F rie d e n , 1955; Pa ik and Cohen, 1960; Metzenberg e t a l_ ., 1961; Wixorr e t  a l . ,  

1972). The fa c t  th a t  these increa ses occu rred  e a r l ie r  than they do in  

normal metamorphosis (D o lph in  and F rie d e n , 1955; Uixom e t a K , 1972) 

suggested th a t  these increases a re  d i r e c t ly  induced by th y ro x in e .

Pa ik and Cohen (1960) s tu d ie d  th e  e f fe c t  o f  th y ro x in e  a d m in is tra tio n  

to  tadpo les by immersion in  w ate r c o n ta in in g  th e  hormone. They found a lag  

in  the inc rea se o f  C.P.S. le v e ls  d u rin g  the f i r s t  fo u r  to  s ix  days (P a ik  

and Cohen, 1960). Thyrox ine  a d m in is tra tio n  by in je c t io n  shortened the
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la g  phase, b u t d id  n o t a b o lis h  i t  (P a ik  and Cohen, 1960; F rieden and 

Westmark, 1961; Kim and Cohen, 1968a, b ; T a ta , 1965.

The inc rea se  in  le v e l o f  C.P.S. has been shown to  in v o lv e  de novo 

s y n th e s is  o f  th e  enzyme (M a rs h a ll, e t  a l_ ., 1961; Shamb ugh e t  a l_ ., 1969), 

However, th e  e f fe c t  o f  th e  hormone does no t appear to  be a s im p le  one.

Shambaugh e t  a h  (1969, s tu d ie d  the  e f fe c t  o f  th y ro x in e  on C.P.S. 

i n  an organ c u ltu re  o f  f ro g  l i v e r  in  v i t r o . They found increases in  the 

s p e c i f ic  a c t iv i t y  o f  th e  enzyme in  th y ro x in e -tre a te d  p re p a ra tio n s . No 

la g  p e r io d  was observed _in v i t r o . W hile th y ro x in e  tre a tm e n t increa sed 

the  in c o rp o ra t io n  o f  3H -le u c in e  in to  enzyme p r o te in ,  th e  main e f fe c t  o f  

the  hormone appeared to  in v o lv e  a convers ion  o f  p re cu rso r p ro te in .

D uring mammalian developm ent, th y ro x in e  a lso  p la ys a r o le  in  the  

in d u c tio n  o f  th e  urea c y c le . This is  in d ic a te d  by th e  ob se rva tio n  o f  

Greengard e t  aj_. ,(1970 ) th a t  a rg inase a c t iv i t y  in  fo e ta l r a t  l i v e r  was 

increa sed by th y ro x in e  tre a tm e n t.

There is  a lso  evidence o f  th e  e f fe c t  o f  th y ro x in e  on the  urea 

cy c le  in  a d u lt  r a ts ,  though these e f fe c ts  are less  s tra ig h tfo rw a rd . N azario 

and Cohen (1961) found th a t  th y ro ide c tom y had no e f fe c t  on th e  a c t iv i t ie s  

o f  C .P .S ., O.T.C. and a rg in ase in  re g e n e ra tin g  r a t  l i v e r .  G r i l le  and 

Fossa (1966) showed th a t  the ra te  o f  urea s y n th e s is  was s ig n i f i c a n t ly  low er 

in  h yp o th y ro id  than normal ra ts .  They re p o rte d  th a t  th e  le v e ls  o f  the 

a rg in in e  syn the tase system and arg inase remained unchanged, w h ile  C.P.S. 

and O.T.C. a c t iv i t i e s  were increa sed . The le v e l o f  urea in  th e  b lood 

was increa sed bu t less urea was e xc re ted .

Thyrox in e  a d m in is tra tio n  to  normal r a ts  caused an inc rea se in  the 

le v e l o f  a rg in ase in  females (L igh tb od y  e t a l_ ., 1941 ), bu t no t in  m ales.
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C .P.S. a c t iv i t y  was unchanged, and O.T.C. was a c tu a lly  decreased by 

th y ro x in e  tre a tm e n t ( G r i l l e ,  1964).

Wu e t  al_. .(1971) suggested th a t  the  e f fe c t  o f  th y ro x in e  on 

a rg in ase  is  re la te d  to  th a t  o f  the  c o r t ic o s te r o id s .  In  c o n tra s t to  

th e  above f in d in g s ,  th ey  found th a t  th y ro x in e  depresses arg in ase  a c t iv i t y  

in  in ta c t  ra ts .

1 .1 .5 .6  Independent R eg u la tion  o f  A rginase

Schimke (1962b, 1963) has produced evidence in d ic a t in g  th a t  the  

re g u la t io n  o f  mammalian arg in ase  is  o f te n  d i f f e r e n t  from  th a t  o f  the  

o th e r  fo u r  urea c y c le  enzymes. Thus, adrenalectom y produced a la rg e  

decrease (70-80%) in  a rg in ase  a c t iv i t y ,  w h ile  th e  a c t iv i t i e s  o f  the 

o th e r  enzymes o n ly  decreased by ap p ro x im a te ly  30% (Schim ke, 1962b).

In  an othe r exp e rim en t, w ea n ling  ra ts  were de prived o f  a rg in in e . T h is  

re s u lte d  in  decreased urea sy n th e s is . A rg in in e  supp lem enta tion  to  the 

d ie t  th en  produced tw o fo ld  Increases in  th e  fo u r  enzymes o f  a rg in in e  

s y n th e s is  (C .P .S ., O .T .C ., A .5 .5 . and A .S .L .)  whereas a rg in ase  a c t iv i t y  

decreased (Schim ke, 1963).

Schimke (1964a) examined the e f fe c ts  o f  a rg in in e  on a rg in in e  

syn th e s is  in  c e l l  c u ltu re s  o f  He La and L mammalian c e l l  l in e s .  A .S.S . 

and A .S .L . a c t iv i t ie s  in  c e l ls  grown in  a l im i t in g  co n c e n tra t io n  o f 

a rg in in e  (0 ,2  mM) were increased as much as 1 5 - fo ld  ove r th e  a c t iv i t ie s  

in  c e l ls  grown in  a h ig h -a rg in in e  medium (2 ,0  mM). A rg in ase a c t iv i t y  

was, however, increased in  th e  h ig h  medium. This again p o in ts  to  a 

d i f f e r e n t  re g u la t io n  mechanism o f  a rg in ase .

The independent re g u la t io n  o f  arg inase is  p ro ba b ly  connected 

w ith  th e  fa c t  th a t  the o th e r  fo u r  enzymes o f  th e  urea cyc le  serve a lso



t o  syn the s ize  a rg in in e ,  an amino a c id  needed f o r  p ro te in  sy n th e s is . 

A rg in a se , on th e  o th e r hand, o n ly  serves the fu n c t io n  o f  urea syn th e s is .

1 .2  General Aspects o f Hormonal C ontro l

The general e f fe c ts  o f  the  two hormones used in  the  pre sen t s tudy 

w i l l  be d iscussed be low , to g e th e r  w ith  the e f fe c t  o f  removing the 

en do crin e  glands re sp o n s ib le  f o r  s y n th e s is .

1 ,2 .1  The A d re n o c o rtic a l Hormones

The ad rena l glands l i e  in  r e la t io n  to  th e  upper poles o f  th e  k idneys. 

Each c o n s is ts  o f  an in n e r  m ed u lla , which sec re tes  a d re n a lin e  and n o rcd re n a li 

and an o u te r  c o r te x  which sec re tes  the a d re n o c o rtic a l hormones. The 

s e c re tio n  o f  m ost a d re n o c o rtic a l hormones is  c o n tro l le d  by the p i t u i t a r y  

a d re n o c o rt ic o tro p ic  hormone. This in  tu rn  is  dependent upon the 

c o r t ic o t ro p in  re le a s in g  fa c to r  found in  the hypothalamus and tra n s m itte d  

to  th e  adenohypophysis th rough th e  p o r ta l system o f  b lood vesse ls  which 

l i n k  the median eminence w ith  th e  a n te r io r  lobe o f  the p i t u i t a r y  g la nd .

The adrenal s te ro id s  in flu e n c e  a wide v a r ie t y  o f  biochem ica l 

and p ty 's io lo g ic a l phenomena, some o f which are p ro ba b ly  a consequence 

o f  secondary e f fe c ts  o f  a p rim ary  r o le ,  and o the rs  which may be even 

more in d ir e c t  r e s u lts  o f  i n i t i a l  a c t io n s . The a d re n o c o rtic a l hormones 

may be c la s s i f ie o  in to  two groups acco rd ing  to  t h e i r  m e ta b o lic  e f fe c ts  

and o th e r a c t io n s  :

(a ) The 'g lu c o c o r t ic o id 1 o r  c a rb o h y d ra te -re g u la tin g  c o r t ic o s te ro id s  

which b r in g  about a lte r a t io n s  in  ca rb o h yd ra te , p ro te in  and l i p i d  

m etabo lism .

(b ) The s o d iu m -re ta in in g  hormones, 'm in e ra lo c o r t ic o id s ‘ , e .g . a ld o s te ro n e .
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The a d m in is tra tio n  o f  c o r t is o l  (a g lu c o c o r t ic o id )  r e s u lts  in  

increa sed g lucose re lea se  from  th e  l i v e r ,  inc rea sed  g lycogenes is  and 

augmented gluconeogenesis from  amino a c id s , le a d in g  to  g lycogen 

d e p o s it io n  in  th e  l i v e r ,  and a decreased p e r ip h e ra l u t i l i s a t i o n  o f  g lucose . 

The augmented g lucose re lea se  by th e  l i v e r  in  response to  ad rena l s te ro id  

a d m in is tra tio n  is  probab ly  due to  an e le v a t io n  o f g lu cose - 6 -  phosphatase 

a c t iv i t y .  There is  an inc rea se in  th e  a c t iv i t i e s  o f s p e c i f ic  l i v e r  

transam inases, p y ru va te  carboxy lase and glycogen synthe tase a c t iv i t y ,  

r e s u lt in g  in  an e le v a t io n  o f  g lycogen s to re s  (W hite e t  a ly , 1959).

In c o rp o ra tio n  o f  amino ac id s in to  p ro te in  in  no n -h ep a tic  tis s u e s  is  

in h ib i te d ,  bu t p ro te in  syn th e s is  in  l i v e r  is  s tim u la te d . Thus, amino 

ac id s are  a v a ila b le  f o r  gluconeogenesis in  th e  l i v e r  and urea syn the s is  

i s  In cre ase d. C o r t is o l is  known to  induce seve ra l enzymes o f  n itro g e n  

m etabo lism . T ryptophan oxygenase (Knox, 1951; F iege lson e t a l ■ ,1 962), 

ty ro s in e  transam inase (Kenney and F lo ra , 1961) and g lu ta m ic  p y ru v ic  

transam inase (M o rita  and Kawada, 1962) were induced w i th in  seve ra l hours 

o f  c o r t is o l  a d m in is tra t io n . The e f fe c t  o f  c o r t is o l  on urea cyc le  

enzymes has a lre a d y  been d iscussed.

C o r t is o l has been shown to  a c t d i r e c t ly  on the  l i v e r .  G o ld s te in  e t  a l ■ 

(1962) showed in d u c tio n  o f  ty ro s in e  transam inase and tryp to p h a n  oxygenase 

in  v i t r o  us in g  pe rfused l i v e r s .  The in d u c tio n  o f  tryp top ha n  p y ro la se  in  

v i t r o  seems to  be due to  an increased amount o f  enzyme p ro te in  (F e ige lson 

and F e ig e lso n , 3964). Thus, th e  mechanism o f  a c t io n  o f  th e  s te ro id  hormones 

is  on th e  p ro te in  syn th e s is  m ach inery. F e ig e lson  and F e ig e lson (1964) 

showed increased in c o rp o ra tio n  o f  p re cu rso rs  in to  RNA fo u r  hours a f t e r  

hormone a d m in is tra t io n . G lu c o c o r tic o id  a d m in is tra tio n  increa sed the 

a b i l i t y  o f  c e l l - f r e e  e x t ra c ts  to  in c o rp o ra te  la b e l le d  amino ac ids in to
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p ro te in  { le o u  e t  a1_.,  1962). C o r t is o l caused a sharp inc rea se  in  ONA- 

dependent RNA syn th e s is  in  c o r t ic a l  s te ro id  respons ive  c e l ls .

C o r t is o l enhances the  re lea se  o f  fre e  f a t t y  ac id s from  adipose 

t is s u e  du r in g  fa s t in g  o r  a d re n e rg ic  s t im u la t io n .  The a c t io n  o f  c o r t is o l  

on ad ipose t is s u e  v a r ie s  c o n s id e ra b ly  in  d i f f e r e n t  p a r ts  o f  th e  body 

(W in trobe e t  a/L , 1971).

E le c t ro ly te  and w a te r m etabolism  are re g u la te d  by the  adrenal 

s te ro id s ,  p a r t ic u la r ly  in  r e la t io n  to  th e  co n c e n tra t io n  o f  sodium and 

potassium  ion s  in  e x t r a c e l lu la r  f l u id s .  Both a ld os te ron e  and

de o xyco rtico s te ro n e  cause increased re a b so rp tio n  o f  sodium , c h lo rid e  

and b ica rb o n a te  io n s . Sodium re te n t io n  r e s u lts  in  an exchange o f  

in t r a c e l lu la r  potassium  ion s  f o r  e x t r a c e l lu la r  sodium io n s , w ith  the 

e x c re tio n  o f  po tassium  io n s .

O ther e f fe c ts  o f  c o r t ic o s te ro id s  in c lu d e  a depress ion  o f  th e  number o f 

c i r c u la t in g  b lood e o s in o p h ils  and lymphocytes a n j a suppress ion  o f  th e  

in fla m m a to ry  response to  in ju r y  and in fe c t io n .

1 .2 .2  The E ffe c ts  o f  Adrenalectomy

Two main types o f biochem ica l change r e s u lt  on th e  removal o f  the 

a d re n a ls . The most s t r ik in g  e f fe c t  is  the increa sed ra te  o f  loss  o f 

sodium and c h lo r id e  ion s  in  th e  u r in e  (C appell and Anderson, 1971).

There is  a pronounced io n ic  imbalance in  the b lood w ith  d e fic ie n c y  in  

sodium and an excess o f  po tassium . The e x c re t io n  o f  urea is  n o ta b ly  

d im in ished and th e  b lood urea r is e s .  The acute s a l t  d e p le tio n  and secondary 

e x t ra c e l lu la r  de hyd ra tio n  le a d s , u l t im a te ly ,  to  de ath . The tim e o f 

s u rv iv a l may be pro longed by a d m in is tra tio n  o f  sodium c h lo r id e . These 

changes are the r e s u lt  o f  lo s s  o f  th e  m in e ra lo c o r tic o id s  and can be co rre c te d
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by a d m in is tra t io n  o f  c o r t ic a l  e x t ra c t o r  o f  a ld o s te ro n e .

Second ly , the m etabolism  o f carbohydrates is  in te r fe r e d  w ith ;  th e  

b lood sugar le v e l is  low ered and the s e n s i t i v i t y  to  in s u l in  is  much increased . 

T h is  is  la rg e ly  due to  the i n a b i l i t y  to  promote the syn th e s is  o f  g lycogen 

from  g lu cose  owing to  f a i lu r e  o f  g luconeogenesis . I t  i s  a lso  p a r t ly  due 

to  excess ive  u t i l i s a t i o n  o f  g lucose and d im in ishe d  in te s t in a l  a b so rp tio n .

Adrenalectom y u s u a lly  leads to  no change o r  a decrease in  the 

le v e l o f  enzyme a c t iv i t y .  In  g e n e ra l, those enzymes th a t inc rea se a f te r  

a d m in is tra tio n  o f  c o r t ic o s te ro id s  are decreased on adrenalectom y.

In  ro d e n ts , p a r t ic u la r ly  th e  r a t ,  th e re  is  o f te n  accessory 

•a dren a l t is s u e  capable o f  produc ing  la rg e  amounts o f  a d re n o c o rtic a l 

hormones ( Y a tv in ,  1970). T h is  accessory t is s u e  has co n s ide ra b le  

re g e n e .a tio n  c a p a c ity . One must thus be c a re fu l in  th e  in te r p r e ta t io n  

o f  r e s u lts  in  s tu d ie s  o f  th is  spe c ies .

1 .2 .3  The Thyro id  Hormones

The th y ro id  g land is  lo ca te d  in  the a n te r io r  aspect o f  th e  neck 

im m ediate ly  below th e  th y ro id  c a r t i la g e  o f  the la ry n x . I t  c o n s is ts  

o f  two la te r a l  lobes connected by the is thm us. The g land is  composed o f 

f o l l i c l e s ,  each o f  which is  a c y s t - l ik e  s tru c tu re  surrounded by e p i th e l ia l  

c e l ls  which sec re te  the th y ro id  hormones. S e c re tio n  o f  th e  th y ro id  hormones 

is  c o n tro l le d  m a in ly  by th e  th y ro id - s t im u la t in g  hormone o f  the a n te r io r  

p i t u i t a r y .

Thyrox ine  and i t s  v a r io u s ly  re la te d  io d in a te d  forms com prise the 

th y ro id  hormone system. T hyrox ine  and t r i io d o th y ro n in e  a c ce le ra te  

c e l lu la r  re a c tio n s  in  p r a c t ic a l ly  every organ and t is s u e  o f th e  body as 

r e f le c te d  in  an inc rea se  in  basal m e ta b o lic  r a te .  More than 100 enzyme
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systems have been rep o rte d  to  be a lte re d  in  a c t iv i t y  by th y ro x in e  

a d m in is tra t io n . These in c lu d e  increased a c t iv i t i e s  o f  g lucose -  6 - 

phosphatase (Syepesi and F reed land, 1969 ), g lucose -  6 -  phosphate 

dehydrogenase (F re ed la nd , 1965) and NADP -  cytochrom e C reductase 

(Suzuki a l_ ., 1967). I t  i s  deba tab le  w hether mai>y o f  th e  enzym atic 

e f fe c ts  are due to  d i r e c t  a c t io n  o f  the hormone (W hite e t  a l_ ., 1959).

A c r i t i c a l  le v e l o f  th y ro id  a c t iv i t y  is  e s s e n t ia l f o r  growth and 

normal n itro g e n  m etabo lism , bu t excess ive  amounts o f  th y ro x in e  induce 

a ne t p ro te in  c a ta b o lic  s ta te .  The grow th -p rom o ting  a c t io n  o f  th e  growth 

hormone was shown to  be p o te n tia te d  by th y ro x in e  tre a tm e n t (Simpson e t  a l ■, 

1950} as was th e  c a ta b o lic  e f fe c t  o f  the adrena l s te ro id s  (W e lls  and 

K e n d a ll, 1940).

Thyrox ine  s tim u la te s  de novo syn th e s is  o f  p ro te in  in  l i v e r  m itoch on dria  

and n icrosom es. Tata and h is  asso c ia te s  (T a ta , 1968; Tata e t  al_ ., 1963) 

have de scrib ed the e f fe c ts  o f  th y ro id  hormones on RNA and p ro te in  syn the s is  

in  l i v e r  and o th e r t is s u e s . On th y ro x in e  s t im u la t io n ,  th e  p ro te in -  

s y n th e s iz in g  c a p a c ity  became e v id e n t 30 hours a f t e r  a d m in is tra t io n  o f  the 

hormone, suggesting  th a t  a 'p r im in g ' o f  the p ro te in -s y n th e t ic  m achinery 

to o k  p la ce . This 'p r im in g ' s ta r te d  w ith  t !  a s t im u la t io n  o f  n u c le a r DNA- 

dependent RNA polymerase. The ne x t s te p  was seen in  a s ix - f o ld  increase 

in  RNA tu rn o v e r. There was a lso  an increa sed in c o rp o ra tio n  o f la b e lle d  

amino ac ids by the m icrosomes. Thus the th y ro x in e  exp ress ion  to ok  p lace 

v ia  th e  normal fu n c t io n in g  o f  p ro te in  s y n th e t ic  processes. Thyro id  

hormone may a f fe c t  g e n e tic  t r a n s c r ip t io n  a t the RNA polymerase le v e l 

(W idn e ll and T a ta , 1963, 1966).

