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T h is  i n v e s t i g a t i o n  was c a r r i e d  o u t i n  th e  w ards 

and b io c h e m ic a l  l a b o r a t o r y  o f  th e  R oyal H o s p i ta l  f o r  S ick  

C h i ld r e n ,  G lasgow , d u r in g  th e  t e n u r e  o f  a  M uirhead  S c h o la r 

s h ip  a t  th e  i n s t i g a t i o n  o f  P r o f e s s o r  G.B. F lem in g  and D r 

Noah M o rr is .  I  am d e e p ly  in d e b te d  to  P r o fe s s o r  F lem in g  f o r  

th e  s t im u lu s  o f  h i s  c o n tin u e d  i n t e r e s t  and c r i t i c i s m ,  and to  

D r M o rris  f o r  many s u g g e s t io n s  w h ich  have p ro v ed  m ost v a lu a b le .  

I t  i s  a p l e a s u r e  a l s o  to  e x p re s s  my th a n k s  to  D r S ta n le y  

Graham and Mr M atthew  W hite f o r  g r a n t in g  me f a c i l i t i e s  f o r  

ex am in in g  c a s e s  i n  t h e i r  w a rd s .



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

From th e  w ork o f  p h y s io l o g i s t s  i t  i s  e s t a b l i s h e d  t h a t ,  

a f t e r  i n g e s t i o n ,  p r o t e i n  s u b s ta n c e s  a re  b ro k e n  down i n t o  p r im a ry  

and s e c o n d a ry  p r o te o s e s ,  l a t e r  i n t o  p e p to n e , and u l t i m a t e l y  i n t o  

a m in o -a c id s  i n  w hich  fo rm  th e y  a r e  a b so rb e d  and th u s  e n t e r  th e  

p o r t a l  c i r c u l a t i o n .  The c o n s t i t u e n t s  o f  w hich  th e  t i s s u e s  a re  

c a p a b le  o f  m aking  u s e  a r e  d i s t r i b u t e d  by  th e  b lo o d  s tre a m  to  

v a r io u s  p a r t s  o f  th e  b o d y , w h ile  th o s e  w hich  a r e  n o t  u t i l i s e d  

a r e  c a r r i e d  to  th e  k id n e y  w here th e y  a r e  rem oved from  th e  c i r c u l a 

t i o n  and e x c r e te d  i n  th e  u r i n e .  The m ajo r p o r t io n  o f  t h i s  

n i t r o g e n  fo u n d  i n  th e  u r in e  i s  composed o f  u r e a ,  ammonium s a l t s  

and c r e a t i n i n .  Thus f a r ,  th e  p r o c e s s e s  a t  work have b e e n  ex 

t e n s i v e l y  i n v e s t i g a t e d  and th e  r e s u l t s  o b ta in e d  have b een  w e l l  

s u b s t a n t i a t e d .  Much l e s s  work h a s ,  how ever, b e e n  c a r r i e d  o u t on 

th e  in te r m e d ia te  m e ta b o lism  o f  n i t r o g e n .  I t  w ould a p p e a r  t h a t  

a h i a t u s  e x i s t s  i n  o u r know ledge r e g a rd in g  th e  p a r t  p la y e d  by  

th e  l i v e r  i n  th e s e  p r o c e s s e s .  I t  I s  s a id  t h a t  d e a m in ls a t io n  o f  

th e  a m in o -a c id s  o c c u rs  i n  th e  l i v e r  r e s u l t i n g  In  th e  fo rm a tio n  

o f  u r e a ,  b u t  th e  a c t u a l  m echanism  o f  th e  n e x t s te p  i s  u n c e r t a in .  

A f te r  th e  l i v e r  m a n u fa c tu re s  th e  u r e a  does I t  Im m ed ia te ly  e n t e r  

th e  c i r c u l a t i o n  w ith  a view  to  e x c r e t io n  by  th e  u r in e  a s  ex 

p e d i t i o u s l y  a s  p o s s ib le ?  O r, i s  i t  p o s s ib le  t h a t  th e  u r e a  may
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be s to r e d  by  th e  l i v e r  and o n ly  a llo w e d  to  e sc a p e  g r a d u a l ly  i n to  

th e  b lo o d  s tre a m ?  L a s t l y ,  th e  h y p o th e s is  h as  b een  b ro u g h t fo rw a rd  

t h a t  th e  u r e a  may be  a c t u a l l y  r e s y n t h e t i s e d  i n t o  p r o t e i n .

The p r e s e n t  i n v e s t i g a t i o n  was u n d e r ta k e n  w ith  a view  

to  f o l lo w in g  th e  ch an g es  i n  b lo o d  n o n - p r o te in  n i t r o g e n  w hich  

o c c u r re d  i n  h e a l t h  and i n  d i s e a s e  a f t e r  th e  i n g e s t i o n  o f  u r e a .

I t  was a l s o  d e c id e d  to  s tu d y  th e  e f f e c t  o f  v a r io u s  f o o d s tu f f s  

on th e  n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d .

The w ork h a s  a c c o r d in g ly  b e e n  d iv id e d  i n t o  th e  f o l lo w 

in g  s e c t i o n s : -

1 . A summary o f  o u r  p r e s e n t  know ledge o f  th e  n o n - p r o te in  

n i t r o g e n  o f  th e  b lo o d  c o n s id e re d  from  a h i s t o r i c a l  s ta n d p o in t  

a lo n g  w i th  some rem ark s  on th e  a b s o r p t io n  o f  u r e a .

2 . The in f lu e n c e  o f  (a )  a  p ro lo n g e d  a b s te n t io n  from  food  

and (b ) v a r io u s  f o o d s t u f f s ,  a lo n e  and in  c o m b in a tio n , on th e  

n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d .

3 . A s tu d y  o f  th e  e f f e c t  o f  th e  in g e s t i o n  o f  u r e a  on th e  

n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d  i n  h e a l th y  o r  c o n v a le s c e n t  

c h i l d r e n .

4 . The in f lu e n c e  o f th e  i n g e s t i o n  o f  u r e a  on th e  b lo o d  non

p r o t e i n  n i t r o g e n  i n  c a s e s  w here d i s e a s e  o f  th e  l i v e r  i s  known 

o r  s u s p e c te d  to  e x i s t .

5 . The e f f e c t  o f  th e  in g e s t i o n  o f  u r e a  on th e  n o n - p ro te in  

n i t r o g e n  o f  th e  b lo o d  in  d i s e a s e s  o f  th e  m u sc le s .
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6 . The e f f e c t  o f  th e  in g e s t i o n  o f  u r e a  on th e  n o n - p ro te in  

n i t r o g e n  o f  t h e  b lo o d  in  c h i ld r e n  who were th e  s u b je c ts  o f  

rh e u m a tic  i n f e c t i o n .

7 . The e f f e c t  o f  t h e  i n g e s t i o n  of u re a  on th e  n o n - p ro te in  

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

8 .  The in f lu e n c e  o f  th e  i n g e s t i o n  o f u r e a  on th e  non

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

9 .  Summary and c o n c lu s io n s .



SECTION I .

A Summary o f  o u r  p r e s e n t  know ledge o f  th e  n o n - p r o te in  

n i t r o g e n  o f  th e  b lo o d  a lo n g  w i th  some rem ark s  on th e  

a b s o r p t io n  o f  u r e a .
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Th© n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d  i s  v a r io u s ly  

d e s c r ib e d  a s  th e  in c o a g u la b le  n i t r o g e n ,  f i l t r a t e ,  r e s t ,  w a s te  

o r  r e s i d u a l  n i t r o g e n .  I t  i s  com posed o f  th e  n i t r o g e n  d e r iv e d  

from  -  u r e a ,  u r i c  a c i d ,  am ino a c i d s ,  c r e a t i n ,  c r e a t i n i n  and a 

sm a ll  p r o p o r t io n  o f  u n d e te rm in e d  s u b s ta n c e s ,  The u r e a  n i t r o g e n  

i s  th e  m ost im p o r ta n t .

A lth o u g h  W ohler i n  1828 su cceed ed  i n  p ro d u c in g  a

s y n th e t i c  p r e p a r a t i o n  o f  u r e a  and th e  fo l lo w in g  y e a r  C h r i s t i s o n ^ ^

d e m o n s tra te d  an  in c r e a s e  i n  serum  u r e a  i n  c a s e s  o f  n e p h r i t i s ,  i t

was n o t  u n t i l  1899 t h a t  th e  n o n - p r o te in  n i t r o g e n  o f th e  b lo o d
( 2 )was d e te rm in e d . S c h o n d o r f f ' '  was am ongst th e  f i r s t  to  c a r r y  

o u t t h i s  e s t im a t io n .  From th e s e  e a r l y  b e g in n in g s  a g r e a t  d e a l  

o f  in fo r m a t io n  r e g a rd in g  th e  m e ta b o lism  o f  th e  n o n - p r o te in  

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

h a s  a c c u m u la te d .

The fo rm a tio n  o f  u r e a .

I t  i s  now g e n e r a l ly  b e l i e v e d  t h a t  u re a  i s  m a n u fa c tu red  

m a in ly  i n  th e  l i v e r  and t h a t  m ost o f  i t  i s  e x c re te d  b y  th e  k id n e y s .  

I n  p ro o f  o f  t h i s  i t  h a s  b een  d e m o n s tra te d  t h a t  a f t e r  com ple te  

rem o v a l o f  th e  l i v e r  i n  a norm al a n im a l, a lw ays p ro v id e d  t h a t  

th e  u r i n a r y  a p p a ra tu s  h as  b een  l e f t  i n t a c t ,  th e  b lo o d  u re a  

g r a d u a l ly  f a l l s .  I f ,  on th e  o th e r  hand  a n u r ia  e x i s t s ,  th e  l e v e l  

o f  u r e a  i n  th e  b lo o d  rem ain s  c o n s ta n t .  I f  th e  k id n e y s  a re  

rem oved i n  a norm al an im a l th e  b lo o d  u r e a  r i s e s  s t e a d i l y .  Should
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th© l i v e r  be  n e x t  rem oved th e  b lo o d  u r e a  rem a in s  a t  th e  l e v e l

w h ich  i t  had  re a c h e d  im m e d ia te ly  p r i o r  to  th e  second  o p e r a t io n .

The am ount o f  n o n - p r o te in  n i t r o g e n  fo u n d  i n  
th e  b lo o d  o f  no rm al I n d i v i d u a l s .

N a tu r a l ly  th e  h e ig h t  o f  th e  n o n - p r o te in  n i t r o g e n  and

u r e a  o f  th e  b lo o d  d ep en d s  on th e  r a t e  o f  fo rm a tio n  o f  u r e a  a s

w e l l  a s  upon  th e  r a t e  o f  e x c r e t i o n .  The fo rm e r  v a r i e s  w ith  th e

am ount o f  p r o t e i n  i n  th e  d i e t  a s  w e l l  a s  w ith  th e  r a t e  o f  p r o te in
( 3 )c a ta b o l i s m  (MacKay and MacKay) th e  l a t t e r  a c c o rd in g  to  th e  

f in d in g s  o f  A d d i s D r u r y  i s  c o n d i t io n e d  by many f a c t o r s .

I t  i s  now d e f i n i t e l y  e s t a b l i s h e d  t h a t  any v a lu e  f o r  

th e  n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d  l y in g  b e tw een  15-40  mg. 

p . 100 c c s .  i s  p h y s io l o g i c a l .  The e a r l i e r  w o rk e rs  f o r  th e  m ost 

p a r t  fo u n d  d e f i n i t e l y  h ig h e r  v a lu e s .  Some o f th e s e  i n v e s t i g a t o r s  

c o n c e n t r a te d  on th e  h y p o -b ro m ite  m ethod , w hich  was n o t  s u f f i c i e n t l y  

a c c u r a te  to  a f f o r d  r e s u l t s  o f  v a lu e .  The p r i n c i p a l  ex p o n en ts  o f  

th e  s u b je c t  d i f f e r e d  g r e a t l y  a s  to  th e  a c tu a l  p h y s io lo g ic a l  ran g e  

o f  th e  n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d . Some o f  th e  r e s u l t s  

r e c o rd e d  b e tw een  1913-1915 may be sum m arised a s  f o l l o w s : -  

Name % N .P .N . i n  100 c c s .  b lo o d .

R ow ntree & P i t z  (5 ) 50-60
P a r r  & A u s t in  (6 ) 15-43
Agnew (7 )  50
R ow ntree (8 ) 50
F ro th in g h am  & S m e llie  (9 ) 20-30
T i l e s t o n  & C om fort (1 0 ) 30
P o s te r  (11 ) 20-40
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W ith  th e  view  o f  e n d e a v o u rin g  to  c l e a r  up th e  d i f f e r 

e n c e s  fo u n d  b y  v a r io u s  w o rk e rs ,  F a r r  & A u s t i n ^ ) c a r r i e d  o u t  a 

s e r i e s  o f  e x p e r im e n ts  on th e  v a lu e s  o b se rv e d  u s in g  w hole b lo o d  

and se ru m . The r e s u l t s  th e y  o b ta in e d  l e d  them  to  th e  c o n c lu s io n  

t h a t  w i th  a  r e l i a b l e  m ethod and a c a r e f u l  te c h n iq u e  th e r e  sh o u ld  

be  no d i f f e r e n c e  o f  any  co n seq u en ce  b e tw een  th e  n o n - p r o te in  

n i t r o g e n  o f  w hole b lo o d  and t h a t  o f  serum .

As h as  b e e n  shown by  MacKay & MacKay^3  ̂ A rch e r & R o b b ^ ^  

and o th e r s ,  p h y s io lo g ic a l  v a r i a t i o n s  o c c u r  w i th in  th e  24 h o u r s .

The v a lu e  i s  fo u n d  to  be h ig h e r  d u r in g  th e  d ay  -  t h a t  i s ,  d u r in g  

a c t i v i t y  th a n  d u r in g  th e  n i g h t - p e r io d  o f  r e s t .  T h a t th e s e  ch an g es  

a r e  n o t  e n t i r e l y  due to  ch an g es  i n  r e n a l  a c t i v i t y  i s  c l e a r l y  shown 

b y  th e  f a c t  t h a t  th e  u r in a r y  u re a  i s  a l s o  d i s t i n c t l y  lo w er by  

n ig h t  th a n  b y  d a y . T h is  f a c t  h a s  l e d  MacKay & MacKay^®), A ddis 

& W a ta n a b e ^ 3  ̂ and o th e r s  to  c o n c lu d e  t h a t  th e  e x p la n a t io n  may 

l i e  i n  ch an g es  i n  th e  m e ta b o lic  r a t e .  The d e c re a s e d  v a lu e s  b y  

n ig h t  w ould th e n  c o in c id e  w i th  a d e p re s s e d  m e ta b o lism . The d ay  

r i s e  c a n ,  o f  c o u rse , n a t u r a l l y  be p a r t i a l l y  a t t r i b u t e d  to  th e  

i n g e s t i o n  o f  fo o d . A ddis & W atanabe^1 3  ̂ have shown t h a t  a  change 

from  a  d i e t  composed m a in ly  o f  c a rb o h y d ra te  to  one r i c h  i n  p r o te in  

may c a u s e  a r i s e  i n  b lo o d  u r e a  o f  from  58*r250$. MacKay & MacKay 

s t a t e  t h a t  a  s in g l e  m eal r i c h  i n  p r o t e in  h as  l i t t l e  e f f e c t  on th e  

b lo o d  u r e a ,  b u t  th e y  a g re e  t h a t  i f  such  a d i e t  i s  c o n tin u e d  f o r
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s e v e r a l  d ay s  an  a p p r e c ia b le  r i s e  r e s u l t s .  Prom t h i s  th e y  co n c lu d e  

t h a t  i t  i s  u n n e c e s s a ry  to  p ay  undue a t t e n t i o n  to  th e  tim e  o f  d ay  

a t  w h ich  th e  b lo o d  f o r  th e  e s t im a t io n s  i s  w ith d ra w n . T h is  a g re e s  

w i th  th e  f in d in g s  o f  F o r s g r e n ^ ^  who fo und  no c h a r a c t e r i s t i c  

r e l a t i o n s h i p  b e tw een  th e  h e ig h t  o f  th e  n o n - p r o te in  n i t r o g e n  and 

th e  i n g e s t i o n  o f  f o o d . I n  h i s  o p in io n  th e  f a s t i n g  n o n - p ro te in  

n i t r o g e n  e s t im a te d  i n  th e  m o rn in g  i s  n o t  n e c e s s a r i l y  th e  lo w e s t 

i n  th e  24 h o u r s .  He r e g a rd s  i t  a s  p o s s ib le  t h a t  th e s e  v a r i a t i o n s
/ ig  \

may h av e  some c o n n e c t io n  w ith  h e p a t i c  a c t i v i t y .  MacKay & MacKay' ' 

b e l i e v e  t h a t  t h e r e  i s  l e s s  v a r i a t i o n  i n  specim ens o f  b lo o d  w i th 

draw n a t  th e  same h o u r  each  d ay  th a n  a t  d i f f e r e n t  h o u rs  on th e  

same d a y . T hese w o rk e rs  have p ro d u ced  r e s u l t s  w h ich  show t h a t  

th e  u r e a  o f  th e  b lo o d  te n d s  to  b e  d e f i n i t e l y  h ig h e r  i n  men th a n  

i n  women b y  a b o u t 3 5 $ . T h is  i n v e s t i g a t i o n  h a s  shown t h a t  th e r e  

i s  a te n d e n c y  f o r  th e  v a lu e  to  in c r e a s e  w ith  a g e .

I t  i s  g e n e r a l l y  acknow ledged  t h a t  a b n o rm a lly  h ig h  non

p r o t e i n  n i t r o g e n  and u r e a  v a lu e s  may be o b ta in e d  i n  c a s e s  w here 

th e  k id n e y s  a t  a u to p s y  show no e v id e n c e  o f  d i s e a s e .  Amongst 

su ch  c o n d i t io n s  may be m en tio n ed  h ig h  i n t e s t i n a l  o b s t r u c t io n  and 

d e h y d r a t io n  from  any  c a u s e .  I n  some o f  th e  a c u te  f e v e r s  a ls o  

h ig h e r  v a lu e s  th a n  norm al may o c c u r .

T i l e s t o n  & C om fort w ere a p p a r e n t ly  th e  f i r s t  

i n v e s t i g a t o r s  to  d e m o n s tra te  an  in c r e a s e d  n o n - p ro te in  n i t r o g e n  

o f  th e  b lo o d  In  a c u te  i n t e s t i n a l  o b s t r u c t io n .  In  fo u r  o f  t h e i r
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c a s e s  th e  f a s t i n g  l e v e l s  w ere 7 6 , 9 2 , 150 and 169 mg. p e r  100 c c s .

r e s p e c t i v e l y .  T h e ir  f in d in g s  w ere co n firm ed  by S chw artz  & M cG ill

I t  was s u g g e s te d  by  A ddis & W a ta n a b e ^ ^  t h a t  th e  abnorm al v a lu e s

i n  t h i s  c o n d i t io n  may be a c c o u n te d  f o r  by in c r e a s e d  c a ta b o l is m ,
(12 )P o s t e r '  ' d e m o n s tra te d  a r i s e  i n  c h o le r a  w hich he re g a rd e d  a s  a 

r e s u l t  o f  th e  o l ig a e m ia .  In  h i s  c a s e s  o f  pneum onia a r i s e  beyond 

th e  no rm al was e x c e p t io n a l ,  o n ly  o c c u r r in g  in  c a s e s  show ing 

e v id e n c e  o f  c a r d ia c  e m b a rra ssm en t. T h is  f in d in g  le d  him  to  c a r ry  

o u t  n o n - p r o te in  n i t r o g e n  e s t im a t io n s  i n  c a s e s  o f  d ec o m p en sa tio n , 

w i th  th e  r e s u l t  t h a t  i n  8 p a t i e n t s  b e tw een  th e  ag e s  o f  18-26  y e a rs  

he fo u n d  an a v e ra g e  r e a d in g  o f  61 mg. p . 100 c c s .

I n  a c u te  i n f e c t i o n s  T i l e s t o n  & C o m f o r t ^ ^  found  t h a t  

t h e i r  h i g h e s t  n o n - p r o te in  n i t r o g e n  v a lu e  d id  n o t  exceed  50 mg. 

p . 100 c c s .  I n  p a t i e n t s  s u f f e r i n g  from  h y p e r tro p h y  o f  th e  p r o s t a t e  

c o m p lic a te d  by h y d ro n e p h ro s is  a s  a  r e s u l t  o f  backw ard  p r e s s u r e  

th e  u r e a  v a lu e  o f  th e  b lo o d  i s  o f te n  h ig h e r  th a n  i n  c a s e s  o f  

g e n u in e  n e p h r i t i s .  These f a c t s  p o in t  to  th e  a d v i s a b i l i t y ,  o r  

p e rh a p s  r a t h e r  th e  n e c e s s i ty ^  o f  a u r e a  c o n c e n t r a t io n  o r  o th e r  

r e n a l  f u n c t io n  t e s t  b e in g  c a r r i e d  o u t  b e fo re  a d ia g n o s is  o f  

n e p h r i t i s  i s  g iv e n  on th e  s t r e n g th  o f  an abnorm al b lo o d  n on- 

p r o t e i n  n i t r o g e n  o r  u r e a  e s t im a t io n .

The a b s o r p t io n  o f  u r e a .

F o l in ^ ® ^  h as  shown t h a t  a f t e r  i n g e s t io n  m ost o f  th e  |
i

u r e a  i s  a b so rb e d  from  th e  sm a ll i n t e s t i n e  a l th o u g h  a  c e r t a i n  j
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am ount o f  a b s o r p t io n  d o es  o c c u r  from  b o th  th e  s tom ach  and th e  

l a r g e  i n t e s t i n e .

By means o f  t h e i r  new m ic ro  m ethod P o l in  & D e n is  

i n  1912 w ere a b le  to  exam ine th e  b lo o d  i n  a n im a ls  a f t e r  th e  

i n g e s t i o n  o f  u r e a .  They to o k  sam ples o f  b lo o d  and rem oved th e  

g r a c i l i s  m u sc le  from  one l e g ,  th e y  th e n  in t ro d u c e d  a s o lu t io n  

c o n ta in in g  u r e a  i n t o  a l i g a t u r e d  lo o p  o f  i n t e s t i n e .  Specim ens 

o f  b lo o d  w ere w ith d raw n  a t  v a r io u s  i n t e r v a l s  d u r in g  th e  e x p e r im e n t, 

and a t  th e  c lo s e  th e  g r a c i l i s  from  th e  o th e r  l e g  was a l s o  rem oved. 

The d e te r m in a t io n  d f  th e  n o n - p r o te in  n i t r o g e n  and u r e a  from  th e  

spec im en s o f  b lo o d  and m u sc le  th u s  o b ta in e d  showed t h a t  th e r e  had 

b e e n  a r a p id  a b s o r p t io n  o f  u r e a  from  th e  i n t e s t i n e  and t h a t  i t  

had e n te r e d  i n t o  th e  c i r c u l a t i o n  unchanged and had a c t u a l l y  

a ccu m u la ted  i n  th e  m u sc le .

The e f f e c t  o f  u r e a  on N itro g e n  M e ta b o lism .

We a r e  in d e b te d  to  G r a e f e ^ ^  f o r  h i s  work on t h i s  

s u b j e c t .  H is  e x p e r im e n ts  w ere m ost c a r e f u l l y  p la n n e d . On a c c o u n t 

o f  th e  r e a d in e s s  w ith  w hich  p ig s  p a r to o k  o f  th e  d i e t  he d e c id e d  

t h a t  th e y  w ere th e  a n im a ls  b e s t  s u i t e d  f o r  th e  e x p e r im e n ts . The 

a n im a ls  w ere p re p a re d  by  a p r e l im in a r y  f a s t  e x te n d in g  o v er a few 

d a y s ,  fo llo w e d  by  a p r e - p e r io d  i n  w hich  th e  d i e t  was r i c h  i n  

c a rb o h y d ra te  and f a t f b u t  n i t r o g e n - f r e e . Then^ d u r in g  a f u r t h e r  

p r e - p e r io d  he c o n tin u e d  t h i s  d i e t  w ith  th e  a d d i t i o n  o f  p r o te in  

e q u a l i n  amount t o  a b o u t o f  fh e  m a in ten a n c e  minimum. T h is
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p r o t e i n  was a l s o  g iv e n  d u r in g  th e  p r i n c i p a l  p e r io d  when u r e a  o r  

u r e a  p lu s  ammonium c i t r a t e  was added to  th e  d i e t .  The n i t r o g e n  

b a la n c e  rem a in ed  n e g a t iv e  d u r in g  th e  p re -p e r io d ^  in  s p i t e  o f  th e

p r o t e i n  added to  th e  d i e t  d u r in g  th e  second  s t a g e ,  b u t i t  became

d e f i n i t e l y  p o s i t i v e  d u r in g  th e  p r i n c i p a l  p e r io d  show ing t h a t  a 

c e r t a i n  amount o f  n i t r o g e n  had  a c t u a l l y  been  r e t a i n e d .  As a 

r e s u l t  o f  th e s e  e x p e r im e n ts  G rae fe  came to  th e  c o n c lu s io n  t h a t  

th e r e  w ere th r e e  p o s s i b i l i t i e s  r e g a r d in g  th e  f a t e  o f  t h i s  n i t r o g e n  

nam ely  -  1 . I t  may b e  r e t a i n e d  as  ammonia.

2 . I t  may b e  changed  in t o  some n i t ro g e n o u s  compound
o th e r  th a n  p r o t e i n .

3 . I t  may a c t u a l l y  s p a re  body p r o t e in  by  c o n v e rs io n
i n t o  some p r o t e i n - l i k e  body .

He d e c id e d  i n  f a v o u r  o f  th e  l a s t  s u g g e s t io n  b u t  he d o es  n o t 

a p p e a r  to  have b e e n  th o ro u g h ly  s a t i s f i e d  w ith  th e  r e s u l t s  o f  

h i s  i n v e s t i g a t i o n s .

H e n riq u e s  & A n d ersen ^2 1  ̂ r e p e a te d  G rae fe 's  work by  means 

o f  in t r a v e n o u s  i n j e c t i o n s  in  g o a t s .  T here was a d a i l y  i n j e c t i o n  

o f  2 l i t r e s  o f  a s o lu t i o n  c o n ta in in g  g lu c o se  and s a l t s  i n  a p r e -  

and a p o s t - p e r io d  s e p a r a te d  by  a p r i n c i p a l  p e r io d  d u r in g  w hich 

u r e a  o r  an  ammonium s a l t  was added  to  th e  in j e c t e d  f l u i d .

A lth o u g h  th e  n e g a t iv e  n i t r o g e n  b a la n c e  was d e f i n i t e l y  red u ced  

d u r in g  th e  p r i n c i p a l  p e r io d  th e  r e t e n t i o n  o f  n i t r o g e n  was o n ly  

te m p o ra ry  a s  I t  was fo llo w e d  l a t e r  by a w ash ing  o u t .

M a rsh a ll  & D a v i e s ^ 2  ̂ a l s o  i n j e c t e d  f l u i d  c o n ta in in g
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u r e a  in  c o n s id e r a b le  q u a n t i t i e s  b u t  fo u n d  no e v id e n c e  o f  any  

change i n t o  any  o th e r  s u b s ta n c e .

I n  1 9 1 6 A b d e r h a ld e n (^ )  i n  v iew  o f  th e  r a t h e r  c o n f l i c t 

in g  r e s u l t s  o b ta in e d  b y  o th e r  i n v e s t i g a t o r s  su rv ey e d  th e  whole 

q u e s t io n .  He re a c h e d  th e  g e n e r a l  c o n c lu s io n  t h a t  th e  n i t r o g e n  

b a la n c e  a lo n e  c o u ld  n o t  g iv e  much in fo rm a tio n  r e g a rd in g  p r o t e in  

m e ta b o lism .

A b d e rh a ld e n  p o in te d  o u t t h a t  th e  m ere a d d i t i o n  o f  

b a l l a s t  t o  th e  fo o d  in  th e  fo rm  o f  c e l l u l o s e  may c o n v e r t  a 

p o s i t i v e  n i t r o g e n  b a la n c e  i n t o  a  n e g a t iv e  onef th ro u g h  th e  i n 

c r e a s e d  rem o v a l o f  n i t r o g e n  by  way o f  th e  i n t e s t i n e .  W orking 

a lo n g  w i th  H i r s c h ^ ^  and he came to  th e  c o n c lu s io n

t h a t  any  r e t e n t i o n  o f  n i t r o g e n  fo l lo w in g  th e  a b s o r p t io n  o f  u r e a  

was fo llo w e d  l a t e r  b y  a w ash in g  o u t .  These w o rk e rs  a d m itte d  

t h a t  ammonium s a l t s  d id  a c t  a s  p r o t e i n - s p a r e r s f b u t  th e y  w ere o f  

th e  o p in io n  t h a t  th e  m ost r e a s o n a b le  e x p la n a t io n  o f  th e  r e s u l t s  

was t h a t  th e  n i t r o g e n  was r e t a i n e d  i n  some n o n - p r o te in  fo rm .

They were in entire disagreement with the theory of resynthesis 
of protein. Dogs were used for their experiments. G.D.Cathcart(^6) 
and Barnett & A d d i s h a v e  shown that the blood ammonia content 
may rise after giving urea. This fact really places urea In the 
same category as the ammoniunsalts.

S ix  y e a r s  l a t e r  C a th c a r t^ ® ^  s t a t e d  t h a t  i n  h i s  o p in io n , 

even  i f  th e  body can  s y n th e t i z e  a m in o -a c id s  and e v e n tu a l ly  p r o te in
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fro m  u r e a  o r  ammonium s a l t s t a d m in is te r e d  a lo n g  w ith  c a rb o h y d ra te s  

and  f a t s ,  I t  d o e s  n o t  r e a d i l y  do s o .

M o o r e a n d  h i s  c o -w o rk e rs  fe d  no rm al i n d iv id u a l s  on 

u r e a  i n  q u a n t i t i e s  v a ry in g  from  35 to  52 g .  a s  an a d d i t i o n  to  

t h e i r  u s u a l  d i e t .  They c a r r i e d  o u t e s t im a t io n s  o f th e  n o n - p ro te in  

n i t r o g e n  o f  th e  b lo o d  and i n v e s t i g a t e d  th e  n i t r o g e n  m e ta b o lism .

They fo u n d  t h a t  a  c e r t a i n  p r o p o r t io n  o f  th e  n i t r o g e n  was c o m p le te ly  

l o s t  t r a c e  o f .  They w ere , how ever, q u i t e  u n a b le  to  f u r n i s h  any 

e x p la n a t io n  o f  t h e i r  r e s u l t s .  S im ila r  i n v e s t i g a t i o n s  c a r r i e d  

o u t e a r l i e r  by th e s e  same w o rk e rs  u s in g  p a t i e n t s  s u f f e r i n g  from  

n e p h r i t i s  p ro d u ced  a lm o s t i d e n t i c a l  r e s u l t s .

C a th c a r t  and G r e e n k e p t  a no rm al a d u l t  on a b u t t e r  

and p o ta to  d i e t  f o r  some d ay s  and th e n  added a s in g le  d o se  o f  

1 2 g . u r e a .  W ith in  48 h o u rs  th e y  w ere  a b le  to  r e c o v e r  95# o f  th e  

u r e a .

As may be o b se rv e d  from  t h i s  summary o u r know ledge o f  

th e  s u b je c t  i s  s t i l l  d e f e c t iv e  on c e r t a i n  im p o r ta n t  p o in t s  one 

o f  w hich  i s  th e  f a t e  o f  u r e a  n i t r o g e n  be tw een  a b s o r p t io n  and 

e x c r e t i o n .



SECTION 2 .

The I n f lu e n c e  o f  -

(a )  p ro lo n g e d  a b s te n t io n  from  fo o d  and

(b ) v a r io u s  f o o d s t u f f s  on th e  n o n - p r o te in

n i t r o g e n  o f  th e  b lo o d .
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B etw een 1911 and 1917 Van S ly k e  s tu d ie d  th e  r e l a t i o n 

s h ip  o f  th e  l i v e r  t o  u r e a  f o r m a t i o n a n d  d e te rm in e d  th e  b lo o d  

u r e a  c u rv e  a f t e r  an am ple m eal o f  m ea t. By means o f  X -ray  p h o to 

g ra p h s  he was a b le  to  show t h a t  th e  b lo o d  u r e a  ro s e  d i r e c t l y  th e  

f i r s t  p a r t i c l e  o f  fo o d  e n te r e d  th e  duodenum -  t h a t  i s  to  s a y , 

b e f o re  a m in o -a c id  fo rm a tio n  had  ta k e n  p la c e .  As i t  had b een  

s u g g e s te d  t h a t  th e  fo rm a tio n  o f  u r e a  by  th e  l i v e r  i s  n o t th e  

s p e c i f i c  r e s u l t  o f  th e  p re s e n c e  o f  p r o t e i n  i n  th e  a l im e n ta ry  

t r a c t ,  b u t  m ig h t fo llo w  th e  s t im u lu s  o f  th e  i n g e s t i o n  o f  any ty p e  

o f  fo o d  Cohen & L e v in ^ ® ^  b eg an  to  s tu d y  th e  e f f e c t  o f  th e  in g e s 

t i o n  o f  g lu c o s e  on th e  b lo o d  u r e a .  They p erfo rm ed  th e  t e s t  a t  

i n t e r v a l s  o f  2 and 4 h o u rs  a f t e r  th e  g lu c o se  had  b e e n  ta k e n ,  

b u t  th e y  found  no change i n  th e  l e v e l  o f  th e  u r e a  o f  th e  b lo o d . 

From t h e i r  r e s u l t s  th e y  c o n c lu d e d  t h a t  th e  p re se n c e  o f  th e  am ino- 

a c id  m o le c u le  i n  th e  i n t e s t i n a l  t r a c t  h a s  th e  f a c u l t y  o f  s t im u la 

t i n g  th e  d e a m in iz in g  power o f  th e  l i v e r  b e fo re  t h e r e  i s  any  i n 

c r e a s e  i n  th e  a m in o -a c id  c o n te n t  o f  th e  b lo o d . W ith a  view  to  

c o n f irm in g ,  and i f  p o s s ib le  su p p lem e n tin g  th e  work o f  Cohen & 

L e v in  th e  f o l lo w in g  s e r i e s  o f  c a s e s  was exam ined. The ag es  o f  

th e  c h i l d r e n  ra n g e d  frogi 7 to  11 y e a r s ,  and th e y  w ere c o n v a le s c 

in g  fro m  v a r io u s  c o n d i t io n s  in c lu d in g  c h o re a , s im p le  e n d o c a r d i t i s ,  

f i b r o s i s  o f  lu n g ,  r e n a l  c a l c u l i ,  and c o n v a le s c e n t  e n t e r i t i s .  The 

f i r s t  specim en  o f  b lo o d  was ta k e n  a t  9 a .m . when th e  c h i ld  had 

b e e n  f a s t i n g  f o r  a t  l e a s t  12 h o u r s .  The b lo o d  was o b ta in e d  from
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a  n e e d le  p u n c tu re  o f  th e  thum b. A f te r  th e  f a s t i n g  sam ple had  

b e e n  w ith d ra w n  th e  c h i l d  was g iv e n  on d i f f e r e n t  d ay s  th e  f o l lo w 

in g  -

1 . N o th in g  -  i . e .  th e  f a s t  was c o n t in u e d .

2 . 1 5 0 ccs  w a te r .

3 .  1 5 0 ccs  w a te r  c o n ta in in g  an  amount o f  g lu c o s e  e q u iv a le n t
to  l g .  p e r  k i l o g .  o f  body w e ig h t .

4 . G lucose  s o lu t i o n  a s  b e f o re  w i th  th e  a d d i t i o n  o f  100 c c .
40$ cream .

5 . G lu co se  s o lu t i o n  as  b e f o r e  w ith  th e  a d d i t io n  o f  15 g.
p lasm o n .

6 . G lucose  s o ln .  + f a t  + p lasm o n .

7 . lOOccs c ream .

Sam ples o f  b lo o d  w ere w ith d raw n  t h e r e a f t e r  a t  i n t e r v a l s  o f  30 , 

6 0 , 90 and  120 m in u te s  from  th e  tim e th e  f a s t i n g  specim en  was 

ta k e n .

The r e s u l t s . (T a b le s  1 -8 )

I n  g ro u p  1 , t h a t  i s  d u r in g  th e  c o n tin u e d  f a s t ,  i t  was 

found  t h a t  th e r e  was an a v e ra g e  f a l l  i n  v a lu e  o f  16$ from  th e  

f a s t i n g  l e v e l  d u r in g  th e  two h o u rs  w hich  th e  i n v e s t i g a t i o n  con 

t in u e d .  T h is  i s  in  a cc o rd a n c e  w ith  w hat one w ould a n t i c i p a t e ,  

a s  u r e a  i s  b e in g  c o n t in u o u s ly  e x c r e te d  by th e  k id n e y  b u t  no 

exogenous n i t r o g e n  i s  b e in g  added to  make good t h i s  l o s s .  T h is  

i s  somewhat co m p arab le  to  th e  w e l l  r e c o g n is e d  f a l l  i n  th e  v a lu e  

o f  th e  b lo o d -s u g a r  w hich  o c c u rs  d u r in g  f a s t i n g .
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I n  g ro u p  2 , w here 1 5 0 c c s . w a te r  was g iv e n  a l o s s  

a m o u n tin g  t o  30$ was o b s e rv e d .

The r e s u l t s  o b ta in e d  i n  g ro u p  3 , f o l lo w in g  th e  a d m in is 

t r a t i o n  o f  g lu c o s e  s o lu t i o n  w ere f o r  a l l  p r a c t i c a l  p u rp o se s  th e  

same a s  th o s e  fo u n d  i n  g ro u p  2 . They make i t  a p p a re n t  t h a t  

g lu c o s e  d o es  n o t a c t  a s  a s t im u la n t  to  n i t r o g e n  m e ta b o lism . In  

t h i s  f i n d i n g  th e y  a g re e  w i th  th o s e  o f  Cohen and L e v in  whose work 

h a s  b ee n  a l r e a d y  m e n tio n e d . I n  p la c e  o f  th e  n o n - p r o te in  n i t r o g e n  

made u se  o f  i n  th e  p r e s e n t  i n v e s t i g a t i o n  th e y  e s tim a te d  th e  u r e a  

o f  th e  b lo o d .  T hese  w o rk e rs  a p p e a r  how ever o n ly  to  have exam ined 

th e  b lo o d  2 h o u rs  and 4 h o u rs  a f t e r  th e  g lu c o s e  had b een  g iv e n .  

C o n s id e r in g  th e  r a p id  r a t e  o f  a b s o r p t io n  o f  g lu c o se  i t  i s  p o s s ib le  

t h a t  had  a r i s e  o c c u r re d  i t  w ould have s u b s id e d  b y  th e  end o f  two 

h o u rs  and w ould th u s  have  b een  m isse d  by  th e s e  w o rk e rs .

I n  g ro u p  4 ,  1 0 0 c c s . f a t  i n  th e  fo rm  o f  cream  was added 

t o  th e  g lu c o s e  s o lu t i o n  and a  c u rv e  a lm o s t i d e n t i c a l  w i th  t h a t  

o b ta in e d  i n  g ro u p s  2 and 3 was fo u n d . Prom th e s e  r e s u l t s  i t  i s  

e v id e n t  t h a t  c a rb o h y d ra te  and f a t  to g e th e r  e x e r t  no in f lu e n c e  on 

th e  n o n - p r o te in  n i t r o g e n  c o n te n t  o f  th e  b lo o d .

I n  g roup  5 , p r o t e in  i n  th e  fo rm  o f  p lasm on was added 

to  th e  g lu c o s e  s o lu t i o n .  As a r e s u l t  o f  th e  added p r o te in  a 

d e f i n i t e  r i s e  i n  th e  n o n - p r o te in  n i t r o g e n  cu rv e  was a n t i c i p a t e d .  

The co m p o site  cu rv e  how ever showed a r i s e  o f o n ly  6$  o c c u r r in g  

w i th in  th e  f i r s t  h a l f - h o u r .  T h e r e a f te r  th e  cu rv e  su b s id e d  and
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had  b y  th e  end  o f  two h o u rs  re a c h e d  a  r a t h e r  lo w e r l e v e l  th a n  

was fo u n d  i n  th e  f a s t i n g  s t a t e .  Of th e  5 c a s e s  I n v e s t ig a t e d  2 

showed a d e f i n i t e  r i s e  o c c u r r in g  w i th in  130 m in u te s  o f  th e  adm in

i s t r a t i o n  o f  th e  f l u i d  -  nam ely  c a s e s  1 and 3 . Case 1 i n  f a c t ,  

had  n o t  r e g a in e d  th e  f a s t i n g  l e v e l  2 h o u rs  a f t e r  th e  i n g e s t io n  

o f  th e  l i q u i d .  The re m a in in g  3 c a s e s  on th e  o th e r  hand showed 

f a i r l y  d e f i n i t e  c o n tin u o u s  lo s s e s  i n  v a lu e .

I n  g ro u p  6 w here f a t  and p r o t e i n  i n  th e  same q u a n t i t i e s  

a s  b e f o r e  w ere added  to  th e  g lu c o se  s o lu t io n  th e  co m p o site  cu rv e  

showed a l o s s  o f  23 $ . I n  none o f  th e  4 c a s e s  in c lu d e d  i n  t h i s  

s e r i e s  was th e r e  any  d e f i n i t e  a t te m p t a t  an  in c r e a s e  i n  v a lu e .

Group 7 c o n ta in e d  o n ly  one c h i l d  who was g iv e n  lO O ccs.

c ream . I n  t h i s  c u rv e  a ls o  th e r e  was a f a l l  o f  12mg. below  th e

f a s t i n g  v a lu e  w i th  no a t te m p t a t  a r i s e  i n  any  o f  th e  sp ec im en s.

From a s tu d y  o f  th e s e  g ro u p s  i t  i s  c l e a r  t h a t  n e i t h e r  

g lu c o s e  o r  f a t ,  a lo n e  o r  i n  co m b in a tio n  p o s s e s s  th e  p r o p e r ty  o f  

s t im u la t in g  n i t r o g e n  m e ta b o lism . I t  was to  be e x p e c te d  t h a t  th e  

a d d i t i o n  o f  p r o t e i n  i n  th e  form  o f  p lasm on w ould cau se  a d e f i n i t e  

in c r e a s e  i n  th e  n o n - p r o te in  n i t r o g e n  v a lu e ;  t h i s  how ever d id  n o t 

o c c u r .  Two p o s s i b i l i t i e s  may be c o n s id e re d  by way o f  e x p la n a t io n .

1 s t ,  th e  am ount o f  p r o t e in  a c t u a l l y  c o n ta in e d  in  th e  plasm on may 

n o t have b een  s u f f i c i e n t  to  c o u n te rb a la n c e  th e  f a l l  w hich i s  shown 

by  g ro u p  1 to  o c c u r  n o rm a lly  i n  th e  ab sen ce  o f  fo o d .

2 n d , s u f f i c i e n t  tim e  may n o t  have e la p s e d  d u r in g  th e  c o u rse  o f
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FIGURE No. 1 .

THE EFFECT o f  FASTING & o f  VARIOUS FOODSTUFFS 
on th e  N . P . N .  o f  th e  BLOOD.
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th e  c u rv e  to  a llo w  o f  th e  p r o t e i n  b e in g  d e a m in ise d  and e n te r in g  

th e  g e n e r a l  c i r c u l a t i o n  a s  n o n - p r o te in  n i t r o g e n .  A g a in s t  t h i s  

th e o r y  i s  th e  w ork o f  Van S lyke  o f  w hich  m en tio n  h as  a l r e a d y  b een  

m ade. He fo u n d  t h a t  th e  b lo o d  u r e a  ro s e  a s  soon as  th e  f i r s t  

p a r t i c l e  o f  fo o d  e n te r e d  th e  duodenum -  t h a t  i s ,  b e f o re  d e a m in i-  

s a t i o n  c o u ld  have ta k e n  p l a c e .  I n  f a v o u r  o f  t h i s  s u g g e s t io n ,  on 

th e  o t h e r  hand i s  th e  work o f  C o h e n a n d  L e v in . They fe d  

c h i l d r e n  on p r o t e i n  i n  th e  form  o f b r e a s t  o f  c h ic k e n  a t  th e  r a t e  

o f  l g .  p e r  k i l o g .  o f  body w e ig h t and found  t h a t  i n  no rm al c a s e s  

th e  maximum b lo o d  u r e a  c o n c e n t r a t io n  was n o t o b ta in e d  u n t i l  f o u r  

h o u rs  a f t e r  th e  m eal had b e en  ta k e n .  Any in c r e a s e  e x c e e d in g  50$ 

th e y  r e g a rd e d  a s  n o rm a l. In  c h i ld r e n  who w ere th e  s u b je c ts  o f  

l i v e r  d i s e a s e  th e  in c r e a s e  d id  n o t ex ceed  25$ . These w r i t e r s  

p u t  fo rw a rd  t h i s  t e s t  founded  on th e  d e a m in is in g  power o f  th e  

l i v e r  a s  b e in g  o f  v a lu e  i n  th e  d ia g n o s is  o f  h e p a t i c  i n e f f i c i e n c y .  

W itt3 ^ 3 3 ) i n  1928 s tu d ie d  th e  e f f e c t  o f  th e  i n g e s t io n  o f  g ly c in e  

on th e  n o n - p r o te in  n i t r o g e n  and u r e a  o f th e  b lo o d  and found  in  

h e a l t h  a r i s e  r a n g in g  b e tw een  50 and 113$ above th e  f a s t i n g  l e v e l .  

The maximum v a lu e  how ever was n o t  a t t a i n e d  u n t i l  5 h o u rs  a f t e r  

i n g e s t i o n .

On com paring  g ro u p s  1 and 2 where th e  d im in u tio n  o f  

v a lu e s  below  th e  f a s t i n g  l e v e l s  a r e  lb $  and 30$ r e s p e c t i v e l y ,  i t  

was th o u g h t  p o s s ib le  t h a t  th e  d i f f e r e n c e  co u ld  be e x p la in e d  by 

th e  d i u r e t i c  a c t i o n  o f  th e  w a te r  c a u s in g  a w ash ing  ou t o f  n i t r o -
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genous w a s te  p r o d u c ts .  T h a t t h i s  th e o r y  was unsound  was shown 

hy  g ro u p  7 w here an  even  more p ro n o u n ced  l o s s  fo llo w e d  th e  

i n g e s t i o n  o f  f a t  a lo n e .

SUMMARY

The e f f e c t  o f  f a s t i n g  and o f  v a r io u s  f o o d s tu f f s  on 

th e  n o n - p r o te in  n i t r o g e n  h a s  been  s tu d ie d .

The f in d in g s  a re  as  f o l l o w s : -

1 . N o n -p ro te in  n i t r o g e n  te n d s  t o  f a l l  a s  f a s t i n g  p r o g r e s s e s .

2 . T h is  f a l l  c o n t in u e s  in  s p i t e  o f  th e  i n g e s t i o n .o f  g lu c o se
s o lu t i o n  o r  f a t ,  a lo n e  o r  i n  c o m b in a tio n , a ls o  f o l lo w 
in g  a m ix tu re  o f  c a rb o h y d ra te ,  p r o t e in  and f a t .

3 . When g lu c o s e  and p r o t e in  a r e  a d m in is te r e d  to g e th e r
th e r e  i s  a s l i g h t  t r a n s i e n t  r i s e  i n  n o n - p r o te in  
n i t r o g e n  v a lu e .

T h e re fo re  g lu c o s e  and f a t  do n o t a f f e c t  n i t r o g e n  

m e ta b o lism .
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I n  s p i t e  o f  th e  f a c t  t h a t  th e  u r e a  c o n c e n t r a t io n  t e s t  

i s  i n  d a i l y  u se  v e ry  few d a t a  a r e  a v a i l a b l e  a s  to  th e  e f f e c t  o f  

a s in g l e  d o se  o f  u r e a  on th e  b lo o d  u r e a  o r  n o n - p r o te in  n i t r o g e n  

when g iv e n  to  a f a s t i n g  i n d i v i d u a l .

I n  1924 A rch e r and R o b b ^ ^  s tu d ie d  th e  e f f e c t  o f  a 

s in g le  d o se  o f u r e a  on th e  u r e a  o f  th e  b lo o d . B e a rin g  in  mind 

th e  u se  o f  th e  g lu c o s e  to le r a n c e  t e s t  i n  th e  d ia g n o s is  o f  

d i a b e t e s  th e y  en d eav o u red  to  d e v is e  a m ethod w hereby n e p h r i t i s  

c o u ld  be  d ia g n o se d  f o l lo w in g  th e  i n g e s t i o n  o f  u r e a .  They ch o se  

f o u r  p re su m ab ly  n o rm a l i n d iv id u a l s  and h a v in g  w ithd raw n  a specim en  

o f  f a s t i n g  b lo o d  a d m in is te r e d  15g. u r e a  i n  120 o f  w a te r .  Sam ples 

o f  b lo o d  w ere exam ined a f t e r  i n t e r v a l s  o f  15 , 3 0 , bO, 120 , 180 

and 300 m in u te s  and th e  u r e a  e s t im a te d  by  th e  m ic ro -A rc h e r  m ethod. 

One o f  th e  c a s e s  had  th e  t e s t  p e rfo rm ed  on b o c c a s io n s .  The 

f a s t i n g - l e v e l s  w ere fo und  to  v a ry  b e tw een  21-38  mg. p .lO O ccs.

A f te r  th e  i n g e s t i o n  o f  th e  u r e a ,  th e  b lo o d  u re a  in c r e a s e d  in  

am ount, th e  maximum v a lu e  b e in g  re a c h e d  u s u a l l y  w i th in  th e  f i r s t  

h a l f  h o u r .  Som etim es th e  peak  was n o t  a t t a i n e d  u n t i l  an  h o u r 

a f t e r  th e  u r e a  had  b een  g iv e n .  The a u th o r s ,  how ever, l a i d  no 

s t r e s s  on th e  d e la y  a t t r i b u t i n g  i t  to  slow  a b s o r p t io n .

50mg# was th e  h ig h e s t  v a lu e  a t t a i n e d  a f t e r  25g u r e a .
40 it » h it it ii ii ^gg ii

The a c tu a l  in c r e a s e  a v e ra g e d  15 mg. w ith  25g u r e a .
" ■ " M 10 mg. " 15g ,f

They co n c lu d e d  t h a t  a f t e r  a d o se  o f  15g . u r e a  th e r e  was r e t u r n  o f 

th e  b lo o d  u r e a  c o n te n t  to  th e  f a s t i n g  l e v e l  w i th in  2 h o u rs , i f  an
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a llo w a n c e  o f  6mg. was made f o r  th e  no rm al h o u r ly  f l u c t u a t i o n .

One e x c e p t io n  to  t h i s  r u l e  o c c u r re d  i n  t h e i r  s e r i e s  o f  norm al 

s u b j e c t s .  I t  was a c a s e  i n  w hich  a f t e r  th e  15g . u r e a  had b een  

g iv e n  th e  o r i g i n a l  v a lu e  had  n o t  b een  re g a in e d  even 3 h o u rs  

a f t e r  th e  i n g e s t i o n  o f  th e  u r e a .  W ith  a d o se  o f  25g u r e a  on th e  

o th e r  hand r e c o v e ry  was o n ly  b e g in n in g  b e tw een  3 and 4 h o u rs  

a f t e r  th e  u r e a  had b een  g iv e n  and was in c o m p le te  even  a f t e r  5 

h o u r s .  I n  a l l ,  6 e s t im a t io n s  w ere made w ith  15g u re a  in  4 a d u l t s  

and 3 e s t im a t io n s  fo l lo w in g  25g. u r e a  i n  one a d u l t .  I t  would 

seem h a r d ly  j u s t i f i a b l e  to  b a se  a s ta n d a rd  o f  n o rm a li ty  on such  

a s m a ll num ber o f  c a s e s .

As r e g a rd s  n e p h r i t i s  th e s e  w o rk ers  d ia g n o se d  r e n a l  

i n e f f i c i e n c y  when th e r e  was f a i l u r e  on th e  p a r t  o f  th e  cu rv e  to  

r e t u r n  to  th e  f a s t i n g  l e v e l  w i th in  2 h o u rs .  They s tu d ie d  8 c a s e s  

o f  n e p h r i t i s  -  i n  one o f th e s e  th e  t e s t  w as p e rfo rm ed  tw ic e .  They 

s t a t e d  t h a t  o f  t h e s e ,  4 w ere so o b v io u s ly  d e f e c t iv e  in  r e n a l  

f u n c t io n  t h a t  b io -c h e m ic a l  a id s  w ere u n n e c e s sa ry  f o r  d i a g n o s i s .

Out o f  9 b lo o d  u r e a  e s t im a t io n s  c a r r i e d  o u t when th e  p a t i e n t s  

w ere f a s t i n g ,  two o n ly  w ere w i th in  norm al l i m i t s ,  two w ere s l i g h t l y  

e l e v a te d ,  w h ile  th e  re m a in in g  5 gave d e f i n i t e l y  h ig h  v a lu e s .  The 

u r e a  c o n c e n t r a t io n  t e s t  gave 1 norm al r e s u l t  w h ile  8 w ere abn o rm al. 

I n  one c a s e  o n ly  was th e  cu rv e  c o n t in u in g  to  r i s e  a t  2 h o u rs  a f t e r  

th e  u r e a .  I n  a l l  th e  o th e r s  i t  was e i t h e r  f a l l i n g  o r  te n d in g  to
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do so b u t  i n  none had th e  f a s t i n g  l e v e l  b ee n  r e g a in e d  w i th in  two 

h o u r s .  I n  each  o f  th e s e  c a s e s  r e n a l  i n e f f i c i e n c y  was d ia g n o se d .

As h a s  b een  n o te d  th e s e  w o rk e rs  e s t im a te d  th e  b lo o d  

u r e a .  O p in io n  i s  s t i l l  d iv id e d  as  to  w h e th e r  th e  n o n - p ro te in  

n i t r o g e n  o r  u r e a  e s t im a t io n  i s  o f  th e  g r e a t e r  v a lu e .  Were th e  

r a t i o  o f  th e  one to  th e  o th e r  found  to  be c o n s ta n t  th e  p rob lem

would be n o n - e x i s t e n t .  T h a t such  i s  n o t  th e  c a s e  w as, how ever,
( 2 )d e m o n s tra te d  b y  S c h o n d o r f f ' i n  1899 and t h i s  f in d in g  was l a t e r

( 34)c o n firm e d  b y  o th e r  i n v e s t i g a t o r s  in c lu d in g  F a r r  & A u s t in ' . 