S o k o lo ff and Kaufman (1961) have dem onstrated th a t  th e  m itoch on dria  

p la y  a key r o le  in  p ro te in  syn th e s is  s t im u la te d  by th y ro x in e . M itoch on dria



and an o x id a tiv e  s u b s tra te  are e s s e n t ia l fo r  th e  th y ro x in e  e f fe c t  on 

amino a c id  in c o rp o ra t io n  in to  p ro te in .

T hyrox ine  was shown to  promote p ro te in  syn th e s is  and inc rea se 

re te n t io n  o f  n itro g e n  in  p h y s io lo g ic a l amounts, as when hyp othyro id ism  

is  be ing  c o r re c te d . When excess ive  th y ro x in e  was a d m in is te re d , however, 

p ro te in  ca tab o lism  was a cce le ra ted  and a n e g a tive  n itro g e n  balance 

re s u lte d , w ith  increa sed urea e x c re tio n . P ro te in  syn th e s is  was in h ib ite d  

and th e re  was an in c re a se  in  the co n c e n tra t io n  o f  f re e  amino ac id s in  

p lasm a, l i v e r  and muscle (W illia m s , 1968).

1 .2 .4  E f fe c t  o f  Thyroidectom y on Enzyme Levels in  v i t r o

A number o f  s tu d ie s  have been d ire c te d  towards th e  changes in  enzyme 

le v e ls  o c c u rr in g  one to  s ix  weeks a f te r  th y ro id e c to m y . J u s t as w ith  

tre a tm e n t w ith  th y ro id  hormones, many secondary e f fe c ts  p o s s ib ly  occu r 

as a r e s u lt  o f  th y ro ide c tom y p r io r  to  enzyme a n a ly s is  ( P i t o t  and Y a tv in , 

1973). In  g e n e ra l, most o f  the e f fe c ts  o f  th y ro ide c tom y are m an ifested 

in  s ig n i f ic a n t  decreases in  both m ito c h o n d r ia l and cy to so l enzymes. 

Exceptions are th e  th re e  enzymes in  c y s te in e  m etabo lism . They were 

shown to  doub le in  th y ro ide c tom ised  ra ts  (Chatagner and J o lle s -B e rg e re t,  

1963; Chatagner and D urieu-Trautm an, 1965), as d id  th re o n in e  

dehydratase under s im i la r  c o n d it io n s  ( K u e t ^ L ,  1969). G enetic 

t r a n s c r ip t io n  in  the  l i v e r  is  th ou gh t to  be a f fe c te d  by th y ro idectom y 

s in ce  RNA polymerase was found to  decrease by some 40% a f t e r  th yro ide ctom y 

(W idne ll and T a ta , 1963, 1966).

1 .3  In  v i t r o  S tud ies

There are many advantages from  an experim en ta l v ie w p o in t a r is in g  

from  the a b i l i t y  to  c u ltu re  and s tu dy  c e l ls  and t is s u e s  in  is o la t io n .



The t is s u e  may be removed from  th e  c o n t r o l l in g  in flu e n c e s  o f o th e r 

t is s u e s  in  th e  body and con seq ue n tly , s p e - . i f ic  e f fe c ts  observed.

Hormonal e f fe c ts  can be narrowed down to  th e  ta rg e t  organ in v o lv e d .

The amino a c id  pool can be v a r ie d  ir .  an a ttem p t to  c o r re U te  the  

c o n c e n tra t io n  o f  a g ive n  s u b s tra te  w ith  the a c t iv i t y  o f  s p e c i f ic  enzymes.

The th re e  main c u ltu re  methods are known as c e l l  c u l tu r e ,  tis s u e  

c u ltu re  and organ c u ltu r e .  In  c e l l  c u l tu r e ,  th e  t is s u e  is  in te n t io n a l ly  

d iso rg a n ise d  a t  the s t a r t  by d is ru p t in g  i t  in to  in d iv id u a l c e l ls .

C e ll growth takes p la ce in  v i t r o . In  both t is s u e  and organ c u ltu r e ,  

ve ry  sm all fragm ents o f  t is s u e  a re  p laced in  a n u t r ie n t  medium. In  organ 

c u l tu r e ,  th e  maintenance o r  growth o f t is s u e s , o r  the  whole o r  p a r ts  o f  

an o rg an , in  such a way as to  a llo w  d i f f e r e n t ia t io n  and p re s e rv a tio n  o f  

s tr u c tu r e  and m etabo lism , is  s tresse d  (P a u l, 1970). On th e  o th e r hand 

in  t is s u e  c u ltu r e ,  co n d it io n s  to  preserve  normal t is s u e  a rc h ite c tu re  

a re  n o t re q u ire d . Thus c e l ls  which are  m o ti le  m ight m ig ra te  from  th e  

t is s u e  fragm ent which becomes d iso rg a n ise d  (P a u l, 1970).

1 .3 .1  L iv e r  C u ltu re

Chem (1954) grew em bryonic r a t  l i v e r  fragm ents in  a f l u i d  serum

medium fo r  6-13 days. The l i v e r  showed d i f f e r e n t ia t io n  bu t a t  a s low er

r a te  than in  v iv o . T row el) (1959) attem pted organ c u ltu re s  o f  a d u lt 

r a t  l i v e r  in  a s y n th e t ic  medium. He found th a t  a l l  c e l ls  had degenerated 

w i th in  fo u r  days, b u t ob ta in ed b e t te r  r e s u lts  w ith  fo e ta l l i v e r .

1 .3 .2  Urea Cycle Enzymes in  T issue C u ltu re

Hi 11 is  and Bang (1962) te s te d  the fu n c t io n a l c a p a c ity  o f  human 

em bryonic organ c u ltu re s  by m easuring the a rg in ase a c t iv i t y .  The c u ltu re s
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were ke p t a l iv e  f o r  th re e  weeks, and the  a rg in ase  a c t iv i t y  was found 

to  decrease f a i r l y  l in e a r ly  w ith  th e  age o f the c u ltu r e .  S ig n i f ic a n t  

a c t iv i t y  was s t m  found a t  two weeks.

Schimke (1963) s tu d ie d  the  e f fe c t  o f  a rg in in e  on A .S .S ., A .S .L . and 

a rg in ase  in  c e l l  c u ltu re s  o f He La and L mammalian c e l l  l in e s ,  and found 

s ig n i f i c a n t  a c t iv i t i e s  o f  a l l  th re e  enzymes. He was n o t ,  however, ab le  

to  dem onstra te a d i r e c t  e f fe c t  o f  c o r t ic o s te ro id s  on a rg in ase  in  v i t r o .

1 .4  The P resent Study

The aim o f  th e  pre sen t work was to  in v e s t ig a te  th e  responses 

o f  th e  f i v e  urea cy c le  enzymes to  v a r ia t io n s  in  d ie ta ry  p ro te in  

and to  hormonal in flu e n c e  in  ra ts  fe d  on d ie ts  o f  d i f f e r e n t  p ro te in  

co n te n t. The hormones s tu d ie d  were c o r t is o l  and th y ro x in e . To te s t  

th e  s p e c i f i c i t y  o f  th e  ta rg e t  s i t e ,  the  s tudy was extended to  an 

in v e s t ig a t io n  o f  in  v i t r o  hormonal e f fe c t s .



•CHAPTER 2 -  EXPERIMENTAL

2.1 M a te ria ls

2 .1 .1 .  ChemicaTs

The B r i t i s h  Drug Houses L t d . , Poole , England su p p lie d  the 

d ip o ta ss ium  hydrogen phosphate, po tass ium -d ihyd rogen phosphate, ammonium 

b ic a rb o n a te , magnesium s u lp h a te , L - o rn ith in e  H O , L -a s p a r t ic  a c id ,  

po tassium  s u lp h a te , copper su lp ha te  (h y d ra te d ) , s u lp h u r ic  a c id ,  ca lc ium  

g lu c o n a te , potassium  c h lo r id e ,  case in  ( l i g h t  w h ite ,  v i ta m in - f r e e ) , 

ca lc iu m  la c ta te ,  iro n  c i t r a t e ,  n ig r is in e  and th y ro x in e . Sodium c h lo r id e  

and iro n  I I I  c h lo r id e  were ob ta in ed from  Hopkin and W ill ia m s , Essex, 

England w h ile  the  sodium -potassium  t a r t r a te  was su p p lie d  by May and 

Baker L t d . , England.

The Sigma Chemical Company, S t. l m" ' '  M is s o u r i, U .S.A. Supp lied  th e  

ATP, N -a ce ty l g lu ta m a te , d i - l i t h iu m  carbamyl phosphate , L - c i t r u l l i n e ,  

u rease , a rg in in o s u c c in a te , L -a rg in in e  HC1, bovine serum album in and 

h yd ro c o rtis o n e . Grand Is la n d  B io lo g ic a l Company, New Y o rk , U.S.A. 

s u p p lie d  th e  medium 199 (+ Hanks' balanced s a l t  s o lu t io n — a rg in in e )  and 

th e  who?e egg u l t r a f i l t r a t e .  M iD ip o re  f i l t e r s  1 ,2 u , 0 ,65^ 0,45p and 

0 ,22 y) were ob ta in ed from  th e  Mi 11ip o re  F i l t e r  C o rp o ra tio n , B edford , 

M assachusetts, U.S.A.

£ . Merck C<mpany, D arm stadt, Germany s u p p lie d  th e  manganese s u lp h a te , 

N-g1ycy1 g ly c in e , sodium h yd ro x id e , t r i s  (hyd ro xym e th y l) aminomethane, 

p hosphoric  a c id ,  d ia c e ty l monoxime, ethane! (a b s o lu te ) , u re a , p e rc h lo r ic  

a c id ,  e th e r , g lu cose , disodium  hydrogen phosphate , ca lc ium  phosphate



and potassium  io d id e . Sodium carbonate was ob ta in ed from  R iedei -  

de Haen, Hannover, Germany. Schuchardt, Munchen, Germany su p p lie d  

th e  l-p h e n y l- l  ,2 -propanedione -2 -ox im e .

Anchor, In d u s tr ie ,  S .A. s u p p lie d  the  fo od  y e a s t. P e n ic i l l in  G 

was o b ta in ed  from  G la x o -A lle n b u ry , Johannesburg, S.A. G o ld fie ld s  

V e te rin a ry  S u p p lie s , Johannesburg, 5 .A. s u p p lie d  the  H ib ita n e ,

Tha lam onal, L e th id ro n e  and Hexachlorophene soap, w h ile  C ontrad was 

ob ta in ed  from  Hickman and K le b e r, Durban, S.A. Le de rle  L a b o ra to rie s ,

Jsando, S.A. s u p p lie d  th e  Gevral V ita m in -M in e ra l N u tr i t io n a l  supplement.

Cane s u g a r, c o rn s ta rc h , la rd  and m ethy la ted  s p i r i t s  were ob ta in ed from  

O.K. B azaars, L t d . ,  S.A. Terram ycin was su p p lie d  by P s iz e r  L a b o ra to rie s  

P ty . ,  L t d . ,  P ie te rm a r itz b u rg , S.A. South A fr ic a n  Commercial House, S.A. 

su p p lie d  th e  H y co lin .

Dr. Sarah R atner (P u b lic  H ea lth  Research I n s t i t u t e ,  New York) k in d ly  

s u p p lie d  some o f  th e  a rg in in o s u c c in a te .

2 .1 .2  Experim enta l Animals

Male Sprague-Dawley ra ts  were ob ta in ed from  Frankenw ald, U n iv e rs ity  

o f  th e  W itw a te rs ran d , Johannesburg, S.A. B efore th e  ra ts  were used fo r  

exp e rim en ts , th ey  were m ain ta ine d  on a normal d ie t  o f  mouse p e l le ts  su p p lie d  

by th e  Delmas M il l in g  Company, L td . ,  S.A.

2 .1 .3  B io lo g ic a l M a te ria l

A l l  l i v e r  t is s u e  was ob ta in ed from  six-w eek o ld ,  m ale, Sprague-Dawley 

ra ts  w eigh ing  ap p ro x im a te ly  100 g. The anim als were k i l le d  by c e rv ic a l 

d is lo c a t io n  and th e  l i v e r s  were p ro m p tly  removed. The enzymic e x tra c ts  

were prepared on th e  removal o f  th e  l i v e r  and th e  enzymes im m ediate ly  assayed.



Bovine serum was prepared from  b lood ob ta ined from  th e  Johannesburg 

M un ic ip a l a b a t t o i r ,  S.A.

2 .2  Methods

2 .2 .1  Feeding o f  Animals

A l l  ra ts  were fe d  a 'n o rm a l' d ie t  c o n s is tin g  o f mouse p e l le t s ,  

p r io r  to  be ing  p u t on d ie ts  o f  d i f f e r e n t  p ro te in  con te n t f o r  experim en ta l 

purposes. The mouse p e l le ts  con ta in ed n o t le ss  than 16% p ro te in  

(es tim a te d  a t  ap p ro x im a te ly  20% p r o te in ) ;  no t le ss  than 2,5% f a t  and 

0,7% phosphorus, and no t more than 6% f ib r e  and 1,8% ca lc ium .

D i f fe r e n t  ( is o c a lo r ic )  d ie ts  c o n s is tin g  o f  10%, 34% and 75% p ro te in  

were prepared us ing  v ita m in - f r e e ,  l i g h t  w h ite  case in as th e  p ro te in  source. 

The methods used were based on those o f P ro fesso r Sonia W alker, M edical 

S choo l, U n iv e rs ity  o f  th e  W itw a te rs ran d , S.A. (pe rsona l c o n ta c t) .  The 

food  was prepared in  d ry  b u lk  and s to re d  in  the c o ld  u n t i l  needed.

B e fo re  th e  food was g iven to  th e  r a ts ,  i t  was mixed to  a crum bly te x tu re  

w ith  w a te r so th a t  i t  cou ld  be e a s i ly  handled by the ra ts .

A l l  fe u d in g  was done ad l ib i tu m  and th e  ra ts  were m ain ta ine d  on 

t h e i r  re s p e c tiv e  d ie ts  f o r  a t  le a s t  seven days p r io r  to  exp e rim e n ta tio n .

2 .2 .1 .1  P re p a ra tio n  o f th e  10% P ro te in  D ie t

2 .2 .1 .1 .1  Contents -  The d ie t  in c lu d e d  th e  fo llo w in g

(percentages by w e ig h t)  :
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sucrose 62%

co rn s ta rch 10%

case in 5%

f a t 10%

fo o d  y e a s t 10%

Steenbock s a lts 3%

A com m ercia lly prepared v ita m in -m in e ra l n u t r i t io n a l  supplement 

was added to  th e  above. One capsule was used p e r 200 g o f  fo od . The 

con te nts  o f  one 'G e v ra l' v ita m in  capsule were :

V ita m in  A a ce ta te  5 000 U.S.P. u n its

V ita m in  D 500 U .S.P. u n its

Thiamine m on on itra te  (B-j) 5 mg.

R ib o f la v in  (Bg) 5 mg.

P y r id o x in e  HC1 (Bg) 0 ,5  mg.

V ita m in  B ^  1 pg.

A sco rb ic  Acid (C) 50 mg.

d-a -Tocophery l Ace ta te  (E) 10 I.U .

N iacinam ide 15 mg.

Calcium  Pantothenate 5 mg.

C alcium  (as CaHP04 ) 145 mg

Phosphorus (as CaHP04 ) 100 mg.

Elemental Iro n  (as Ferrous Fumarate) 10 mg.

Magnesium (as MgC} 1 mg.

Potassium (as KgSO^) 5 mg.

Io d in e  (as K I) 0,1 mg.

Copper (as CuO) 1 mg.

Manganese (as MnOg) 1 mg.
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Z inc  (as ZnO) 0 ,5  rag.

L - ly s in e  HC1 25 mg.

C ho lin e  B i ta r t r a te  50 mg.

I n o s i to l  50 mg.

Lard was used as th e  source o f  f a t  and cane sugar as th e  sucrose 

sou rce . T h is  ca rb oh ydra te  was supplemented w ith  c o rn s ta rch  as a sugar 

c o n te n t exceeding 6Z% (by w e ig h t)  re s u lte d  in  food which th e  ra ts  found 

u n p a la ta b le . The fo od  y e a s t was ob ta in ed com m erc ia lly  and con ta ined 

a p p ro x im a te ly  50% p ro te in .

The Steenbock s a l ts  con ta in ed th e  fo llo w in g  :

sodium c h lo r id e 23,36 p a rts

magnesium su lp ha te 24,60 "

d isodium  hydrogen phosphate 35,80 "

d ip o ta ss ium  hydrogen phosphate 69,60 "

ca lc iu m  phosphate 68,80 "

ca lc iu m  la c ta te 15,40 "

potassium  c i t r a t e 0 ,16 "

iro n  c i t r a te 5 ,98  "

2 .2 .1 .1 .2  Method -  The f a t  was m elted and a l l  d ry  in g re d ie n ts ,  

except the  c a s e in , were added and th o ro u g h ly  m ixed. T h e re a fte r  the  cese in 

was s lo w ly  added w ith  co n s ta n t s t i r r i n g  to  ensure an even co n s titu e n c y .

The fo od  was s to re d  in  th e  c o ld  u n t i l  re q u ire d , when i t  was prepared 

as de scrib ed above (see 'Feed ing o f  A n im a ls ') .

2 .2 .1 .1 .3  P re p a ra tio n  o f  th e  34% P ro te in  D ie t

The procedure as de scrib ed fo r  th e  1056 p ro te in  d ie t  was fo llo w e d



b u t w ith  c e r ta in  m o d if ic a tio n s  :

( i )  2956 case in  (by w e ig h t)  was used in s te a d  o f 5%

( i i )  48% sucrose {by w e ig h t)  was used in s te a d  o f  62% and the co rn starch  

was em itte d .

• 2 .2 .1 .3  P re p a ra tio n  o f  the 75% P ro te in  D ie t

The method used to  prepa re  th e  10% p ro te in  d ie t  was em ployed, w ith  

the  fo llo w in g  a l te r a t io n s  :

( i )  70% case in  (by w e ig h t)  was used in s te a d  o f  5%

( i i )  7% sucrose (by w e ig h t)  was used in s te a d  o f 62% and th e  co rn s ta rch

was o m itte d .

2 .2 .2  Measurement o f  th e  A c t iv i t ie s  o f th e  Urea Cycle Enzymes

2 .2 .2 .1  P re p a ra tio n  o f  Enzymic E x tra c ts

F re sh ly  exc ised l i v e r  was b lo t te d  and weighed. The l i v e r  t is s u e  

was th en  s l ic e d  and suspended in  25 volumes o f c o ld ,  f r e s h ly  prepared

phosphate b u f fe r  (10 roM; pH 7 ,4 )  and homogenised fo r  t h i r t y  seconds

us in g  an U ltra -T u r ra :;  hom ogenizer. T h is  homogenate was d iv id e d  in to  

th re e  p a r ts .

One p a r t  was d i lu te d  w ith  two volumes o f  th e  phosphate b u f fe r .

T h is  was the  A .S .S . e x t ra c t  w ith  a f i n a l  co n c e n tra t io n  o f one in  50 (W ./V .) ,  

w hich was assayed fo r  A .S .S . a c t iv i t y .

A second p a r t ,  to  be assayed fo r  A .S .L . a c t iv i t y ,  was d i lu te d  

w ith  fo u r  volumes o f  manganese su lp ha te  (10 mM) to  g iv e  a f in a l  e x t ra c t 

co n c e n tra t io n  o f  one in  100 (W ./V .) . A p o r tio n  o f  t h is  e x t ra c t was
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fu r t h e r  d i lu te d  w ith  th re e  volumes o f  manganese su lp h a te  (10 mM), to  

y ie ld  th e  a rg in ase  e x t ra c t  w ith  a f i n a l  e x t ra c t  co n c e n tra t io n  o f  one in  

300 ( W . / V . ) .