S c h o n d o rff  re g a rd e d  50$ a s  b e in g  an a v e ra g e  p r o p o r t io n  and in  

t h i s  he was s u p p o r te d  by  T i l e s t o n  and Com fort They found

how ever t h a t  i n  p a th o lo g ic a l  c o n d i t io n s  t h i s  p r o p o r t io n  m igh t 

in c r e a s e  to  70 $ . A gnew ^^ t r i e d  to  f in d  some c o n n e c tio n  betw een  

th e  r a t i o  o f  u r e a  to  th e  t o t a l  n o n - p r o te in  n i t r o g e n  and v a r io u s  

ty p e s  o f  n e p h r i t i s  b u t  h i s  r e s u l t s  w ere n o t  v e ry  c o n v in c in g . 

R o w n tre e ^ ® ), M a rs h a ll  and B a c tz e r  r e g a rd  th e  two t e s t s  a s  b e in g  

o f  e q u a l im p o r ta n c e . T i l e s to n  & Com fort p u t  g r e a t e r  v a lu e  

on th e  n o n - p r o te in  n i t r o g e n  w h ile  M yers(36) a l i i  p r e f e r  th e  

u r e a  e s t im a t io n .

In  th e  o p in io n  o f  S e e l ig  & P r o n e l l ^ ^  th e  n o n - p ro te in  

n i t r o g e n  e s t im a t io n  i s  o f  th e  g r e a t e r  v a lu e  on a c c o u n t o f  th e  

p o s s i b i l i t y  o f  ch an g es  o c c u r r in g  i n  in g e s te d  u re a  i n  th e  i n t e s t i n e  

p r i o r  to  a b s o r p t io n .  They have shown t h a t  i n  h e p a t ic  d i s e a s e ,  f o r
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ex am p le , th e  i n g e s t i o n  o f  u r e a  le a d s  t o  an  in c r e a s e d  o u tp u t  o f  

ammonia b e c a u se  th e  u r e a  i s  s p l i t  up i n  th e  g u t  and  i s  n o t  r e -  

s y n th e t i3 e d  i n  th e  l i v e r .

A c c o rd in g ly ,  when a l l  th e  f a c t s  had b een  c o n s id e re d  

i t  was d e c id e d  t h a t  f o r  th e  p r e s e n t  i n v e s t i g a t i o n  th e  n o n - p ro te in  

n i t r o g e n  e s t im a t io n  w ould a p p e a r  to  be th e  one o f  e l e c t i o n .  I t  

was t h e r e f o r e  d e te rm in e d  to  o b se rv e  th e  e f f e c t  o f  th e  in g e s t i o n  

o f  15g . u r e a  on th e  b lo o d  n o n - p r o te in  n i t r o g e n  o f  p resu m ab ly  

h e a l th y  o r  c o n v a le s c e n t  c h i l d r e n .

G e n e ra l P ro c e d u re .

A specim en  o f  b lo o d  was w ith d raw n  from  th e  thumb a t  

9 .3 0  a .m . ,  th e  c h i ld r e n  h a v in g  had n o th in g  to  e a t  o r  d r in k  s in c e  

b e f o re  m id n ig h t .  In  one o r  two in s t a n c e s  th e  sam ple was ta k e n  

from  a v e in .  T h is  was done when b lo o d  was r e q u i r e d  f o r  some 

o th e r  e s t im a t io n ,  a t  th e  same tim e to  e l im in a te  th e  n e c e s s i t y  

o f  two p r i c k s .  J o h n s to n e (38) f 0und no a p p r e c ia b le  d i f f e r e n c e  

i n  venous and c a p i l l a r y  b lo o d . In  each  c a se  w hole b lo o d  was 

u s e d .  15g. u r e a  f la v o u re d  w ith  sy ru p  o f lemon and made up w ith  

w a te r  to  1 2 0 c c s . was th e n  a d m in is te r e d .  The d r in k  was ta k e n  

r e a d i l y  b y  m ost o f  th e  c h i ld r e n .  In  c a s e s  w here th e r e  was any  

d i f f i c u l t y  a stom ach  tu b e  was u s e d . In  no c a se  d id  v o m itin g  o r  

any  o th e r  symptom fo llo w  th e  i n g e s t i o n  o f  th e  u r e a .  The b lo o d  

n o n - p r o te in  n i t r o g e n  was e s t im a te d  a t  i n t e r v a l s  o f  30 , 60 and 120
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m in u te s  a f t e r  th e  a d m i n i s t r a t i o n  o f  th e  u r e a ,  a s  a r o u t in e  

m e a su re . On some o c c a s io n s  i t  was p o s s ib le  t o  c o n tin u e  th e  

t e s t  f o r  th r e e  h o u r s ,  and i n  one o r  two c a s e s  f o r  f i v e  h o u rs .  

Owing to  th e  num ber o f  e s t im a t io n s  n e c e s s a r y  and ta k in g  in to  

a c c o u n t th e  ag es  o f  th e  s u b je c t s  i t  was d e c id e d  to  u se  P o l in s  

M icro-M ethod^3 9  ̂ f o r  th e  e s t im a t io n  o f  th e  n o n - p r o te in  n i t r o g e n .

When specim ens o f  u r in e  co u ld  be o b ta in e d  a s im u lta n 

eous u r e a  c o n c e n t r a t io n  t e s t  was c a r r i e d  o u t by  th e  u r e a s e  

m ethod . T h is  was done w i th  a view  to  g au g in g  th e  r e n a l  e f f i c i 

en cy .

The n o rm al n o n - p r o te in  n i t r o g e n  c u r v e : (T ab le  9 ) .

T h is  g roup  c o n s is t e d  o f 12 c h i ld r e n  c o n v a le s c e n t  from  

v a r io u s  d i s e a s e s  and i n j u r i e s .  None had s u f f e r e d  from  any r e n a l  

o r  h e p a t i c  d i s o r d e r  o r  showed any  e v id e n c e  o f rh e u m a tic  i n f e c t i o n .  

In  none o f  th e  c a s e s  was t h e r e  any  r e a s o n  to  s u s p e c t  th e  p re se n c e  

o f  any  m e ta b o l ic  d i s o r d e r .  None o f  them had been  r e c e n t l y  

a n a e s th e t i s e d  and no d ru g s  w ere b e in g  a d m in is te r e d .  The ages 

ra n g e d  from  4 to  11 y e a r s .

The f a s t i n g  n o n - p r o te in  n i t r o g e n  v a lu e  was found to  

l i e  b e tw een  18 and 40mg$ w i th  an  a v e ra g e  v a lu e  o f  32mg$. I n  a l l  

th e  c a s e s  a d e f i n i t e  r i s e  was o b se rv e d  w i th in  h a l f  an  hou r o f th e  

i n g e s t i o n  o f  th e  u r e a .  The s m a l le s t  in c r e a s e  n o te d  was 4.6mg$ 

and th e  l a r g e s t  33mg$ w h ile  th e  maximum l e v e l  re a c h e d  was b2.5m g$.
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1 h o u r  a f t e r  th e  u r e a  had b een  g iv e n  9 o f  th e  c u rv e s  w ere con

t i n u i n g  to  a s c e n d . The m ost m arked in c r e a s e  from  th e  p re v io u s  

sp ec im en  was 14mg. w h ile  th e  s m a l le s t  was 2.6mg and th e  h ig h e s t  

v a lu e  a t t a i n e d  was 74.5m g$. T hree  c u rv e s  ( c a s e s  2 , 5 and 11) 

had  b y  t h i s  tim e  b eg u n  to  r e t u r n  to w ard s  th e  f a s t i n g  l e v e l .

Two h o u rs  a f t e r  th e  u r e a  had  b een  ta k e n  a l l  th e  c u rv e s  w ere on 

th e  downward t r e n d ,  3 had f a l l e n  to  w i th in  2 o r  3 mg. o f th e  

f a s t i n g  l e v e l ,  b had f a l l e n  to  w i th in  20mg. o f  th e  f a s t i n g  l e v e l ,  

and th e  re m a in in g  3 w ere s t i l l  more th a n  20mg. above i t .  I t  i s  

i n t e r e s t i n g  to  n o te  t h a t  i n  b o th  th e  o l d e s t  and th e  y o u n g e s t o f  

th e  g ro u p  th e  ap ex  o f  th e  c u rv e  had been  re ac h e d  w i th in  h a l f  an 

h o u r  o f  th e  a d m in i s t r a t io n  o f  th e  u r e a .  T h is  w ould s u g g e s t  t h a t  

th e  s i z e  o f  th e  d o se  in  r e l a t i o n s h i p  to  th e  age o f  th e  c h i ld  i s  

o f  no p r a c t i c a l  im p o r ta n c e . T ak ing  th e s e  12 c a s e s  in to  c o n s id e ra 

t i o n  i t  a p p e a rs  t h a t  th e  no rm al cu rv e  may be d e s c r ib e d  a s  fo llo w s  - 

a c u rv e  r e a c h in g  i t s  maximum p o in t  w i th in  2 h o u rs  o f  th e  in g e s t io n  

o f  15g . u r e a .
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SECTION 4 .

The n o n - p r o te in  n i t r o g e n  c u rv e  fo l lo w in g  th e  in g e s t i o n  

o f  15g . u r e a  i n  c a s e s  w here d i s e a s e  o f  th e  l i v e r  i s  

known o r  s u s p e c te d  to  e x i s t .
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C o n s id e r ln g  t h a t  th e  l i v e r  i s  th e  m ain m a n u fa c tu re r  

o f  u r e a  i n  th e  body i t  i s  r e a s o n a b le  to  e x p e c t t h a t  in  p a th o lo g 

i c a l  o r  f u n c t i o n a l  c o n d i t io n s  a f f e c t i n g  t h i s  o rg a n , d i s tu r b a n c e  

o f  th e  m e ta b o lism  o f  u r e a  m ig h t o c c u r .  W ith a view  to  d e m o n s tra t

in g  th e  e f f e c t  o f  th e  i n g e s t i o n  o f  u r e a  on th e  n o n - p ro te in  n i t r o g e n  

c u rv e  i n  c a s e s  w here d i s e a s e  o f  th e  l i v e r  was known o r s u sp e c te d  

to  e x i s t  th e  fo l lo w in g  i n v e s t i g a t i o n  h as  b een  'u n d e rta k e n .

T h is  s e r i e s  c o n s i s t e d  o f 19 c h i ld r e n  whose ages ran g ed  

from  6 w eeks t o  10 y e a r s .  Two o f  them had th e  t e s t  r e p e a te d  on 

a seco n d  o c c a s io n .  W hile a l l  o f  them  showed some d e g re e  o f l i v e r  

d i s tu r b a n c e  th e  c o n d i t io n s  w ere v a r i e d .  E ig h t s u f f e r e d  from  

s im p le  c a t a r r h a l  ja u n d ic e  w h ile  i n  3 o f  th e  c h i ld r e n  th e  c o n d i t io n  

was d ia g n o se d  a s  B a n t i fs D is e a s e .  T here  was one c a se  o f  each  o f  

th e  f o l lo w in g  d i s e a s e s  -  c h o l e c y s t i t i s ,  b i l i a r y  c i r r h o s i s ,  am yloid 

d i s e a s e ,  i c t e r u s  g r a v i s ,  and a m a lig n a n t tum our o f  lu n g  w ith  

h e p a t i c  in v o lv e m e n t. The re m a in in g  th r e e  p a t i e n t s  i n  t h i s  g roup  

p r e s e n te d  no s u b je c t iv e  symptoms b u t  on r o u t in e  ex am in a tio n  en 

la rg e m e n t o f  th e  l i v e r  was fo u n d . Summaries o f  th e  c a se  h i s t o r i e s  

a r e  g iv e n  i n  p r o to c o l s .  A ppend ix , S e c t io n  A. The same p ro ce d u re  

a s  b e f o r e  was c a r r i e d  o u t .  The r e s u l t s  a r e  shown i n  T ab le  10.

The f a s t i n g  non—p r o t e i n  n i t r o g e n  was found to  l i e  betw een 2 6 ,7  

and 66.6m g$ w ith  an  a v e ra g e  o f  40mg$. 30 m in u tes  a f t e r  th e  i n 

g e s t i o n  o f  th e  u r e a  a l l  th e  c u r v e s ,  w ith  th e  e x c e p tio n  o f one
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FIGURE No. 2 .

COMPOSITE CURVE

THE EFFECT o f  t h e  INGESTION o f  UREA on th e  N. P . N.  o f  

th e  BLOOD i n  HEALTH and  i n  HEPATIC DISEASE.

r
60 .____________
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Normal Curve". _____
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RFOEa URfcR.



- 37 -

w h ich  re m a in e d  s t a t i o n a r y ,  w ere te n d in g  u p w ard s. The r i s e  a t  

t h i s  s ta g e  was v e ry  much l e s s  m arked th a n  t h a t  w hich  o c c u r re d  in  

th e  n o rm a l c a s e s  a t  th e  same s t a g e ,  th e  av e ra g e  r i s e  i n  t h i s  

g ro u p  b e in g  8mg. a s  com pared w ith  I6mg. in  th e  norm al c a s e s .

One h o u r  a f t e r  th e  u r e a  had  b een  ta k e n  m ost o f  th e  v a lu e s  r e 

m ained  a t  m ore o r  l e s s  th e  same l e v e l s  as  in  th e  p re v io u s  

sp e c im e n s . I n  o n ly  f i v e  c a s e s  was th e r e  a r i s e  o f  more th a n  

lOmg. Two h o u rs  a f t e r  th e  a d m in i s t r a t io n  o f  th e  u re a  a l l  th e  

c u rv e s  w ere  c o n t in u in g  to  a s c e n d , th e  g r e a t e s t  in c r e a s e  from  th e  

p r e v io u s  sp ec im en  was found  i n  Case 19 where th e r e  was a r i s e  o f 

44mg. d u r in g  th e  h o u r ,  th e  v a lu e  re a c h e d  b e in g  1 3 6 .2mg/£. S ix  

o th e r  c u rv e s  showed an in c r e a s e  o f  20mg o r  m ore , w h ile  th e  

re m a in d e r  w ere m o u n tin g  to  a l e s s e r  d e g re e .

T h ree  h o u rs  a f t e r  th e  u re a  had been  g iv e n  4 cu rv es  

w ere c o n t in u in g  t h e i r  a s c e n t .  A f te r  th e  e la p s e  o f  4 h o u rs  from  

th e  i n g e s t i o n  o f  th e  u r e a  a l l  th e  cu rv e s  e s tim a te d  were b eg in n in g  

to  d e s c e n d , w h ile  th o s e  in  w h ich  th e  t e s t  was c a r r i e d  on f o r  a 

f u r t h e r  h o u r  showed t h a t  th e  r e t u r n  to w ard s th e  f a s t i n g  l e v e l  

was c o n t in u in g .

Prom a s tu d y  o f  th e s e  r e s u l t s  i t  i s  r e a d i l y  o b serv ed  

t h a t  t h e  n o n - p r o te in  n i t r o g e n  c u rv e s  o b ta in e d  fo llo w in g  th e  ad

m i n i s t r a t i o n  o f  u r e a  i n  h e p a t ic  d is e a s e  d i f f e r  in  3 m ain p o in ts  

fro m  th e  c u rv e s  fo u n d  i n  norm al i n d iv id u a l s .  These a re  -
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1 . The h ig h e r  a v e ra g e  f a s t i n g  n o n - p r o te in  n i t r o g e n .  2 . The slow 

r i s e  and  3 .  th e  h e ig h t  and p r o lo n g a t io n  o f  th e  c u rv e . On acco u n t 

o f  th e  h ig h  a v e ra g e  f a s t i n g  n o n - p r o te in  n i t r o g e n  i t  m ig h t be 

s u g g e s te d  t h a t  some d i s o r d e r  o f  th e  k id n e y s  was r e s p o n s ib le  f o r  

th e  ab n o rm al c u r v e s .  I n  o r d e r  to  e l im in a te  t h i s  p o s s i b i l i t y  u r e a  

c o n c e n t r a t i o n  t e s t s  w ere c a r r i e d  o u t on 9 o f  th e  p a t i e n t s .  The 

r e s u l t s  w h ich  a r e  shown i n  T ab le  10 w ere s a t i s f a c t o r y  i n  a l l  th e  

c a s e s .  The lo w e s t  f a s t i n g  v a lu e  was 1 .3 5 g #  and th e  lo w e s t l e v e l  

r e a c h e d  a f t e r  th e  i n g e s t i o n  o f  th e  u r e a  was 2g$ w h ile  th e  m a jo r i ty  

w ere c o n s id e r a b ly  h ig h e r .  I n  Case 3 w here th e  f a s t i n g  n o n -p ro te in  

n i t r o g e n  was 49mg$. th e  u r in a r y  u r e a  ro s e  from  2 .1 8 g . to  4 .0 2 g .$  

a f t e r  th e  u r e a  had  b een  g iv e n . From t h i s  exam ple i t  would ap p ear 

t h a t  i n e f f i c i e n c y  i n  e x c r e t in g  u re a  i s  n o t a f a c t o r  in  th e  

c a u s a t io n  o f  th e  h ig h  f a s t i n g  n o n - p r o te in  n i t r o g e n  o r  o f  th e  

ab n o rm al c u rv e .  Some o th e r  e x p la n a t io n  m ust th e r e f o r e  be looked  

f o r .

The v iew  i s  g e n e r a l l y  h e ld  t h a t  u r e a ,  w hich i s  manu

f a c t u r e d  c h i e f l y  by  th e  l i v e r  i s  a w as te  s u b s ta n c e , w hich i s  

rem oved fro m  th e  g e n e r a l  c i r c u l a t i o n  by th e  k id n ey s  and e x c re te d  

i n  th e  u r in e  a s  r a p i d l y  a s  p o s s ib l e .  I t  h as  been  th o u g h t t h a t  

th e  l i v e r  a c t s  m e re ly  a s  a f i l t e r  f o r  in g e s te d  u r e a .  I f  t h a t  

th e n  i s  th e  a c t u a l  p ro c e s s  in v o lv e d  one would ex p e c t to  f in d  a 

norm al cu rv e  a f t e r  th e  I n g e s t io n  o f  u re a  In  a l l  c a se e  where th e  

k id n e y s  w ere  a c t i n g  p h y s io lo g ic a l ly .  In  none o f th e s e  c a se s  o f
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h e p a t i c  d i s e a s e  w i th  abnorm al c u r v e s ,  how ever, co u ld  any  r e n a l  

l e s i o n  be  r e c o g n is e d  e i t h e r  c l i n i c a l l y  o r  b io c h e m ic a l ly .

As w i l l  be shown l a t e r  i n  some c a s e s  w here th e  k id n e y  

s u b s ta n c e  i s  a c u t e ly  in v o lv e d  and w here by means o f  a u re a  con

c e n t r a t i o n  t e s t  th e  r e n a l  f u n c t io n  i s  shown to  be m arkedly  

im p a ire d  th e  n o n - p r o te in  n i t r o g e n  c u rv e  a f t e r  th e  in g e s t io n  of 

u r e a  i s  n o rm a l. Prom th e s e  r e s u l t s  one i s  f o rc e d  to  tu r n  f o r  an 

e x p la n a t io n  away from  th e  k id n e y s  to  th e  l i v e r .

To G.D• C a t h c a r t w e  a re  in d e b te d  f o r  much o f  o u r 

know ledge r e g a r d in g  th e  p a r t  p la y e d  by th e  l i v e r  in  th e  m etab o lism  

o f  u r e a .  U sin g  a n a e s th e t i s e d  dogs she exposed th e  ju g u la r  v e in  

and th e n  rem oved one h in d  le g  and two o r  th r e e  lo b e s  o f  th e  l i v e r .  

T h is  h a v in g  b een  done a  c a n n u la  was i n s e r t e d  i n to  th e  ju g u la r  

v e in  and f l u i d  c o n ta in in g  v a r io u s  a m in o -a c id s  o r  u re a  was s lo w ly  

in t ro d u c e d  from  a  b u r e t t e .  The an im al was k i l l e d  by b le e d in g  

some t e n  m in u te s  a f t e r  c e s s a t i o n  o f  th e  i n j e c t i o n  and th e n  th e  

o th e r  h in d  le g  was am p u ta ted  and th e  rem a in d e r o f  th e  l i v e r  was 

rem oved . The m u sc le s  and th e  l i v e r  i n  th e  f r e s h  and d r ie d  s t a t e s  

w ere th e n  exam ined . One o f th e  m ost i n t e r e s t i n g  f in d in g s  was th e  

e f f e c t  o f  th e  u r e a  on th e  a m id e -n itro g e n . The r e s u l t s  were a s  

f o l lo w s  -
L iv e r  M uscle

B e fo re  u r e a ............ . 50.7mg$ 45.8mg$
A f te r  u r e a .......... 126 .6  * 96. *

% i n c r e a s e . .............. 149. " 106. »
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The i n c r e a s e  i n  ammonia was a l s o  o f  i n t e r e s t  mm sbmwing t h a t  

th e  u r e a  had  u n d e rg o n e  d e a m in i s a t io n : -

L iv e r  M uscle

B e fo re  u r e a . . .  
A f t e r  u r e a . . . .

1 s t  dog 2nd dog 1 s t  dog 2nd dog

9 mg # 
11.6m g#

8.6m g# 
9 . 4mg#

11 .Shag#
12*6mg$ss

12.4i£g#

#  I n c r e a s e . . . . 13 mg# 9 mg# 6 mg# 
---------------------

2 mg# 
_____________

The n o n - p r o te in  n i t r o g e n  v a lu e s  a l s o  showed an in c r e a s e  -

L iv e r  M uscle

B e fo re  u r e a . . .  
A f t e r  u r e a . . . .

1 s t  dog 2nd dog 1 s t  dog 2nd dog

33.4m g# 
3 8 .7mg#

29.1m g$
31.7mg#

41.0mg# 
47. Omg#

39. 3mg# 
43.9mg#

#  I n c r e a s e . . . . 16 mg# 10 mg# 14 mg# 11 mg#

From th e s e  r e s u l t s  she co n c lu d ed  t h a t  th e  i n j e c t i o n  o f 

u r e a  c a u s e s  an  a c c u m u la tio n  o f  t h a t  su b s ta n c e  unchanged i n  th e  

l i v e r  and  t o  a  l e s s e r  e x te n t  i n  th e  m uscles*  She d e c id e d  t h a t  

t h e r e  was no e v id e n c e  o f  i t s  s y n th e s i s  i n to  p r o te in  b u t th e r e  was 

a b u n d an t p ro o f  o r  i t s  f u r t h e r  m e tab o lism  p a r t i c u l a r l y  i n  th e  

l i v e r  w here i t  i s  d e a m in ise d . I n  a much l e s s e r  p ro p o r t io n  th e
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m u sc le s  a p p a r e n t ly  a l s o  ta k e  p a r t  i n  th e  d e a m in is in g  p ro c e s s .

I n  v iew  o f  th e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  th e  p roblem  

o f f i n d i n g  an  e x p la n a t io n  o f  th e  norm al and abnorm al n o n -p ro te in  

n i t r o g e n  c u rv e s  a p p e a rs  l e s s  fo rm id a b le .  I t  would a p p e a r  t h a t  

h e re  we a r e  d e a l in g  w ith  c u rv e s  somewhat a n a lo g o u s , to  th e  o rd in a ry  

b lo o d  s u g a r  c u rv e s  o f  th e  norm al and abnorm al ty p e . I t  i s  known 

t h a t  i n  n o rm al p e o p le  th e  su g a r  c o n te n t  o f  th e  b lo o d  r i s e s  w ith in  

h a l f  an  h o u r  o f  th e  i n g e s t i o n  o f  g lu c o se  and t h a t  w i th in  an hour 

th e  c u rv e  h a s  re a c h e d  i t s  p eak . By th e  end o f  two h o u rs  th e  

v a lu e  h a s  m ore o r  l e s s  r e g a in e d  th e  f a s t i n g  l e v e l .  In  th e  ca se  

o f  th e  d i a b e t i c ,  on th e  o th e r  h an d , a t  th e  end o f 2 h o u rs  we 

e x p e c t  to  se e  th e  c u rv e  i f  n o t a c t u a l l y  c o n t in u in g  to  ascend  a t  

l e a s t  s t i l l  re m a in in g  w e l l  above i t s  o r i g i n a l  v a lu e .  As we can  

u n d e r s ta n d  th e  p ro c e s s  i n  th e  norm al s u b je c t  we b e l ie v e  t h a t  th e  

g lu c o s e  i s  r a p i d l y  a b so rb ed  from  th e  a l im e n ta ry  t r a c t  and c a r r i e d  

i n  th e  b lo o d  s tre a m  to  th e  l i v e r  where p a r t  o f  i t ,  a t  l e a s t ,  i s  

c o n v e r te d  i n t o  g ly c o g e n  and  s to r e d .  As soon as  th e  g lycogen  

fo rm in g  c a p a c i ty  o f  th e  l i v e r  comes in to  a c t i o n ,  th e  b lo o d  su g a r  

q u ic k ly  f a l l s  ( i n  s p i t e  o f  th e  f a c t  t h a t  g lu c o se  i s  s t i l l  b e in g  

a b s o rb e d  fro m  th e  i n t e s t i n a l  t r a c t )  and r e g a in s  i t s  f a s t i n g  l e v e l  

w i th in  two h o u rs . I n  th e  c a se  o f  th e  d i a b e t i c  however t h i s  

g ly c o g e n ic  f u n c t io n  o f  th e  l i v e r  i s  i n  abeyance and th u s  th e  

s u g a r  c o n te n t  o f  th e  b lo o d  c o n tin u e s  to  in c r e a s e  u n t i l  a b s o rp tio n  

i s  c o m p le te . I t  i s  n o t ,  o f  c o u r s e ,  p e r m is s ib le  to  s t r e s s  th e
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s i m i l a r i t y  o f  th e  b lo o d  su g a r  and  n o n - p r o te in  n i t r o g e n  c u rv e s  

to o  f a r  a s  i n  th e  fo rm e r  we a r e  d e a l in g  w ith  a th r e s h o ld  su b s ta n c e  

and w i th  th e  l a t t e r  we a re  n o t .  In  s p i t e  o f  t h i s  p ro v is o  i t  seems 

to  me r e a s o n a b le  i n  th e  l i g h t  o f  G.D. C a t h c a r t 's  work to  suppose 

t h a t  i n  th e  n o n - p r o te in  n i t r o g e n  c u rv e  we a re  d e a l in g  w ith  a 

m echanism  somewhat on th e  same l i n e s  -  t h a t  i s  to  say  t h a t  in  

th e  l i v e r  we have some p ro c e s s  o r  o th e r  w hereby any  ex c ess  o f  

u r e a  i s  rem oved fro m  th e  b lo o d  and s to r e d  e i t h e r  unchanged o r  

in  some a l t e r e d  fo rm . The no rm al n o n - p r o te in  n i t r o g e n  cu rve  

c o u ld  th e n  be e x p la in e d  a s  f o l l o w s : -  a f t e r  in g e s t io n  and a b s o rp 

t i o n  fro m  th e  g a s t r o - i n t e s t i n a l  t r a c t  th e  u r e a  i s  c a r r i e d  to  th e  

l i v e r  b y  th e  p o r t a l  v e in .  As th e  c o n c e n t r a t io n  o f  n o n -p ro te in  

n i t r o g e n  i n  th e  b lo o d  in c r e a s e s  th e  l i v e r  s to r a g e  m echanism  comes 

in t o  a c t i o n  and  th e  n o n - p r o te in  n i t r o g e n  v a lu e  g r a d u a l ly  d escen d s  

to w a rd s  th e  f a s t i n g  l e v e l ,  a l th o u g h  u re a  i s  s t i l l  b e in g  ab so rb ed  

from  th e  a l im e n ta r y  t r a c t .

I n  c a s e s  o f  h e p a t ic  i n e f f i c i e n c y ,  on th e  o th e r  hand , 

t h i s  f u n c t io n  i s  i n  ab ey an ce  and th e  n o n -p ro te in  n i t r o g e n  cu rve  

c o n t in u e s  to  r i s e  u n t i l  a b s o rp t io n  from  th e  g u t i s  co m p le te . The 

m ost p l a u s i b l e  e x p la n a t io n  o f  th e  h ig h  f a s t i n g  n o n -p ro te in  n i t r o 

gen  i n  th e  c a s e s  o f  h e p a t ic  i n e f f i c i e n c y  a p p e a rs  to  be t h a t  th e  

l i v e r  i s  u n a b le  to  r e t a i n  th e  e n d -p ro d u c ts  o f  endogenous n i t r o g e n  

m e ta b o lism  w hich  th u s  accu m u la te  in  th e  b lo o d .

The d e la y e d  r i s e  in  th e  cu rv e  may be th e  r e s u l t  o f  some



d e f e c t  i n  a b s o r p t io n  fro m  th e  b o w e l, p o s s ib ly  due to  ab sen ce  o f 

o r  a l t e r a t i o n  i n ,  th e  c o n s t i t u t i o n  o f  th e  b i l e .
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Re tu r n in g  a g a in  to  a s tu d y  o f  G.D. C a th c a r t* s * 2 6 * work 

i t  i s  n o te w o r th y  to  o b se rv e  t h a t  she found  t h a t  fo l lo w in g  a b s o rp 

t i o n  u r e a  was s to r e d  p a r t l y  i n  th e  l i v e r  and p a r t l y  i n  th e  m u sc le s . 

As was shown in  th e  p re v io u s  s e c t io n  t h i s  power o f  s to r a g e  by 

th e  l i v e r  i s  a p p a r e n t ly  l o s t  o r  d im in ish e d  i n  c a s e s  w here th e r e  

i s  im p a irm en t o f  h e p a t ic  f u n c t io n .  Prom t h i s  f in d in g  i t  would 

n o t  be u n re a s o n a b le  to  e x p e c t a s im i l a r  s t a t e  o f  a f f a i r s  i n  c a s e s  

w here th e r e  i s  d i s e a s e  o f  th e  m u sc u la r  sy stem . A c c o rd in g ly , i t  

was d e c id e d  to  d e te rm in e  i n  such  c o n d i t io n s  th e  n o n - p ro te in  

n i t r o g e n  c u rv e  a f t e r  th e  in g e s t i o n  o f  u r e a .  U n fo r tu n a te ly ,  

ow ing to  th e  c o m p a ra tiv e  r a r i t y  o f  g en u in e  a f f e c t io n s  o f  th e  

m u sc u la r  sy stem  o n ly  5 s u i t a b l e  p a t i e n t s  w ere found in  th e  c o u rse  

o f  th e  two y e a r s  d u r in g  w hich th e  i n v e s t i g a t i o n  l a s t e d .  On two 

o f  th e  c h i l d r e n  th e  t e s t  was r e p e a te d  on a second o c c a s io n . Case 

3 gave a r a t h e r  am biguous r e s u l t  and a second cu rve was ab o u t to  

be done when th e  c h i ld  became a c h ic k e n -p o x  c o n ta c t  and had to  

be d is m is s e d .  F o u r o f  th e  p a t i e n t s  in  t h i s  g roup  were boys and 

one was a g i r l  w h ile  t h e i r  ag es  ran g ed  from  7 to  12  y e a r s .  The 

f i r s t  f o u r  w ere  t y p i c a l  c a s e s  o f  p s e u d o -h y p e r tro p h ic  p a r a l y s i s .

The f i f t h ,  w h ile  u n d o u b te d ly  a m arked c a se  o f m u scu la r d y s tro p h y , 

d id  n o t  f a l l  i n t o  any  o f  th e  w e l l - r e c o g n is e d  g roups o f  d is e a s e s  

o f  th e  m u sc u la r  sy stem . Summaries o f th e  c a s e - h i s t o r i e s  a re  

g iv e n  i n  p r o to c o l s .  A ppend ix , S e c t io n  B. The p ro ced u re  was 

s im i l a r  to  t h a t  c a r r i e d  o u t i n  th e  p re v io u s  g ro u p s . The f a s t i n g
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l e v e l s  o f  th e  n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d  l a y  betw een  

2 6 .2  and 43.4m g$ a s  shown in  T a b le  11 , A ll  th e  c u rv e s  (w ith  

th e  e x c e p t io n  o f  Case 1 w hich  rem ain ed  p r a c t i c a l l y  s t a t i o n a r y )  

had  begun  to  a sce n d  w i th in  30 m in u te s  o f  th e  in g e s t io n  o f th e  

u r e a .  The g r e a t e s t  i n c r e a s e  was 22mg (C ase 3) w h ile  61mg# was 

th e  maximum c o n c e n t r a t io n  r e a c h e d . One h o u r a f t e r  th e  u re a  had 

b e e n  ta k e n  a l l  th e  c u rv e s  w ere d e f i n i t e l y  m o u n tin g . 16mg was 

th e  g r e a t e s t  i n c r e a s e  i n  v a lu e  o v er th e  p re v io u s  e s t im a t io n s  and 

o c c u r re d  i n  Case 5 ( 1 s t  c u r v e ) .  65.8m g$ was th e  maximum con

c e n t r a t i o n  a t t a i n e d  an d  was found  in  th e  r e p e a t  cu rv e  o f Case 5 . 

Two h o u rs  a f t e r  th e  u r e a  had been  ta k e n  none o f  th e  cu rv e s  showed 

th e  m arked f a l l  i n  n o n - p r o te in  n i t r o g e n  v a lu e  w hich was found in  

th e  g ro u p  o f  h e a l th y  c h i ld r e n  a l r e a d y  d e s c r ib e d .  Case 4 had 

r i s e n  from  5 0 .1  to  96.1m g$. In  th r e e  c a s e s  th e  r i s e  w h ile  q u i te  

d e f i n i t e  was n o t  so m arked and in  th e  re m a in in g  3 no change in  

v a lu e  had  ta k e n  p la c e  s in c e  th e  p re v io u s  specim ens o f b lo o d  had 

b een  w ith d ra w n . F iv e  e s t im a t io n s  w ere c a r r i e d  o u t 3 h o u rs  a f t e r  

th e  u r e a  had  b e e n  a d m in is te r e d .  Two o f th e  c u rv e s  had begun to  

r e t u r n  to w a rd s  th e  f a s t i n g  l e v e l ,  and one rem ained  s t a t i o n a r y .

Of th e  tw o w hich  w ere c o n tin u in g  to  ascen d  one showed a g a in  o f  

Sing and th e  o th e r  had r i s e n  50mg. In  o n ly  one case  was th e  t e s t  

c o n tin u e d  f o r  a f u r t h e r  h o u r . The e s t im a t io n  showed th a t  th e r e  

was d e f i n i t e  e v id e n c e  o f  r e t u r n  tow ards th e  f a s t i n g  l e v e l .

U rea  c o n c e n t r a t io n  t e s t s  w ere c a r r i e d  o u t on 3 o f th e
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FIGURE No. 3 .

COMPOSITE CURVE SHOWING th e  EFFECT o f th e  INGESTION o f

UREA i n  NORMAL CHILDREN and th o se  SUFFERING 
from  DISEASES o f  th e  MUSCULAR SYSTEM.
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c h i l d r e n ,  and th e  r e s u l t s  showed t h a t  In  each  c a se  th e  k id n ey s  

w ere c a p a b le  o f  c o n c e n tr a t in g  u r e a  i n  a s a t i s f a c t o r y  m anner. 

D i s c u s s io n .

I t  w i l l  be rem em bered t h a t  th e  c u rv e s  found In  norm al 

c h i l d r e n  and i n  th o s e  who a re  th e  s u b je c ts  o f  l i v e r  d is e a s e  

d i f f e r e d  on th r e e  m ain p o i n t s ,  n am ely , -

1 s t ,  h ig h  f a s t i n g  n o n - p r o te in  n i t r o g e n  o f  th e  b lo o d .
2n d , slow  r i s e  o f  th e  c u rv e .
3 r d ,  h e ig h t  and p r o lo n g a t io n  o f  th e  c u rv e .

A p p ly in g  th o s e  same h e a d in g s  to  th e  c h i ld r e n  b e lo n g in g  to  t h i s  

s e c t io n  i t  w i l l  be o b se rv e d  t h a t  th e  f a s t i n g  l e v e l  o f  n o n -p ro te in  

n i t r o g e n  a g r e e s  w ith  t h a t  found  In  th e  norm al group (F ig u re  N o .3 ). 

On th e  o th e r  hand  th e  cu rv e  does n o t ascend  as  r a p id ly  as  in  th e  

c o n t r o l  s e c t i o n .

Commencing, as  h a s  b een  n o te d , w ith  an a lm o st i d e n t i c a l  

a v e ra g e  f a s t i n g  l e v e l ,  nam ely  32 and 33mg$ r e s p e c t iv e ly ,  th e  

cu rv e  i n  th e  m y o p a th ie s  o n ly  re a c h e s  41mg$ w ith in  h a l f  an hour 

o f  th e  i n g e s t i o n  o f  th e  u r e a ,  w hereas in  th e  h e a l th y  c h i ld r e n  

49mg$ i s  a t t a i n e d .  30 m in u te s  l a t e r ,  how ever, th e  l e v e l s  in  the 

two g ro u p s  a r e  e q u a l .  T h e r e a f te r  th e  norm al group b e g in s  to  

d escen d  w h ile  In  th e  c a s e  o f  th e  abnorm al th e  a s c e n t i s  c o n tin u e d .

A c o m p ariso n  o f  th e  co m p o site  c u rv e s  o b ta in e d  in  c h i ld r e n  s u f f e r in g  

from  h e p a t i c  i n e f f i c i e n c y  and in  th o s e  th e  s u b je c ts  o f  m uscu lar 

d y s tro p h y  shows a s t r i k i n g  re se m b la n c e . The a c tu a l  in c r e a s e  In  

v a lu e  how ever w hich  o c c u rs  in  th e  i n t e r v a l  betw een th e  h o u r ly  and



- 48 -

two h o u r ly  sp ec im en s i s  n o t  so m arked i n  th e  s e c t io n  o f m u scu la r 

d i s e a s e s .  F o u r o f  th e  c a s e s  -  nam ely , N o s .l ,  3 , 5 , and 5g a re  

p r a c t i c a l l y  s t a t i o n a r y  d u r in g  t h a t  t im e , b u t  two o f  th e s e  (Nos.

1 and 5g ) r i s e  b r i s k l y  i n  th e  fo llo w in g  specim ens w hich were 

exam ined th r e e  h o u rs  a f t e r  th e  i n g e s t i o n  o f  th e  u r e a .  Those 

r e s u l t s  c o r re s p o n d  q u i t e  s a t i s f a c t o r i l y  w ith  th o se  o f  G.D. C ath -

c a r t  who fo u n d  t h a t  i n  norm al a n im a ls  th e  in c r e a s e  o f  amide

n i t r o g e n  f o l lo w in g  on th e  a b s o rp t io n  o f  u re a  was 149$ in  th e  

l i v e r  b u t  o n ly  106$ i n  th e  m u sc le . Her f ig u r e s  f o r  ammonia, 

a l s o  showed an  a v e ra g e  in c r e a s e  o f  22$ in  th e  l i v e r  su b s ta n c e  

b u t  o n ly  8$ i n  m u sc le . The av e ra g e  in c r e a s e  in  n o n -p ro te in  

n i t r o g e n  v a lu e  was 26$ and 24$ r e s p e c t i v e l y .  As th e  m uscles 

t h e r e f o r e  I n  h e a l t h  do n o t s to r e  as  much n i t r o g e n  as th e  l i v e r  

i t  i s  n a t u r a l  t h a t  d i s e a s e  o f  th e  m u sc les  does n o t produce as  

m arked an  a b n o rm a lity  o f  th e  n o n - p ro te in  n i t ro g e n  curve fo llo w in g  

th e  i n g e s t i o n  o f  u r e a  a s  d o es  h e p a t ic  i n e f f i c i e n c y .

From  th e s e  r e s u l t s  i t  would ap p ea r t h a t  one i s  en

t i t l e d  to  s t a t e  t h a t  i n  c a s e s  o f  d is e a s e  o f  th e  m u scu la r system  

th e r e  I s  d e f i n i t e  a b n o rm a lity  i n  th e  m etab o lism  o f  u re a  and t h a t  

p o s s ib ly  t h i s  d e f e c t  ta k e s  th e  fo rm  o f  i n a b i l i t y  on th e  p a r t  o f

th e  m u sc le s  to  p ro v id e  s to r a g e  f o r  th e  u r e a .
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SECTION 6 .

The b lo o d  n o n - p r o t e i n  n i t r o g e n  c u rv e  fo l lo w in g  th e  

i n g e s t i o n  o f  u r e a  i n  c h i l d r e n  s u f f e r i n g  from  th e  

v a r i o u s  m a n i f e s t a t i o n s  o f  rheum atism .
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I n  v iew  o f  th e  f a c t  t h a t  Chadwick^4 0 * and Brown^4 1 )

( to  whose work r e f e r e n c e  w i l l  be made l a t e r )  found  h e p a t i c  i n 

e f f i c i e n c y ,  a s  d e m o n s t r a te d  by  th e  l a e v u lo s e  t o l e r a n c e  t e s t ,  i n  

c e r t a i n  c a s e s  o f  rh eu m atism  i n  c h i l d r e n  i t  was d ec id ed  to  i n v e s 

t i g a t e  a s e r i e s  o f  t h e s e  c h i l d r e n  m aking u se  o f  th e  n o n - p r o t e in

n i t r o g e n  c u rv e  f o l l o w i n g  t h e  i n g e s t i o n  o f  u r e a .  I t  was f u r t h e r

d e te rm in e d  t o  c a r r y  o u t  a l a e v u lo s e  t o l e r a n c e  t e s t  th e  fo l lo w in g  

day  i n  a p r o p o r t i o n  o f  th e  p a t i e n t s .  T h is  was done w i th  th e  

o b j e c t  o f  f i n d i n g  o u t  i f  t h e  n i t r o g e n  m etab o lism  was u p s e t  in  

rh e u m a tism  and i f  so  w h e th e r  o r  n o t  t h i s  d e f e c t  r a n  p a r a l l e l  

w i th  a d i s t u r b a n c e  o f  c a rb o h y d ra te  m e tab o lism .

The L a e v u lo se  T o le r a n c e  T e s t .

The e a r l i e s t  work on th e  s u b j e c t  o f  l a e v u lo s e  t o l e r a n c e  

a p p e a r s  to  be  t h a t  o f  S t r a u s s ( 4^) i n  1901. He found t h a t  i n  10$ 

o f  a p p a r e n t l y  norm al i n d i v i d u a l s  l a e v u l o s u r i a  fo llo w e d  a dose o f  

l a e v u l o s e .  I f ,  how ever, i t  was a d m in is te r e d  to  p a t i e n t s  known 

to  be  s u f f e r i n g  from  some l i v e r  d i s o r d e r  th e  p e rc e n ta g e  showing 

l a e v u l o s e  i n  th e  u r i n e  r o s e  to  90 . On th e s e  f i n d i n g s  he based

a t e s t  f o r  l i v e r  f u n c t i o n .  H is work was l a t e r  r e f u t e d  by v a r io u s
(43) (44)i n v e s t i g a t o r s  i n c l u d i n g  Womer & R e i s s '  7 and Churchmann'

Spence & B r e t t  ^4 5  ̂ i n  p a r t i c u l a r  m en tioned  t h a t  as th e  r e n a l

t h r e s h o l d  f o r  l a e v u l o s e  i n  norm al p eo p le  v a r i e d  w i th in  such

wide l i m i t 3  t h e  p r e s e n c e  o r  absence  o f  l a e v u l o s u r i a  cou ld  n o t  be
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r e g a r d e d  as  g i v i n g  any  r e l i a b l e  in f o r m a t io n  as  to  th e  c o n d i t i o n  

o f  l i v e r  f u n c t i o n .  A c c o rd in g  to  th o s e  w o rk ers  th e  r e n a l  t h r e s h 

o ld  l a y  b e tw e e n  115-130 mg#.

S h i r o k a u e r ^ 4 6 ) i n  1912 was th e  f i r s t  to  t r y  th e  e f f e c t  

o f  l a e v u l o s e  on th e  b lo o d  s u g a r  c u r v e .  The l a e v u lo s e  t e s t  as  

now i n  u s e  was f i r s t  worked o u t  i n  t h i s  c o u n t ry  by McLean & de 

W esselow ^4 ^  i n  1919 and l a t e r  by  Spence and B r e t t ^ 4®̂  and many 

o t h e r  i n v e s t i g a t o r s .  The t e s t  depends  on th e  f a c t  b ro u g h t  o u t 

by  McLean & de W esselow^4 ^  t h a t  l a e v u lo s e  t a k e n  by mouth in  

d o s e s  o f  3 0 -5 0 g .  does  n o t  ca u se  any a p p r e c i a b l e  r i s e  i n  th e  b lood  

s u g a r  c u rv e  o f  o r d i n a r y  i n d i v i d u a l s ,  w hereas a c o n s id e r a b le  and 

more o r  l e s s  c o n s t a n t  r i s e  o c c u rs  i n  th o se  who a re  a f f e c t e d  w i th  

any  d i s o r d e r  o f  th e  l i v e r * ■. Working th ro u g h  a s e r i e s  o f  th e  

v a r i o u s  s u g a r s  McLean & d e  W^sselow found t h a t  l a e v u lo s e  was th e  

o n ly  one w h ich  e x h i b i t e d  t h i s  phenomenon. The re a so n  o f  t h i s  

f i n d i n g  i s  r a t h e r  o b sc u re .  A ccording to  W in te r  & Smith^4®̂  g lu co se  

and l a e v u l o s e  a r e  n o t  found  i n  th e  b lo o d  as  such . They were o f  

t h e  o p in i o n  t h a t  s u g a r  n o rm a lly  c i r c u l a t e s  i n  th e  b lo o d  in  th e  

form  o f  w hat t h e y  term ed Y g lu c o s e .  They b e l i e v e d  t h a t  i t  was 

t h e i r  change  i n t o  t h i s  new compound which p re v e n te d  them be ing  

d e t e c t e d  i n  t h e i r  o r i g i n a l  form . I t  i s  g e n e r a l l y  acknowledged 

t h a t  a f t e r  a b s o r p t i o n  from  t h e  a l im e n ta ry  t r a c t  l a e v u lo s e  i s  

c a r r i e d  b y  t h e  p o r t a l  v e in  d i r e c t  to  th e  l i v e r  where i t  i s  con-
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v e r t e d  f i r s t  i n t o  g lu c o s e ,  th e n  i f t to  g ly co g en  and e v e n t u a l l y  

s t o r e d .  I n  t h i s  way, p r o v id e d  th e  l i v e r  mechanism i s  i n t a c t ,  

i t  d o e s  n o t  e n t e r  th e  g e n e r a l  c i r c u l a t i o n  i n  s u f f i c i e n t  q u a n t i t i e s  

to  c a u s e  any a p p r e c i a b l e  r i s e  i n  th e  b lo o d  s u g a r  v a lu e .  I t  has  

a l s o  b e e n  s t a t e d  t h a t  th e  r e a s o n  a t t a c h e d  to  th e  more o r  l e s s  

f l a t  b lo o d  s u g a r  cu rv e  w h ich  i t  n o rm a lly  p ro d u ces  i s  due to  v e ry  

r a p i d  a b s o r p t i o n  and a s s i m i l a t i o n .  T a lle rm a n n ^ 4^  i n  1923 

s u g g e s te d  t h a t  i t  was th e  s lo w n ess  o f  th o s e  two f u n c t io n s  f o l lo w 

in g  t h e  i n g e s t i o n  o f  g lu c o s e  w hich  a l lo w ed  i t  to  c i r c u l a t e  f r e e l y  

i n  t h e  b lo o d  s t r e a m  and th u s  cau sed  th e  c h a r a c t e r i s t i c  c u rv e .

P o l  i n  and B e r g l u n d ^ ^ i n  t h e i r  work to o k  up a r a t h e r  

d i f f e r e n t  a t t i t u d e .  They a t t r i b u t e d  th e  v e ry  sm all  r i s e  i n  th e  

b lo o d  s u g a r  v a lu e  a f t e r  l a e v u lo s e  to  th e  f a c t  t h a t  w h i le  the  

t i s s u e s  a r e  s a t u r a t e d  w i th  g lu c o s e  th e y  a re  p r a c t ic a l ly  f r e e  o f  

l a e v u l o s e  and t h e r e f o r e  ab so rb  i t  r e a d i l y .  They cou ld  n o t  ag ree  

w i th  some w r i t e r s  t h a t  th e  f l a t  cu rv e  i s  th e  r e s u l t  o f  a r a p id  

f o r m a t io n  o f  g ly c o g e n .  T h is  i s  d i r e c t l y  a g a i n s t  th e  views o f  

J o l i f f e ^ 5 1  ̂ who a rg u ed  t h a t  th e  f l a t  cu rve  was e a s i l y  accoun ted  

f o r  b y  th e  r a p i d i t y  w i th  w hich la e v u lo s e  was o x id i s e d  and con

v e r t e d  i n t o  g ly c o g e n .

C a t h c a r t  & M arkow itz^52  ̂ have found t h a t  la e v u lo s e  

must be c o n v e r t e d  i n t o  g lu c o se  b e f o re  i t  i s  p o s s ib le  f o r  i t  to  

be a b s o rb e d  by  t h e  t i s s u e s .

G re a t  d i f f e r e n c e s  o f  o p in io n  e x i s t  among th e  v a r io u s
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a u t h o r  i t  i e  a a s  t o  th e  ty p e  o f  c u rv e  w hich i s  to  be re g a rd e d  as  

no rm al and t h e  v a r i o u s  p o i n t s  o f  d i f f e r e n c e  w hich may r e n d e r  

i t  a b n o rm a l .  Some, such  a s  J o l i f f e ^ 5 1  ̂ f o r  exam ple, ta k e  a 

d e f i n i t e  v a lu e  and i f  a t  any p o i n t  th e  b lo o d  su g a r  cu rv e  f o l lo w 

in g  t h e  a d m i n i s t r a t i o n  o f  l a e v u l o s e ,  r e a c h e s  o r  ex ced es  t h a t  

f i g u r e  th e y  c o n s id e r  t h a t  th e y  have d e f i n i t e  e v id e n c e  o f  l i v e r  

damage. J o l i f f e  h as  m en tio n ed  125mg# as  th e  upperm ost l e v e l  o f  

n o r m a l i t y .  O th e r s  p u t  moat em phasis  on th e  d u r a t i o n  of any 

h y p e rg ly c a e m ia  by t a k i n g  as  d e f i n i t e l y  abnorm al any cu rve  which 

h a s  n o t  r e t u r n e d  to  i t s  f a s t i n g  l e v e l  w i t h i n . 1-  ̂ o r  2 h o u rs .

O th e r s  do n o t  a c c e p t  a s  p a t h o l o g i c a l  any cu rve  which has n o t  

r e a c h e d  a d e f i n i t e  p e r c e n ta g e  above th e  i n i t i a l  f i g u r e .  J u s t  

w hat th e  minimum p e r c e n ta g e  r i s e  w hich i s  i n d i c a t i v e  o f  l i v e r
(53damage a c t u a l l y  i s  s t i l l  a m a t t e r  o f  c o n t r o v e r s y .  Elmer & Scheps 

r e g a r d  a r i s e  o f  more th a n  20# as  abnorm al, and look  upon minor 

v a r i a t i o n s  a s  b e in g  due t o  f a u l t y  a b s o r p t io n  o r  impure l a e v u lo s e .  

H u r s t (54 )  a d d r e s s i n g  a  m e e t in g  o f  th e  London M edical S o c ie ty  in  

th e  autum n o f  1931 a g re e d  w i th  th e s e  f i n d i n g s .  He th o u g h t  t h a t  

a f a i l u r e  t o  r e t u r n  to  th e  f a s t i n g  l e v e l  w i t h i n  two h o u rs  was 

p a t h o l o g i c a l .  T a lle rm a n n ^ 4^  i n  1923 s t a t e d  t h a t  any re a d in g  

w hich  a f t e r  t h e  a d m i n i s t r a t i o n  o f  la e v u lo s e  exceeded 135mg# o r  

any c u rv e  w h ich  r o s e  more th a n  30mg from  th e  f a s t i n g  v a lu e ,  gave 

p re su m p t iv e  e v id e n c e  o f  h e p a t i c  derangem en t.  I n  h i s  o p in io n  a 

h ig h  b lo o d  s u g a r  v a lu e  a t  th e  end o f  one and a h a l f  hou rs  was 

s t r o n g l y  i n  f a v o u r  o f  l i v e r  i n e f f i c i e n c y .  His th e o ry  t h a t  th e
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a c t u a l  h e i g h t  o f  th e  c u rv e  was l a r g e l y  d e p e n d e n t  on th e  f a s t i n g  

l e v e l  was l a t e r  c o n f irm e d  by J o l i f f e t h e y  b e l i e v e d  t h a t  i f  

th e  i n i t i a l  v a lu e  was low th e  r i s e  would be g r e a t ,  b u t  t h a t  i f  

th e  f a s t i n g  l e v e l  w ere h ig h  th e  i n c r e a s e  would n o t  be so marked. 

Spence & B r e t t ^ 4 5  ̂ b e l i e v e d  t h a t  th e  h e i g h t  aid  d u r a t i o n  o f  th e  

c u rv e  o b t a i n e d  gave an e s t im a te  o f  th e  amount o f  l i v e r  damage. 

T h is  c l a im  how ever was n o t  s u s t a i n e d  by th e  work o f  Brown^®^.

Chadw ick^4^  by  means o f  th e  l a e v u lo s e  t o l e r a n c e  t e s t  

a p p e a r s  to  have  b e e n  th e  f i r s t  w orker  to  d e m o n s tra te  d i s o r d e r e d  

f u n c t i o n  o f  t h e  l i v e r  i n  c e r t a i n  c a s e s  o f  rh eu m atic  i n f e c t i o n  in  

c h i l d r e n .  He found  t h a t  th o s e  s u f f e r i n g  from  sim ple  ch o rea  w i th 

o u t  c a r d i t i s  showed no h e p a t i c  i n e f f i c i e n c y .  On th e  o th e r  hand , 

he was a b l e  to  show t h a t  p a t i e n t s  who had c h o re a  w i th  c a rd ia c  

in v o lv e m e n t  d id  s u f f e r  from  a d e g re e  o f  l i v e r  d i s tu r b a n c e .  