The rem ain ing  b u f fe r  e x t ra c t con ta ined the m ito ch o n d r ica l enzymes, 

C .P.S. and O .T.C. M ito ch o n d ria  were ru p tu re d  by fre e ze -th a w in g .

F u r th e r  d i lu t io n  w ith  10 volumes o f  the phosphate b u f fe r  y ie ld e d  the

C .P.S. e x t ra c t  w ith  a f i n a l  e x t ra c t co n c e n tra t io n  o f  one in  250 (W ./V .) .

The la t t e r  was d i lu te d  w ith  50 volumes o f b u f fe r  to  g ive  th e  O.T.C. e x t ra c t  

w ith  a f i n a l  e x t ra c t  co n c e n tra t io n  o f one in  5 000 (W ./V .) .

A l l  e x t ra c ts  were kep t c o ld  u n t i l  In c u b a tio n . Enzyme assays were 

im m ediate ly  c a r r ie d  o u t.

The p ro te in  co n c e n tra t io n  o f  a sample o f  homogenate w ith  a f in a l  

d i lu t io n  o f  one in  2,000 (W ./V .) was measured by th e  Lowry method 

(Lowry e t a l . ,  1951 ), as de scrib ed in  'E s tim a tio n  o f  P r o te in s '.

2 .2 .2 .Z Enzyme Assay Methods

Assay methods based on those o f  Brown end Cohen (1959) were used fo r  

C .P .C ., O .T .C ., A .S .L . and a rg in ase  assays. A .S .S . was assayed us ing  a 

method based on the one developed by R atner (1955) and la te r  m o d if ie d  by 

Wixom e t  a l . (1972 ). Each d e te rm in a tio n  was done in  t r i p l i c a t e .

The e x t ra c ts  were incu ba ted in  excess o f  a l l  necessary rea ge nts .

A l l  tubes were shaken to  ensure pro pe r m ix in g . A f te r  te rm in a tio n  o f  the 

enzymic re a c tio n s , th e  f r a c t io n s  were froze n  to  s to re  u n t i l  c o lo r im e t r ic  

d e te rm in a tio n s  were made o f  c i t r u l l i n e  p ro d u c tio n  ( in  th e  case o f  C.P.S. 

and O .T .C .); c i t r u l l i n e  d e p le tio n  ( f o r  A .5 .S . ) ,  o r  urea p ro d u c tio n  ( in  

th e  case o f A .S .L . and a rg in a s e ).

The le v e ls  o f  th e  enzymes were re la te d  to  th e  amount o f  product



( c i t r u l l i n e  o r  u re a) produced o r  d e p le te d . The amount o f  p ro d u c t was 

determ ined c o lo r im e tH c a l ly  as de scrib ed under 'C o lo r im e t r ic  D e te rm in a tio n s '.

A c t iv i t y  was expressed in  in te rn a t io n a l u n i ts ,  one u n i t  be ing th a t  

amount o f  enzyme per gram w et w e ig h t o f  l i v e r  which c a ta ly z e d  the 

p ro d u c tio n  (o r  d e p le tio n )  o f  1 pinole o f  p ro du c t per m inute under assay 

c o n d it io n s .

S p e c if ic  a c t iv i t y  was expressed as the  a c t iv i t y  (as d e fin e d  above) 

pe r mg. o f  p ro te in .

2 .2 .2 .3  Assay Systems

2 .2 .2 .3 .1  C a rt amyl Phosphate Synthetase

The assay system con s is te d  o f 50 ymoles o f  ammonium b ic a rb o n a te ,

5 ymoles o f  L - o rn ith in e ,  5 pmoles o f N -a c e ty l-L -g lu ta m a te , 10 pmoles o f  

magnesium s u lp h a te , 5 nmoles o f ATP, a p p ro x im a te ly  150 u n its  o f  

p a r t i a l l y  p u r i f ie d  be e f l i v e r  o r n ith in e  transcarbam ylase (see p re p a ra tio n  

method, fo llo w in g ) ,  p lu s  e x t ra c t  in  a f in a l  volume o f 1 ,0  m l. I t  was 

necessary to  a d ju s t the pH o f  the f i r s t  fo u r  reagents to  6 ,8  be fo re  

adding th e  r e s t  o f  th e  components o f  th e  assay system. T h is  was done 

by gass ing  equal volumes o f  th e  f i r s t  fo u r  reagents w ith  CO  ̂ fo r  

ap p ro x im a te ly  30 m in utes . ATP and O .T.C. e x t ra c t  were then added in  

the fo llo w in g  p ro p o rtio n s  : two volumes gassed m ix tu re  : one volume ATP; 

one volume O.T.C. e x t ra c t .

A f te r  e q u i l ib r a t io n  o f  the sample tubes and con te n ts  in  the w a te r -  

b a th , th e  re a c tio n  was s ta r te d  by adding th e  C.P.S. e x t ra c t .  A f te r  

in c u b a tio n  a t 37°C f o r  15 m in u te s , the re a c tio n  was te rm ina ted  by the 

a d d it io n  o f  5 ,0  m l. o f  p e rc h lo r ic  a c id  s o lu t io n  (1M ). C on tro l tubes



(ze ro  tim e ) re ce ive d  5 ,0  m l. o f  th e  p e rc h lo r ic  a c id  s o lu t io n  b e fo re  the 

a d d it io n  o f enzyme e x t ra c t .

2 .2 .2 .3 .1 .1  P re p a ra tio n  o f Beef L iv e r  O.T.C. E x tra c t

The 0 T.C . e x t ra c t  used in  the  C .P.S. assay system was ob ta in ed  

from  a s to ck  supp ly  which was prepared as fo llo w s  :

Beef l i v e r  was liomogenised in  th re e  volumes o f  co ld  w a te r. The 

homogenate was s tra in e d  th rough a cheesec lo th  and fro ze n  us in g  a dry  

ic e  and acetone m ix tu re . A f te r  th aw ing , i t  was c e n tr ifu g e d  a t  12 000 

to  remove c e l l  d e b r is . The sup ern a ta n t was heated a t  60°C f o r  20 m inutes 

and then c e n tr ifu g e d  a t  12 000 r .p .m . to  remove denatured p r o te in .  I t  

was s to re d  a t  -18°C and d i lu te d  as re q u ire d  b e fo re  use.

2 .2 .2 .3 .2 .  . O rn ith in e  Transcarbamylase

The assay system con s is ted  o f  10u moles o f L -o rn ith in e  (pH 8 ,0 ) ,

45 pmoles o f  N -g lycy l g ly c in e  b u f fe r  (pH 8 , 3 ) ,  10 ymoles o f  f re s h ly  

p repared d i - l i t h iu m  carbanyl phosphate s o lu t io n ,  and enzyme e x t ra c t  in  a 

f i n a l  volume o f  2 ,0  m l.

The enzyme e x t ra c t  was added to  th e  o th e r components in  th e  sample 

tubes which had been e q u i l ib ra te d  to  37°C. A f t e r  in c u b a tin g  a t  th is  

tem perature fo r  10 m in u tes , the re a c tio n  was te rm in a te d  by the a d d it io n  

o f 2 ,0  m l. o f  p e rc h lo r ic  a c id  s o lu t io n  (1M ). C on tro l tubes (ze ro  tim e) 

re ce ive d  2 ,0  m l. o f  th e  p e rc h lo r ic  a c id  s o lu t io n  b e fo re  the a d d it io n  o f 

enzyme e x t ra c t .

2 .2 .2 .3 .3  A rg in in o su cc in a te  Synthetase

The assay system con s is ted  o f  1 ymole o f  L - c i t r u l l i n e  (pH 7 ,5 ) ,
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5 pmoles o f  L -a s p a rta te  (pH 7 ,5 ) ,  5 pmoTes o f  magnesium s u lp h a te , 5 ymoles 

o f  ATP, 100 pmoles o f  t r i s  (hyd ro xym e th y l) ami nomethane, ap pro x im a te ly  

1 ,0  u n i t  o f  u re ase , p lu s  enzyme e x t ra c t  in  a f i n a l  volume o f  1 ,0  m l.

The re a c tio n  was s ta r te d  by a d d m j enzyme e x t ra c t  to  th e  sample 

tubes and con te n ts  e q u i l ib ra te d  to  37°C. A f te r  20 m inutes in c u b a t io n , the  

re a c tio n  was te rm in a te d  by th e  a d d it io n  o f  4 ,0  m l. o f  p e rc h lo r ic  ac id  

(0 .5 M ). C o n tro l tubes (z e ro  tim e) were s im i la r ly  t r e a te d ,  b u t the  

c i t r u l l i n e  was no t added u n t i l  th e  re a c tio n  had been te rm ina ted .

2 .2 ,2 .3 .4  A rg im 'n osu cc in a te  Lyase

The assay system c o n s is te d  o f  2 pmoles o f  a rg in in o s u c c in a te  

(pH 7 ,0 ) ,  50 pmoles o f  po tassium  phosphate b u f fe r  (pH 7 , 0 ) ,  excess 

a rg in a se , and enzyme e x t ra c t  in  a f i n a l  volume o f  1 ,0  m l. The 

a rg in in o s u c c in a te  was ob ta in ed as th e  barium  s a l t .  Potassium su lp ha te  

was used to  p r e c ip i ta te  the  ba riu m , a f t e r  which the  pH o f  the  sup e rn a ta n t 

was a d jus te d  to  7 ,0  using the  phosphate b u f fe r .

The re a c tio n  was s ta r te d  by adding enzyme e x t ra c t  to  th e  e q u il ib ra te d  

sample tubes c o n ta in in g  the  o th e r assay components. The system was 

incu ba ted  a t  37°C fo r  30 m inutes. The re a c tio n  was te rm in a te d  by the  

a d d it io n  o f  2 ,0  m l. o f  p e rc h lo r ic  a c id  (1M ). C on tro l tubes (ze ro  tim e ) 

re ce ive d  2 ,0  m l.o f  th e  p e rc h lo r ic  a c id  be fo re  the  a d d it io n  o f  enzyme e x t ra c t .

A rg in in e  formed by the  cleavage o f  the a rg in in o s u c c in a te  was converted  

by th e  excess a rg in ase (p re se n t in  th e  homogenate) to  urea.

2 .2 .2 .3 .5  A rg inase

The assay -ystem con s is te d  o f  25 pmoles o f  L - a rg in in e  (pH 9 ,5 )  and



th e  a rg in ase  e x t ra c t  made up to  a f i n a l  volume o f  2 ,5  m l.

A f te r  th e  tubes p lu s  L -a rg in in e  had been e q u il ib r a te d  to  37°C, the 

b -'- 'me e x t ra c t  was added to  s ta r t  th e  re a c t io n . In c u b a tio n  a t  37°C was 

f o r  10 m in utes . The r e a c t io n  was te rm ina ted  w ith  5 ,0  m l. o f  p e rc h lo r ic  

a c id  (0 ,5 M ). C on tro l tubes (ze ro  tim e ) re ce ive d  5 ,0  m l. o f  th e  p e rc h lo r ic  

a c id  b e fo re  th e  a d d it io n  o f  enzyme e x t ra c t.

2 .2 .2 .4  C o lo r im e tr ic  D e te rm inations

The s to re d  fr a c t io n s  were thawed and c e n tr ifu g e d  a t  3 000 r . p . ir .  f o r  

ap p ro x im a te ly  10 m inutes to  remove any p r e c ip ita te d  p r o te in .  The c le a r  

sup e rn a ta n t s o lu tio n s  were analyzed f o r  e i th e r  c i t r u l l i n e  o r  urea acco rd ing  

to  a method based on th a t  o f  A rc h ib a ld  (1944) as m o d if ie d  by R atner (1955 ).

2 .2 .2 .4 .1  C i t r u l l i n e  D e te rm in a tio n

Two m l. o f  sample  was added to  2  m l. o f  a c id  m ix tu re  c o n s is tin g  o f  one 

p a r t  s u lp h u r ic  a c id  : th re e  p a rts  phosphoric  a c id  : s ix  p a r ts  w a te r , and 

c o n ta in in g  iro n  I I I  c h lo r id e  (0 ,5  mM). To th is  was added 1 m l. o f  aqueous 

d ia c e ty l monoxime (0,75% (W ./V .) )  in  the d a rk . The tubes were s toppered 

w ith  rub be r bungs which a llow ed th e  re le a se  o f p re ssu re , shaken and p laced in  

ra p id ly  b o i l in g  w ate i f o r  15 m inutes in  the d a rk . The tubes were then 

pro m p tly  removed and coo led in  crushed ic e  f o r  f i v e  m in u tes .

The tubes were then p ro te c te d  from  th e  l i g h t  by p la c in g  in  a n ig r is in e  

s o lu t io n .  The o p t ic a l d e n s ity  o f  th e  co lo u red  p ro d u c t produced between 

c i t r u l l i n e  and d ia c e ty l monoxime was read a t 490 nm. on an H ita c h i c o lo r im e te r ,  

us in g  a w a te r b la n k .

A standard curve f o r  c i t r u l l i n e  in  the  C .P .S ,,-0 .T .C . and A .S .5 . assays 

was con s tru c te d  us in g  c i t r u l l in e  as a standard  (see F igu re  1 ) .



. F ig u re  1 : S tandard Curve fo r  C i t r u l l in e  Assay

A standard  s o lu t io n  o f  c i t r u l l i n e  ad jus te d  to  

pH 7 ,0  was used to  c o n s tru c t the  standard  curve .
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2 .2 .2 .4 .2  ' Urea D e te rm in a tio n

Two m l. o f  the  A .S .L . assay sample o r  0 ,5  ra). o f  the  a rg in ase 

assay sample was added to  5 m l. o f  a c id  m ix tu re  (p repared as f o r  

c i t r u lM n e  c o lo u r  d e te rm in a tio n s  -  see 'C i t r u U in e  D e te rm in a tio n 1 

above ). To t h is  was added, i n  th e  d a rk , 0 ,5  m l. o f  1 - p h e n y l- l ,2 - 

p ropaned io n e -2 -o x ime s o lu t io n  in  a b so lu te  t lc o h o l (3% (W ./V .) ) ,  The 

tubes were s to p p e re d , shaken and p laced in  r a p id ly  b o i l in g  v ia te r fo r  

one ho u r. The tubes were then pro m p tly  removed and coo led in  crushed 

ic e  f o r  f i v e  m inutes.

The c o lo u r  produced w ith  urea is  l i g h t  s e n s it iv e  and th e  co lo ured 

s o lu t io n s  were thus p ro te c te d  from  l i g h t  by p la c in g  in  n ig r is in e  

s o lu t io n .  The o p t ic a l d e n s ity  o f  th e  co lo u red  p ro du c t form ed between 

urea and 1 -p h e n y l- l,2 -p ro p a n e d io n e -2 -o x im e  was read a t  540 nm. on an 

H ita c h i c o lo r im e te r ,  us in g  w a te r as a b la n k .

Two s ta nd a rd  c u rve s , f o r  urea in  A .S .L . and a rg in ase assays, 

re s p e c t iv e ly ,  were prepared us in g  urea as a s ta nd ard  (see F igu res 2 

and 3 ) .

2 .2 .2 .5  E s t im a t io n  o f  P ro te in s

P ro te in s  were measured by a m o d if ic a t io n  o f the method used by 

Lowry e t a l ■ (1951) as fo llo w s  :

Reagent A : 2% {W ./V .) sodium carbonate  in  0.1N sodium hyd rox ide  

Reagent B : 0,5% (W ./V .) copper su lp h a te  (h yd ra te d ) and 

1,358 (W ./V .) sodium -potassium  t a r t r a te  

Reagent C : 2 m l. o f  rpa ge n t B p lu s  48 m l. o f  rea ge n t A.
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F ig u re  2 Standard Curve f o r  Urea in  A .S .L . Assay

A s ta nd ard  s o lu t io n  o f  urea ad jus te d  to  pH 7 ,0  

was used to  c o n s tru c t th e  standard  curve .
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F ig . 2 -  S tandard Curve f o r  Urea in  A .S .L . Assay



F ig u re  3 : S tandard Curve f o r  Urea in  A rg inase Assay

A standard  s o lu t io n  o f urea ad jus te d  to  pH 9 ,5  

and combined w ith  components o f the arg inase 

assay m ix tu re  was used to  c o n s tru c t the 

s ta nd ard  curve .
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To 1 ,0  m l. o f  the p ro te in  s o lu t io n  was added 5 m l. o f  reagent C. 

The m ix tu re  was shaken. A f t e r  10 m inutes 0 ,5  m l. o f  IN F o l in  C iocateau 

rea ge n t was added, w ith  v igo ro us  shak ing . The c o lo u r was a llow ed to  

develop f o r  30 m inutes and was read a t 750 nm. a g a in s t a reagent b la n k .

A standard  curve was prepared us ing  bo v ine  serum album in as a 

s ta nd ard  (see F ig u re  4 ) .

2 .2 .2 .6 S tandard Curves

Standard curves were prepared fo r  c i t r u l l i n e  d e te rm in a tio n s , 

urea de te rm in a tio n s  (us ing  A .S .L . and a rg in ase assay components; urea 

re p la c in g  enzyme e x t ra c t )  and p ro te in  d e te rm in a tio n s  (u s in g  bov ine  

serum album in as a s ta n d a rd ) . S u ita b le  d i lu t io n s  were made and the 

co lo u rs  developed as de scrib ed  under 'C o lo r im e tr ic  D e te rm in a tio n s ' and 

'E s tim a tio n  o f  P r o te in s '.  The co lo u rs  were read a t th e  a p p ro p ria te  

w avelengths and s u ita b le  standard  curves were con s tru c te d  (see F igures

1 . 2 . 3  and 4 ) .

2 .2 .3  Hormone Treatm ent

2 .2 .3 .1  C o r t is o l

A s o lu t io n  o f  c o r t is o l  was prepared by suspending an in s o lu b le  

h y d ro co rtiso n e  in  w a te r w ith  0 , 1% po lyoxye thy le ne  s o rb ita n  m onolaurate .

C o r t is o l (20 mg. per 100 g. body w e ig h t)  was in je c te d  in to  the 

peritoneum  e i th e r  as a s in g le  In je c t io n  to  t e s t  s h o rt-te rm  e f fe c ts  

( a f t e r  e ig h t  hours and 24 hours) o r  d a i ly .

2 .2 .3 .2  Thyrox ine

A s o lu t io n  o f  th y ro x in e  was prepared by d is s o lv in g  th y ro x in e  in
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F ig u re  4 : S tandard Curve fo r  P ro te in  E s t im a t io n  Using 

Bovine Serum Album in

A s ta nd ard  s o lu t io n  o f  bovine serum album in was used 

to  c o n s tru c t th e  standard  curve .
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F ig . 4 -  S tandard Curve f o r  P ro te in  E s tim a tio n  using 
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w a te r using a minimum amount o f  sodium hyd ro x id e .

One mg. o f  th y ro x in e  pe r 100 g. body w e ig h t was in je c te d  in to  th e  

peritoneum  and s h o r t-te rm  e f fe c ts  ( a f t e r  e ig h t  hours and 24 hours) were 

in v e s t ig a te d . The e f fe c t  o f  2 mg. o f  th y ro x in e  pe r 100 g . body w e ig h t 

was a ls o  s tu d ie d  in  a s im i la r  fa sh io n .

2 .2 .4  . O p era tive  Procedures

Procedures de scrib ed  by O'Amour and Blood (1959) were fo llo w e o . 

Sham o p e ra tio n s  were perform ed on c o n tro l r a ts .

2 .2 .4 .1  Adrena lectom ies

2 .2 .4 .1 .1  Method

In s tru m e n ts , swabs and paper tow e ls  were s t e r i l i s e d  by steam 

p r io r  to  o p e ra tio n s .

The an im a ls , w e ig h ing  ap p ro x im a te ly  100 g . were an ae sth etise d 

w ith  Thalamonal (0 ,1  m l. to  0,15 m l. pe r 100 g. body w e ig h t)  in je c te d  

iritra -m uscu ?a r1 y . E th e r was a t hand in  th e  eve n t o f  the  an a e s th e tic  

w earing o f f  b e fo re  com p le tion  o f  th e  o p e ra tio n .