S i m i l a r  r e s u l t s  were found  where th e  rh eu m atic  i n f e c t i o n  took 

th e  fo rm  o f  an  a c t i v e  a r t h r i t i s  w i th  o r  w i th o u t  c a r d i t i s .  He 

was a b l e  t o  show t h a t  t h i s  d e f e c t  d i s a p p e a re d  as c l i n i c a l  im

p rovem ent to o k  p l a c e .  He was u n a b le  to  c o r r e l a t e  h i s  r e s u l t s  

w i th  an y  p a r t i c u l a r  v a l v u l a r  l e s i o n  b u t  he was o f  th e  o p in io n  

t h a t  t h e  d e c i d i n g  f a c t o r  was th e  to n e  o f  th e  h e a r t  m uscle r a t h e r  

th a n  th e  com petence  o r  incom petence  o f  th e  v a lv e s .  He b e l ie v e d  

t h a t  t h e  l i v e r  d i s t u r b a n c e  was caused  by th e  a b s o rp t io n  o f  to x in s  

from  some f o c u s  o f  i n f e c t i o n .  He d id  n o t  th in k  t h a t  the  o r i g i n
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o f  t h e  s e p s i s  c o u ld  be  s u c c e s s f u l l y  t r a c e d  to  e i t h e r  th e  t o n s i l s  

o r  t h e  a l i m e n t a r y  t r a c t .

The f o l l o w i n g  y e a r  Brown^4 1 ) p u b l i s h e d  a p a p e r  on th e  

same s u b j e c t .  She a l s o  found  h e p a t i c  i n e f f i c i e n c y  in  c e r t a i n  

rh e u m a t ic  and c h o r e i c  c h i l d r e n  b u t  h e r  r e s u l t s  l e d  h e r  to  th e  

c o n c l u s io n  t h a t  th e  l a e v u l o s e  t o l e r a n c e  t e s t  gave no c o n s i s t e n t  

e v id e n c e  o f  d e ran g em en t o f  th e  l i v e r  i n  c a s e s  o f  rh eu m atic  

i n f e c t i o n .  Her o n ly  e x c e p t io n  b e in g  t h a t  c a s e s  o f  c o n v a le s c e n t  

c h o re a  w i t h  o r  w i th o u t  c a r d i t i s  i n v a r i a b l y  gave normal b lood  

s u g a r  c u r v e s  f o l l o w i n g  th e  i n g e s t i o n  o f  l a e v u lo s e .  She b e l i e v e d  

t h a t  t h e  s o l u t i o n  o f  th e  p rob lem  l a y  i n  a p a th o lo g ic a l  c o n d i t io n  

o f  th e  m yocardium  c a u s in g  p a s s iv e  c o n g e s t io n  o f  th e  l i v e r  which 

was n a t u r a l l y  f o l lo w e d  by im p a ire d  f u n c t io n .  She judged i t  

p o s s i b l e  t h a t  i n  c h o re a  t h e r e  m igh t be p r e s e n t  o v e r s t im u la t io n  

o f  th e  s y m p a th e t ic  n e rv o u s  system  w i th  a consequen t d is tu rb a n c e  

o f  c a r b o h y d r a t e  m e ta b o l ism .

P e r s o n a l  r e s u l t s .

The n o n - p r o te in ,  n i t r o g e n  cu rv e  a f t e r  th e  i n g e s t i o n  of 

u r e a  was c a r r i e d  o u t  on 19 c h i l d r e n  who were th e  s u b je c t s  of 

rh eu m atism . The p ro c e d u re  was th e  same as i n  th e  v a r io u s  o th e r  

g roups  w i t h  th e  e x c e p t io n  o f  t h e  f a c t  t h a t  13 o f  th e  c h i ld r e n  

were b e in g  g iv e n  sodium  s a l i c y l a t e  and 3 were hav ing  n i rv a n a l  

a d m i n i s t e r e d .  The c a s e - h i s t o r i e s  a r e  g iv en  in  p r o to c o l s ,  Appendix, 

S e c t io n  C. The r e s u l t s  a r e  shown in  T ab le s  12 and 13. The ages
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o f  th e  p a t i e n t s  ra n g e d  from  4 t o  12 y e a r s .  On 7 o f  th e  c h i l d r e n  

l a e v u l o s e  c u r v e s  w ere c a r r i e d  o u t  th e  f o l lo w in g  d a y ,  and th e  

r e s u l t s  a r e  shown i n  T a b le  14 . Of th e  19 c h i l d r e n  t e s t e d  9 gave 

a p e r f e c t l y  norm al c u rv e  w h i le  th e  re m a in in g  10 gave r e s u l t s  which 

w ere d i s t i n c t l y  ab n o rm a l.

The no rm al cu rv e  s .

T h is  g ro u p  c o n ta in e d  9 c h i l d r e n .  Two o f  them (NoS«5 

and 9) had t h e  t e s t  r e p e a t e d  on a second o c c a s io n  w i th  s im i l a r  

r e s u l t s  to  t h e  f i r s t  e x a m in a t io n .  The ag es  ran g ed  froqi 7 to  12 

y e a r s .  7 w ere c a s e s  o f  c h o r e a ,  1 s u f f e r e d  from  a c u te  a r t h r i t i s  

and 1 f ro m  a t r a n s i e n t  a t t a c k  o f  p e r i c a r d i t i s .  Of th e s e  9 

c h i l d r e n  4 s u f f e r e d  from  d e f i n i t e  m i t r a l  l e s i o n s  a l th o u g h  none 

o f  them  showed th e  s l i g h t e s t  te n d e n c y  to  l o s s  o f  com pensa tion .

There  w ere no c a s e s  o f  a o r t i c  d is e a s e .  The f a s t i n g  n o n -p ro te in  

n i t r o g e n  v a lu e s  l a y  b e tw een  29-47 mgvm.% w i th  an average  o f  37mg$. 

W ith in  30 m in u te s  o f  th e  i n g e s t i o n  o f  th e  u r e a  a l l  the cu rves  

showed a d e f i n i t e  r i s e .  The s m a l l e s t  in c r e a s e  i n  v a lu e  was 

5mgrm and th e  l a r g e s t  was 23mg. The h i g h e s t  v a lu e  a t t a i n e d  was 

60.2m g$. I n  t h e  n e x t  spec im en s , w hich were w ithdraw n one hour 

a f t e r  th e  u r e a  had  been  t a k e n ,  8 o f  th e  cu rv es  were c o n t in u in g  

t h e i r  a s c e n t  b u t  th e  re m a in in g  3 (N o s .4 ,  5 and 8) had a l r e a d y  

hegun to  r e t u r n  to w ard s  th e  f a s t i n g  l e v e l .  The most marked i n 

c r e a s e  i n  v a lu e  from  th e  p r e v io u s  sample o f  b lo o d  was 20mg w hile  

th e  h i g h e s t  n o n - p r o t e i n  n i t r o g e n  c o n c e n t r a t i o n  reached  was 63.4mg$.
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FIGURE N o . 4 .

COMPOSITE CURVE

A COMPARISON o f '  the-EFFECT o f  t h e  INGESTION o f  UREA 
i n  HEALTH, i n  HEPATIC DISEASE and i n  RHEUMATISM.
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A f t e r  t h e  l a p s e  o f  two h o u rs  from  th e  i n g e s t i o n  o f  th e  u r e a  a l l  

t h e  c u r v e s  w ere  on th e  downward t r e n d .  4 o f  th e  v a lu e s  had r e t u r n e d  

to  w i t h i n  3 o r  4 mg o f  th e  f a s t i n g  l e v e l .  Case 5 began  w i th  a 

f a s t i n g  v a lu e  o f  34.9mg$ and 2 h o u rs  a f t e r  th e  i n g e s t i o n  o f  th e  

u r e a  th e  l e v e l  was 23mg%. T h is  rem inds one o f  th e  hypoglycaem ia 

so f r e q u e n t l y  fo u n d  i n  th e  b lo o d  s u g a r  cu rv e  a f t e r  th e  a d m i n i s t r a 

t i o n  o f  g lu c o s e .  U rea c o n c e n t r a t i o n  t e s t s  were c a r r i e d  o u t on 5 o f  

t h e s e  c a s e s ,  and  i n  each  t h e  r e s u l t  showed t h a t  as  f a r  a s  the  

c o n c e n t r a t i o n  o f  u r e a  was co n ce rn ed  th e  k id n e y s  were f u n c t io n in g  

s a t i s f a c t o r i l y .  I t  w i l l  be seen  t h e r e f o r e  from  a com parison  o f  

th e  c o m p o s i te  c u rv e  o b ta in e d  in  th e  c o n t r o l  c h i l d r e n  o f  group 1 

and th e  co m p o s i te  cu rv e  o b ta in e d  i n  th e  p r e s e n t  s e r i e s  how c l o s e l y  

t h e y  r e se m b le  one a n o th e r  (F ig u re  4 ) .  I t  i s  s u r e l y  p e r m is s ib le  

t h e r e f o r e  t o  s t a t e  t h a t  th e  c h i l d r e n  i n  th e  group p r e s e n t l y  

u n d e r  c o n s i d e r a t i o n  d id  n o t  g iv e  any i n d i c a t i o n  of h e p a t i c  i n 

e f f i c i e n c y .  Only two l a e v u lo s e  t o l e r a n c e  t e s t s  were c a r r i e d  ou t 

on t h e s e  c h i l d r e n  b u t  th e y  too  f a i l e d  to  d e m o n s tra te  any lo s s  o f  

f u n c t i o n  on th e  p a r t  o f  th e  l i v e r .

The ab n o rm al c u r v e s .

T h is  g roup  was composed o f  10 c h i l d r e n  whose ages 

ra n g e d  from  4 t o  I I  y e a r s .  7 were c a s e s  o f  ch o rea  and th e  r e 

m a in in g  3 s u f f e r e d  from  a r t h r i t i s .  A l l  o f  them w ith  th e  excep

t i o n  o f  two had d e f i n i t e  m i t r a l  d i s e a s e ,  b u t  none o f  them showed
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th e  s l i g h t e s t  te n d e n c y  t o  d e c o m p e n sa t io n .  A o r t i c  d i s e a s e  was 

n o t  d ia g n o s e d  i n  any o f  t h i s  s e r i e s .

The f a s t i n g  n o n - p r o t e i n  n i t r o g e n  ra n g e d  from  25 to  50 

mg# w i t h  an  a v e ra g e  o f  37mg#. H a lf  an  hour  a f t e r  th e  u r e a  had b een  

g iv e n  a l l  t h e  c u r v e s  w i th  th e  e x c e p t io n  o f  two had begun to  a s c e n d .  

The s m a l l e s t  r i s e  was 3mg and th e  l a r g e s t  16 mg w h ile  th e  g r e a t e s t  

h e i g h t  a t t a i n e d  a t  t h i s  s t a g e  o f  th e  t e s t  was 56mg#. Case 16 

showed a l o s s  o f  ling and c a s e  12 a l o s s  o f  7mg. 30 m in u te s  l a t e r ,  

t h a t  i s  1 h o u r  a f t e r  th e  u r e a  had b een  ta k e n  a l l  th e  c u rv e s  were 

s t e a d i l y  m o u n tin g .  The l e a s t  i n c r e a s e  o v e r  th e  p re v io u s  specim en 

was ling, th e  g r e a t e s t  was 16mg, and th e  h i g h e s t  n o n - p r o t e in  

n i t r o g e n  c o n c e n t r a t i o n  r e a c h e d  was 62mg. A ft© r an i n t e r v a l  o f  

two h o u r s  from  t h e  i n g e s t i o n  o f  th e  u r e a  a l l  th e  c u rv e s  were 

r i s i n g  s t e a d i l y .  The maximum n o n - p r o t e in  n i t r o g e n  v a lu e  a t t a i n e d  

was 72mg#, th e  minimum was 44 mg# and th e  a v e ra g e  was 61mg#. In  

th e  5 c h i l d r e n  who had th e  t e s t  c a r r i e d  on u n t i l  an i n t e r v a l  o f  

3 h o u r s  a f t e r  th e  a d m i n i s t r a t i o n  o f  th e  u r e a  had e la p s e d  4 o f  th e  

c u r v e s  showed a f u r t h e r  i n c r e a s e  i n  v a lu e  b u t  one was d e f i n i t e l y  

f a l l i n g  (Case N o .1 5 ) .  Of th e  3 c a s e s  examined 4 and 5 h o u rs  

r e s p e c t i v e l y  a f t e r  th e  u r e a  had been  t  aken two were r e t u r n i n g  

to w a rd s  th e  f a s t i n g  l e v e l .  The re m a in in g  c u rv e ,  c a se  N o.12 was, 

how ever, s t i l l  showing a s l i g h t  b u t  q u i t e  d e f i n i t e  te n d e n c y  to  

a s c e n d .  T h is  c u rv e  d i s p l a y e d  p e c u l i a r  f e a t u r e s  from th e  b e g in n in g .  

As was a l r e a d y  o b se rv ed  t h e r e  was a f a l l  i n  v a lu e  o f  7mg. d u r in g
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t h Q f i r s t  h a l f  h o u r  a f t e r  th e  u r e a  had b een  ta k e n  and t h i s  was 

f o l lo w e d  b y  a v e r y  slow b u t  q u i t e  d i s t i n c t  r i s e  w hich was even 

c o n t i n u i n g  when th e  l a s t  sample o f  b lood  was w ith -d raw n . T h is  

r e s u l t  w ould  s u g g e s t  t h a t  a p p a r e n t l y  th e  a b s o r p t io n  had been 

g r e a t l y  d e l a y e d .

4 o f  th e  c h i l d r e n  i n  t h i s  s e c t i o n  had th e  u re a  concen

t r a t i o n  t e s t  c a r r i e d  o u t  a t  th e  same t im e .  In  each case  th e  

u r i n a r y  o u t p u t  o f  u r e a  was th o ro u g h ly  s a t i s f a c t o r y  and i t  showed 

t h a t  t h e  k id n e y s  w ere f u n c t io n i n g  w e l l .

5 o f  t h e  c a s e s  had a la e v u lo s e  to l e r a n c e  t e s t  perfo rm ed  

th e  f o l l o w i n g  d a y .  T ab le  No. 14. Two o f  th e  cu rv e s  o b ta in e d  were 

d i s t i n c t l y  abnorm al showing an i n c r e a s e  o f  b lood su g a r  v a lu e  a f t e r  

th e  a d m i n i s t r a t i o n  o f  th e  l a e v u l o s e ,  am ounting to  55$ and 33$ 

r e s p e c t i v e l y .  (C ases  11 and 1 2 ) .  Two o th e r  cu rv es  (Nos. 14 & 15) 

r o s e  25$  and 27$ . The fo rm er  had a r e p e a t  t e s t  done one week 

l a t e r  when th e  i n c r e a s e  i n  v a lu e  was n e g l i g i b l e .  The rem ain in g  

c a s e  showed p r a c t i c a l l y  no change a f t e r  th e  i n g e s t i o n  o f  the  

l a e v u l o s e .

D i s c u s s i o n

I t  w i l l  be seen  t h a t  th e  cu rve  o b ta in e d  i n  c a ses  1-9  

i s ,  a p a r t  from  th e  s l i g h t l y  h ig h e r  f a s t i n g  l e v e l ,  a lm ost s im i l a r  

to  th e  c u rv e  w hich  was found  i n  th e  group o f  c o n t r o l  c h i ld r e n .

Where a s  t h e  cu rv e  found  i n  c a s e s  10-19 d i f f e r s  i n  no e s s e n t i a l  

p a r t i c u l a r  form  th e  c u rv e  w hich o c c u rs  i n  h e p a t ic  i n e f f i c i e n c y .

1i
1
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One m ig h t  t h e r e f o r e  w i th  a f a i r  m easure  o f  c o n f id e n c e  s t a t e  t h a t  

i n  a p r o p o r t i o n  o f  c a s e s  o f  rh e u m a t ic  d i s e a s e  t h e r e  i s  a d e g re e  

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

The p rob lem  th e n  a ro s e  f o r  s o l u t i o n  as  to  w h e th e r  o r  

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

any p a r t i c u l a r  c l i n i c a l  f i n d i n g s .  The f o l l o w in g  p o i n t s  p r e s e n te d  

th e m s e lv e s  f o r  d i s c u s s i o n .

1 . The ages  o f  th e  c h i l d r e n  i n  th e  norm al s e c t i o n  l a y  betw een 

7 and 12 y e a r s ,  w i th  an  a v e ra g e  o f  9 .4  y e a r s ,  w h ile  i n  th e  a b 

n o rm a l g ro u p  t h e  ag es  ra n g e d  from  4 t o  11 y e a r s  w i th  an  av e ra g e  

o f  7 .4  y e a r s .  T h is  d i f f e r e n c e  i s  o b v io u s ly  too  s l i g h t  t o  be o f  

any  s i g n i f i c a n c e .

2 .  As r e g a r d s  th e  sex  o f  th e  c h i l d r e n  i t  was found  t h a t  i n  th e  

no rm a l s e c t i o n  t h e r e  were 6 g i r l s  and 3 b o y s ,  w h i le  th e  abnorm al 

g ro u p  c o n ta in e d  7 g i r l s  and 3 b o y s .  I t  i s ,  t h e r e f o r e ,  e v id e n t  

t h a t  t h e  q u e s t i o n  o f  sex  does  n o t  e n t e r  i n t o  t h e  d i s c u s s i o n .

3 .  On c o n s id e r i n g  th e  p r e v io u s  h i s t o r y  o r  th e  c h i l d r e n  ( e x c lu d 

in g  any o f  t h e  m a n i f e s t a t i o n s  of rheum atism ) no f a c t s  o f  im p o r t 

ance came t o  l i g h t .  I n  th e  norm al s e c t i o n  c a s e  4 had  a  h i s t o r y  

o f  c e r v i c a l  ad i n J. t i e  o f  4 y e a r s  d u r a t i o n  and c a s e  7 had had  a n  

ap p en d io e o lo m y  p e rfo rm ed  t h r e e  months p r i o r '  t o  t h e  p r e s e n t  

a d m is s io n #  W hile  i h  th e  abnormal group Case 13 had  s u f f e r e d  f ro m  

a o e r v i o f t l  a d i n i t l s  f o r  b weeks b e f o re  b e in g  a d m it te d  t o  H o s p i t a l .

A e o h i l d i r s t i o n  o f  th e  p r e v i o u s  r h e u m a t ic  h i s t o r y  showed
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t h a t  o n ly  2 c h i l d r e n  i n  th e  norm al g roup  and none a t  a l l  i n  th e  

abnorm al g ro u p  gave a h i s t o r y  o f  so re  t h r o a t s .  Two o f  th e  ab 

n o rm a l and 1 o f  th e  norm al s e r i e s  had s u f f e r e d  from s c a r l e t  f e v e r .  

As r e g a r d s  a  h i s t o r y  o f  g row ing  p a in s  o r  p r e v io u s  a r t h r i t i s  i t  

was fo u n d  t h a t  o n ly  1 c h i l d  i n  th e  norm al s e c t io n  had once had 

vague  p a i n s  i n  th e  l im b s .  Th ings  were d is c o v e re d  to  be v e ry  

d i f f e r e n t  however i n  th e  abnorm al s e c t i o n .  I t  was found t h a t ,  

l e a v i n g  o u t  o f  c o n s i d e r a t i o n  th e  3 c a s e s  o f  a c u te  a r t h r i t i s ,  4 

o t h e r s  had had rh e u m a t ic  p a in s  a t  som e 'tim e o r  a n o th e r .

Case 16 had s u f f e r e d  from j o i n t  p a in s  3 months p r i o r  to  

a d m is s io n .  S ix  weeks b e f o r e  coming to  H o s p i ta l  c a se  13 had been 

c o n f in e d  to  bed  f o r  10 days  w i th  p a in s  i n  th e  arms and l e g s .

Case 14 had had a c u te  rheum atism  9 months b e fo re  th e  p r e s e n t  

a t t a c k  o f  c h o r e a .  Case 15 had had p a in s  i n  th e  le g s  a coup le  

o f  m onths b e f o r e  h i s  p r e s e n t  i l l n e s s .

4 .  Coming to  th e  l e n g t h  o f  tim e s in c e  th e  f i r s t  m a n i f e s t a t i o n  

o f  rh e u m a tism  i t  was found t h a t  no in fo rm a t io n  o f  i n t e r e s t  cou ld  

be  e l i c i t e d .  Case 3 w i th  a rh eu m atic  h i s t o r y  o f  3 y e a rs  d u r a t io n  

had a  n o rm a l cu rv e  s i m i l a r  to  t h a t  o b ta in e d  i n  Case 9 where th e  

t e s t  was c a r r i e d  o u t  w i t h i n  a week o f  th e  o n s e t  o f  th e  f i r s t  

symptom o f  rh eu m atism . C o n s id e r in g  th e  abnormal group Case 10 

had a rh e u m a t ic  h i s t o r y  o f  l e s s  th a n  5 weeks d u r a t io n  w h ile  in  

Case 12 , th e  h i s t o r y  d a te d  back  f u l l y  f i v e  y e a r s .  Of the  9 c ases  

i n  th e  n o rm a l g roup  7 gave a t o t a l  rheum atic  h i s t o r y  o f  l e s s  th an
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t h r e e  m o n th s ,  w h i l e  one had  h ad  a t t a c k s  o f  c h o r e a  a t  v a r y i n g  

i n t e r v a l s  f o r  3 y e a r s  and 1 had  had  an a t t a c k  o f  c h o r e a  one y e a r  

b e f o r e  t h e  p r e s e n t  a d m is s io n .  I n  th e  ab n o rm a l  g ro u p  a l s o  7 h a d  

shown no d e f i n i t e  t e n d e n c y  to  rh e u m a t is m  u n t i l  a b o u t  t h r e e  m on ths  

a g o .  1 had  had a n  a t t a c k  o f  c h o r e a  w i t h  c a r d i a c  in v o lv e m e n t  5 

y e a r s  p r e v i o u s l y  and 1 had had  r e c u r r e n t  a t t a c k s  o f  c h o re a  f o r  

3 y e a r s .

5 .  The fo rm  i n  w h ich  t h e  r h e u m a t ic  i n f e c t i o n  showed i t s e l f  was 

n e x t  i n v e s t i g a t e d .  I n  t h e  n o rm a l g ro u p  1 c a s e  o f  a c u t e  a r t h r i t i s  

o c c u r r e d .  T h is  c h i l d  (Wo.9) g av e  a s i m i l a r  c u rv e  when th e  t e s t  

was r e p e a t e d  a b o u t  2 w eeks l a t e r .  T h is  g ro u p  a l s o  c o n t a i n e d  one 

c a s e  o f  p e r i c a r d i t i s  ( 8 ) .  D e f i n i t e  f r i c t i o n  was p r e s e n t ,  b u t  

t h e r e  was no e v id e n c e  o f  any  e f f u s i o n  i n t o  t h e  p e r i c a r d i a l  s a c .

On e x a m in a t io n  3 m o n th s  l a t e r  no a b n o r m a l i t y  o f  t h e  h e a r t  was 

fo u n d .  The r e m a in in g  7 c h i l d r e n  o f  t h i s  s e r i e s  w ere  c a s e s  o f  

c h o r e a .  I n  t h e  a b n o rm a l  g ro u p  3 c a s e s  o f  a r t h r i t i s  o c c u r r e d  

w h i l e  h e r e  a g a i n  t h e r e  w ere  7 c a s e s  o f  c h o r e a .  No c o n c l u s io n s  

c o u ld  t h u s  be  draw n f ro m  t h e s e  f a c t s .

6 .  I t  was t h e n  t h o u g h t  t h a t  p e r h a p s  t h e  s t a g e  o f  t h e  d i s e a s e  

a t  w h ich  t h e  t e s t  was c a r r i e d  o u t  m ig h t  i n f l u e n c e  t h e  c u r v e .

I t  seem ed p o s s i b l e  t h a t  h e p a t i c  i n e f f i c i e n c y  m ig h t  be m ost m arked  

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

and u l t i m a t e l y  d i s a p p e a r  a s  c o n v a le s c e n c e  p r o g r e s s e d .  Case 9 was 

ex am in ed  d u r i n g  t h e  h e i g h t  o f  an  a t t a c k  o f  a c u t e  a r t h r i t i s  and
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a g a i n  a c o u p le  o f  w eeks l a t e r  when a l l  o b v io u s  s i g n s  o f  rh e u m a t is m  

h a d  d i s a p p e a r e d .  A n o rm a l c u r v e  was o b t a i n e d  on b o t h  o c c a s i o n s .  

Case 19 g a v e  an a b n o rm a l c u rv e  d u r i n g  a n  a c u t e  a r t h r i t i s .  Case 

17 g ave  an a b n o rm a l  c u rv e  5 m onths  a f t e r  t h e  o n s e t  o f  an  a c u t e  

s c a r l a t i n a l  a r t h r i t i s .

Case 7 an  a c t i v e  c h o r e a  gave  a n o rm a l c u rv e  s i m i l a r  t o  

t h a t  o b t a i n e d  i n  c a s e  2 w here  a i l  t w i t c h i n g s  h ad  c e a s e d .  Thus 

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

i n f l u e n c e  t h e  c u r v e .

7 .  I n  t h e  p r e s e n c e  o r  a b s e n c e  o f  c a r d i t i s  i t  was c o n f i d e n t l y  

a n t i c i p a t e d  t h a t  t h e  a n sw e r  t o  th e  p ro b le m  m ig h t  b e  fo u n d  b u t  

su ch  was n o t  fo u n d  t o  be t h e  c a s e .  I n  5 o u t  o f  th e  9 c a s e s  e x 

h i b i t i n g  n o rm a l  c u r v e s  no o r g a n i c  c a r d i a c  in v o lv e m e n t  was d i a g 

n o s e d  w h i l e  2 showed m in o r  d e g r e e s  o f  m i t r a l  in c o m p e te n c e  and i n  

2 m i t r a l  s t e n o s i s  was d e v e l o p i n g .

I n  t h e  ab n o rm a l  g ro u p  8 o f  t h e  c h i l d r e n  showed d e f i n i t e  

m i t r a l  in c o m p e te n c e .  I n  t h e  r e m a in in g  2 o f  t h i s  s e r i e s  s y s t o l i c  

m urm urs w ere  h e a r d  b u t  t h e y  w ere  p r o b a b ly  o f  f u n c t i o n a l  o r i g i n .

None o f  t h e  c h i l d r e n  i n  t h i s  g ro u p  showed any  s ig n s  o f  i n c i p i e n t  

m i t r a l  s t e n o s i s .  I n  n e i t h e r  g ro u p  was a o r t i c  d i s e a s e  p r e s e n t  n o r  

was t h e r e  t h e  s l i g h t e s t  e v id e n c e  o f  any  te n d e n c y  to w a rd s  decom

p e n s a t i o n .

8 .  I n  two o f  t h e  c h i l d r e n  i n  th e  n o rm a l g ro u p  n o d u le s  were 

p r e s e n t ,  b u t  none w ere  fo u n d  i n  any  o f  t h e  abnorm al c a s e s .
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9 .  T h a t  s a l i c y l a t e  t h e r a p y  d o e s  n o t  a f f e c t  t h e  c u r v e s  was 

c l e a r l y  shown. 6 o f  t h e  c h i l d r e n  e x h i b i t i n g  a  n o rm a l u r e a  

t o l e r a n c e ,  and  7 o f  t h o s e  show ing  a n  ab n o rm a l t o l e r a n c e  h a d  

b e e n  h a v i n g  sod ium  s a l o c y l a t e  a d m i n i s t e r e d .  The 3 c h i l d r e n  

who had  b e e n  t a k i n g  n i r v a n o l  w ere  a l s o  fo u n d  i n  t h e  n o rm a l 

s e c t i o n .

1 0 .  I t  was c o n s i d e r e d  p o s s i b l e  t h a t  d i s t u r b e d  c a r b o h y d r a t e  

m e ta b o l i s m ,  a s  shown b y  a n  a b n o rm a l t o l e r a n c e  t o  l a e v u l o s e ,  

m ig h t  r u n  p a r a l l e l  t o  an  ab n o rm a l  n o n - p r o t e i n  n i t r o g e n  c u r v e .  

A c c o r d in g ly  7 l a e v u l o s e  t o l e r a n c e  t e s t s  w ere  c a r r i e d  o u t .  The 

two t e s t s  w h ich  w ere  done  i n  t h e  n o rm a l  g ro u p  (N o s .3 and  9 )  gave  

a n o rm a l  b lo o d  s u g a r  c u rv e  a f t e r  t h e  i n g e s t i o n  o f  th e  l a e v u l o s e .  

I n  t h e  ab n o rm a l g ro u p  3 o u t  o f  t h e  5 e s t i m a t i o n s  p e r fo rm e d  gave 

a n o rm a l r e s u l t ,  t h u s  show ing  t h a t  w h i l e  d e r a n g e d  c a r b o h y d r a t e  

and p r o t e i n  m e ta b o l i s m  may c o - e x i s t ,  t h e y  do n o t  n e c e s s a r i l y  do 

s o .

From a  s tu d y  o f  t h e s e  10 p o i n t s  we a r e  l e f t  w i t h  o n ly  

one w h ic h  w ould  seem t o  be  o f  any  im p o r ta n c e  i n  d e t e r m in in g  t h e  

ty p e  o f  n o n - p r o t e i n  n i t r o g e n  c u rv e  l i k e l y  t o  r e s u l t  a f t e r  th e  

i n g e s t i o n  o f  u r e a  -  n a m e ly ,  th e  a c t u a l  p r e s e n c e  o r  a h i s t o r y  o f

a r t h r i t i s  o r  g ro w in g  p a i n s .  I n  o n ly  2 o u t  o f  t h e  9 c h i l d r e n  i n

t h e  n o rm a l g ro u p  c o u ld  any  such  h i s t o r y  be  o b t a i n e d  w h e re a s  i n  

7 o u t  o f  t h e  10 ab n o rm al c a s e s  exam ined  d e f i n i t e  p a in s  and  j o i n t  

s w e l l i n g s  w ere  a f e a t u r e  o f  t h e  c o m p la in t .

As t h e  p r o p o r t i o n  o f  c h i l d r e n  known t o  s u f f e r  from
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c a r d i t i s  a s  th e  r e s u l t  o f  c h o r e a  i s  l e s s  t h a n  t h e  p r o p o r t i o n  

l e f t  w i t h  dam aged h e a r t s  a f t e r  a r t h r i t i s  and g ro w in g  p a i n s  i t  

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

v a l v u l a r  d i s e a s e  o f  t h e  h e a r t  i n  t h e  ab n o rm al g ro u p .  T h a t  i t  

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

f o r  t h e  a b n o rm a l  c u rv e  i s  shown by  t h e  f a c t  t h a t  c a s e  17 gave  an  

ab n o rm a l c u rv e  w h i l e  Case 5 who had a d e f i n i t e  m i t r a l  s t e n o s i s  

gave  a  n o rm a l  r e s u l t .  A t th e  t im e  o f  e x a m in a t io n  Case 17 had  a 

s y s t o l i c  murmur a l l  o v e r  t h e  p r a c c o rd iu m  w h ic h  was p r o b a b l y  b e s t  

h e a r d  a t  t h e  b a s e ,  A few  m onths  l a t e r ,  h o w ev er ,  when t h e  h e a r t  

was a g a i n  ex am in ed  i t  was fo u n d  t h a t  t h e  sounds  w ere  o f  good 

q u a l i t y  an a  t h a t  t h e r e  w ere  no murmurs p r e s e n t .  T hese  f i n d i n g s  

w ould  a p p e a r  t o  r e f u t e  Brown*s s u g g e s t i o n  t h a t  d im in i s h e d  h e p a t i c  

e f f i c i e n c y  i n  r h e u m a t ic  c a s e s  i s  d e p e n d e n t  on p a s s i v e  c o n g e s t i o n  

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

a b s e n c e  o f  a  murm ur, o f  c o u r s e ,  g i v e s  no i n d i c a t i o n  o f  t h e  s t a t e  

o f  th e  m yocardium  b u t  i t  i s  d i f f i c u l t  t o  b e l i e v e  t h a t  i n  a c a s e  

s u c h  a s  N o ,17 th e  h e a r t  m u sc le  c o u ld  be s u f f i c i e n t l y  dam aged, i n  

t h e  a b s e n c e  o f  a l l  symptom s, t o  c a u se  p a s s i v e  c o n g e s t io n  o f  th e  

l i v e r .  The e x p l a n a t i o n  p r o f f e r e d  by  Chadwick t h a t  i n  rh e u m a tism  

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

i s  more a t t r a c t i v e .  I t  w ould  a p p e a r  t h a t  i n  some c a s e s  o f  

rh e u m a t is m  d i s t u r b a n c e  o f  c a r b o h y d r a t e  and p r o t e i n  m e ta b o l ism  

c o - e x i s t ,  w h i le  i n  o t h e r s  t h e  l a t t e r  o n ly  i s  i n v o l v e d .  I t  may be
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t h a t  t h e  m e ta b o l i s m  o f  u r e a  i s  th e  more d e l i c a t e  m echanism  and 

t h e r e f o r e  t h e  more e a s i l y  p u t  o u t  o f  a c t i o n .

SUMMARY

I n  c e r t a i n  c a s e s  o f  r h e u m a t ic  i n f e c t i o n  t h e r e  i s  im

p a i r m e n t  o f  h e p a t i c  e f f i c i e n c y  as  d e m o n s t r a t e d  b y  t h e  n o n - p r o t e i n  

n i t r o g e n  c u rv e  a f t e r  th e  i n g e s t i o n  o f  u r e a .  I t  i s  im p o s s ib le  t o  

c o r r e l a t e  t h e  r e s u l t s  fo u n d  i n  any  p a r t i c u l a r  ty p e  exam ined  a t  

any  p a r t i c u l a r  s t a g e  o f  t h e  i l l n e s s .  I t  w ould a p p e a r  t h a t  th e  

l i v e r  i s  l e s s  l i k e l y  t o  e s c a p e  damage i n  c a s e s  w here  th e  r h e u m a t ic  

i n f e c t i o n  h a s  m a n i f e s t e d  i t s e l f  i n  t h e  fo rm  o f  a r t h r i t i s  o r  grow 

i n g  p a i n s .  As a  n a t u r a l  s e q u e n c e  i t  f o l l o w s  t h a t  l i v e r  d i s t u r b 

a n ce  d o e s  n o t  o c c u r  so  f r e q u e n t l y  i n  t h e  a b s e n c e  o f  c a r d i t i s .



SECTION 7 .

The e f f e c t  o f  t h e  i n g e s t i o n  o f  u r e a  on th e  n o n - p r o t e i n  

n i t r o g e n  c u r v e  i n  c h i l d r e n  who w ere  t h e  s u b j e c t s  o f  

r e n a l  d i s e a s e .
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P a r t  I .

N e p h r i t i s .

A l th o u g h  more t h a n  a  c e n t u r y  h a s  e l a p s e d  s i n c e  B r i g h t  

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

t h e  f a c t  t h a t  much c a r e f u l  w ork h as  b e e n  d one  and  many l a b o r i o u s  

i n v e s t i g a t i o n s  h a v e  b e e n  c a r r i e d  o u t ,  o u r  know ledge  o f  t h e  

c h e m ic a l  p a t h o l o g y  i s  s t i l l  d e f e c t i v e .  A t t e n t i o n  f ro m  a  b i o 

c h e m ic a l  s t a n d p o i n t  a t  l e a s t ,  h a s  b e e n  f o c u s s e d  m a in ly  on t h e  

n i t r o g e n  m e ta b o l i s m .  T h a t  t h e  n o n - p r o t e i n  n i t r o g e n  o f  t h e  b lo o d  

i s  r a i s e d  i n  c e r t a i n  fo rm s  o f  n e p h r i t i s  i s  common know ledge  b u t

a  c o n c l u s iv e  s t a t e m e n t  as  t o  t h e  a c t u a l  m echanism  o f  t h i s  p h e n o -
(3 )menon h a s  n o t  s o  f a r  b een  p ro d u c e d .  MacKay & MacKay 'h a v e  shown 

t h a t  i n  e x p e r i m e n t a l  a n im a ls  h a l f  o f  t h e  k id n e y  s u b s t a n c e  ca n  b e  

rem oved w i t h o u t  c a u s in g  any  i n c r e a s e  i n  t h e  u r e a  o f  t h e  b l o o d ,

I t  i s  known t h a t  n e p h r i t i s  may b e  p r e s e n t  i n  q u i t e  an a d v a n c e d  

s t a g e  w i t h o u t  sh o w in g  an y  m arked a b n o r m a l i t y  i n  t h e  b lo o d  chem

i s t r y .

F o r  e x a m p le ,  an  i n t e r s t i t i a l  n e p h r i t i s  may b e  w e l l  

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

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

The v a r i o u s  c o n s t i t u e n t s  o f  t h e  n o n - p r o t e i n  n i t r o g e n  

h a v e  b e e n  s t u d i e d  s e p a r a t e l y  and i n  c o m b in a t io n  and a t t e m p t s  h a v e  

b e e n  made t o  u s e  t h e  r e s u l t s  so  o b t a i n e d  i n  d i a g n o s i s  and p r o g 

n o s i s .  C e r t a i n  a u t h o r i t i e s  h av e  t r i e d  t o  show t h a t  i n  d i f f e r e n t  

t y p e s  o f  n e p h r i t i s  t h e  r a t i o  o f  u r e a  t o  n o n - p r o t e i n  n i t r o g e n  i s
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c o n s t a n t  b u t  t h e i r  f i n d i n g s  h a v e  l a c k e d  c o n v i c t i o n  and u n i f o r m i t y .

By m eans o f  t h e  u r e a  c o n c e n t r a t i o n  t e s t  i n f o r m a t i o n  i s  c e r t a i n l y  

g a in e d  a s  t o  t h e  c a p a c i t y  w h ich  th e  k id n e y s  p o s s e s s  o f  c o n c e n 

t r a t i n g  and  e x c r e t i n g  u r e a .

I t  was n o t  u n t i l  a much l a t e r  d a t e  t h a t  i n v e s t i g a t i o n  

i n t o  t h e  c a r b o h y d r a t e  m e ta b o l i s m  i n  n e p h r i t i s  was commenced. 

C a rb o h y d r a te  M e ta b o l is m  i n  N e p h r i t i s .

N a u b a u e r ^ ^  i n  1910 was t h e  f i r s t  o b s e r v e r  t o  n o te  

a n  a b n o rm a l  c a r b o h y d r a t e  m e ta b o l i s m  i n  n e p h r i t i s .  He fo u n d  t h a t  

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

was a b n o r m a l ly  h i g h  and t h a t  t h e  c u r v e s  w h ich  r e s u l t e d  f ro m  th e  

i n g e s t i o n  o f  g lu c o s e  showed a  d e f i n i t e  h y p e r g ly c a e m ia .  T hese  

f i n d i n g s  w ere  m o s t  m arked i n  p a t i e n t s  w i t h  an  i n c r e a s e d  b lo o d  

p r e s s u r e .  He a t t r i b u t e d  b o t h  t h e s e  a b n o r m a l i t i e s  t o  e x c e s s i v e  

a d r e n a l  a c t i v i t y .  I n  t h i s  h y p o t h e s i s  he was s u p p o r t e d  b y  Von 

N o o r d e n ^ ^  b u t  s u b s e q u e n t  w o rk e rs  h av e  n o t  a c c e p te d  i t .  I n  

1911 T a c h a n (5 9 )  fo u n d  f o u r  f a s t i n g  b lo o d  s u g a r  v a l u e s  i n  n e p h 

r i t i s  r a n g i n g  f ro m  91 t o  104mg$. The v a l u e s  w h ich  he o b t a i n e d  i n  

t h e s e  same c a s e s  one h o u r  a f t e r  th e  i n g e s t i o n  o f  lOOg. g lu c o s e  

l a y  b e tw e e n  109 and 216mg$, b u t  i n  none o f  t h e s e  c a s e s  was t h e r e  

a n y  g l y c o s u r i a  p r e s e n t .

I n  1914 B in g  & Jak o b  se n  u a i n g B angf s m ethod , c o n 

f i r m e d  t h e  f a c t  t h a t  a  h y p e rg ly c a e m ia  m ig h t  be found  i n  n e p h r i t i s ,  |
I

b u t  t h e y  d i d  n o t  s u p p o r t  t h e  i d e a  t h a t  t h e r e  was any  r e l a t i o n s h i p  j|

i
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b e tw e e n  i t  and  t h e  h e i g h t  o f  t h e  b lo o d  p r e s s u r e .

The f o l l o w i n g  y e a r ,  H opk ins  & J o n a s a l s o  fo u n d  an  

a b n o r m a l ly  h i g h  c u rv e  i n  n e p h r i t i s ,  b u t  w h i l e  t h e y  d i d  n o t  

b e l i e v e  t h a t  i t s  fo rm  was r e g u l a t e d  by  t h e  h e i g h t  o f  t h e  b l o o d -  

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

p a t i e n t s  w i t h  a  n o rm a l b lo o d  p r e s s u r e  gave  n o rm a l c u r v e s ,  f o l l o w 

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

t h e  p r e s e n c e  o r  a b s e n c e  o f  oedema had an y  e f f e c t  on th e  h e i g h t  

o r  l e n g t h  o f  t h e  c u r v e .  I n  8 o f  t h e i r  c a s e s  w i t h  an  n o n - p r o t e i n  

n i t r o g e n  o f  o v e r  40mg$, 4 gave  a  h y p e r g ly c a e m ia .  B o r c h a r d t  & 

B e n n i g s o n ^ 2  ̂ had p r e v i o u s l y  d e m o n s t r a t e d  t h a t  an  a b n o r m a l ly  h i g h  

b lo o d  s u g a r  c u rv e  i s  a f r e q u e n t  accom pan im ent o f  a  h ig h  n o n 

p r o t e i n  n i t r o g e n .  O fH a re ^ 6 3  ̂ c o u ld  n o t  f i n d  any  c o r r e l a t i o n  

b e tw e e n  h y p e r g ly c a e m ia  and  e i t h e r  h y p e r t e n s i o n  o r  a r t e r i o - s c l e r o s i s .  

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

e n t i r e l y  unknow n. 7 o f  h i s  c a s e s  r e s p o n d e d  n o r m a l ly  b u t  11 showed 

h y p e r g ly c a e m ic  c u r v e s .

M ason (**5) k a s  shown a b lo o d  s u g a r  c u rv e  i n  a c u t e  

n e p h r i t i s  r i s i n g  f ro m  a  f a s t i n g  l e v e l  o f  100mg$ to  217mg# a t  t h e  

end o f  two h o u r s  f ro m  t h e  t im e  th e  g l u c o s e  had  b e e n  t a k e n .  T h re e  

w eeks l a t e r  i n  t h e  same p a t i e n t  th e  v a l u e s  w ere  100 and lSbm g# 

r e s p e c t i v e l y .

H o p k i n s w a s  o f  t h e  o p in io n  t h a t  when s e a r c h i n g  f o r  

a  s o l u t i o n  o f  the  d i f f i c u l t y  t h e  s lo w e r  a b s o r p t i o n  o f  e l d e r l y
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p e o p l e  s h o u ld  n o t  be  o v e r l o o k e d .  I n  1919 W i l l ia m s  & H u m p h r e y s )

m e n t io n e d  f o u r  b lo o d  s u g a r  c u r v e s  i n  n e p h r i t i s .  The f a s t i n g  b lo o d

s u g a r  l e v e l s  w ere  2 2 0 ,  2 0 0 ,  100 and  I00mg$ and b y  t h e  end o f  two

h o u r s  a f t e r  t h e  g l u c o s e  h ad  b e e n  t a k e n  t h e y  h ad  r e a c h e d  t h e  f o l l o w

i n g  h e i g h t s  -  2 8 0 ,  3 b 0 ,  290 and 98mg$. T hese  w r i t e r s  w ere  how ev er

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

r e s u l t s .  I n  t h e  same y e a r  B a i l e y ( b 7 ) a i s o  d o in g  b lo o d  s u g a r

e s t i m a t i o n s  i n  n e p h r i t i s  fo u n d  a  h i g h  f a s t i n g  l e v e l  and t h e

c u r v e  s t i l l  r i s i n g  two h o u r s  a f t e r  t h e  g lu c o s e  had b e e n  g i v e n .

I n  one o f  h i s  c a s e s  t h e  r e n a l  t h r e s h o l d  a c t u a l l y  r e a c h e d  290mg$.

I n  1923 M a jo r^ ® ^  s t u d i e d  two c a s e s  o f  c h r o n i c  n e p h r i t i s  w h ich

w ere  c l i n i c a l l y  s i m i l a r  i n  a l l  r e s p e c t s .  I n  t h e  one th e  c u rv e

was p e r f e c t l y  n o rm a l ,  w h i l e  i n  t h e  o t h e r  d e f i n i t e  h y p e r g ly c a e m ia

was p r e s e n t .  He exam ined  f o u r  c a s e s  o f  a c u t e  n e p h r i t i s  and th e y

a l l  showed a  h y p e r g ly c a e m ia  l a s t i n g  f o u r  h o u r s .  G l y c o s u r i a  was

o n l y  once fo u n d  and t h a t  was i n  t h e  t h r e e  h o u r l y  sp ec im e n  o f
*

one p a t i e n t .  The h i g h e s t  b lo o d  s u g a r  v a l u e  o b t a i n e d  was 408mg# 

one h o u r  a f t e r  t h e  g l u c o s e .  The a g e s  o f  t h e s e  p a t i e n t s  w ere  1 1 ,

4 0 ,  33 and 38 y e a r s .  Hamman and  H i r s c h m a n n ^ ^  a l s o  w ere  among., 

t h o s e  who fo u n d  h y p e rg ly c a e m ic  c u r v e s  i n  c e r t a i n  c a s e s  o f  n e p h r i t i s  

b u t  th e y  w e re  u n a b le  t o  o f f e r  an y  e x p l a n a t i o n .  T hese  w r i t e r s  

p o i n t e d  o u t  t h a t  w h i l e  I t  was a f a c t  t h a t  i n  some c a s e s  o f  

n e p h r i t i s  t h e  r e n a l  t h r e s h o l d  was r a i s e d  to  some v a lu e  i n  t h e  

r e g i o n  o f  200mg$ o r  m o re , i n  o t h e r  p a t i e n t s ,  c l i n i c a l l y  i d e n t i c a l ,
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t h e  t h r e s h o l d  l a y  w i t h i n  n o rm a l  l i m i t s .  They m e n t io n e d  t h a t  i t  

h a d  b e e n  s t a t e d  t h a t  t h e  h y p e r g ly c a e m ia  w i t h o u t  g l y c o s u r i a  m ig h t  

b e  due  t o  r e n a l  i m p e r m e a b i l i t y ,  b u t  i n  v iew  o f  t h e  g e n e r a l  d i s 

t u r b a n c e  o f  c a r b o h y d r a t e  m e ta b o l i s m  t h a t  v iew  was h a r d l y  t e n a b l e .  

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

l a t i o n s h i p  b e tw e e n  h y p e r g ly c a e m ia  and  h y p e r t e n s i o n .  T h re e  o f  

t h e i r  n e p h r i t i c s  w i th  i n c r e a s e d  b l o o d - p r e s s u r e  v a l u e s  gave 

t y p i c a l  d i a b e t i c  c u r v e s .  By t h e  t im e  L i n d e r ,  H i l l i e r  & Van 

S l y k e ^ ^  p u b l i s h e d  t h e i r  p a p e r  on t h e  s u b j e c t  i t  was an  acknow

le d g e d  f a c t  t h a t  i n  some o a s e s  o f  n e p h r i t i s  h y p e r g ly c a e m ic  c u r v e s  

d i d  f o l l o w  t h e  a d m i n i s t r a t i o n  o f  g lu c o s e  b u t  no s a t i s f a c t o r y  

s o l u t i o n  was f o r t h c o m i n g .  They c o r r o b o r a t e d  t h e  r e s u l t s  o f  

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

b e tw e e n  t h e  h e i g h t  o f  t h e  b lo o d  p r e s s u r e  and t h e  h e i g h t  o f  t h e  

c u r v e .  They fo u n d  how ever t h a t  a l l  t h e i r  p a t i e n t s  w i t h  a  n o rm a l 

a c i d  b a s e  e q u i l i b r i u m  had  n o rm a l b lo o d  s u g a r  c u r v e s  and a l l  b u t  

one o f  t h o s e  w i t h  a n  ab n o rm a l b lo o d  s u g a r  c u rv e  had  some d e g r e e  

o f  a c i d o s i s .  They d i d  n o t  c o n s i d e r ,  h o w ev er ,  t h a t  t h e  a c i d o s i s  

was a  c a u s e  o f  t h e  h y p e r g ly c a e m ia  any  more th a n  p h o s p h a te  o r  u r e a  

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

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

r a p i d  i n  a l l  v a r i e t i e s  o f  n e p h r i t i s  a s  i n  no rm al p e o p le .  They 

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

su c h  a s ,  f o r  e x a m p le ,  r e t a r d e d  g ly c o g e n  f o r m a t i o n .  I n  a n o t h e r
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c o m m u n ic a t io n  t h e s e  same a u t h o r s  r e p o r t e d  o b s e r v a t i o n s  show ing  

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

i n c r e a s e d  i n  u r a e m ia .  T h is  i n c r e a s e  how ev er  a c c o u n te d  f o r  o n l y  

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

b e i n g  r e s p o n s i b l e  f o r  t h e  g r e a t e r  p a r t .

H aw kins ,  MacKay & Van S ly k e ^ 7 1  ̂ s t a t e d  t h a t  i n  t h e i r  

i n v e s t i g a t i o n s  t h e y  fo u n d  an  i n c r e a s e  i n  th e  e x c r e t i o n  o f  f e r 

m e n ta b le  s u g a r s  i n  a l l  v a r i e t i e s  o f  n e p h r i t i s .  They w ere  o f  t h e  

o p i n i o n ,  h o w e v e r ,  t h a t  t h e  b lo o d  s u g a r  c u r v e s  w ere  su c h  t h a t  t h e  

g l y c o s u r i a  was shown to  b e  o f  t h e  r e n a l  r a t h e r  th a n  o f  t h e  

d i a b e t i c  t y p e .  I n  s p i t e  o f  t h i s  s t a t e m e n t ,  h o w e v e r ,  t h e y  b r o u g h t  

f o rw a r d  10 b lo o d  s u g a r  c u r v e s  p e r fo rm e d  a t  v a r i o u s  t im e s  i n  t h e  

c o u r s e  o f  a t t a c k s  o f  a c u t e  n e p h r i t i s  i n  10 d i f f e r e n t  p a t i e n t s .

I n  t h e s e  c a s e s  t h e  f a s t i n g  b lo o d  s u g a r  l e v e l s  l a y  b e tw e e n  94 and  

135mg$ and  t h e  h i g h e s t  p o i n t s  I n  t h e  c u r v e s  r a n g e d  f ro m  184 t o  

261mg$. Of t h e s e  10 c a s e s  t h e  maximum v a lu e  i n  6 o f  theuk was 

o v e r  218mg$. I n  d e g e n e r a t i v e  n e p h r i t i s  t h e  lo w e s t  f a s t i n g  l e v e l  

o f  6 c a s e s  was 80mg$ and t h e  h i g h e s t  143mg$. 4 o f  t h e s e  p a t i e n t s

g ave  v a l u e s  o f  o v e r  200mg$ a t  t h e  p eak  o f  t h e  c u r v e .  I n  3 

ex a m p le s  o f  a r t e r i o - s c l e r o t i c  n e p h r i t i s  t h e  f a s t i n g  l e v e l s  w ere  

1 1 2 ,  117 and  118mg$ r e s p e c t i v e l y  w h i l e  t h e  h i g h e s t  p o i n t s  r e a c h e d  

I n  t h e  c u r v e s  w ere  1 5 7 ,  191 and 201mg$. W hile  n o t  a t t e m p t i n g  to  

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

t h e  g l y c o s u r i a  m ig h t  b e  c a u s e d  b y  f a i l u r e  o f  t h e  t u b u l e s  t o  r e 
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a b s o r b  g l u c o s e  f ro m  t h e  g l o m e r u l a r  f i l t r a t e .  An a rg u m e n t  i n  

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

n e p h r i t i s  w here  t h e  t u b u l e s  a r e  known t o  be  m o s t  s e v e r e l y  a f f e c t e d  

t h a t  t h e  g l y c o s u r i a  i s  m o s t  m ark ed .  I n  some o f  t h e s e  h y p e r g l y -  

caem ic  c u r v e s  t h e  q u e s t i o n  h a s  a r i s e n  a s  t o  w h e th e r  we m ig h t  n o t  

b e  d e a l i n g  w i t h  a n  acco m p an y in g  t r u e  d i a b e t e s .  But a s  McLean 

h a s  p o i n t e d  o u t  t h e  h i g h  r e n a l  t h r e s h o l d  fo u n d  i n  n e p h r i t i s  

d i s p o s e s  o f  t h a t  d i f f i c u l t y .

S p e n c e (7 0 )  j_n  1 9 2 0  s u g g e s te d  t h a t  much o f  t h e  h y p e r 

g ly c a e m ia  fo u n d  i n  n e p h r i t i s  m ig h t  b e  d u e  t o  th e  h i g h  b lo o d  s u g a r  

v a l u e  w h ic h  i s  p h y s i o l o g i c a l  i n  o ld  a g e .

, Prom t h e  p r e s e n t  s t a t e  o f  o u r  know ledge  t h e r e f o r e  we 

a r e  i n  a  p o s i t i o n  t o  s t a t e  t h a t  i n  c e r t a i n  fo rm s  o f  n e p h r i t i s  

t h e r e  i s  d i s o r d e r  o f  t h e  n i t r o g e n  m e ta b o l i s m .  T h is  i s  shown b y  

r e t e n t i o n  o f  n i t r o g e n o u s  w a s te  p r o d u c t s  w i t h i n  t h e  b o d y .  W h e th e r  

t h i s  i s  due  t o  an  i n a b i l i t y  o f  t h e  damaged k id n e y  t o  e x c r e t e  o r  

w h e th e r  i t  i s  o f  t h e  n a t u r e  o f  a c o m p e n s a to ry  phenomenon i s ,  a s  

y e t ,  a n  u n s o lv e d  p ro b le m .  I t  i s  a l s o  d e f i n i t e l y  acknow ledged  

t h a t  i n  some c a s e s  o f  n e p h r i t i s  t h e  c a r b o h y d r a t e  m e ta b o l i s m  may 

b e  u p s e t .  S e v e r a l  w o rk e r s  have  made u n s u c c e s s f u l  a t t e m p t s  t o  

c o r r e l a t e  d e f e c t i v e  n i t r o g e n  and c a r b o h y d r a t e  m e ta b o l i s m .