The o p e ra tio n  s i t e  was wiped w ith  hexachorophene soap; shaved 

and s t e r i l i s e d  w ith  a H ib ita n e  s o lu t io n  made up in  th e  fo llo w in g  

v o lu m e tr ic  p ro p o rtio n s  : 1 H ib ita n e  : 1 | w a te r : m e th y la te d  s p i r i t s .

D uring th e  o p e ra tio n , th e  ins tru m e n ts  were kep t s t e r i l e  In  th e  same 

H ib ita n e  s o lu t io n .

W ith the r a t  in  th e  prone p o s it io n ,  a do rsa l m id - lin e  in c is io n  

was made a p p ro x im a te ly  2 cm. lo n g , ex ten d ing  from  th e  te n th  th o ra c ic  

to  th e  t h i r d  lumbar v e r te b ra e . Both ad ren a ls  cou ld  be removed from



t h is  c e n tra l s k in  in c is io n ,  on e i th e r  s id e  o f the v e r te b ra l column.

A f te r  removal o f  th e  a d re n a ls , th e  wounds were s t i tc h e d .  The 

an im als were in je c te d  in t ra -m u s c u la r ly  w ith  th e  a n a e s th e tic  a n tid o te  

L e th id ro n e  ( 0,1  m l. p e r  100 g . body w e ig h t) .

2 .2 .4 .1 .2  P o s t-o p e ra t iv e  Care o f  Animals

The conscious anim als were p u t in  a c le a n , d ry  cage and ke p t warm 

fo r  seve ra l hours.

I n i t i a l l y ,  th e  m o r ta l i ty  ra te  o f  ad rena lectom ised ra ts  w ith in  

th e  f i r s t  72 hours was h ig h . The r a ts  w ere , a t  f i r s t ,  g iven d r i  ":ing 

w a te r  which con ta in ed 0,3% (W ./V .) po tassium  c h lo r id e  and 0,3% (W ./V .) 

sodium c h lo r id e . T h is  was no t s u f f ic ie n t  to  p re ven t lo s s  o f l i f e .  

Subsequen tly , th e  ts  were g iven d r in k in g  w a te r c o n ta in in g  5% (W ./V .) 

g lucose and 0,9% (W ./V .)  sodium c h lo r id e ,  as w e ll as ample sodium 

c h lo r id e  as a l i c k .  T h is  m ain ta ine d  l i f e  f o r  a t  le a s t  th re e  days.

D uring  t h is  p e r io d  i t  was necessary to  renew d r in k in g  w a te r a t 

le a s t  tw ic e  a day as the  an im als lo s t  a g re a t deal o f  w a te r . Food was

g ive n  as usu a l. The cages were kep t as d ry  as p o s s ib le .

.2 .2 .4 .2  Thyroidectom ies

2 . 2 .4 .2 .1 Method

P rep a ra tion s  f o r  an a s e p t ic  o p e ra tio n ; a n a e s th e tis a tio n  and 

c le a n s in g  o f  th e  o p e ra tio n  s i t e  were c a r r ie d  ou t as f o r  th e  ad rena lectom ies.

The an ae s th e tise d  r a t  was strapped in  the  prone p o s it io n  on a 

'■ "te r ilis e d  wooden board . The th y ro id s  were removed from  a v e n tra l 

m id - lin e  in c is io n  made th rough th e  sk in  o f  th e  neck. Care was taken 

n o t to  touch the re c u rre n t la ryn g e a l nerve.



A f te r  removal o f  th e  th y ro id s ,  the  wound was s t i tc h e d , 

te th id ro n e  (0,1 m l. pe r 100 g. body w e ig h t)  was in je c te d  in tra -m u s c u ia r ly  

as an a n a e s th e tic  a n t id o te .

2 .? .4 .2 .2  P o s t-o p e ra t iv e  Care o f  Animals

The conscious an im als were p u t in to  a c le a n , d ry  cage and kep t 

warm f o r  seve ra l hours.

P o s t-o p e ra t iv e ly ,  th e  anim als were g ive n  a 1% (W ./V .) s o lu t io n  o f  

ca lc iu m  g lu con a te  fo r  d r in k in g  w a te r to  avo id  p a ra th y ro id  te ta n y , as the 

p a ra th y ro id s  were removed to g e th e r w ith  th e  th y ro id s . Terram ycin was 

added to  th e  d r in k in g  w a te r  to  c o u n te ra c t r e s p ira to ry  in fe c t io n .

Basal m e ta b o lic  ra te s  were de term ined two weeks a f t e r  th y ro idectom y 

to  assess th e  success o f  the th y ro ide c tom y.

2 .2 .5  Organ C u ltu re s

2 .2 .5 .1  Method

P r io r  to  c u l tu r in g ,  a l l  apparatus and ins tru m e n ts  were s t e r i l i s e d  

by  steam s t e r i l i s a t i o n .  Both were washed in  C ontrad f o r  a t  le a s t  24 

h o u rs , th o ro u g h ly  r in s e d  in  ta p  w a te r fo llo w e d  by t r i p l e  d i s t i l l e d  w ate r 

and d r ie d  b e fo re  s t e r i l i s a t i o n .

C u ltu r in g  took p la ce  in  a s t e r i l e  room under a s t e r i l e  perspex 

hood, bo th be ing  i r r a d ia te d  by an u l t r a v io le t  lamp when n o t in  use.

The w ork ing  area and hood were washed w ith  t ly c o l in ,  and th e  l a t t e r  w ith  

70% e th y l a lco h o l b e fo re  and a f t e r  use. B e fo re  e n te rin g  th e  c u ltu re  

room, a s t e r i l e  hood, gown, fo o t  covers and mask were donned. S te r i le  

co n d it io n s  were m ain ta ined as f a r  as p o s s ib le .



Im m edia te ly  b e fo re  c u l tu r in g ,  th e  c u ltu re  medium was f r e s h ly  

prepa red. The b a s ic  c u ltu r e  medium con s is ted  o f  Medium 199 (w ith o u t 

a rg in in e )  (Morgan e t  a l , 1950); Hanks' balanced s a l t  s o lu t io n  

(P a u l, 1970); 10% whole egg u l t r a f i l t r a t e  and 202 bo v ine  serum. (Several 

o th e r  c u ltu re  mediums were t r i e d  us ing  d i f f e r e n t  co n ce n tra t io n s  o f  serum 

(0%, 10%, 30%, 45%, 55%); adding in s u l in  and c y c l ic  AMP; re p la c in g  

Medium 199 by E a r le 's  ba lanced s a l t  s o lu t io n  (P a u l, 1970) o r  Hanks’ 

ba lanced s a l t  s o lu t io n .  The medium which gave th e  b e s t reco very  o f 

enzyme a c t iv i t y  was, however, as above : dium 199 ( — a rg in in e )

Hanks' balanced s a l t  s o lu t io n  + 20% bovine serum +- 10% whole egg u l t r a f i l t r a t e ) ,

Medium 199 (+ Hanks’ balanced s a lts  - a r g in in e )  was ob ta ined 

com m erc ia lly  in  powder fo rm . I t  was d isso lve d  in  c o ld  t r i p l e - d i s t i l l e d  

w a te r and the pH was a d ju s te d  to  7 ,2  w ith  th e  a d d it io n  o f  0 ,35  g. o f 

sodium b ica rb on a te  pe r l i t r e .  B e tte r  recovery o f  a c t iv i t y  was ob ta in ed  

when the  medium was f r e s h ly  prepa red. The Medium 199 s o lu t io n  was 

f i l t e r e d  th rough a s e r ie s  o f  s t e r i l e  m il l ip o re  f i l t e r s  (us in g  a M il l ip o re  

s ta in le s s  s te e l p re ssure  f i l t e r  u n i t )  in to  a s t e r i l e  f la s k .  The 

fo llo w in g  f i l t e r  sequence was used : f ib re g la s s  p r e f i l t e r ;  1 ,2p m il l ip o re  

f i l t e r -, 0,65p m il l ip o r e  f i l t e r ;  0,45y m il l ip o r e  f i l t e r ;  0 ,22y m il l ip o re  

f i l t e r .  Each f i l t e r  was separa ted from  th e  ne x t by a doub le la y e r  o f  

dacron gauze.

Once the  Medium 199 s o lu t io n  had been f i l t e r e d ,  th e  a d d it io n  o f  

com m erc ia lly  prepared whole egg u l t r a f i l t r a t e ,  bov ine  serum (prepared 

'■> s e t o u t be low ) and o th e r components to ok  p lace in  th e  t is s u e  c u ltu re  

rc.-jin under a s e p t ic  c o n d it io n s . A 'w ashing medium' co n ta in in g  p e n ic i l l in  G 

(600 mg. per 200 m l. )  p lu s  b a s ic  c u ltu re  medium was prepared as w e ll as 

th e  mediums c o n ta in in g  hormones -  20 mg. o f  c o r t is o l  pe r 100 m l. o f  medium.



and 1 mg. o f  th y ro x in e  pe r 100 m l. o f  medium, re s p e c t iv e ly .  Both 

hormones were added in  th e  form  o f  a s to ck  s o lu t io n  which was f i l t e r e d  

th rough a 0,45^ f i l t e r  in  a Swinnex f i l t e r  u n i t  w ith  th e  a id  o f  a 

s y r in g e . A l l  media were prepared im m edia te ly  p r io r  to  k i l l i n g  th e  r a t .

Once th e  r a t  was k i l le d ,  a w ide area o f  s k in  in  th e  reg io n  o f  the 

abdomen was removed. The la t t e r  was washed w ith  70% e th y l a lco h o l and 

th e  l i v e r  removed. The exc ised l i v e r  was p laced in to  a s t e r i l e  beaker 

and p ro m p tly  tra n s fe r re d  to  th e  s t e r i l e  room where i t  was washed seve ra l 

tim es w ith  'w ashing medium1 to  remove a l l  tra ce s  o f  b lo od . T h is  was 

fo llo w e d  by washing in  the medium in  which the l i v e r  was to  be c u ltu re d .

Using a s c a lp e l,  th in  s l ic e s  o f  l i v e r  were c u t (a p p rox im a te ly  

0 ,6  mm. t h ic k ) .  The c e n tra l w e ll o f  a Conway u n it  was f i l l e d  w ith  

c u ltu r e  medium and 2 -3  s l ic e s  o f l i v e r  (depending on s iz e )  were p laced on 

a p ie ce  o f  s t e r i l e  f i l t e r  paper supported across the c e n tra l w e l l  and in  

co n ta c t w ith  th e  medium. The u n i t  was covered w ith  i t s  l i d .

The c u ltu re s  were incu ba ted a t  20°C in  a gassed in c u b a to r  

(95% Og/5% C02 ) f o r  24 hours. B e fo re  assaying th e  l i v e r  s l ic e s  fo r  

enzyme a c t iv i t y ,  they were washed in  0,9% s a lin e  and b lo t te d  d ry .

Each c u ltu re  was done in  d u p lic a te .

2 .2 .5 .2  P re p a ra tio n  o f  Bovine Serum f o r  C u ltu re  Medium

A p prox im ate ly  10 l i t r e s  o f  bov ine  b lood was c o l le c te d  from  the  

a b a t to i r .  I t  was kep t a t  roan tem pera ture  fo r  ap p ro x im a te ly  one hour 

and then a t 4°C f o r  a t  le a s t  24 ho urs . The serum was d ra in e d  o f f  and 

c e n tr ifu g e d  a t 10 000 r .p .m . fo r  10 m inutes in  the  co ld . The
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sup ern a ta n t was f i l t e r e d  th rough m il l ip o r e  f i l t e r s  us in g  the sequence 

de scrib ed  above (see 'O rgan C u ltu re s 1) .  The s t e r i l e  f i l t r a t e  was 

b o t t le d  in  20 m l. q u a n t i t ie s  in  s t e r i l e  McCartney b o t t le s ,  and froze n  

to  s to re .

B e fo re  use , th e  serum re ce ive d  he a t tre a tm e n t, by be ing  ke p t a t  

55°C f o r  30 m inutes.



CHAPTER 3 -  RESULTS 

"3.1 The E f fe c t  o f  D ie t on th e  Urea C ycle Enzyme Levels

3 , 1,1 The E f fe c t  o f  D ie ta ry  P ro te in  Contens on th e  Urea Cycle
:.nzyme le v e ls _____________________________________________

Schimke (1962a) has shown th a t  th e  enzymes o f  th e  urea cy c le  in  

r a t  l i v e r  show a p o s i t iv e  c o r r e la t io n  to  th e  p r o te in  c o n te n t o f  the 

d ie t .  I t  was i n i t i a l l y  decided to  e s ta b lis h  enzyme le v e ls  in  ra ts  

fe d  on d ie ts  o f  d i f f e r e n t  p ro te in  c o n te n t. W hile  Schimke's ra ts  were 

fe d  on 15%, 30% and 6056 p ro te in  d ie t s ,  the  ra ts  in  th e  p re sen t s tudy 

were m ainta ined on d ie ts  as fo llo w s .

Batches o f  s ix -w eek o ld ,  m a le , Sprague-Dawley ra ts  were m ainta ined 

f o r  seven days on th re e  d i f f e r e n t  d ie ts ,  nam ely, a c o n tro l o r  normal 

d ie t  o f  mouse p e l le ts  c o n ta in in g  ap p ro x im a te ly  20% p r o te in ;  a d ie t  

c o n ta in in g  10% p ro te in  and one c o n ta in in g  75% p r o te in .  The 10% and 

752 p ro te in  d ie ts  were prepared as de scrib ed  under 'M e th o d s '.

The d i f f e r e n t  d ie ts  had no d e tr im e n ta l e f fe c ts  on th e  r a ts .  A t 

th e  end o f  th e  seven-day p e r io d , th e  anim als were k i l le d  and t h e i r  l iv e r s  

were assayed fo r  enzymes as de scrib ed under 'M e tho ds '.

R esu lts a re  shown in  Tables 2 and 3 and F igu re s  5 and S. A c t iv i t ie s  

are p lo t te d  as a percentage o f  the va lu e  on a normal d ie t .  A ctua l 

a c t iv i t i e s  o f  enzymes in  ra ts  on the normal d ie t  are a lso  quoted . Each 

r e s u lt  rep resen ts  a mean o f  th e  number o f  an im als shown above each 

column in  the f ig u r e  o r  in  b ra cke ts  in  th e  ta b le .  S ig n if ic a n c e  o f 

d if fe re n c e  from  le v e ls  on a normal d ie t  was de te rm ined by th e  S tu d e n t's  t - t e s t
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F ig u re  5 : Urea c y c le  enzyme a c t iv i t i e s  pe r u n i t  w et w e ig h t 

in  th e  l i v e r s  o f  r a ts  fe d  on d ie ts  o f  d i f f e r e n t  

p ro te in  c o n te n t.
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F igu re  6 : S p e c if ic  a c t iv i t i e s  o f  th e  urea c y c le  enzymes in  

th e  l i v e r s  o f  ra ts  fe d  on d ie ts  o f  d i f f e r e n t  

p ro te in  c o n te n t.
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and was accepted as s ig n i f ic a n t  a t  th e  2P < 0,050 le v e l .

I f  th e  a c t iv i t i e s  pe r u n i t  w et w e ig h t a re  con s ide re d , a l l  enzymes 

showed a decrease in  a c t iv i t y  (compared w ith  normal le v e ls )  in  th e  l iv e r s  

o f  r a ts  fe d  on th e  10% p ro te in  d ie t ,  w h ile  th e  75% p ro te in  caused a 

s ig n i f ic a n t  in c re a se  o f a l l  enzyme le v e ls  except a rg in ase  (Table 2 and 

F ig u re  5) .

S p e c if ic  a c t iv i t y  showed th e  same tre n d , decreases o c c u rr in g  in  a l l  

enzymes on the 10% p ro te in  d ie t .  A rg inase was the  o n ly  enzume no t showing 

a s ig n i f ic a n t  inc rea se  on th e  75% p ro te in  d ie t  a f te r  seven days o f  fe ed in g  

(T ab le  3 and F ig u re  6 ) .

T h is  c o r r e la t io n  between p ro te in  con te n t o f  the  d ie t  and enzyme 

le v e ls  (bo th  a c t iv i t y  pe r u n i t  w et w e ig h t and s p e c i f ic  a c t iv i t y )  is  in  

p a r t ia l  agreement w ith  Sch im ke 's work (Schim ke, 7962a). Schirake showed 

a d e f in i t e  inc rea se  in  a c t iv i t y  o f  a l l  urea c y c le  enzymes on th e  h igh 

p ro te in  d ie t ,  w hereas, in  th e  p re sen t s tu d y , a l l  enzymes except a rg inase 

showed th is  p o s i t iv e  c o r r e la t io n .

3 J . 2  - Time Course o f  A d a p ta tio n  o f  th e  Urea C ycle Enzymes to
D ie ta ry  P ro to in ____________________ ______________________

Batches o f  ra ts  were m ain ta ine d  on the  two extreme d ie ts ,  namely,

10% and 75% p r o te in ,  f c  two d i f f e r e n t  tim e  periods : seven days and 21 

days. The d ie ts  were prepared as de scrib ed under ‘ M ethods '. The c o n tro ls  

were ra ts  fe d  on the normal d ie t  o f  mouse p e l le ts  ( 20% p r o te in ) .

The r e s u lts  o f  the seven-day fe e d in g  p e rio d  appear in  Tables 2 and 

3 and F igures 5 and 6 , w h i le  Tables 4 and 5 and F igu res 7 and 8 show th e  

c o n tra s t between the seven-day fe e d in g  e f fe c t  and th e  21-day fe e d in g  e f fe c t .
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64 .

F ig u re  7 : The tim e course o f  a d a p ta tio n  o f  a c t iv i t y  o f  th e  urea cy c le  

enzymes pe r u n i t  w et w e ig h t in  the l i v e r s  o f  ra ts  fed on 

no rm a l, 10% and 75% p ro te in  d ie ts  f o r  seven days and 21 days.

L -  70% p ro te in  d ie t  

N -  normal d ie t  (20% p ro te in )  

H -  75% p ro te in .



4 ^ \ \ \ \ \ \ \ \ W W S S S

C3 O

J D IU J O N  %

Ti
m

e 
C

ou
rs

e 
A

da
pt

at
io

n 
of 

A
ct

iv
ity

 
of 

Ur
ea

 
C

yc
le

 
En

zy
m

es
 

pe
r 

U
ni

t 
W

et 
W

ei
gh

t 
to 

D
ie

ta
ry

 
P

ro
te

ii



ta«n t e p - l

H aiuapyuoo

ttuuou 
iikuj a3usua;#tp 
*o asuesuiuSis 

jo inau asuaptjuoo

o eSeiuaâ ad 
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F ig u re  8 : The tim e course o f  a d a p ta tio n  o f  s p e c i f ic  a c t iv i t y  o f  the 

urea c y c le  enzymes to  d ie ta r y  p ro te in  in  th e  l i v e r s  o f  ra ts  

fe d  on no rm a l, 10% and 75% p ro te in  d ie ts  f o r  seven days and 

21 days.

L -  10% p ro te in  d ie t  

N -  normal d ie t  (20% p ro te in )

H -  75% p ro te in  d ie t
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R esu lts  a re  expressed as a percentage o f  th e  va lue  on a nom a I d ie t .

Schimke (1962a) showed s ta b i l is e d  le v e ls  a f te r  e ig h t days, bu t 

acco rd ing  to  p re sen t r e s u lts  no o v e ra ll s ta b i l is e d  le v e l was reached a f te r  

seven days o f  fe e d in g . Tab le 4 and F ig u re  7 show th a t  on th e  10% p ro te in  

d ie t  th e  a c t iv i t y  p e r u n i t  wet w e ig h t o f  C .P .S ., O .T .C ., A .S .S .,  a rg in ase  

and p o s s ib ly  A .S .L . was s ig n i f i c a n t ly  low e r a f t e r  21 days th an  a f t e r  seven 

days. S im ila r  beha v iou r o f  s p e c i f ic  a c t iv i t y  was observed (T ab le  5 and 

F igu re  8 ) .

On th e  75% p ro te in  d ie t ,  the  21-day fe e d in g  pe r io d  re s u lte d  in  the  

a c t iv i t y  pe r u n i t  w et w e ig h t o f  C .P .S ., A .S .S ., A .S .L . and a rg in ase 

showing a s ig n i f ic a n t  in c re a se  above le v e ls  a f te r  the seven-day fe ed in g  

p e r io d  (Table 4 and F igu re  7 ) .  O.T.C. showed anomalous beha v iou r in  

th a t  th e  a c t iv i t y  pe r u n i t  w et w e ig h t o f  l i v e r  was s ig n i f ic a n t ly  decreased 

a f t e r  th e  21-day  fe e d in g  p e r io d  bo th  w ith  re sp e c t to  normal and seven-day

I f  s p e c i f ic  a c t iv i t y  is  con s ide re d , increa ses in  a l l  enzymes occu rre d , 

except O.T.C. which showed a decrease on the 75% p ro te in  d ie t  a f t e r  21 days, 

compared w ith  seven days (T ab le  5 and F igu re  8 ) .

Because o f  the f lu c tu a t io n  o f  enzyme le v e ls ,  i t  was necessary to  have 

c o n tro ls  which were fe d  on th e  same d ie t  as the experim en ta l ra ts  fo r  

e x a c t ly  th e  same tim e p e r io d . A l l  r e s u lts  are thus expressed as a 

percentage o f  these c o n tro l le v e ls .  A l l  ra ts  were fe d  on t h e i r  s p e c i f ic  

d ie ts  f o r  seven days p r io r  to  hormone tre a tm e n t and o th e r e x p e rim e n ta tio n .
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•3 .2  The In flu e n c e  in  v ivo  o f  th e  Hom ones, C o r t is o l and R iy ro x in e , 
on th e  Urea Cycle Enzyme Levels____________.___________________ _

3 .2 .1  The E f fe c t  o f  C o r t is o l A d m in is tra tio n  on Enzyme le v e ls

3 .2 .1 .1  Response o f  O.T.C. to  D i f fe r e n t  Doses o f  C o r t is o l

F ive  d i f f e r e n t  doses o f  c o r t i s o l , 1 , 5 , 10 , 20 and 40 mg. per 

100 g . body w e ig h t were ad m in is te re d  to  batches o f  r a ts  which had been 

fe d  on th e  normal mouse p e l le t  d ie t  (20% p ro te in )  s in c e  weaning. Each 

dose was in je c te d  in t r a p e r i to n e a l ly .

C on tro l ra ts  re ce ive d  no c o r t is o l  tre a tm e n t.

S ix  hours a f t e r  c o r t is o l  a d m in is tra t io n , a l l  ra ts  were k i l le d  and 

t h e i r  l i v e r s  were assayed f o r  O.T.C. a c t iv i t y .

Tab le 6 shows the e f fe c t  on a c t iv i t y  pe r u n i t  w et w e ig h t o f  l i v e r  

and s p e c i f ic  a c t iv i t y .  Each r e s u lt  rep re sen ts  a mean o f  th e  number o f 

an im als in d ic a te d  in  the  ta b le .

A s ig n i f ic a n t  e f fe c t  on th e  a c t iv i t y  pe r u n i t  w et w e ig h t o f  O.T.C. 

a f t e r  s i .  hou. - ',.as produced by 20 mg. o f  c o r t is o l  pe r 100 g . body w e ig h t 

and 40 mg. o f  c o r t is o l  pe r 100 g . body w e ig h t. In  bo th cases th e re  was 

a s ig n i f ic a n t  decrease in  a c t iv i t y  compared w ith  c o n tro ls .  No s ig n i f ic a n t  

e f f e c t  on O.T.C. le v e ls  was observed w ith  any o f  th e  o th e r doses.

I t  was subsequently decided to  a d m in is te r  20 mg./lOO g . body w e ig h t 

in  a l l  c o r t is o l  experim en ts .

3 .2 .1 .2  Response o f  O.T.C. to  C o r t is o l A d m in is tra tio n  a f te r
D i f fe r e n t  Time In te rv a ls _________________________ __

Batches o f r a ts  p re v io u s ly  fe d  on th e  normal r a t  p e l le t  d ie t  were 

in je c te d  in t r a p e r i to n e a l ly  w ith  c o r t is o l  (20 mg. p e r 100 g . body w e ig h t) .
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The ra ts  were k i l le d  and th e i r  l i v e r s  assayed f o r  O.T.C. a c t iv i t y  a f te r  

th e  fo llo w in g  tim e pe rio d s  : s ix  h o u rs , e ig h t ho u rs , 12 ho u rs , 16 hours ,

20 hours and 24 ho urs .

C on tro l ra ts  (0 hours) re ce ive d  no c o r t is o l  tre a tm e n t.

Tab le 7 shows th e  e f fe c t  on a c t iv i t y  p e r u n i t  w et w e ig h t o f  

l i v e r  and s p e c i f ic  a c t iv i t y  o f  O.T.C. a f t e r  th e  d i f f e r e n t  tim e in te r v a ls .  

Each r e s u lt  rep re sen ts  a mean o f  the number o f  animals in d ic a te d  in  the

S ig n i f ic a n t  e f fe c ts  on O.T.C. a c t iv i t y  pe r u n i t  w et w e ig h t were 

observed a f t e r  e ig h t hours (an inc rea se  in  a c t iv i t y )  and 16 hours (a 

decrease in  a c t iv i t y ) .  No s ig n i f ic a n t  e f fe c t  on the  s p e c i f ic  a c t iv i t y  

o f  O.T.C. was observed.

3 .2 .1 .3  General C o r t is o l E f fe c t  in  Rats fe d  on D ie ts  o f
D i f fe r e n t  P ro te in  C o n t e n t ____________

Schimke has shown th a t  th e  a d m in is tra tio n  o f  la rg e  doses o f  c o r t is o n e  

a c e ta te  (25 mg. pe r 100 g . body w e ig h t)  to  r a ts  re s u lte d  in  increa sed le v e ls  

o f  a c t iv i t y  o f  a l l  urea cy c le  enzymes which were p ro p o rtio n a l to  the  

increased urea excre ted  (Schim ke, 1963). The ra ts  were fe d  on a 15% 

p ro te in  d ie t  f o r  a t o ta l  o f  13 days; in je c t io n s  were g iven d a i ly .

In  th e  p re sen t s tu d y , th re e  typ es o f  experim ents were c a r r ie d  ou t :

( i )  An in v e s t ig a t io n  r f  the  e f fe c t  on the  urea c y c le  enzyme le v e ls

e ig h t  hours a f t e r  a s in g le  dose o f  c o r t is o l  in  ra ts  fe d  on norm al, 

low  and h ig h  p ro te in  d ie ts .

( i i )  An in v e s t ig a t io n  o f  th e  e f fe c t  on th e  urea cy c le  enzyme le v e ls

24 hours a f t e r  a s in g le  dose o f  c o r t is o l  in  ra ts  fe d  on no rm a l,

low and h ig h  p ro te in  d ie ts .
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( n i )  An in v e s t ig a t io n  o f  th e  e f fe c t  o f  d a i ly  c o r t is o l  a d m in is tra tio n

on th e  urea c y c le  enzyme le v e ls  in  ra ts  fe d  on th e  two extreme

d ie ts  (10% and 75% p r o te in ) .

3 . 2 .1 .3.? The E f fe c t  on th e  Urea C ycle Enzyme Levels E ig h t
Hours a f t e r  a S in g le  C o r t is o l in je c t io n

Three groups o f  ra ts  were fe d  on th re e  d i f f e r e n t  d ie ts  -  norm al,

70% and 75$ p ro te in  -  f o r  seven days p r io r  to  th e  a d m in is tra tio n  o f  

c o r t is o l .  D ie ts  were prepa red as d iscussed under 'M e tho ds '.

The c o n tro l ra ts  re ce ive d  no hormone tre a tm e n t.

The experim en ta l r a ts  were g iven a s in g le  in tra p e r ito n e a l in je c t io n  

o f  c o r t is o l  (20 mg. pe r !00  g . r a t ) .  E ig h t hours la t e r  th e  anim als were 

k i l le d  and th e i r  l i v e r s  im m edia te ly  assayed f o r  th e  urea c y c le  enzymes as 

de scrib ed  u n d ir  'M e tho ds '.

The e f fe c ts  on a c t iv i t y  pe r u n i t  w et w e ig h t o f  l i v e r  are shown 

in  Tab le 8 and F ig u re  9 , w h ile  th e  e f fe c ts  on s p e c i f ic  a c t iv i t y  are 

shown in  Tab le 9 and F ig u re  10. R esu lts  are expressed as a percentage

o f  th e  c o n tr o l.

C o r t is o l was found to  cause a s ig n i f ic a n t  'increase in  the a c t iv i t y  

pe r u n i t  w et w e ig h t o f  l i v e r  o f  C .P .S ., a rg in ase  and p o s s ib ly  A .S .S . and 

A .S .L . on th e  10% p ro te in  d ie t ,  and o f  O .T .C ., A .S .S . and A .S .L . on the 

normal d ie t  (20% p ro te in )  -  see Table 8 and F ig u re  9 . On th e  75% 

p ro te in  d ie t ,  however, c o r t is o l  had no e f fe c t  on any o f  th e  f iv e  enzymes 

w ith  resp e c t to  a c t iv i t y  pe r u n i t  w et w e ig h t o f  l i v e r .

I f  s p e c i f ic  a c t iv i t y  is  con s ide r 3d, a s ig n i f ic a n t  inc rea se  was 

observed in  a rg in a se , and p o s s ib ly  C .P.S. and A .S .S . le v e ls  on th e





F ig u re  9 : The e f fe c t  on th e  a c t iv i t y  o f  th e  urea c y c le  enzymes

tv rrit wet w e ig h t e ig h t hours a f t e r  a s in g le  c o r t is o l  

in je c t io n  in  ra ts  fe d  on no rm a l, low and h ig h  p r o te i i

L -  10% p ro te in  d ie t  

N -  normal d ie t  (20% p ro te in )

H -  75% p ro te in  d ie t .
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F igu re  10 : The e f fe c t  on th e  s p e c i f ic  a c t iv i t y  o f  th e  urea cy c le  enzymes 

e ig h t hours a f t e r  a s in g le  c o r t is o l  in je c t io n  in  ra ts  fe d  on 

no rm a l, low and h ig h  p ro te in  d ie ts .

L -  1058 p ro te in  d ie t  

N -  normal d ie t  (20% p ro te in )  

H - 75%
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10% p ro te in  d ie t ,  and in  A .S .L . and p o s s ib ly  O.T.C. and A .5 .S. le v e ls  on 

th e  normal (20% p ro te in )  d ie t .  On the  75% p ro te in  d ie t ,  c o r t is o l  had no 

s ig n i f ic a n t  e f fe c t .  (Table 9 and F ig u re  10 ).

3 .2 .1 .3 .2  The E f fe c t  on the  Urea C ycle Enzyme Levels 24 Hours
a f t e r  a S in g le  C o r t is o l In je c t io n ___________________

Two groups o f  ra ts  were fe d  on two d i f f e r e n t  d ie ts  -  10% p ro te in  and 

75% p ro te in  -  fo r  seven days p r io r  t o ,  and du r in g  the experim ent.

The c o n tro l ra ts  rece ived  no hormone trea tm en t.

The experim enta l ra ts  were g iven a s in g le  in tra p e r ito n e a l in je c t io n  

o f  c o r t is o l  (20 mg. pe r TOO g. body w e ig h t) . T w en ty-fou r hours la t e r  the 

an im als were k i l le d  and th e i r  l i v e r s  im m ediate ly  assayed f o r  urea cy c le  

enzymes.

The e f fe c ts  on a c t iv i t y  pe r u n i t  w et w e ig h t o f l i v e r  are shown in  

Table 10 and F igu re  11, w h ile  the  e f fe c ts  on s p e c i f ic  a c t iv i t y  a re  shown 

in  Tab le  11 and F igu re  12. R esu lts  are expressed as a percentage o f  the 

c o n t r o l .

C o r t is o l was found to  cause a s ig n i f ic a n t  decrease in  the a c t iv i t y  

o f  O .T.C. per u n i t  w et w e ig h t in  ra ts  fe d  on the 10% p ro te in  d ie t .  (No 

re s u lt  was ob ta ined fo r  A.S .S . and A .S .L . due to  experim enta l e r r o r . )

O.T.C. showed th e  same decrease in  a c t iv i t y  on the  75% p ro te in  d ie t ,  

w h ile  C .P.S. underwent a s ig n i f ic a n t  increase  on the 75% p ro te in  d ie t  

(T ab le  1 0 .and F igu re  11).

I f  s p e c i f ic  a c t iv i t y  is  con s ide re d , O.T.C. showed a s ig n i f ic a n t  

decrease on c o r t is o l  trea tm en t in  ra ts  fed on the low p ro te in  d ie t .  On 

the  75% p ro te in  d ie t ,  c o r t is o l  trea tm en t caused s ig n i f ic a n t  increases 

in  C .P.S. and a rg inase a f te r  24 hours (Table 11 and F igu re  12).
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F igu re  11 : The e f fe c t  on th e  a c t iv i t y  o f  th e  urea cy c le  enzymes 

pe r u n i t  w et w e ig h t 24 hours a f t e r  a s in g le  c o r t is o l  

in je c t io n  in  ra ts  fe d  on low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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F ig u re  12 : The e f fe c t  on th e  s p e c i f ic  a c t iv i t y  o f  th e  urea cy c le  

enzymes 24 hours a f t e r  a s in g le  c o r t is o l  in je c t io n  in  

r a ts  fe d  on low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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.3 .2 .1 . 3.3 The E f fe c t  o f  Urea C ycle Enzyme Leve ls  o f  D a ily  
C o r t is o l A d m i n i s t r a t i o n _____________________

Batches o f  ra ts  were fe d  on 10% p ro te in  and 75% p ro te in  d ie ts ,  

r e s p e c t iv e ly ,  f o r  seven days p r io r  to  c o r t is o l  tre a tm e n t. D uring 

c o r t is o l  a d m in is tra t io n , th e y  were m ain ta ined on the  same re s p e c tiv e

The c o n tro l ra ts  rece ive d  no hormone tre a tm e n t.

. The experim en ta l ra ts  were g ive n d a i ly  in je c t io n s  o f  c o r t is o l  

(20  mg. per 100 g. body w e ig h t)  f o r  fo u r  con secu tive  days a f t e r  the  

i n i t i a l  seven-day fe e d in g  p e r io d . E ig h t hours a f t e r  th e  fo u r th  in je c t io n ,  

th e  anim als were k i l le d  and th e  l i v e r s  o f  c o n tro l and experim en ta l ra ts  were 

assayed fo r  enzymes.

Tables 12 and 13 show th e  e f fe c t  o f  d a i ly  c o r t is o l  a d m in is tra tio n  

on th e  f iv e  enzymes. The e f f e c t  is  a lso  d e p ic te d  in  F igu re s  13 and 14. 

R esu lts  are expressed as a percentage o f  t..u  . : i t r o l .  Each r e s u lt  

rep re sen ts  a mean o f  the number o f  anim als in d ic a te d  above th e  standard

On th e  low p ro te in  d ie t  (10% p r o te in ) ,  c o r t is o l  a d m in is tra tio n  

caused s ig n i f ic a n t  increa ses in  the a c t iv i t y  pe r u n i t  w et w e ig h t o f  l i v e r  

and s p e c i f ic  a c t iv i t y  o f  C .P .S ., A .S .S . and arg in ase  (Tables 12 and 13 and 

F igu re s  13 and 14 ). The most marked e f f e c t  was on a rg in ase  where a 2- 

fo ld  inc rea se  was observed. A .S .S . showed an in c re a se  s l i g h t l y  le s s  than 

2 - fo ld ,  w h ile  C.P.S. increased 1 ,5 - fo ld .  The increases in  O.T.C. and 

A .S .L . le v e ls  which Schimke has re p o rte d  (Schim ke, 1963) in  ra ts  m ain ta ined 

on a s im ila r  d ie t  (15% p ro te in )  and re c e iv in g  s im i la r  hormonal doses 

(25 mg. c o r t is o l  per 100 g . uooy w e iy h t ) , were n o t observed.



Ta
bl

e 
of 

R
es

ul
ts

 
fo

r 
Fi

gu
re

 
13



F igu re  13 : The e f fe c t  o f  d a i ly  c o r t is o l  a d m in is tra tio n  on th e  a c t iv i t y  

o f  th e  urea c y c le  enzymes per u n i t  w et w e ig h t in  th e  l iv e r s  

o f  ra ts  f e t  on low and h igh p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

U -  75% p ro te in  d ie t
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93.

F igu re  14 : The e f fe c t  o f  d a i ly  c o r t is o l  a d m in is tra tio n  on t l  

a c t iv i t y  o f  th e  urea cy c le  enzymes in  th e  l i v e r s  

fe d  on low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  76% p ro te in  d ie t

s p e c if ic
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C o r t is o l,  a d m in is tra t io n  to  ra ts  on th e  h igh p ro te in  d ie t  (76% 

p ro te in )  d id ,  however, n o t show such marked e f fe c ts  as occu rred  in  ra ts  

m ain ta ined on the low  p ro te in  d ie t .  I f  a c t iv i t y  pe r u n i t  w et w e ig h t 

o f  l i v e r  is  con s ide re d , C .P.S. and a rg in ase again showed s ig n i f ic a n t  

inc rea ses . A .S .S . was n o t a f fe c te d ,  w h ile  O.T.C. and A .S .L . showed a 

s ig n i f i c a n t  decrease on th e  h ig h  p ro te in  d ie t  ( in  c o n tra s t to  l i t t l e  

response on th e  low  p ro te in  d ie t )  -  see Tab le 12 and F ig u re  13.

S ig n i f ic a n t  increa ses in  s p e c i f ic  a c t iv i t y  were found f o r  C .P .S .,

A .S .S . and a rg in ase  on th e  75% p ro te in  d ie t .  O.T.C. and A .S .L . showed 

a decrease (Tab le  13 and F ig u re  14).

3 .2 .2  The E f fe c t  o f  Adrenalectom y on Enzyme Levels

Batches o f r a ts  were fe d  on th re e  d i f f e r e n t  d ie ts ,  normal (c o n ta in in g  

20% p r o te in ) ,  10% p ro te in  and 75% p r o te in ,  r e s p e c t iv e ly ,  fo r  seven days 

p r io r  to  adrenalectom y. P o s t-o p e ra t iv e ly ,  a l l  ra ts  were g ive n  5% glucose 

and 0,9% sodium c h lo r id e  in  t h e i r  d r in k in g  w a te r , and were m ain ta ined on 

th e i r  re s p e c tiv e  d ie ts  u n t i l  k i l le d  f o r  enzyme assays. Ample sodium 

c h lo r id e  was f r e e ly  a v a i la b le  as a l i c k .

Sham op e ra tion s  were c a r r ie d  o u t on c o n tro l r a ts .  Enzyme le v e ls  in  

sham-operated an im als showed no s ig n i f i c a n t  change w ith  resp e c t to  normal

Experim enta l ra ts  were ad rena lectcm ised a f te r  th e  i n i t i a l  seven-day 

fe e d in g  p e r io d . Three days a f te r  th e  o p e ra tio n s , a l l  an im als were k i l le d  

and th e i r  l iv e r s  were assayed f o r  the  urea cy c le  enzymes.

R esu lts  appear in  Tables 14 and 15, and F igures 15 and 16. A l l  

r e s u lts  are expressed as a percentage o f  th e  c o n tro l.  Each r e s u lt
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F ig u re  15 : The e f fe c t  o f  ad ren a lec ton y  on the  a c t iv i t y  o f  th e  

urea cy c le  enzymes p e r u n i t  w e t w e igh t in  the l i v e r s  

o f  ra ts  fe d  on no rm a l, low and h ig h  p ro te in  d ie ts .