Prom a s tu d y  o f  t h e s e  f a c t s  i t  was d e c id e d  t h a t  i n  t h i s  

i n v e s t i g a t i o n  some i n t e r e s t i n g  i n f o r m a t i o n  m ig h t  be  g a in e d  f ro m  

f o l l o w i n g  t h e  c h a n g e s  o c c u r r i n g  i n  t h e  n o n - p r o t e i n  n i t r o g e n c e f
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t h e  b lo o d  a f t e r  t h e  i n g e s t i o n  o f  u r e a .  A f t e r  s e v e r a l  o a s e s  h ad  

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

w ere  b e i n g  o b t a i n e d .  B e a r i n g  i n  m in d ,  t h e r e f o r e ,  t h e  f a c t s  

c o n c e r n i n g  a b n o rm a l c a r b o h y d r a t e  m e ta b o l i s m  i n  n e p h r i t i s  i t  was 

d e t e r m in e d  to  e s t i m a t e  t h e  t o l e r a n c e  o f  n e p h r i t i c  c h i l d r e n  t o  

l a e v u l o s e .  An a t t e m p t  was th e n  made t o  c o r r e l a t e  a b n o rm a l n o n 

p r o t e i n  n i t r o g e n  c u r v e s  a f t e r  t h e  i n g e s t i o n  o f  u r e a ,  w i t h  a n  

a b n o rm a l  b lo o d  s u g a r  c u rv e  f o l l o w i n g  on t h e  a d m i n i s t r a t i o n  o f  

l a e v u l o s e .

A c c o r d in g ly  25 c a s e s  o f  n e p h r i t i s  w ere  ex am in ed . Some 

o f  t h e  c h i l d r e n  had  t h e  t e s t  c a r r i e d  o u t  on more th a n  one o c c a s i o n .  

32 c u r v e s  i n  a l l  w e re  p e r fo r m e d .  Of t h e s e  14 gave a  n o rm a l 

r e s p o n s e  t o  t h e  i n g e s t i o n  o f  t h e  -urea w h i l e  t h e  r e m a in in g  18 gave  

a  c u r v e  s i m i l a r  t o  t h a t  w h ich  h a s  b e e n  a l r e a d y  shown to  o c c u r  i n  

h e p a t i c  d i s e a s e .  Sum m aries o f  th e  c a s e - r e p o r t s  a r e  g iv e n  i n  

p r o t o c o l s .  A p p e n d ix ,  S e c t i o n  D. The r e s u l t s  a r e  shown i n  T a b le s  

15 and 1 6 . T a k in g  f i r s t  o f  a l l  t h e  n o rm a l c u rv e s  i n t o  c o n s i d e r a 

t i o n  i t  was fo u n d  t h a t  t h e  f a s t i n g  n o n - p r o t e i n  n i t r o g e n  l a y  b e tw e e n  

25 .5m g$ (C ase  N o .10) and 75mg$ (Case N o .2 ) .  30 m in u te s  a f t e r  t h e

u r e a  h ad  b e e n  g iv e n  2 o f  th e  c u r v e s  showed v e r y  l i t t l e  v a r i a t i o n  

f ro m  th e  f a s t i n g  l e v e l ,  b u t  t h e  o t h e r s  w ere  a l l  b e g i n n i n g  to  

a s c e n d .  The g r e a t e s t  i n c r e a s e  i n  v a lu e  was 30mg (C ase  1) w h i le  

t h e  maximum v a l u e  r e a c h e d  was 87 .7m g$ (Case 2 ) .  1 h o u r  a f t e r  th e

i n g e s t i o n  o f  t h e  u r e a  3 o f  th e  c u r v e s  w ere a l r e a d y  on th e  downward
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FIGURE No. 5

COMPOSITE CURVE

A COMPARISON o f  t h e  EFFECT o f  t h e  INGESTION o f  TJREA 

i n  HEALTH, i n  HEPATIC DISEASE and  i n  NEPHRITIS.

N onr\RL- Curve ________   .
N o r m a l  C o r v e s . i n  N e p h r i t i s  - __________

/^gnormrl C orves  in N ^ p h ^ i t i s .    —

CuRY£\5 IN  A/FP/tt"/C J)iSERSt . _______________
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t r e n d  , w h i l e  th e  o t h e r s  w ere  a l l  c o n t i n u i n g  t o  a s c e n d .  The 

g r e a t e s t  i n c r e a s e  i n  v a lu e  o v e r  th e  p r e v i o u s  sp e c im e n  was 45mg. 

(N o .4 )  w h i l e  t h e  maximum v a lu e  r e a c h e d  was 120mg$ (N o .2 ) .  2

h o u r s  a f t e r  t h e  i n g e s t i o n  o f  t h e  u r e a  a l l  t h e  c u r v e s  w ere  r e t u r n 

in g  to w a rd s  t h e  f a s t i n g  l e v e l .  I n  4 o f  th e  c h i l d r e n  th e  v a l u e s  

l a y  w i t h i n  5mg o f  t h e  o r i g i n a l  f a s t i n g  l e v e l ,  w h i l e  i n  t h e  o t h e r s  

t h e  d e g r e e  o f  r e c o v e r y  was n o t  so c o m p le te .  Case 2 gave a v a l u e  

o f  30mg above  t h e  f a s t i n g  l e v e l .

T u r n in g  n e x t  t o  t h e  18 a b n o rm a l c u r v e s  i t  was fo u n d  

t h a t  t h e  f a s t i n g  n o n - p r o t e i n  n i t r o g e n  v a l u e s  l a y  b e tw e e n  25.2m g$ 

(Case 10) and  84 .2m g$ (Case 1 8 ) .  H a l f  an  h o u r  a f t e r  th e  u r e a  had  

b e e n  g i v e n ,  6 o f  t h e  c u r v e s  showed an  a l t e r a t i o n  o f  v a lu e  o f  l e s s  

th a n  5mg f ro m  t h e  f a s t i n g  l e v e l ,  w h i l e  t h e  o t h e r s  w ere  a l l  

d e f i n i t e l y  a s c e n d in g .  The maximum i n c r e a s e  i n  v a lu e  d u r in g  th e  

30 m in u te s  was 24mg (Case 16) and th e  h i g h e s t  l e v e l  r e a c h e d  was 

75mg$ (N o .2 3 ) .  One h o u r  a f t e r  t h e  u r e a  had  b e e n  t a k e n  6 o f  t h e  

c u r v e s  showed l i t t l e  o r  no i n c r e a s e  i n  v a lu e  o v e r  t h e  p r e c e d in g  

s a m p le s  o f  b lo o d  b u t  t h e  rem ainder w ere r i s i n g  s t e a d i l y .  The 

g r e a t e s t  i n c r e a s e  o v e r  t h e  p r e v io u s  sp ec im e n  was 18mg (N o.16) and 

t h e  maximum h e i g h t  a t t a i n e d  was 90mg$. (Case 1 8 ) .

2 h o u r s  a f t e r  t h e  I n g e s t i o n  o f  t h e  u r e a  a l l  th e  c u r v e s  

w ere  d e f i n i t e l y  a s c e n d i n g .  Case 18 gave  th e  h i g h e s t  r e a d i n g ,  

n a m e ly ,  112mg$ w h i l e  Case 10 showed t h e  m ost m arked i n c r e a s e  i n  

v a lu e  o v e r  th e  p r e v i o u s  sp ec im e n  nam ely  a  r i s e  o f  35mg.
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The n e x t  s t a g e  o f  t h e  i n v e s t i g a t i o n  was a n  a t t e m p t  

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

w h ic h  i n f l u e n c e d  t h e  r e s p o n s e  o f  t h e  n o n - p r o t e i n  n i t r o g e n  o f  

t h e  b lo o d  t o  t h e  i n g e s t i o n  o f  u r e a .  These w ere  c o n s i d e r e d  

u n d e r  V a r io u s  h e a d i n g s .

As r e g a r d s  ag e  i t  was o b s e rv e d  t h a t  i n  t h e  n o rm a l 

g ro u p  th e  y o u n g e s t  c h i l d  was 3 4/ l 2  y e a r s  and t h e  o l d e s t  was 11 

y e a r s  w h i le  t h e  a v e r a g e  was 6 y e a r s .  I n  th e  ab n o rm al g ro u p  t h e  

a g e s  r a n g e d  f ro m  l 8/ i 2  y e a r s  t o  11 y e a r s  w i t h  an  a v e r a g e  o f  7 

y e a r s .  I t  i s  e v i d e n t  t h e r e f o r e  t h a t  age  i s  n o t  a f a c t o r  w h ich  

g o v e r n s  th e  ty p e  o f  c u r v e  o b t a i n e d ,  m  t h e  ab n o rm a l g ro u p  t h e r e  

w ere  5 g i r l s  and  10 b o y s .  These  num bers a r e  how ever to o  s m a l l  

t o  b e  o f  any  v a l u e .

When th e  p r e v i o u s  h i s t o r i e s  o f  t h e  two g ro u p s  w ere  

com pared  no l i g h t  was th ro w n  on t h e  p ro b le m . I n  t h e  n o rm a l g ro u p  

2 c a s e s  (N o s .6 and  9 )  h ad  a  r e c e n t  h i s t o r y  o f  s c a r l e t  f e v e r .

O th e r  two o f  t h i s  g ro u p  (N o s .2 and 3 )  had  s u f f e r e d  from  r e c u r r e n t  

a t t a c k s  o f  t o n s i l l i t i s .  C ases  4 and  6 had  had  a t t a c k s  o f  

o t o r r h o e a  im m e d ia te ly  p r i o r  t o  th e  o n s e t  o f  t h e  n e p h r i t i s .  Case 

5 h ad  h ad  an  a t t a c k  o f  c e r v i c a l  a d e n i t i s  one m onth b e f o r e  th e  

d e v e lo p m e n t  o f  t h e  p r e s e n t  I l l n e s s  and c a s e  7 had  a  

b r o n c h i e c t a t i c  c o n d i t i o n  f o r  a  few y e a r s .

T u rn in g  o n e fs a t t e n t i o n  to  th e  g ro u p  w i th  th e  abnorm al 

n o n - p r o t e i n  n i t r o g e n  c u rv e  a somewhat s i m i l a r  c o n d i t i o n  o f  a f f a i r s
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was f o u n d .  Case 16 h ad  j u s t  r e c o v e r e d  f ro m  s c a r l e t  f e v e r .  Case 

20 had  s u f f e r e d  f ro m  e n u r e s i s  s i n c e  b i r t h .  C ase  22 had  b e e n  

r e c e i v i n g  t r e a t m e n t  f o r  a b c e s s e s  o f  t h e  gums f o r  3 w e e k s .  Case 

15 h av e  a  h i s t o r y  o f  im p e t ig o  of' 6 w eeks d u r a t i o n .  No. 14 had  

s u f f e r e d  f ro m  a c u t e  rh e u m a t is m  1 y e a r  p r e v i o u s l y  and f o r  3 weeks 

p r i o r  t o  a d m is s io n  h ad  c o m p la in e d  o f  a s o r e  t h r o a t  and d i s c h a r g 

i n g  e a r s .

No h e l p  a t  a l l  was r e c e i v e d  f ro m  a  s tu d y  o f  t h e  t im e  

w h ic h  h a d  e l a p s e d  f ro m  t h e  d e v e lo p m e n t  o f  t h e  f i r s t  symptom o f  

n e p h r i t i s  t o  t h e  d a t e  when t h e  t e s t  was p e r fo r m e d .  The a v e r a g e  

p e r i o d  i n  t h e  n o rm a l g ro u p  was 3 .7  weeks and  i n  t h e  ab n o rm a l 

g ro u p  2>7 w eeks a  d i f f e r e n c e  w h ich  was to o  s m a l l  t o  b e  o f  much 

c o n s e q u e n c e .  Normal and  ab n o rm a l c u r v e s  w ere  b o t h  o b t a i n e d  

w i t h i n  a  week o f  t h e  o n s e t  o f  t h e  f i r s t  symptom o f  n e p h r i t i s  and 

s i m i l a r  c u r v e s  w ere  fo u n d  i n  c h i l d r e n  who had  b e e n  i l l  f o r  many 

w e e k s .  I t  i s  i n t e r e s t i n g  how ever i n  t h i s  c o n n e c t io n  t o  make 

m e n t io n  o f  C ase s  10 and  1 1 .  Case 10 h ad  been a p e r f e c t l y  h e a l t h y  

c h i l d  u n t i l  2 w eeks b e f o r e  a d m is s io n  when h i s  f a c e  b e g a n  t o  s w e l l .

A d i a g n o s i s  o f  n e p h r i t i s  was made. I n  s p i t e  o f  r e s t  i n  bed  and 

s u i t a b l e  d i e t ,  h o w e v e r ,  h i s  c o n d i t i o n  d i d  n o t  c l e a r  u p .  The 

o ed em a& alb u m in u ria  v a r i e d  g r e a t l y  i n  amount -  som etim es th e y  

w ere  p r a c t i c a l l y  a b s e n t  o n ly  t o  r e t u r n  a s  m a rk e d ly  a s  e v e r .  A^ 

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

m ig h t  be  one o f  n e p h r o s i s ,  b u t  u l t i m a t e l y  m a c ro sc o p ic  b lo o d  appeared
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i n  t h e  u r i n e ,  t h u s  d i s p o s i n g  o f  t h i s  s u g g e s t i o n .  A f t e r  s e v e n  

m o n th s  r e s i d e n c e  i n  h o s p i t a l  he was d i s m i s s e d  a s  a  c a s e  o f  

c h r o n i c  n e p h r i t i s .  T h re e  m on ths  a f t e r  t h e  d e v e lo p m e n t  o f  t h e  

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

and  a  n o rm a l  r e s u l t  was o b t a i n e d .  A r e p e a t  c u rv e  was done two 

w eeks l a t e r  w i t h  a  s i m i l a r  r e s p o n s e .  A f t e r  th e  e l a p s e  o f  a n o t h e r  

m onth  t h e  t e s t  was a g a i n  c a r r i e d  o u t  and on t h i s  o c c a s i o n  th e  

r e s u l t  was d i s t i n c t l y  a b n o rm a l .  Case 1 1 ,  on t h e  o t h e r  hand 

e x h i b i t e d  a  c o m p l e t e l y  d i f f e r e n t  s t a t e  o f  a f f a i r s .  The h i s t o r y  

was p r a c t i c a l l y  t h e  same a s  i n  t h e  p r e v i o u s  c a s e  -  a  p e r f e c t l y  

h e a l t h y  c h i l d  u n t i l  one week b e f o r e  a d m is s io n  when t h e  f a c e  b e g a n  

t o  s w e l l ,  and  t h e r e  was a  c o m p la in t  o f  h e a d a c h e .  A lb u m in u r ia  

was fo u n d  and  n e p h r i t i s  was d i a g n o s e d .  A f t e r  6 w eeks r e s i d e n c e  

i n  h o s p i t a l  sh e  was d i s m i s s e d  w e l l . 6  weeks l a t e r  she  r e p o r t e d  a t  

t h e  R e n a l  C l i n i c .  She lo o k e d  w e l l  and f e l t  w e l l  b u t  on ex am in a

t i o n  o f  t h e  u r i n e  I t  was fo u n d  t o  be lo a d e d  w i th  a lbum en . She 

was r e - a d m i t t e d  t o  h o s p i t a l  b u t  on f u r t h e r  i n v e s t i g a t i o n  I t  was 

d i s c o v e r e d  t h a t  t h e  a lb u m i n u r i a  was o f  t h e  o r t h o s t a t i c  v a r i e t y .

A n o n - p r o t e i n  n i t r o g e n  c u rv e  was done d u r i n g  h e r  f i r s t  r e s i d e n c e  

i n  h o s p i t a l  and gave  a d i s t i n c t l y  ab n o rm a l r e s u l t .  A second  t e s t  

was c a r r i e d  o u t  d u r i n g  h e r  seco n d  a d m is s io n  and a p e r f e c t l y  norm al 

c u r v e  was o b t a i n e d .

No r e l a t i o n s h i p  c o u ld  be e s t a b l i s h e d  b e tw een  th e  a b s e n c e ,  

p r e s e n c e  o r  d e g r e e  o f  t h e  a l b u m i n u r i a  and th e  ty p e  o f  cu rv e  

o b t a i n e d .
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As a l l  t h e  c h i l d r e n  w i t h  one e x c e p t i o n  I n  b o t h  g ro u p s  

p r e s e n t e d  b lo o d  i n  t h e  u r i n e  ( m ic r o s c o p ic  i n  am ount i n  some b u t  

m a c r o s c o p ic  i n  t h e  m a j o r i t y )  a t  one p e r i o d  o r  a n o t h e r  d u r i n g  

t h e  i l l n e s s ,  no i n f o r m a t i o n  r e g a r d i n g  t h e  c u r v e s  c o u ld  be  o b 

t a i n e d  u n d e r  t h i s  h e a d in g .  The o n ly  e x c e p t i o n  t o  t h i s  f i n d i n g  

was c a s e  20 -  t h e  r e n a l  d w a r f  -  i n  whose u r i n e  n e i t h e r  m a c ro s c o p ic  

o r  m i c r o s c o p i c  b lo o d  was e v e r  d e t e c t e d .

C o n s i d e r i n g  t h e  im p o r ta n c e  o f  t h e  r o l e  p l a y e d  by  oedema 

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

p r e s e n c e  or a b s e n c e  m ig h t  i n f l u e n c e  t h e  r e s p o n s e  g i v e n  t o  t h e  

i n g e s t i o n  o f  u r e a .  I n  t h e  n o rm a l g ro u p  7 o f  t h e  c h i l d r e n  s u f f e r e d  

f ro m  oedema w h i l e  3 d i d  n o t ,  w h i le  i n  th e  ab n o rm a l g ro u p  oedema 

was a g a i n  a b s e n t  i n  3 b u t  p r e s e n t  i n  10 o f  t h e  p a t i e n t s .  Those 

f i g u r e s  a r e  u n d o u b te d ly  s m a l l  i n  num ber b u t  t h e y  w ould a p p e a r  t o  

I n d i c a t e  t h a t  n o rm a l  and ab n o rm al c u r v e s  o c c u r  i r r e s p e c t i v e  o f  

t h e  p r e s e n c e  o r  a b s e n c e  o f  oedem a.

The f i g u r e s  o b t a i n e d  f ro m  t h e  b lo o d  p r e s s u r e  r e a d i n g s  

b e a r  no r e l a t i o n s h i p  t o  th e  ty p e  o f  c u rv e  w h ich  r e s u l t s .  The 

a v e r a g e  s y s t o l i c  b lo o d  p r e s s u r e  i n  th e  n o rm a l  g ro u p  was 122 mg.Hg. 

w h i l e  t h a t  i n  t h e  ab n o rm a l s e c t i o n  was 123 mg.Hg.

H aving  r e g a r d  t o  t h e  v a r y i n g  l e v e l s  o f  f a s t i n g  n o n 

p r o t e i n  n i t r o g e n  w h ich  o c c u r  i n  d i f f e r e n t  t y p e s  o f  n e p h r i t i s  t h e  

p o s s i b i l i t y  was e n t e r t a i n e d  t h a t  i n  t h e s e  e s t i m a t i o n s  th e  s o l u t i o n  

o f  th e  d i f f i c u l t y  m ig h t  be f o u n d ,  b u t  su c h  was n o t  fo u n d  to  be
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t h e  c a s e .  The a v e r a g e  f a s t i n g  n o n - p r o t e i n  n i t r o g e n  i n  t h e  n o rm a l  

g ro u p  was fo u n d  t o  he  44mg$ w h i l e  i n  t h e  a b n o rm a l g ro u p  i t  was 

45mg$.

Coming t o  a c o n s i d e r a t i o n  o f  t h e  u r e a  c o n c e n t r a t i o n  

t e s t s  i n  t h e  two g ro u p s  i t  was o b s e rv e d  t h a t  i n  t h e  n o rm a l  s e c t i o n  

t h e  a v e r a g e  f a s t i n g  u r i n a r y  u r e a  was 1 .6 6 g $  w h i l e  i n  t h e  ab n o rm a l 

g ro u p  i t  was 1 .5 6 g $ .  (T a b le  N o .17) One h o u r  a f t e r  t h e  i n g e s t i o n  

o f  t h e  u r e a  t h e  v a l u e s  h ad  r i s e n  t o  2 .4 4 g  and 1 .9 7 g $  r e s p e c t i v e l y .  

Two h o u r s  a f t e r  t h e  u r e a  had  b e e n  t a k e n  t h e  f i g u r e s  w ere  2 .9 8 g $  

f o r  t h e  n o rm a l s e c t i o n  and 2 .4 3 g $  f o r  th e  a b n o rm a l .  The p e r c e n 

t a g e  i n c r e a s e  i n  th e  u r i n a r y  u r e a  one h o u r  a f t e r  t h e  i n g e s t i o n  

o f  t h e  u r e a  was 47 i n  t h e  n o rm a l g ro u p  and 26 i n  t h e  ab n o rm al 

s e c t i o n .  One h o u r  l a t e r  t h e  v a l u e s  i n  th e  g ro u p s  had  r i s e n  a 

f u r t h e r  23$ and 22$ r e s p e c t i v e l y .  From a s tu d y  o f  t h e s e  r e s u l t s  

i t  i s  e v i d e n t  t h a t  t h e  f a s t i n g  v a l u e s  i n  t h e  two g ro u p s  a r e  f o r  

a l l  p r a c t i c a l  p u r p o s e s  i d e n t i c a l .  The d i f f e r e n c e  o f  21$ i n  t h e  

p e r c e n t a g e  i n c r e a s e  1 h o u r  a f t e r  t h e  i n g e s t i o n  o f  t h e  u r e a  w ou ld  

a p p e a r  t o  be  r e a d i l y  e x p l a i n e d  b y  t h e  s lo w e r  a b s o r p t i o n  i n  t h e s e  

c a s e s  a s  i s  shown by  t h e  s lo w ly  r i s i n g  n o n - p r o t e i n  n i t r o g e n  c u r v e .  

T h a t  t h i s  d i f f e r e n c e  i s  n o t  due  to  d e f e c t i v e  r e n a l  e x c r e t i o n  i s  

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

u r e a  w h ich  o c c u r s  b e tw e e n  one h o u r  and  2 h o u r s  a f t e r  th e  u r e a  had  

b e e n  g i v e n  i s  p r a c t i c a l l y  th e  same nam ely  22 and 23 r e s p e c t i v e l y .

As h a s  a l r e a d y  b e e n  s t a t e d  when i t  was fo u n d  t h a t  a
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c e r t a i n  p r o p o r t i o n  o f  c h i l d r e n  s u f f e r i n g  f ro m  n e p h r i t i s  gave  a 

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

t o  t h a t  o b t a i n e d  i n  c a s e s  o f  h e p a t i c  i n e f f i c i e n c y  i t  was d e c id e d  

t o  f o l l o w  t h e  n o n - p r o t e i n  n i t r o g e n  c u rv e  w i t h  a l a e v u l o s e  t o l e r a n c e  

t e s t  t h e  n e x t  d a y .  I n  v iew  o f  t h e  w e l l - r e c o g n i s e d  a b n o r m a l i t y  i n  

c a r b o h y d r a t e  m e ta b o l i s m  i n  c e r t a i n  c a s e s  o f  n e p h r i t i s ,  i t  was n o t  

u n r e a s o n a b l e  t o  a n t i c i p a t e  a p a t h o l o g i c a l  c u r v e .

E i g h t  l a e v u l o s e  t o l e r a n c e  t e s t s  w ere  c a r r i e d  o u t  -  5

o f  t h e s e  b e lo n g e d  t o  t h e  n o rm a l  n o n - p r o t e i n  n i t r o g e n  g ro u p  and  3

b e lo n g e d  t o  th e  a b n o rm a l s e c t i o n  (T a b le  N o .1 8 ) .

The f o l l o w i n g  c a s e s  w ere  t e s t e d  i n  t h e  n o rm a l g ro u p  

n am ely  num bers  2 ,  4 ,  5 , o ,  and 7 .

The f a s t i n g  b lo o d  s u g a r  l e v e l s  w h ich  w ere  a l l  w e l l  

w i t h i n  n o rm a l l i m i t s  l a y  b e tw e e n  85 and  112mg$. Two o f  t h e  

c u r v e s  ( N o s .4 and  6) w ere  p e r f e c t l y  n o rm a l b u t  th e  r e m a in in g  

t h r e e  ( N o s .2 ,  5 and  7) w ere  d e f i n i t e l y  p a t h o l o g i c a l  show ing  an  

i n c r e a s e  above t h e  f a s t i n g  l e v e l s  o f  7 3 , 48 and 68$ r e s p e c t i v e l y .  

Case 5 w i t h  a r i s e  o f  48$ had r e t u r n e d  t o  t h e  o r i g i n a l  f a s t i n g  

l e v e l  w i t h i n  2 h o u r s  o f  t h e  i n g e s t i o n  o f  t h e  l a e v u l o s e .  Case 7 

a t  t h e  same s t a g e  was s t i l l  30mg above  t h e  l e v e l  o b t a i n e d  a t  t h e  

commencement o f  t h e  t e s t .  W hile  i n  Case 2 th e  c u rv e  was s t i l l  

c o n t i n u i n g  t o  a s c e n d  two h o u r s  a f t e r  t h e  l a e v u l o s e  had b e e n  t a k e n .

Of t h e  3 c h i l d r e n  (N o s .1 7 , 18 and 19) b e lo n g in g  t o  t h e  

ab n o rm a l g ro u p  who w ere t e s t e d  b y  means o f  th e  l a e v u l o s e  c u r v e ,
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2 (N o s .18 and 19) g ave  d e f i n i t e l y  p a t h o l o g i c a l  c u r v e s .  The p e r 

c e n ta g e  i n c r e a s e  i n  v a lu e  above  t h e  f a s t i n g  l e v e l  b e i n g  37 and 

57 r e s p e c t i v e l y ,  w h i l e  i n  t h e  r e m a in in g  c a s e  (N o .17) no a p p r e c i a b l e  

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

l a e v u l o s e .

From t h e s e  e s t i m a t i o n s  i t  i s  c l e a r  t h a t  i n  a c e r t a i n  

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

t o l e r a n c e  o f  l a e v u l o s e  p r e s e n t .  From su c h  a s m a l l  number o f  c a s e s  

how ever i t  w ould  n o t  be j u s t i f i a b l e  t o  a t t e m p t  t o  draw an y  c o n c l u 

s i o n s  a3 t o  w hat t h e  f a c t o r s  may be w h ic h  i n f l u e n c e  th e  r e s p o n s e  

g iv e n  t o  t h e  i n g e s t i o n  o f  l a e v u l o s e .

I n  v iew  o f  th e  f a c t  t h a t  n o rm a l  and ab n o rm a l l a e v u l o s e  

c u r v e s  a r e  fo u n d  i n  t h e  g ro u p  g i v i n g  a  n o rm a l r e s p o n s e  t o  th e  

i n g e s t i o n  o f  u r e a  a s  w e l l  a s  i n  th e  g ro u p  w here t h e  r e s p o n s e  i s  

a b n o rm a l ,  i t  i s  c l e a r  t h a t  v /h i le  d i s t u r b a n c e  o f  n i t r o g e n  and 

c a r b o h y d r a t e  m e ta b o l i s m  may c o - e x i s t  i t  i s  a l s o  p o s s i b l e  f o r  e i t h e r  

t h e  one o r  t h e  o t h e r  t o  o c c u r  i n d e p e n d e n t l y .