L- -  108 p ro te jn  d ie t

N -  normal d ie t  (20% p ro te in )

H -  75% p ro te in  d ie t
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100.

F igu re  16 : The e f fe c t  o f  adrenalectomy on th e  s p e c i f ic  a c t iv i t y  o f

th e  urea cy c le  enzymes in  th e  l iv e r s  o f  r a ts  fe d  on norm al, 

low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

N -  normal d ie t  (20% p ro te in )

H -  75$ p ro te in  d ie t
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rep re sen ts  a mean o f  th e  number o f anim als in d ic a te d  above th e  s tandard

Adrenalectom y caused a s ig n i f i c a n t  decrease in  the  a c t iv i t y  per 

u n i t  w e t w e ig h t o f  l i v e r  o f  C .P .S ., O .T .C ., A .S .S . and a rg in ase on the 

10$ p ro te in  d ie t ;  A .S .L . showed a s ig n i f i c a n t  inc rea se  (Table 14 and 

F ig u re  1 5 ). The l a t t e r  r e s u lt  d i f f e r s  from  Schimke's  work which showed, 

on adrena lectom y, a decrease in  a l l  enzyme le v e ls ,  in c lu d in g  A .S .L . in  

r a ts  fe d  on a 1ow p ro te in  d ie t  (Schim ke, 1963). I f  s p e c i f ic  a c t iv i t y  is  

con s id e re d , on th e  10% p ro te in  d ie t ,  o n ly  C .P.S. and p o s s ib ly  A .S .S . and 

a rg in ase  showed a decrease in  le v e ls ,  w h i le  A .S .L . le v e ls  again increased 

s ig n i f ic a n t ly  (Tab le  15 and F igu re  16 ).

On th e  75% p ro te in  d ie t ,  adrenalectom y caused a s ig n i f i c a n t  decrease 

i n ' a c t i v i t y  per u n i t  w et w e ig h t o f  A .S .S ., a rg in ase and p o s s ib ly  C.P.S.

O .T.C. now showed an inc rea se  in  a c t iv i t y  as d id  A .S .L . (T ab le  14 and 

F igu re  15 ).

A s im i la r  p a tte rn  o f beha v iou r o f  s p e c i f ic  a c t iv i t y  was observed. 

C .P .S ., A .S .S . and a rg in ase underwent a decrease in  le v e ls ;  th e  a rg in ase 

r e s u lt  be ing s ig n i f i c a n t ly  d i f f e r e n t  from  th e  sham opera ted  ra ts .  An 

in c re a se  in  O.T.C. and A .S .L . a lso  occu rred  (Tab le  15 and F ig u re  16 ).

3 .2 .3  The E f fe c t  o f  Adrenalectom y Follow ed by C o r t is o l A d m in is tra tio n  
on th e  Urea C ycle Enzyme Levels___________________ _ _ _ _ _ _ _ _ _ _

3 .2 .3 .1  E f fe c t  a f t e r  E ig h t Hours

Batches o f  ra ts  were fe d  on th re e  d i f f e r e n t  d ie ts ,  normal (c o n ta in in g  

20% p r o te in ) ,  10% p ro te in  and 75% p r o te in ,  re s p e c t iv e ly ,  f o r  seven days p r io r  

to  s u rg e ry . P o s t-o p e ra t iv e ly ,  a l l  ra ts  were g ive n  5% glucose and 0,9% 

sodium c h lo r id e  in  t h e i r  d r in k in g  w a te r , and were m a in ta ine d on th e i r



re s p e c tiv e  d ie ts  u n t i l  used f o r  enzyme assays. Ample sodium c h lo r id e  

was f r e e ly  a v a ila b le  as a l i c k .

Sham op e ra tion s  were done on c o n tro l ra ts .

The rem ain ing ra ts  were adrena lectom ised. Three days a f te r  

ad renalectom y, a p o r t io n  o f  th e  ra ts  rece ive d a s in g le  in tra p e r ito n e a ! 

i n je c t io n  o f  20 rag. o f  c o r t is o l  per 100 g . body w e ig h t. The rem ainder 

re ce ive d  no hormone tre a tm e n t. A l l  ra ts  were k i l le d  and t h e i r  l i v e r s  

assayed fo r  the urea cy c le  enzymes e ig h t hours a f t e r  c o r t is o l  a d m in is tra t io n .

The e f fe c ts  o f  adrena lectom y, and adrenalectom y  p lu s  c o r t is o l  

a d m in is tra tio n  on th e  f iv e  enzyme le v e ls ,  in  ra ts  fe d  on th e  th re e  

d i f f e r e n t  d ie ts ,  a re  shown in  Tables 16 and 17 and F igu res 17 and 18.

The e f fe c ts  o f  adrenalectom y have been discussed (see " R e s u lts : 3 .2 .2 " )

On th e  10% p ro te in  d ie t ,  the a c t iv i t y  pe r u n i t  w et w e ig h t o f  l i v e r  o f  

C .P .S ., A .S .S . and arg in ase  in  ad renalectom ised ra ts  tre a te d  w ith  c o r t is o l  

were s t i l l  s ig n i f ic a n t ly  low e r than sham-operated r a ts .  A .S .L . le v e ls  

were s t i l l  s ig n i f ic a n t ly  h ig h e r than c o n tro l le v e ls .  A s im i la r  response o f  

s p e c i f ic  a c t iv i t y  was observed.

I f  one compares enzyme le v e ls  in  ad renalectom ised ra ts  w it i .  those in  

ad renalectom ised ra ts  tre a te d  w ith  c o r t i s o l , one sees th a t  on th e  1056 

p ro te in  d ie t ,  no s ig n i f ic a n t  e ' f e c t  occu rred w ith  resp e c t to  a c t iv i t y  per 

u n i t  w et w e ig h t. The s p e c i f ic  a c t iv i t y  o f  C .P.S. was s ig n i f ic a n t ly  

increa sed a t e ig h t  hours (Tables 16 and 17 and F igu res 17 and 18 ).

On th e  76% p ro te in  d ie t ,  c o r t is o l  a d m in is tra t io n  to  ad renalectom ised





105.

F ig u re  17 : The e f fe c t  o f  adrenalectom y and adrenalectom y plus

a s in g le  dose o f  c o r t is o l  e ig h t  hours a f te r  a d m in is tra tio n  

on th e  a c t iv i t y  o f  th e  urea cy c le  enzymes pe r u n i t  wet 

w e ig h t in  th e  l i v e r s  o f ra ts  fe d  on low and h ig h  p ro te in

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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F ig u re  18 : The e f fe c t  o f  adrenalectom y and adrenalectom y plus 

a s in g le  dose o f  c o r t is o l  e ig h t  hours a f te r  

• a d m in is tra t io n  on th e  s p e c i f ic  a c t iv i t y  o f  th e  urea 

c y c le  enzymes in  th e  l i v e r s  o f  ra ts  fe d  on low and 

h ig h  p ro te in  d ie ts .

L -  10% prote in  d ie t

H -  75% p ro te in  d ie t
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n o .

ra ts  re s u lte d  in  a s ig n i f ic a n t  decrease in  a c t iv i t y  pe r u n i t  w et w e ig h t o f  

A .S .S . w ith  resp ec t to  ad renaiectonrised le v e ls .  A f t e r  c o r t is o l  tre a tm e n t 

th e  a c t iv i t y  p e r u n i t  tvet w e igh t o f  C .P .S ., A .S .S . and a rg in ase  a t  e ig h t 

hours was s t i l l  s ig n i f ic a n t ly  low er than le v e ls  in  shay-operated ra ts ,  

as was the  s p e c i f ic  a c t iv i t y  o f  these enzymes (Tables 16 and 17 and 

F igu re s  17 and 18 ). No s ig n i f ic a n t  change, compared w ith  adrenalectom ised 

le v e ls ,  was observed in  s p e c i f ic  a c t iv i t y  on th e  h ig h  p ro te in  d ie t ,  e ig h t 

hours a f te r  c o r t is o l  a d m in is tra t io n .

3 .2 .3 .2  E f fe c t  o f  D a ily  C o r t is o l A d m in is tra tio n

Batches o f  ra ts  \ re  fe d  on the two extreme d ie ts ,  10% p ro te in  and 

75% p ro te in ,  re s p e c t iv e ly ,  fo r  seven days p r io r  to  ad renalectom y. P ost- 

o p e ra t iv e ly ,  a l l  ra ts  were g iven 5% glucose p lu s  0,9% sodium c h lo r id e  in  

t h e i r  d r in k in g  w a te r , and were m ain ta ined on th e i r  re s p e c tiv e  d ie ts  u n t i l  

t h e i r  enzymes were assayed. Ample sodium c h lo r id e  was f r e e ly  a v a ila b le .

Sham op e ra tion s  were done on a l l  c o n tro l ra ts .

Ihe rem ain ing ra ts  were ad rena lectom ised. A p o r t io n  o f  the 

adrenalectom ised ra ts  re ce ive d  th e  fo llo w in g  hormone tre a tm e n t. A day 

b e fo re , and im m ediate ly  a f te r  adrenalectom y, each re ce ive d  an in t r a p e r ito n e a l 

c o r t is o l  in je c t io n  (20 mg. per 100 g . body w e ig h t) . Each rece ive d d a i ly  

c o r t is o l  in je c t io n s  (20 mg. per 100 g. body w e ig h t)  fo r  th re e  consecu tive  

days th e re a fte r  (a t o ta l  o f  f iv e  c o r t is o l  in je c t io n s ) .  E ig h t hours a f te r  

th e  la s t  c o r t is o l  tre a tm e n t, assays were c a r r ie d  o u t on a l l  r a ts .

R esu lts  appear in  Tables 18 and 19 and F igu res 19 and 20. A l l  

r e s u lts  a re  expressed as a percentage o f th e  c o n tr o l.  Each re s u lt  

rep resen ts  a mean o f  th e  number o f  anim als in d ic a te d  above th e  standard





F ig u re  19 : The e f f e c t  o f  adrenalectom y and adrenalectom y p lus 

d a i ly  c o r t is o l  a d m in is tra tio n  o f  the a c t iv i t y  o f  

th e  urea c y c le  enzymes pe r u n i t  wet w e ig h t in  the  

l i v e r s  o f  ra ts  fe d  on low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t

H -  76% p ro te in  d ie t
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F igu re  20 : The e f f e c t  o f  adrenalectom y and adrenalectom y p lus

d a i ly  c o r t is o l  a d m in is tra tio n  on th e  s p e c i f ic  a c t iv i t y  

o f  th e  urea c y c le  enzymes in  th e  l i v e r s  o f  ra ts  fe d  on 

low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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Adrenalectom y again caused a s ig n i f i c a n t  decrease in  th e  a c t iv i t y  

pe r u n i t  w et w e ig h t o f  l i v e r  o f  C .P .S ., A .S .S . and p o s s ib ly  arg inase on 

th e  10% p ro te in  d ie t ,  w h ile  A .S . l .  showed an in c re a se . O.T.C. was l i t t l e  

a f fe c te d  (Table 18 and F igu re  19). Under th e  same c o n d it io n s , C .P .S ., 

O .T .C ., A .S .S . and a rg in ase showed a decrease in  s p e c i f ic  a c t iv i t y  

(T ab le  19 and F igu re  20).

C o r t is o l ,  ad m in is te re d  d a i ly ,  to  ad renalectom ised ra ts  on the 10% 

p ro te in  d ie t ,  produced marked inc rea ses in  th e  a c t iv i t y  per u n i t  w e ig h t 

and s p e c i f ic  a c t iv i t y  o f  a l l  enzymes except A .S .L . The le v e l o f  A .S .L . 

showed no change per u n i t  w et w e ig h t and a s ig n i f i c a n t  drop in  s p e c if ic  

a c t iv i t y  due to  d a i ly  c o r t is o l  a d m in is tra t io n  (Tables 18 and 19 and 

F igu re s  19 and 20 ).

On th e  75% p ro te in  d ie t ,  adrenalectom y caused a s ig n i f ic a n t  drop 

1n a c t iv i t y  p e r  u n i t  wet w e ig h t o f  l i v e r  snd s p e c i f ic  a c t iv i t y  o f  a rg in a se , 

and an inc rea se  in  th a t  o f  A .S .L . (Tables 18 and 19 and F igu res 19 and 20 ).

D a ily  c o r t is o l  a d m in is tra tio n  to  ad renalectom ised ra ts  on th e  

h ig h  p ro te in  d ie t ,  caused s ig n i f ic a n t  inc rea ses in  th e  a c t iv i t y  pe r u n i t  

w et w e ig h t and s p e c i f ic  a c t iv i t y  o f  a rg in ase  and p o s s ib ly  C.P.S. compared 

w ith  bo th ad renalectom ised and sham-operated va lu es . A s ig n i f ic a n t  

decrease in  a c t iv i t y  per u n i t  wet w e ig h t and a decrease in  s p e c i f ic  

a c t iv i t y  was observed in  th e  case o f A .S .L . The s p e c i f ic  a c t iv i t y  o f  

O .T.C. was s ig n i f ic a n t ly  increased by d a i ly  c o r t is o l  a d m in is tra t io n  (Tables 

18 and 19 and F igu res 19 and 20 ).

3 .2 .4  The E f fe c t  o f  Thyroxine A d m in is tra tio n  on Enzyme Levels

3 .2 .4 .1  Response o f  Enzyme Levels to  two D i f fe r e n t  Doses o f  Thyrox ine

Batches o f  ra ts  m ain ta ined on th e  normal d ie t  o f  mouse p e l le ts  (20%



118,

p ro te in )  s ince  weaning were d iv id e d  in to  two exp erim en ta l groups. The 

one group rece ive d an In tra p e r ito n e a l th y ro x in e  in je c t io n  o f  1 mg. per 

100 g . body w e ig h t; th e  o th e r  an in je c t io n  o f  2 mg. per 100 g . body w e ig h t.

C on tro l ra ts  re ce ive d  no hormone tre a tm e n t.

E ig h t hours a f te r  th y ro x in e  a d m in is tra t io n , a l l  r a ts  were k i l le d  

and th e i r  l i v e r s  im m ediate ly  assayed For th e  urea cyc le  enzymes.

The e f fe c t  o f  th e  two d i f f e r e n t  doses o f  th y ro x in e  on a c t iv i t y  per 

u n i t  w et w e ig h t is  shown in  Table 20 and F igu re  21 . The e f fe c t  on s p e c i f ic  

a c t iv i t y  is  shown in  Tab le 21 and F ig u re  22 . R esu lts  are expressed as a 

percentage o f th e  c o n tr o l.  Each r e s u lt  rep re sen ts  a mean o f  th e  number o f 

anim als shown above th e  s ta nd ard  e r r o r .

I f  a c t iv i t y  pe r  u n i t  w e t w e ig h t is  con s id e re d , th e  s m a lle r  dose o f 

th y ro x in e  (1 mg. per 100 g . body w e ig h t)  caused a p o s s ib le  inc rea se  in  C .P .S ., 

w h ile  th e  la r g e r  dose (2 mg. per 100 g . body w e ig h t)  caused a s ig n i f ic a n t  

decrease in  C .P .S ., A .S .L . and a rg in ase  le v e ls .  In  a d d it io n ,  O.T.C. and 

A .S .L . a c t iv i t y  per u n i t  w e t w e ig h t were s ig n i f i c a n t ly  decreased by th e  1 mg. 

per 100 g. body w e ig h t dose o f  th y ro x in e  (Table 20and F igu re  21 ).

No s ig n i f ic a n t  e f fe c ts  on s p e c i f ic  a c t iv i t y  were observed (Table 21 

and F igu re  22 ).

3 .2 .4 .2  The Response o f  O.T.C. to  T hyrox ine  A d m in is tra tio n  a f te r
D i f fe r e n t  Time In te rv a ls _______________________________ ___

Rats which had p re v io u s ly  been fed  on a normal d ie t  o f  r a t  p e l le ts  

(20% p ro te in )  were in je c te d  in t r a p e r i to n e a l ly  w ith  th y ro x in e  (1 mg. per 

100 g , body w e ig h t) . A t d i f f e r e n t  tim e pe riods  th e re a f te r ,  namely fo u r ,

12 and 24 hours , batches o f  ra ts  were k i l le d  and t h e i r  l i v e r s  im m ediately  

-'•sayed fo r  O.T.C. a c t iv i t y .
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F igu re  21 : Response o f  a c t iv i t y  o f  urea c y c le  enzymes pe r u n i t  

w et w e ig h t to  two d i f f e r e n t  doses o f  th y ro x in e , 

ad m in is te re d  to  ra ts  fe d  on a normal d ie t  {20% 

p r o te in ) .



0  Control

□  Thyroxine (I mg/IOOg body w e ig h t) 

0  Thyroxine (2 m g/IO O g body w e ig h t)

F ig . 21 -  Response o f  A c t iv i t y  o f  Urea Cycle Enzymes pe r U n tt Wet W eight 
to  Two D i f fe r e n t  Doses o f  Thyrox ine
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F ig u re  22 ; The response o f  s p e c i f ic  a c t iv i t y  o f  th e  urea c y c le

enzymes to  two d i f f e r e n t  doses o f  th y ro x in e , ad m in is te re d 

to  ra ts  fe d  on a normal d ie t  (20% p r o te in ) .



D  Control

□  Thyroxine llm g /IO O g body w eight) 

E2 Thyroxine (2m g/IO O g body w eight]

C.P.S. O.T.C. A.S.S. A.S.L Arg.

F ig . 22 -  Response o f  S p e c if ic  A c t iv i t y  o f  Urea C ycle Enzymes to  two 
D i f fe r e n t  Doses o f Thyrox ine



C on tro l ra ts  (0  hours) rece ive d  no hormone tre a tm e n t.

Tab le 22 shows th e  e f fe c t  o f  th y ro x in e  a d m in is tra tio n  on O.T.C. 

a c t iv i t y  per u n i t  w et w e ig h t and s p e c if ic  a c t iv i t y  a f t e r  th e  d i f f e r e n t  

tim e in te r v a ls .  Each r e s u lt  rep resen ts  a mean o f  th e  number o f  animals

in d ic a te d  in  th e  ta b le .

- , No s ig n i f ic a n t  e f fe c ts  were observed.

3 .2 .4 .3  General Thyrox in e  E f fe c t in  Rats fe d  on D ie ts  o f
D i f fe r e n t  P ro te in  Content________________________

j . 2 .4 .3 .1  E f fe c t  on Urea Cycle Enzyme Levels E ig h t Hours a f te r
a S fn q le  Dose o f  Thyroxine___________________________

Batches o f  ra ts  were fed  on norm a l, 10% p ro te in  and 75% p ro te in  

d ie ts ,  r e s p e c t iv e ly , fo r  seven days p r io r  to  th y ro x in e  a d m in is tra t io n .

The c o n tro l ra ts  rece ived  no hormone trea tm en t.

The experim enta l ra ts  were g iven a s in g le  in tra p e r ito n e a l th y ro x in e  

in je c t io n  (1 mg. per 100 g . body w e ig h t) . E ig h t hours la te r  a l l  animals 

were k i l le d  and th e i r  l i v e r s  im m ediate ly  assayed f o r  the  urea cy c le  enzymes.

The e f fe c ts  on a c t iv i t y  per u n i t  w et w e ig h t o f  l i v e r  are shown in  

Table 23 and F igu re  23, w h ile  the  e f fe c ts  on s p e c i f ic  a c t iv i t y  are shown 

in  Table 24 and F igu re  24. R esu lts  a re  expressed as a percentage o f  the 

c o n t r o l .

I f  the  10% p ro te in  d ie t  is  cons ide red , th y ro x in e  was found to  

s ig n i f ic a n t ly  inc rease  the a c t iv i t y  per u n i t  w et w e ig h t o f  a rg in a se , and 

decrease the s p e c i f ic  a c t iv i t y  o f  C.P.S. (Tables 23 and 24and F igures 23 

and 2 / i) . No r e s u lt  was ob ta ined  fo r  the  s p e c i f ic  a c t iv i t y  o f A.S.S . 

due to  experim enta l e r r o r .
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I

F ig u re  23 : The e f fe c t  on the a c t iv i t y  o f  th e  urea cyc le  

enzymes p e r u n i t  w e t w e ig h t, e ig h t  hours a f te r  

a s in g le  th y ro x in e  in je c t io n ,  in  the l i v e r s  o f 

ra ts  fe d  on no rm a l, low and h ig h  p ro te in  d ie ts .

L -  10$ p ro te in  d ie t

N -  no ra-il d ie t  (20% p ro te in )

H -  75% p ro te in  d ie t
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131.

The e f fe c t  on th e  s p e c i f ic  a c t iv i t y  o f  the urea 

cy c le  enzymes, e ig h t  hours a f t e r  a s in g le  th y ro x in e  

in je c t io n ,  in  the  l iv e r s  o f  ra ts  fe d  on no rm a l, low 

and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t

N -  normal d ie t  (20% p ro te in )

H -  75$ p ro te in  J i 'e t
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133.

On th e  normal d ie t  (20% p r o te in ) ,  th y ro x in e  caused a s ig n i f ic a n t  

d rop  in  the a c t iv i t y  per u n i t  w et w e ig h t o f  O.T.C. and A .5 . I .  (Tab le  23 

and F igu re  2 3 ) . No s ig n i f i c a n t  e f fe c t  on s p e c i f ic  a c t iv i t y  was observed 

(T ab le  24 and F igu re  24 ).

On th e  75$ p ro te in  d ie t ,  bo th  th e  a c t iv i t y  pe r u n i t  wet w e igh ' and 

s p e c i f ic  a c t iv i t y  o f  C .P .S ., O.T.C. and a rg in ase  were increased by th y ro x in e  

tre a tm e n t (Tables 23 and 24 and F igu re s  23 and 24 ).

3 .2 .4 .3 .2  E f fe c t  on Urea C ycle Enzyme Leve ls  24 Hours a f te r
a f te r  Thyrox ine  A d m in is tra tio n ____________________

Batches o f ra ts  were fe d  on no rm a l, 10% and 75% p ro te in  d ie ts ,  

r e s p e c t iv e ly ,  f o r  seven days p r io r  to  th y ro x in e  a d m in is tra t io n .

The c o n tro l ra ts  re ce ive d  no hormone tre a tm e n t.

The e xp e r im e rta i ra ts  were g ive n  a s in g le  in tra p e r ito n e a l th y ro x in e  

in je c t io n  (1 mg. pe r 100 g. body w e ig h t) . T w en ty -fou r hours la te r  a l l  an imals 

were k i l le d  and th e i r  l i v e r s  im m ediate ly  assayed f o r  the  urea c y c le  enzymes.

The e f fe c ts  on a c t iv i t y  pe r u n i t  wet w e ig h t o f  l i v e r  are shown in  

Tab le 25and F ig u re  2 5 , w h ile  th e  e f fe c ts  on s p e c i f ic  a c t iv i t y  are shown 

in  Tab le 26 and F igu re  26 . R esu lts are expressed as a percentage o f  the 

c o n t r o l .

I f  th e  10% p ro te in  d ie t  is  con s id e re d , th y ro x in e  a d m in is tra tio n  

s ig n i f ic a n t ly  increased th e  a c t iv i t y  per u n i t  w e t w e ig h t and s p e c i f ic  

a c t iv i t y  o f  a rg in ase . The a c t iv i t y  pe r u n i t  w et w e ig h t o f  C .P.S. was 

s ig n i f i c a n t ly  inc rea sed , w h ile  th e  s p e c i f ic  a c t iv i t y  was decreased 

(Tables 25 and 26 and F igu res 25 and 2 6 ) . No r e s u lt  f o r  the s p e c i f ic  

a c t iv i t y  o f  A .S .S . was ob ta in ed due to  exp erim en ta l e r r o r .





135.

The e f f e c t  on the a c t iv i t y  o f  th e  urea c y c le  enzymes 

per u n i t  w e t w e ig h t, tw e n ty - fo u r  hours a f t e r  a s in g le  

th y ro x in e  in je c t io n ,  in  th e  l i v e r s  o f  ra ts  fe d  on 

no rm a l, low and h ig h  p ro te in  d ie ts .

I  -  10% p ro te in  d ie t

N -  normal d ie t  (20% p ro e t in )

H -  75% p ro te in
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F ig u re  26 : The e f fe c t  on the s p e c i f ic  a c t iv i t y  o f  the urea cyc le

enzymes, tw e n ty - fo u r  hours a f t e r  a s in g le  th y ro x in e  

in je c t io n ,  in  the l i v e r s  o f ra ts  fe d  on no rm a l, low 

and h igh p ro te in  d ie ts .

L -  10% p ro te in  d ie t

N -  normal d ie t  (20% p ro te in )

H -  75% p ro te in  d ie t
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On th e  normal d ie t ,  th e  a c t iv i t y  per u n i t  w e ig h t and s p e c i f ic  

a c t iv i t y  o f  O.T.C. were bo th  s ig n i f i c a n t ly  decreased. The a c t iv i t y  

pe r u n i t  w et w e ig h t o f  A .S .L . was decreased, w h ile  i t s  s p e c i f ic  a c t iv i t y  

was inc rea sed (Tables 25 and 26 and F igu re s  25 and 2 6 ) .  No r e s u lt  was 

o b ta in ed  f o r  A .5 .S. le v e ls  due to  exp erim en ta l e r ro r .

On the  75$ p ro te in  d ie t ,  th e  a c t iv i t y  p e r  u n i t  w et w e ig h t and 

s p e c i f ic  a c t iv i t y  o f  bo th  C .P .5 . and O .T.C. were s ig n i f ic a n t ly  increased 

24 hours a f t e r  th y ro x in e  tre a tm e n t. A rg inase a ls o  showed a s ig n i f ic a n t  

inc rea se  in  a c t iv i t y  pe r u n i t  w et w e ig h t and p o s s ib ly  s p e c i f ic  a c t iv i t y  

(Tables 25 and 26 and F igu res 25 and 26 ).

3 .2 .5  The E f fe c t  o f  Thyroidectom y on the  Urea Cycle Enzyme Levels

Batches o f  ra ts  were fe d  on 10% p ro te in  and 75% p ro te in  d ie ts ,  

r e s p e c t iv e ly ,  seven days p r io r  to  s u rg e ry . P o s t-o p e ra t iv e ly ,  a l l  ra ts  

were g ive n  1% ca lc iu m  g lu con ate  in  t h e i r  d r in k in g  w a te r and were m ain ta ined 

on t h e i r  re s p e c tiv e  d ie ts  u n t i l  used fo r  enzyme assays (a  fu r t h e r  two weeks).

Sham op e ra tion s  were done on c o n tro l r a ts .

The experim en ta l ra ts  were th y ro id e c to m ise d  a f t e r  th e  i n i t i a l  seven- 

day fe ed in g  p e r io d . Basal m e ta b o lic  ra te s  were de term ined two weeks p o s t-  

c ip e ra tiv e ly . Assays were then c a r r ie d  ou t on c o n tro ls  and on ra ts  which 

had been s u c c e s s fu lly  th y ro id e c to m ise d .

R esu lts  appear in  T a lle s  27 and 28 and F igu res 27 and 28. A l l  

r e s u lts  are expressed as a percentage o f the c o n tro l va lu es . Each r e s u lt  

rep resen ts  a mean o f  th e  number o f  anim als in d ic a te d  above th e  standard

Thyro idectom y, perform ed on ra ts  fe d  on the 10% p ro te in  d ie t ,  caused
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F ig u re  27 : The e f fe c t  o f  th y ro ide c tom y on th e  a c t iv i t y  o f  th e

urea c y c le  enzymes per u n i t  w et w e ig h t in  the  l iv e r s  

o f  ra ts  fe d  on low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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F igu re  28 : The e f f e c t  o f  th y ro ide c tom y on th e  s p e c i f ic

a c t iv i t y  o f  the  urea c y c le  enzymes in  th e  l iv e r s  

o f  r a ts  fe d  on low and h ig h  p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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a s ig n i f i c a n t  inc rea se  in  the a c t iv i t y  p e r  u n i t  w et w e ig h t o f  l i v e r  and 

s p e c i f ic  a c t iv i t y  o f  C .P .S . and a rg in a se , and p o s s ib ly  O .T .C ., A .S .S . 

and A .S .L . {T a b le : 27 and 28 and F igu res 27 and 28 ).

On the 75% p ro te in  d ie t ,  a s ig n i f ic a n t  decrease was observed in  

the  a c t iv i t y  per u n i t  w e t w e ig h t o f  C.P.S. o n ly  (T ab le  27 and F ig u re  27 

No s ig n i f ic a n t  e f fe c t  on s p e c i f ic  a c t iv i t y  was observed (Tab le  28 and 

F ig u re  28 ).

3 .2 .6  The E f fe c t  o f  Thyroidectom y Follow ed by T hyrox ine  A d m in is tra tio n  
on th e  Urea Cycle Enzyne Levels___________________________________

3 . 2 .6 . )  E f fe c t  E ig h t Hours a f t e r  T hyrox ine  A d m in is tra tio n

Batches o f  r a ts  were fe d  on 10% p ro te in  and 75% p r o te in  d ie ts ,  

r e s p e c t iv e ly ,  seven days p r io r  to  su rg e ry . P o s t-o p e ra t iv e ly ,  a l l  ra ts  

were g iven 1% ca lc iu m  g lu con a te  (W ./V .) in  t h e i r  d r in k in g  w a te r , and 

w ere m a in ta ine d on t h e i r  re s p e c tiv e  d ie ts  u n t i l  k i l le d  f o r  enzyme assays.

Sham op era tion s  were done on c o n tro l r a ts .  (Enzyme le v e ls  showed 

no change w ith  resp e c t to  normal r a t s . )

The rem ain ing  ra ts  were th y ro id e c to m ise d  a f t e r  th e  i n i t i a l  seven-day 

fe e d in g  p e r io d . Basal m e ta b o lic  ra te s  were de term ined two weeks p o s t-  

o p e ra t iv e ly .  A p o r t io n  o f  th e  ra ts  which had been s u c c e s s fu lly  

th y ro id e c to m ise d  re ce ive d  a s in g le  th y ro x in e  in je c t io n  (1 mg. per 100 g. 

body w e ig h t) . E ig h t hours la t e r  a l l  ra ts  were k i l le d  and th e i r  l i v e r s  

were assayed fo r  enzymes.

The e f fe c ts  on a c t iv i t y  per u n i t  w et w e ig h t o f  l i v e r  are shown 

in  Table 29 and F igu re  29 , and on s p e c i f ic  a c t iv i t y  in  Tab le 30 and 

F igu re  30. . R esu lts  are exp r sed as a p i ;entage o f  th e  c o n tro l.

Each r e s u lt  rep resen ts  a mean o f th e  number o, an im als in d ic a te d  above 

th e  standard  e r r o r .



The e f fe c ts  o f  th y ro ide c tom y have been d iscussed (see "R e su lts  :3 .2 .5 " )

On th e  10% p ro te in  d ie t ,  th y ro x in e  a d m in is tra t io n  to  th y ro id e c to m ise d  

ra ts  caused increases in  the  a c t iv i t y  pe r u n i t  w et w e ig h t o f  O.T.C. and 

A .S .S . which were s ig n i f ic a n t ly  d i f f e r e n t  from  th e  le v e ls  in  c o n tro l ra ts  

as w e ll as le v e ls  1n th y ro id e c to m ise d  r a ts .  P o ss ib le  inc rea ses in  a c t iv i t y  

pe r u n i t  w et w e ig h t o f  C .P .S , A .S .V . and arg in ase  a ls o  occu rre d . These, 

however, showed s ig n if ic a n c e  o n ly  w ith  re sp e c t to  c o n tro l va lues  (T ab le  29 

and F igu re  2 9 ).

I f  s p e c i f ic  a c t iv i t y  is  con s ide re d , increa ses which were s ig n i f ic a n t  

w ith  re sp e c t to  c o n tro l va lues were observed f o r  a l l  enzymes in  ra ts  ffcu 

on th e  102 p ro te in  d ie t .  Only A .S .S . showed an inc rea se  in  s p e c i f ic  

a c t iv i t y  which was s ig n i f ie a r u iy  d i f f e r e n t  from  le v e ls  in  th y ro ide c tom ised  

r a ts  (Table 30 and F igu re  30 ).

In  an im als fe d  on th e  75% p ro te in  d ie t ,  th e  e f fe c ts  were no t as 

marked as on th e  10% p ro te in  d ie t .  T hyrox ine  tre a tm e n t caused increases 

in  th e  a c t iv i t y  pe r u n i t  wet w e ig h t o f  C .P.S. and a rg in ase which were 

s ig n i f ic a n t  w ith  re sp e c t to  th y ro id e c to m ise d  le v e ls ,  A .S .S . showed a 

s ig n i f i c a n t  decrease in  b o th  a c t iv i t y  p e r  u n i t  w et w e ig h t and s p e c if ic  

a c t iv i t y  w ith  resp e c t to  c o n tro l le v e ls .  The s p e c i f ic  a c t iv i t y  o f  A .S .S .

was a ls o  s ig n i f ic a n t ly  d i f f e r e n t  from  tn e  values in  th y ro id e c to m ise d  ra ts

(Tables 29 and 30 and F igu res 29 and 30 ).

3 .3  '  E f fe c ts  o f  th e  Hormones, C o r t is o l and T hyrox in e , on
Urea Cycle Enzyme Levels in  v i t r o ___________________

3 .3 .1  The E f fe c t  o f  " in  v i t r o 1' C o r t is o l A d m in is tra tio n
on Enzyme Levels ___________________________

Four groups o f ra ts  were m ain ta ined on fo u r  d i f f e r e n t  d ie ts  -  norm al,
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The e f f e c t  o f  th y ro ide c tom y and th y ro ide c tom y 

p lu s  a s in g le  dose o f th y ro x in e  e ig h t  hours 

a f t e r  a d m in is tra t io n  on th e  a c t iv i t y  o f  th e  urea 

c y c le  enzymes pe r u n i t  w et w e ig h t in  th e  l iv e r s  

o f  ra ts  fe d  on low  and h igh p ro te in  d ie ts .

L -  108 p ro te in  d ie t

H -  75% p ro te in  d ie t
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F ig u re  30 : The e f fe c t  o f  th y ro ide c tom y and th y ro ide c tom y p lus

a s in g le  dose o f  th y ro x in e  e ig h t  hours a f te r  

a d m in is tra t io n  on th e  s p e c i f ic  a c t iv i t y  o f  th e  urea 

c y c le  enzymes in  th e  l iv e r s  o f  ra ts  fe d  on low and 

h igh p ro te in  d ie ts .

L -  10% p ro te in  d ie t  

H -  75% p ro te in  d ie t
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10%, 34% and 758 p r o te in ,  r e s p e c t iv e ly ,  f o r  seven days p r io r  to  be ing 

k i l le d .

A f te r  th e  seven-day fe e d in g  p e r io d , th e  l i v e r s  o f  experim en ta l ra ts  

were removed and incu ba ted under gas (95% 0^/5% CO2) a t 20°C in  a c u ltu re  

medium c o n s is tin g  o f  Medium 199, Hanks' ba lanced s a l t  s o lu t io n ,20% bovine 

serum, 10% whole egg u l t r a f i l t r a t e  and c o r t is o l  (20 mg. per 100 m l. o f  

c u ltu r e  medium} f o r  24 hours (see "M ethods" f o r  d e ta ils  o f  organ c u l tu r in g ) .

The l iv e r s  o f c o n tro l ra ts  were c u ltu re d  in  a s im i la r  manner bu t 

were n o t sub jec te d  to  c o r t is o l  tre a tm e n t.

The e f fe c ts  on a c t iv i t y  pe r u n i t  w et w e ig h t are shown in  Tab le 31 

and F igu re  31, w h ile  the e f fe c ts  on s p e c i f ic  a c t iv i t y  are shown in  

Tab le  32 and F ig u re  32. R esu lts  a re  expressed as a percentage o f  the 

c o n tr o l.  Each r e s u lt  rep re sen ts  a m ean:of th e  number o f animals show 

above th e  standard  e r r o r .  A l l  c u ltu re s  were done in  d u p lic a te .

No s ig n i f ic a n t  e f fe c t  on enzyme le v e ls  was observed w ith  in  v i t r o  

c o r t is o l  tre a tm e n t in  ra ts  fe d  on th e  above fo u r  d ie ts .

3 .3 .2  The E f fe c t  o f  " in  v i t r o " Thyrox ine  A d m in is tra tio n
on Enzyme Levels " "  ~ ____________________________

Four groups o f  ra ts  were m ain ta ine d  on fo u r  d i f f e r e n t  d ie ts  -  norm al, 

10%, 34% and 75% p r o te in ,  r e s p e c t iv e ly ,  fo r  seven days p r io r  to  be ing 

s a c r i f ic e d .

A f t e r  the seven-day fe e d in g  p e r io d , the l i v e r s  o f experim en ta l ra ts  

were removed and incuba ted under gas (95% 0^5%  C02) a t 20°C in  a c u ltu re  

medium c o n s is tin g  o f Medium 199, Hanks' ba lanced s a l t  s o lu t io n ,  2056 bovine 

serum, 10% whole egg u l t r a f i l t r a t e  and th y ro x in e  (1 mg. pe r 100 m l. o f  

c u ltu re  medium) f o r  24 hours (see "M ethods" f o r  d e ta ils  o f  organ c u l tu r in g ) .





F ig u re  31 The e f f e c t ,  a f t e r  tw e n ty - fo u r  hours in  v i t r o  

c o r t is o l  a d m in is tra t io n , on the  a c t iv i t y  o f  *  

th e  urea cy c le  enzymes pe r u n i t  w e t w e ig h t 

in  th e  l i v e r s  o f  ra ts  fe d  on no rm a l, 10%,

34% and 75% p ro te in  d ie ts ,

10% -  10S p ro te in  d ie t  

N -  normal d ie t  (20% p ro te in )

34£ -  342 p ro te in  d ie t  

758 -  75% p ro te in  d ie t
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The l iv e r s  o f  c o n tro l •.:%  were c u ltu re d  in  a s im i la r  manner b u t were 

n o t sub je c te d  to  th y ro x in e  :  -,-:tment.

The e f fe c ts  on a c t iv i  : s r  u n i t  w e t w e ig h t a re  shown in  Table 33 

and F ig u re  33, w h ile  th e  e f  ::s  on s p e c i f ic  a c t iv i t y  are shown in  Tab le 34

and F ig u re  34. R esu lts  a . .-'p ressed as a percentage o f  the c o n tr o l.

Each r e s u lt  rep re sen ts  a a .  o f  th e  number o f an im als shown above the 

s ta nd ard  e r r o r .  A l l  c u l tu  .•  were done in  d u p lic a te .

No s ig n i f ic a n t  e f fe c -  • • enzymo le v e ls  was observed w ith  in  v i t r o

th y ro x in e  tre a tm e n t in  r a t ;  .2 on the above fo u r  d ie ts .
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F igu re  33 : The e f f e c t ,  a f t e r  tw e n ty - fo u r  hours in  v i t r o

th y ro x in e  a d m in is tra t io n , on th e  a c t iv i t y  o f  

th e  urea cy c le  enzymes pe r u n i t  w e t w e igh t 

in  th e  l i v e r s  o f  ra ts  fe d  on no rm a l, 10%, 34% 

and 75% p ro te in  d ie ts .

10% -  10% p ro te in  d ie t

N -  normal d ie t  (20% p ro te in )

34% -  34% p ro te in  d ie t

75% -  75% p ro te in  d ie t
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F igu re  34 The e f f e c t ,  a f t e r  tw e n ty - fo u r  hours in  v i t r o  

th y ro x in e  a d m in is tra t io n , on th e  s p e c i f ic  

a c t iv i t y  o f  th e  urea cy c le  enzymes in  the 

l i v e r s  o f  ra ts  fe d  on no rm a l, 10%, 342 and 75% 

p ro te in  d ie ts .

10% -  10% p ro te in  d ie t

N -  normal d ie t  (20% p ro te in )

34% -  34 % p ro te in  d ie t

75% -  75% p ro te in  d ie t
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CHAPTER 4 -  DISCUSSION

4.1 The E f fe c t  o f  D ie t on the Urea Cycle Enzyme Levels

W ith the exce p tio n  o f  a rg in ase in  ra ts  fe d  on a h igh p ro te in  d ie t ,  

Schimke’ s r e s u lts  (Schim ke, 1962a) were con firm e d. The a c t iv i t y  per 

u n i t  w et w e ig h t o f  l i v e r  o f  a l l  f iv e  enzymes (exce p t a rg in ase  on the 75% 

p ro te in  d ie t )  showed a p o s it iv e  c o r r e la t io n  w ith  the p ro te in  con te n t o f  

th e  d ie t  a f t e r  seven days o f fe e d in g  on th e  s p e c i f ic  d ie t  (Tab le  2 and 

F igu re  5 ) .  T h is  c o r re la t io n  was a lso  found to  be tru e  f o r  s p e c i f ic  

a c t iv i t y  (Table 3 and F igu re  6 ) .  The e f fe c t  on s p e c i f ic  a c t iv i t y  is  

more s ig n i f ic a n t  as i t  shows th a t  the d ie ta r y  e f fe c t  on th e  urea cyc le  

enzymes is  s p e c i f ic  and no t m erely a general e f fe c t  on a l l  l i v e r  p ro te in s .

Arg inase le v e ls  were decreased on th e  low p ro te in  d ie t  compared 

w ith  normal fo o d , bu t d id  no t r is e  much above th e  h igh a c t iv i t y  in  ra ts  

fe d  on the normal d ie t  o f  ap p ro x im a te ly  20% p r o te in .  There are two 

p o s s ib le  exp la n a tio n s  f o r  th is  o b s e rv a tio n . E ith e r  a rg in ase is  a lrea dy  

f u l l y  induced on the normal d ie t ,  o r  th e  tim e p e rio d  re q u ire d  f o r  

a d a p ta tio n  to  th e  h ig h  p ro te in  d ie t  is  lon ge r th an  seven days. That 

th e  la t t e r  e xp la n a tio n  is  a t  le a s t p a r t ly  t ru e  is  shown by th e  s l ig h t  

inc rea se  in  le v e l o f  a rg in ase a f te r  21 days on a 75% p ro te in  d ie t .

A s tu dy  o f  th e  tim e course o f a d a p ta tio n  o f  th e  urea cy c le  enzyme 

le v e ls  to  d ie ta r y  p ro te in  con te n t in d ic a te s  th a t ,  c o n tra ry  to  Schimke's 

re s u lts (1 9 6 2 a ), a d a p ta tio n  is  no t com plete a t e ig h t  days. Some fu r th e r  

a d a p ta tio n  to  bo th  low and h ig h  p ro te in  d ie ts  occurs in  a l l  f i v e  enzymes 

in c lu d in g  a rg in ase . Again the  e f fe c t  is  t ru e  f o r  bo th a c t iv i t y  per 

u n i t  w et w e ig h t o f  l i v e r  and s p e c i f ic  a c t iv i t y .  A t 21 days, enzyme le v e ls  

on th e  low p ro te in  d ie t  (10% p ro te in )  were low er than those a f t e r  seven
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days o f fe e d in g , w h ile  th e  le v e ls  o f  a l l  enzymes, except O .T .C ., a t  21 

days on th e  h ig h  p ro te in  d ie t  (75% p ro te in )  were h ig h e r than these a f te r  

seven d^ys o f  fe e d in g  on th e  same d ie t  {Tab les 4 and 5 , and F igures 7 

and 8 ) .  A d ap ta tion  to  d ie ta ry  p ro te in  thus appears to  be a s low er 

process than p re v io u s ly  th ou gh t.

4 .2  In  v iv o  E f fe c t  o f  Hormones on th e  Urea Cycle Enzyme Levels in
~Ttats m ain ta ined on D ie ts  o f  D if fe r e n t  P ro te in  Content_______

In  assessing hormonal e f fe c ts  on enzyme le v e ls  in  th e  l i v e r ,  i t  is  

im p o rta n t to  bear in  m ind th a t  a c t iv i t y  pe r u n i t  w et w e ig h t cou ld  be 

a lte re d  by changes in  n o n -p ro te in  c o n s titu e n ts  o f  th e  l i v e r .  S p e c if ic  

a c t iv i t y ,  on the o th e r  hand, cou ld  no t be a lte re d  by such changes. In  

th e  p re sen t in v e s t ig a t io n ,  s im i la r  r e s u lts  were o b ta in ed  in  general 

w h icheve r method o f  exp ress ing  enzyme a c t iv i t y  was used.

E ig h t hours a f t e r  a s in g le  c o r t is o l  tre a tm e n t, sm all increa ses in  

s p e c i f ic  a c t iv i t y  were seen in  most o f  th e  urea cy c le  enzymes, e s p e c ia lly  

on th e  low  p ro te in  d ie t  (Tables 8 and 9 , and F igu res 9 and 10 ). The 

s ig n if ic a n c e  o f  many o f  these inc re a se s , however, f a l l s  s h o r t o f  the 5% 

con fidence l i m i t .

A t 24 h o u rs , sm all increases in  C .P.S. were seen, w h ile  O.T.C. 

showed a s ig n i f ic a n t  decrease (Tah'es 10 and 11 , and F igu re s  11 and 12 ).

D a ily  a d m in is tra t io n  o f  c o r t is o l  f o r  fo u r  days showed a more c le a r -  

c u t p ic tu re  (Tables 12 and 13 , and F igu res 13 and 14 ). On bo th low and h igh 

p ro te in  d ie ts ,  C .P .S ., A .S .S . and arg inase showed an inc rea se  in  s p e c if ic  

a c t iv i t y .  O.T.C. was l i t t l e  a f fe c te d , w h ile  the s p e c i f ic  a c t iv i t y  o f  

A .S . I .  was decreased.

In  c o n tra s t to  th e  c o -o rd in a te d  p o s it iv e  response o f enzyme le v e ls



171.

to  la rg e  d a i ly  doses o f  c o r t is o l  found by Schitnke (1 9 6 3 ), th e  presen t 

work in d ic a te s  th a t  no t a l l  enzymes o f the urea cy c le  are c lo s e ly  

c o r re la te d . On the 10% p ro te in  d ie t  the enzymes which were s im i la r ly  

a f fe c te d  were C .P .S ., A .S .S . and a rg in a se , each showing an inc rea se  in  

s p e c i f ic  a c t iv i t y  a f t e r  a fo u r-d a y  c o r t is o l  tre a tm e n t, and e ig h t  hours 

a f t e r  a s in g le  c o r t is o l  in je c t io n .  This inc rea se  was a lso  seen on the  

75% p ro te in  d ie t  fo r  C.P.S. and a rg in ase . On th e  o th e r hand, O.T.C. and 

A .S .L . d isp la ye d  anomalous behav iou r in  th a t  d a i ly  c o r t is o l  tre a tm e n t 

produced no inc rea ses on a low  p ro te in  d ie t ,  and ac tua l decreases on a 

h ig h  p ro te in  d ie t .  There were a lso  decreases in  O.T.C. 24 hours a f te r  a 

s in g le  dose o f  c o r t i s o l .

Adrenalectom y caused a decrease in  the  le v e ls  o f  C .P .S ., O.T.C . ,

A S .S. and arg in ase  in  an im als fe d  on the  low p ro te in  d ie t .  A .S .L . showed 

a s ig n i f ic a n t  inc rea se  in  s p e c i f ic  a c t iv i t y  (Tables 14 and 15 and F igu res 

15 and 16 ). On a h ig h  p ro te in  d ie t ,  the  decreases in  C .P .S ., A .S .S . and 

a rg in a se , when expressed as percentages o f  c o n tro l v a lu e s , were s m a lle r  

than on th e  low p ro te in  d ie t .

L i t t l e  change in  the  le v e ls  o f  urea cy c le  enzymes was seen e ig h t  

hours a f t e r  a s in g le  dose o f  c o r t is o l  was ad m in is te re d  to  adrenalectom ised 

an im als., (Tables 16 and 17 and F igu res 17 and 18 ). D a ily  a d m in is tra tio n  

o f  c o r t is o l  to  ad renalectom ised ra ts  gave more c le a r - c u t  r e s u lts .  On the 

10% p ro te in  d ie t ,  th e re  was an inc rea se  in  the le v e ls  o f  C .P .S ., O .T .C .,

A.S.S . and a rg in a se , compared w ith  ad ren a lec tom ised , un tre a te d  an im als. 

A .S .L . again showed a decrease in  s p e c if ic  a c t iv i t y  on c o r t is o l  trea tm en t 

(Tabies 18 and 19 and F igu re s  19 and 20 ).

The e f fe c t  o f  d a i ly  c o r t is o l  tre a tm e n t on adrenalectom ised ra ts  fe d  on 

the 75% p ro te in  d ie t  was much le ss  marked. Only a rg in ase showed a
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s ig n i f ic a n t  inc rea se in  these anim als (Tables 18 and 19 and F igures 

19 and 20 ).

The r e s u lts  o f  th e  p re sen t experim ents d i f f e r  in  some respects 

from  i . ^ - e  o f  Schimke (1962a, 1963). They do n o t in d ic a te  complete 

c o r r e la t io n  in  response o f  th e  f iv e  urea cy c le  enzymes. Only C .P .S .,

A .S .S . and a rg in ase showed f a i r l y  c o n s is te n t increases on c o r t is o l  

tre a tm e n t bo th  in  s h o r t- te rm  and lon g -te rm  exp erim en ts , and decreases 

on adrenalectom y. O .T.C . d id  no t inc rea se  on c o r t is o l  tre a tm e n t o f  

unoperated an im a ls , b u t ,  in  anim als on a 10% p ro te in  d ie t ,  i t s  le v e l 

cou ld  be lowered by ad renalectom y, and ra is e d  by subsequent c o r t is o l  

tre a tm e n t. A .S .L . , on th e  o th e r hand, was ra is e d  by adrenalectom y and 

low ered by repeated c o r t is o l  tre a tm e n t o f  i n ta c t  o r  adrenalectom ised 

an im a ls .

The d iffe re n c e s  o f  the p re sen t r e s u lts  from  those o f  Schwke 

cou ld  be due to  a s t r a in  d if fe re n c e  o f  th e  experim en ta l anim als used.

Nor can th e  p o s s ib i l i t y  be excluded th a t  O.T.C. and A .S .L . cou ld  be 

induced by c o r t is o l  in  the anim als p re s e n tly  s tu d ie d , b u t under d i f f e r e n t  

exp erim en ta l c o n d it io n s . Fo r example, th e  doses o f  c o r t is o l  used were 

s im i la r  to  those o f  Schimke; an e x ten s ive  s tudy o f  th e  dose response o f 

O.T.C. and A .S .L . m ig h t show p o s i t iv e  responses a t some o th e r  dose o f 

hormone.

Schimke's  ob se rva tion s  th a t  d ie ta ry  in d u c tio n  o f  urea cy c le  enzymes 

is  no t dependent on an in ta c t  adrenal g land are con firm ed by th e  pre sen t 

f in d in g s .  In  an im als adapted to  h ig h  p ro te in  d ie t ,  adrenalectom y a c tu a lly  

produced a s m a lle r  r e la t iv e  decrease in  urea cy c le  enzymes than in  those 

on low p ro te in  d ie t .  The d if fe re n c e  in  le v e ls  between h ig h -  and low - 

p ro te in  fe d  ra ts  was thus n o t  d im in ishe d  by adrenalectom y.
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The response o f  urea c y c le  enzymes to  c o r t is o l  on th e  o th e r  hand, 

is  d ie t-d e p e n d e n t. Anim als fe d  10% p ro te in  showed much more pronounced 

responses to  c o r t is o l  tre a tm e n t than those on normal d ie t  o r  75% p ro te in .  

Adrenalectom y to o ,  had th e  g re a te s t e f fe c t  on a 10% p ro te in  d ie t .

The sm all e f fe c t  o f  c o r t is o l  on a h ig h  p ro te in  d ie t  may im p ly  th a t  

th e  enzyme is  a lre a d y  h ig h ly  ind uce d, and l i t t l e  fu r t h e r  inc rea se  can be 

produced by th e  hormone. Schimke (1963) has suggested th a t  c o r t is o l  

does n o t induce urea cy c le  enzymes d i r e c t ly ,  b u t ac ts  th rough s t im u la t in g  

p ro te in  ca tab o lism . In  h is  v ie w , the h ig h  le v e l o f  amino a c id  breakdown 

is  th e  common fa c to r  between h ig h  p ro te in  d ie t  and c o r t is o l  tre a tm e n t, 

and is  th e  p rim ary  in d u ce r o f  urea cy c le  enzymes. The r e s u lts  c f  the 

p re sen t experim ents are no t in c o n s is te n t w ith  th is  v ie w , though o n ly  in  

v i t r o  work can p ro v id e  a c le a r  te s t  o f  i t s  v a l i d i t y .

A number o f  fa c ts  a re , however, e q u a lly  c o n s is te n t w ith  a more d i r e c t  

invo lvem en t o f  c o r t is o l .  One is  th e  decrease in  urea cy c le  enzymes which 

occurs a f t e r  adrenalectom y even on a 75% p ro te in  d ie t .  The p o s s ib i l i t y  

cannot be excluded th a t  th is  decrease i s  due to  low e r food in ta k e  in  opera ted 

an im a ls . Food in ta k e  was n o t c o n tro lle d  in  th e  p re se n t exp e rim en ts , bu t 

th e re  was no in d ic a t io n  th a t  opera ted an im als d r a s t ic a l ly  reduced th e i r  

fo od  consum ption.

More s ig n i f i c a n t  is  th e  fa c t  th a t ,  even on a h ig h  p ro te in  d ie t ,  some 

e f f e c t  o f  the hormone was seen on C .P .S ., A .S .S . and a rg in ase . In  the  

ad renalectom ised a n im f ls ,  hormone tre a tm e n t a ls o  produced increa ses in  

C.P.S. and a rg in ase which went beyond th e  le v e ls  in  th e  c o n tro ls .  I t  

w ou ld appear th a t  the  e f fe c ts  o f  c o r t is o l  and d ie t  a re , a t  le a s t to  some 

e x te n t,  a d d it iv e .



Thyrox ine  tre a tm e n t o f  in ta c t  anim als produced s ig n i f i c a n t  increases 

in  a rg in ase in  some exp erim en ts . L i t t l e  e f fe c t  on any o f  th e  o th e r 

enzymes was seen (Tables 25 and 26 and F igu res 25 and 26 ).

Thyroidectom y perform ed on animals m a in ta ined on a low p ro te in  d ie t ,  

re s u lte d  in  sm all increa ses in  a l l  urea cy c le  enzymes (Tables 27 and 28 and 

F igu res 27 and 28 ). I t  is  in te r e s t in g  th a t  th y ro x in e  tre a tm e n t o f  these 

an im als re s u lte d  in  fu r t h e r  increased enzyme le v e ls  (Tables 29 and 30 and 

F igu re s  29 and 30 ). I t  would appear th a t  removal o f  th e  a n im a l's  th y ro id  

had s e n s it iz e d  i t  to  th e  hormone, so th a t  in d u c tio n  e f fe c ts  cou ld  be seen 

which do no t occu r in  normal an im a ls . On a h ig h  p ro te in  d ie t ,  th e re  was 

l i t t l e  e f fe c t  o f  th y ro ide c tom y and no in d u c tio n  by th y ro x in e  cou ld  be 

observed (Tables 27 and 28 and F igu res 27 and 28 ).

The d ie ta ry  re g u la t io n  o f  th e  urea c y c le  p e rs is ts  in  th y ro id e c to m ise d  

r a ts ;  i t  is  th us  no t th y ro x ine -d ep en de n t. The e f f e c t  o f  th y ro ide c tom y on 

th e  o th e r hand, is  d ie t-d e p e n d e n t, be ing  g re a te s t on a low p ro te in  d ie t .

The inc rea se  in  urea c y c le  enzymes by th y ro ide c tom y found in  the 

pre sen t experim ents is  in  agreement w ith  the  r e s u lts  o f  G r i l ' lo  and Fossa 

(1966) on hyp o th y ro id  ra ts .

4 .3  The in  v i t r o Hormonal E f fe c t  on th e  Urea Cycle Enzymes in  Rats 
M ain ta ined on D ie ts  o f  D if fe r e n t  P ro te in  C ontent______________

C o r t is o l and th y ro x i. ie  a d m in is tra tio n  showed no e f fe c t  on th e  f iv e  

enzyme le v e ls  in  v i t r o  . T h is  was p ro ba b ly  due to  th e  low in cu b a tio n  

te m p era tu re , namely 20°C. I t  has been found by a co -w o rke r, F. M attheyse, 

th a t  a lthough s u rv iv a l a t  20°C is  good, th e re  are no hormonal e f fe c t s  a t  

th is  tem pera ture . In d u c tio n  o f  C .P .S ., A .S .S . and a rg in ase by in  v i t r o  

c o r t is o l  a d m in is tra tio n  i s ,  however, e v id e n t a t  37°C (M attheyse -  un pu b lish ed ).
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4 .4  C onclusion

The r e s u lts  o f  th e  p re sen t in v e s t ig a t io n  c o n firm  th e  f in d in g s  

th a t  urea cy c le  enzymes are c o n tro lle d  by d ie t .  A t the same t im e , they 

p ro v id e  evidence o f  some re g u la t io n  by c o r t is o l  and th y ro x in e .

Though bo th  hormones are known to  s tim u la te  a rg in ase du rin g  

development (Knox and Greengard, 1965 ), th e re  is  l i t t l e  s h o rt-te rm  

e f fe c t  o f  e i th e r  on the le v e ls  in  unoperated young a d u lts .  The enzyme 

le v e ls  have reached th e  a d u lt  p la te a u  co rrespond ing  to  the  an im a ls ' 

hormone o u tp u t. To ra is e  th e  le v e ls  above the  p la te a u  re q u ire s  repeated 

tre a tm e n t w ith  la rg e  doses o f  hormone.

The p e rs is te n c e  o f  the  hormonal c o n tro l i s  a ls o  in d ic a te d  by the  

e f fe c ts  o f  s u rg ic a l in te r ru p t io n  o f  the  an im a ls ' endogenous hormone 

o u tp u t.

R eg u la tion  by d ie t  i s  no t dependent on e i th e r  c o r t is o l  o r  th y ro x in e ; 

adrenalectom y o r  th y ro id e c to m y , and normal an im als a l l  have enzyme le v e ls  

w hich on a 75% p ro te in  d ie t  are h ig h e r,  and on a 10% p ro te in  d ie t  are  low er 

than in  ra ts  fe d  the  re g u la r  d ie t .

. S e n s i t iv i t y  to  hormone does, however, depend very g re a t ly  on the 

p ro te in  co n te n t o f  the  d ie t .

F in a l ly ,  th e  c o n tro l o f  the f iv e  enzymes o f  th e  urea cy c le  is  no t 

always c o r re la te d . Some experim en ta l c o n d it io n s  produced o p po s ite  e f fe c ts  

on d i f f e r e n t  enzymes. These d iffe re n c e s  may be q u a n t i ta t iv e  ra th e r  

than q u a l i ta t iv e  in  n a tu re , r e f le c t in g  a d if fe re n c e  in  dose-response.

They a re  no t in c o n s is te n t w ith  the assum ption th a t  th e re  are many 

s im i la r i t ie s  o r  perhaps even common steps in  th e  c o n tro l mechanisms o f 

urea cy c le  enzymes. A t the same tim e th e re  would appear to  be some 

d if fe re n c e s .
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