The v a r i o u s  f a c t o r s  w h ich  m ig h t  be  l i k e l y  t o  i n f l u e n c e  

t h e  ty p e  o f  c u rv e  w h ich  w ould  r e s u l t  f rom  t h e  i n g e s t i o n  o f  u r e a  

i n  c a s e s  o f  n e p h r i t i s  h ave  now b e e n  c o n s i d e r e d .  From th e  r e s u l t s  

o f  t h e s e  i n v e s t i g a t i o n s  i t  w ould  a p p e a r  t h a t  i t  i s  Im p o s s ib le  to  

s t a t e  w h a t  t h e s e  f a c t o r s  a r e .  A l l  t h a t  c a n  be  s a id  i s  t h a t  40$ 

o f  t h e  c a s e s  o f  n e p h r i t i s  exam ined gave  a cu rv e  c l o s e l y  r e s e m b l in g  

t h a t  o b t a i n e d  i n  th e  g ro u p  o f  h e a l t h y  c h i l d r e n .  I n  th e  r e m a in in g
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6 0 $  t h e  c u r v e  was s i m i l a r  to  t h a t  fo u n d  i n  c a s e s  o f  h e p a t i c  

i n e f f i c i e n c y .  T h is  i s  shown i n  F i g u r e  N o .5 .

From a  s tu d y  o f  t h e  w hole  q u e s t i o n  i t  seems j u s t i f i a b l e  

t o  c o n c lu d e  t h a t  i n  a c e r t a i n  p r o p o r t i o n  o f  c a s e s  o f  n e p h r i t i s ,  

l i v e r  d i s t u r b a n c e  i s  p r e s e n t .  T h is  s t a t e m e n t  i s  s t r e n g t h e n e d  by 

t h e  k n ow ledge  t h a t  i n  c e r t a i n  c a s e s  o f  n e p h r i t i s  a  d e c r e a s e d  

t o l e r a n c e  t o  l a e v u l o s e  i s  fo u n d .

F o l lo w in g  on t h i s  w ork w h ic h  was c a r r i e d  o u t  on 

n e t p h r i t i c  c h i l d r e n  t h e  seco n d  s e c t i o n  o f  t h i s  c h a p t e r  i s  d e v o te d  

t o  s i m i l a r  e s t i m a t i o n s  on c h i l d r e n  who s u f f e r e d  f ro m  d i s e a s e  o f  

t h e  k id n e y s  -  o t h e r  t h a n  n e p h r i t i s .

.. v -t? ...  ̂- I

• -• . i  . L' - - h s  - ■" " v
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P a r t  I I .

The r e s p o n s e  o f  t h e  b lo o d  n o n - p r o t e i n  n i t r o g e n  t o  t h e  i n g e s t i o n  

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

F iv e  c h i l d r e n  who w ere  th e  s u b j e c t s  o f  r e n a l  d i s e a s e  -  

e x c l u d i n g  n e p h r i t i s  -  w ere  g iv e n  15g u r e a  a s  i n  t h e  p r e v i o u s

g r o u p s  and t h e  c h a n g e s  i n  th e  n o n - p r o t e i n  n i t r o g e n  o f  th e  b lo o d
5 /o b s e r v e d .  The a g e s  r a n g e d  f ro m  1 y e a r s  t o  11 y e a r s .  Sum m aries 

o f  t h e  c a s e - r e p o r t s  a r e  g iv e n  i n  p r o t o c o l s .  A p p en d ix ,  S e c t i o n  E. 

The r e s u l t s  a r e  shown i n  T a b le  19 . The c o n d i t i o n s  w hich  came 

u n d e r  t h i s  h e a d in g  i n c l u d e d  p y e l i t i s ,  t u b e r c u l o s i s  o f 1 t h e  k i d n e y ,  

and  n e o p la s m  o f  t h e  k id n e y .  I n  e a c h  o f  t h e s e  c h i l d r e n  th e  r e s 

p o n se  o f  t h e  b lo o d  to  t h e  i n g e s t i o n  o f  t h e  u r e a  was p h y s i o l o g i c a l .  

I n  t h e  t h r e e  c a s e s  w here  a  s im u l ta n e o u s  u r e a  c o n c e n t r a t i o n  t e s t  

was p e r fo rm e d  i t  was n o t i c e d  t h a t  th e  k id n e y s  w ere  a b l e  t o  e x c r e t e  

t h e  u r e a  s a t i s f a c t o r i l y .  Two o f  th e  c a s e s  (N o s .2 and  4 )  had a 

l a e v u l o s e  t o l e r a n c e  t e s t  c a r r i e d  o u t  and i n  e a c h  a no rm a l c u rv e  

was o b t a i n e d .  T a b le  N o.20 . A few w eeks l a t e r ,  h o w ev er ,  th e  t e s t

was r e p e a t e d  i n  Case 4 ,  and on t h i s  o c c a s i o n  t h e  l e v e l  o f  th e

b lo o d  s u g a r  r o s e  54%  a f t e r  t h e  i n g e s t i o n  o f  t h e  l a e v u l o s e  and

had  n o t  r e t u r n e d  t o  t h e  f a s t i n g  l e v e l  by  th e  end o f  two h o u r s .

C ases  1 and 2 w ere  exam ined  b y  means o f  th e  p h e n o l p h t h a l e i n

e x c r e t i o n  t e s t .  The fo rm e r  showed an e x c r e t i o n  o f  5Q% o f  th e»
dye w i t h i n  two h o u r s ,  b u t  i n  th e  l a t t e r  o n ly  55%  was o b t a i n e d  i n
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t h e  same l e n g t h  o f  t i m e .

C ase  5 was i n t e r e s t i n g  on a c c o u n t  o f  t h e  f a c t  t h a t  on 

c l i n i c a l  e x a m i n a t i o n  a  g r e a t l y  e n l a r g e d  l i v e r  was a t  f i r s t  d i a g 

n o s e d .  T h is  f i n d i n g  was d i f f i c u l t  t o  r e c o n c i l e  w i t h  t h e  f i n d i n g  

o f  a n o rm a l  n o n - p r o t e i n  n i t r o g e n  c u rv e  f o l l o w i n g  on t h e  i n g e s t i o n  

o f  u r e a .  At o p e r a t i o n ,  how ever a  v e r y  e x t e n s i v e  n e o p la sm  o f  

k i d n e y  was f o u n d ,  b u t  no a b n o r m a l i t y  o f  t h e  l i v e r  was d e t e c t e d .  

B o th  t h e s e  o b s e r v a t i o n s  w ere  s u s t a i n e d  a t t h e  p o s t -m o r te m  ex am in a 

t i o n  w h ich  to o k  p l a c e  a  c o u p le  o f  d a y s  l a t e r .

I n  Case 4 a l s o  t h e  t e n t a t i v e  d i a g n o s i s  o f  h e p a t i c  e n 

l a r g e m e n t  was a t  f i r s t  made b u t  an  e x p l o r a t o r y  p u n c tu r e  o f  th e  

tu m o u r  r e v e a l e d  a  h y p e rn e h p ro m a . U n f o r t u n a t e l y  an  a u to p s y  was 

n o t  p e r m i t t e d .

The f a s t i n g s  l e v e l s  i n  t h e s e  c a s e s  r a n g e d  f ro m  2 0 .2  

t o  42 .5m g$ w i t h  an  a v e r a g e  o f  33mg$>. H a l f  an  h o u r  a f t e r  th e  

i n g e s t i o n  o f  th e  u r e a  a l l  t h e  c u r v e s  showed a  s u b s t a n t i a l  r i s e .

The s m a l l e s t  i n c r e a s e  b e i n g  7.5mg (C ase  4 )  and t h e  g r e a t e s t  22.6mg 

i n  C ase  5 .  The maximum h e i g h t  a t t a i n e d  was 5 b . 8 (Case 5 ) .

One h o u r  a f t e r  t h e  u r e a  had b e e n  t a k e n  4 o f  t h e  c u r v e s  

w ere  c o n t i n u i n g  to  r i s e ,  b u t  one (C ase  5) had  r e a c h e d  i t s  ap ex  

and  had a l r e a d y  b egun  t o  r e t u r n  to w a rd s  t h e  f a s t i n g  l e v e l .  The 

g r e a t e s t  i n c r e a s e  i n  v a lu e  n o t e d  was 12mg. Case 4 ,  and th e  

maximum c o n c e n t r a t i o n  a t t a i n e d  was 68 .5m g$ (Case 3 ) .

The sp e c im e n s  w i th d ra w n  two h o u r s  a f t e r  th e  a d m i n i s t r a -
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t i o n  o f  t h e  u r e a  showed t h a t  a l l  th e  c u r v e s  w ere  s t e a d i l y  

f a l l i n g .  Case 4 ,  had  i n  f a c t  a l r e a d y  r e a c h e d  t h e  o r i g i n a l  

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

i s  one o f  t h e  y o u n g e s t  i n  t h e  s e c t i o n .  T h is  f a c t  ad d s  s u p p o r t  

t o  t h e  s t a t e m e n t  made i n  an  e a r l i e r  c h a p t e r  t h a t  th e  ty p e  o f  

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

r e l a t i o n s h i p  t o  t h e  age and  s i z e  o f  t h e  c h i l d .

A c o m p a r iso n  o f  t h e  c o m p o s i te  c u r v e s  fo u n d  i n  t h i s  

s e c t i o n  and  o f  t h a t  i n  t h e  g ro u p  o f  h e a l t h y  c h i l d r e n  shows t h a t  

th e y  more o r  l e s s  a g r e e  a t  e a c h  s t a g e  o f  t h e  t e s t  ( F ig u r e  N o . b . ) .

From a  s tu d y  o f  th e  n o n - p r o t e i n  n i t r o g e n  c u r v e s  f o l l o w 

i n g  t h e  i n g e s t i o n  o f  u r e a  i n  t h e s e  f i v e  c a s e s  i t  w ould  a p p e a r  

t h a t  h e r e  t h e r e  I s  p r e s e n t  s t r o n g  c o n f i r m a t o r y  e v id e n c e  t h a t  

d i s e a s e  o f  t h e  k id n e y s  p e r  se  i s  n o t  s u f f i c i e n t  t o  i n f l u e n c e  th e  

ty p e  o f  n o n - p r o t e i n  n i t r o g e n  c u rv e  o b t a i n e d .

Summary and C o n c l u s i o n s .

The e f f e c t  o f  t h e  i n g e s t i o n  o f  u r e a  on t h e  n o n - p r o t e i n  

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

I n  4 0 $ o f  t h e  c a s e s  o f  n e p h r i t i s  i n v e s t i g a t e d  t h e  r e s 

p o n se  was n o rm a l b u t  i n  th e  r e m a in in g  60^  i t  was a b n o rm a l .  A l l  

t h e  c a s e s  o f  r e n a l  d i s e a s e  -  e x c l u d i n g  n e p h r i t i s  -  showed a  n o rm a l 

t o l e r a n c e  t o  u r e a .

The c o n c l u s io n  i s  t h e r e f o r e  r e a c h e d  t h a t  k id n e y  d i s e a s e  

o f  i t s e l f  i s  n o t  s u f f i c i e n t  t o  c a u s e  an  ab n o rm al c u r v e .  When su ch
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a c u r v e  d o e s  o c c u r  i t  i s  p r o b a b l y  t h e  r e s u l t  o f  c o - e x i s t e n t  

h e p a t i c  i n e f f i c i e n c y .



SECTION 8 .

The B lood  n o n - p r o t e i n  n i t r o g e n  c u rv e  f o l l o w i n g  t h e  

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

c o e l i a c  d i s e a s e .
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C o n s i d e r i n g  t h e  d i f f i c u l t y  w h ich  c h i l d r e n  who a r e  

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

m e t a b o l i s e  f a t s ,  and th e  w e l l - r e c o g n i s e d  a b n o r m a l i t i e s  w h ich  

c h a r a c t e r i s e  t h e i r  c a r b o h y d r a t e  m e ta b o l i s m  i t  was th o u g h t  t h a t  

i n t e r e s t i n g  r e s u l t s  m ig h t  f o l l o w  an i n v e s t i g a t i o n  i n t o  th e  

n i t r o g e n  m e ta b o l i s m .
( 7 3 )C o e l i a c  d i s e a s e  was f i r s t  d e s c r i b e d  b y  Gee I n  1 8 8 8 ' 

i n  a  p a p e r  e n t i t l e d  "On t h e  C o e l i a c  a f f e c t i o n " .  He gave a  f u l l

a c c o u n t  o f  t h e  symptoms b u t  th o u g h t  t h a t  t h e  c a u s e s  w ere  o b s c u r e .

M i l l e r i n  1921 p u b l i s h e d  a m ost e x h a u s t iv e  p a p e r  on th e  

l i t e r a t u r e  o f  t h e  d i s e a s e .  The n o m e n c la tu r e  h a s  p ro v e d  a f r u i t 

f u l  s o u rc e  o f  a rg u m e n t .  I n  t h i s  c o u n t r y  c o e l i a c  d i s e a s e  a p p e a r s

to  be  t h e  te rm  o f  c h o i c e .  On th e  C o n t i n e n t ,  h o w ev er ,  L i c h t e n 

s t e i n ^ ^  a g r e e s  w i th  H e r t e r  t h a t  t h e  name o f  I n t e s t i n a l  

I n f a n t i l i s m  i s  more a p t .  M i l l e r  i s  o f  th e  o p in io n  t h a t  th e  

l a t t e r  o n ly  a c t s  a s  a  c l o a k  c o v e r i n g  c a s e s  v a r y i n g  f ro m  t r u e  

c o e l i a c  d i s e a s e  t o  i n f a n t i l e  a t r o p h y .  I n  an  a u to p s y  o f  one c a s e  

o f  c o e l i a c  I n f a n t i l i s m  he fo u n d  no e v id e n c e  o f  p a t h o l o g i c a l  

c h a n g e s  i n  t h e  I n t e s t i n e  p a n c r e a s  o r  l i v e r  w h ich  c o u ld  p o s s i b l y  

a c c o u n t  f o r  t h e  p r o t r a c t e d  symptoms. From t h i s  f i n d i n g  he c o n 

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

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

o b s e r v a t i o n s ) and s t a t e d  t h a t  we m ig h t  c o n f i d e n t l y  r e g a r d  th e  

d i s e a s e  a s  a d i g e s t i v e  d i s o r d e r  a f f e c t i n g  f a t  m e ta b o l ism  and
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h a v in g  no o r g a n i c  o r i g i n .  He i n c l i n e d  t o  t h e  o p i n i o n  t h a t  t h e
( 77)c a u s e  may b e  fo u n d  i n  some d e f e c t  o f  t h e  b i l e  s a l t s .  B lo c h '  

fo u n d  on m ic r o s c o p ic  e x a m in a t io n  a  s u b - c h r o n i c  in f l a m m a t io n  i n  

t h e  v e n t i e l e  and  i n  t h e  i n t e s t i n e s  w i t h  a g r e a t  num ber o f  mucus 

c e l l s  i n  t h e  w a l l s  o f  t h e  c o lo n .  He th o u g h t  t h a t  f ro m  th e  

c l i n i c a l  and a n a to m ic a l  f i n d i n g s  th e  d i s e a s e  m ust be lo o k e d  upon  

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

M acrae & M o r r i s ("7®) have  s t a t e d  ” i n  two o f  o u r  p a t i e n t s  

who d i e d  t h e  p a t h o l o g i c a l  r e p o r t s  ( f o r  w h ich  we a r e  i n d e b t e d  t o  

D r J .W .S .  B la c k lo c k )  i n d i c a t e  t h a t  no a b n o r m a l i t i e s  e i t h e r  m ac ro -  

o r  m ic r o s c o p ic  w ere  n o te d  i n  th e  g a s t r o - i n t e s t i n a l  t r a c t ,  w h i l e  

i n  o n ly  one was t h e r e  a t r o p h y  o f  l i v e r  and s p l e e n . ”

I n  C o e l i a c  D i s e a s e  th e  b i o - c h e m i s t  h a s  fo u n d  a w ide 

f i e l d  f o r  i n v e s t i g a t i o n  and many and v a r i e d  a r e  th e  t h e o r i e s  

w h ic h  have  b e e n  p ro d u c e d .  T h a t  t h e  p r im a r y  f a u l t  l i e s  w i t h  t h e  

m e ta b o l i s m  o f  f a t s  i s  now g e n e r a l l y  ack n o w led g ed .  As r e g a r d s  t h e  

m e ta b o l i s m  o f  c a r b o h y d r a t e s  o p i n i o n s  d i f f e r  w id e ly .  Most w o rk e rs  

a g r e e  t h a t  i n  th e  a c t i v e  s t a g e s  o f  t h e  d i s e a s e  as  m a n i f e s t e d  

c l i n i c a l l y  and  b i o c h e m i c a l l y ,  t h e  t o l e r a n c e  t o  c a r b o h y d r a t e s  i s  

g r e a t l y  i n c r e a s e d .  T h is  i s  shown b y  th e  v e r y  low o r  even  f l a t  

b lo o d  s u g a r  c u rv e  w h ich  r e s u l t s  f ro m  th e  i n g e s t i o n  o f  g l u c o s e .

So m arked and c o n s t a n t  i s  t h i s  phenomenon t h a t  some a u t h o r i t i e s  

go so  f a r  a s  to  s t a t e  t h a t  i t  i s  pa thognom on ic  o f  c o e l i a c  d i s e a s e .  

S v e n s g a a r d ^ ^   ̂ fo u n d  t h i s  ty p e  o f  c u rv e  p e r s i s t i n g  a f t e r  a l a p s e
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o f  m on ths  o r  e v e n  y e a r s  i n  c a s e s  w h ere  t h e  s t o o l s  a p p e a r e d  t o  be  

more o r  l e s s  n o rm a l .

Many t h e o r i e s  h a v e  b e e n  a d v an ced  t o  a c c o u n t  f o r  t h i s  

p e c u l i a r i t y .  I t  i s  n a t u r a l  t h a t  i n  th e  p r e s e n c e  o f  th e  d i f f i 

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

f a t s  a t t e n t i o n  sh o u ld  be  f o c u s s e d  i n  t h e  d i r e c t i o n  o f  a b s o r p t i o n  

o f  c a r b o h y d r a t e s .  M acrae & M o rr is^  b e l i e v e  t h a t  t h e  s o l u t i o n  

may b e  fo u n d  i n  d e f e c t i v e  a b s o r p t i o n  r e s u l t i n g  from  c h an g es  i n  

t h e  p h y s i c o - c h e m i c a l  c o n s t i t u t i o n  o f  th e  i n t e s t i n a l  c o n t e n t s .

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

s h i f t  o f  t h e  r e a c t i o n  to w a rd s  t h e  a l k a l i n e  3 id e  acco m p an ied  b y  a  

d e f i c i e n c y  o f  b i l e - s a l t s .  S v e n s g a a rd  d o e s  n o t  f a v o u r  s low  a b 

s o r p t i o n  a s  a c a u s e  o f  t h e  ab n o rm al c u rv e  on a c c o u n t  o f  t h e  f a c t  

t h a t  g lu c o s e  and  a d r e n a l i n  com bined p ro d u c e  a  much g r e a t e r  and 

more p r o lo n g e d  c u rv e  t h a n  e i t h e r  g lu c o s e  o r  a d r e n a l i n  s e p a r a t e l y .

McLean & S u l l i v a n ^ ® ^  have  d i s m i s s e d  th e  t h e o r y  o f  

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

c u rv e  i s  c a r r i e d  o u t  a t  i n t e r v a l s  o f  f i f t e e n  m in u te s  a  s h o r t  i n i 

t i a l  r i s e  d o e s  o c c u r .  They found  t h a t  a  g a s t r i c  la v a g e  p e r fo rm e d  

two h o u r s  a f t e r  i n g e s t i o n  r e v e a l e d  o n ly  a t r a c e  o f  g lu c o s e  show

i n g  t h a t  t h e  re m o v a l  f ro m  th e  s tom ach  was a lm o s t  c o m p le te .  I n  

t h e  a b n o rm a l ly  f l a t  b lo o d  s u g a r  c u rv e  w h ich  r e s u l t s  a f t e r  i n t r a 

venous g lu c o s e  th e y  f i n d  a n o t h e r  a rg u m en t a g a i n s t  d e f e c t i v e  a b s o r p 

t i o n .
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T u rn in g  to  t h e  p o s s i b i l i t y  o f  a  d e f e c t  o f  l i v e r  

f u n c t i o n  b e i n g  t h e  o r i g i n  o f  th e  a b n o rm a l c u rv e  we f i n d  h e r e  

a l s o  some d i s a g r e e m e n t .  M acrae & M o r r is  do n o t  f a v o u r  t h e  i d e a  

o f  an  i n c r e a s e d  g l y c o g e n ic  f u n c t i o n  on t h e  g ro u n d  t h a t  th e  low 

c u rv e  p e r s i s t s  e v e n  a f t e r  some d a y s  o f  a h ig h  f a t  d i e t .  I t  i s  

g e n e r a l l y  r e c o g n i s e d  t h a t  su c h  a d i e t  n o r m a l ly  i n c r e a s e s  and 

p r o lo n g s  th e  c u r v e .  As an  added a rg u m en t a g a i n s t  t h i s  t h e o r y  

t h e y  m e n t io n  a l s o  t h a t  a n o rm a l b lo o d  s u g a r  c u rv e  i s  o b t a i n e d  i n  

t h o s e  c h i l d r e n  f o l l o w i n g  a  s u b c u ta n e o u s  i n j e c t i o n  o f  a d r e n a l i n .  

T h is  f a c t  shows t h a t  a s  f a r  a s  c a r b o h y d r a t e  m e ta b o l i s m  i s  c o n 

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

S v e n s g a a rd  a l s o  d i s c a r d s  th e  i d e a  o f  g ly c o g e n  d e f i c 

i e n c y  on a c c o u n t  o f  t h e  r e a c t i o n  f o l l o w i n g  a d r e n a l i n .  She d o e s  

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

a s  t h e s e  c h i l d r e n  show no t e n d e n c y  to  h y p o g ly c a e m ia .  She h e r s e l f  

r e g a r d s  t h e  a b n o rm a l c u rv e  a s  b e in g  due  to  a s e c o n d a ry  r e s u l t  o f  

t h e  d i s o r d e r e d  f a t  m e ta b o l i s m .  She t h i n k s  i t  p o s s i b l e  t h a t  a s  

t h e s e  p a t i e n t s  a r e  u n a b le  t o  a b s o rb  f a t  s a t i s f a c t o r i l y  t h e y  may 

e x h i b i t  a s  a c o m p e n s a to ry  phenomenon a more t h a n  n o r m a l ly  a c t i v e  

c a r b o h y d r a t e  m e ta b o l i s m  w hereb y  t h e r e  i s  a n  u n u s u a l l y  r a p i d  

a s s i m i l a t i o n  o f  g l u c o s e .  She b e l i e v e s  t h a t  h e r e  we may p o s s i b l y  

b e  d e a l i n g  w i t h  a hormone i n s u f f i c i e n c y  somewhat r e s e m b l in g  th e  

c o n d i t i o n  fo u n d  i n  d i a b e t e s  m e l l i t u s .  McLean & S u l l i v a n  a l s o  

r a t h e r  f a v o u r  t h e  p o s s i b i l i t y  t h a t  a s o l u t i o n  may be  fo u n d  i n
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some e n d o c r in e  d e f i c i e n c y .  They c o n s i d e r  t h a t  t h e  s u g g e s t i o n  o f  

a low r e n a l  t h r e s h o l d  a s  a c a u s e  i s  u n t e n a b l e  ow ing t o  th e  a b s e n c e  

o f  g l y c o s u r i a .  T h a t  t h e  b u l k  o f  t h e  i n t e s t i n a l  c o n t e n t s  may be  a 

c a u s a t i v e  f a c t o r  h a s  b e e n  m e n t io n e d ,  b u t  t h a t  t h i s  i s  n o t  t h e  c a s e  

h a s  b e e n  shown b y  M acrae & M o rr is  who fo u n d  p e r f e c t l y  n o rm a l b lo o d  

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

T h is  g ro u p  i s  c o m p r is e d  o f  s e v e n  c h i l d r e n  b e tw e e n  one 

and n in e  y e a r s  o f  age o f  w h ic h  f o u r  w ere  g i r l s  and t h r e e  b o y s .  

Sum m aries o f  t h e  c a s e  r e p o r t s  a r e  g i v e n  i n  p r o t o c o l s .  A p p en d ix ,  

S e c t i o n  F and t h e  r e s u l t s  i n  T a b le  N o .2 1 .  A l l  had  t h e  symptoms 

o f  d i a r r h o e a  e m a c ia t i o n  & d w a r f is m .  I n  t h r e e  o f  t h e  c a s e s  th e  

n o n - p r o t e i n  n i t r o g e n  c u rv e  was s to p p e d  a t  two h o u r s  a f t e r  t h e  

u r e a  had  b e e n  g iv e n  and i n  one i t  was c a r r i e d  on f o r  t h r e e  h o u r s  

w h i l e  i n  t h e  r e m a in in g  t h r e e  c h i l d r e n  t h e  l a s t  sp ec im en  was n o t  

w ith d ra w n  u n t i l  f i v e  h o u r s  a f t e r  t h e  u r e a  had b e e n  g iv e n .  The 

f a s t i n g  n o n - p r o t e i n  n i t r o g e n  ra n g e d  f ro m  2 7 .4  to  52.6mg p . lO O c c s .

I n  o n ly  two c a s e s  was t h e r e  any  a p p r e c i a b l e  r i s e  w i t h i n  t h e  f i r s t  

h a l f  h o u r  -  c a s e s  3 and 7 w h ich  r o s e  f ro m  39 to  50 and 40 t o  57.4mg 

p e r  1 0 0 c c s  r e s p e c t i v e l y .  By th e  end o f  one h o u r  N o s . l  and  5 w ere 

s t i l l  more o r  l e s s  a t  t h e i r  f a s t i n g  l e v e l s .  N o s .3 ,  4 , 6 and 7 

w ere  r i s i n g  s t e a d i l y  w h i le  Case 2 had jumped f ro m  5 8 .7  up  to  

lOOmg p . lO O c c s .  By th e  end  o f  2 h o u r s  a l l  t h e  r e a d i n g s  w ere 

s t i l l  i n c r e a s i n g .  Of t h e  f o u r  c h i l d r e n  done a t  3 h o u r s  t h r e e  

w ere c o n t i n u i n g  t o  c l im b  w h i l e  t h e  f o u r t h  was t e n d i n g  t o  f a l l .
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FIGURE N o . 7 .

COMPOSITE CURVE

THE EFFECT o f  t h e  INGESTION o f  TJREA i n  HEALTH, 

i n  HEPATIC DISEASE, an d  i n  COELIAC DISEASE.

FnsTi N& Ihr.
/VoRhftL Corves
Cu r v e s  m C o f L m c D i S f f t s f .
C u r v e s  / o  A v/ f r T i s e r s F . ,

J2.hr~S>. 
p^FTTR O R tf l .
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By t h e  end  o f  f i v e  h o u r s  t h e  l o w e s t  r e a d i n g  was s t i l l  

80$  above  t h e  f a s t i n g  l e v e l  w h i l e  t h e  h i g h e s t  was 1 0 0 $ .  I t  i s  

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

c h i l d r e n  s h o u ld  d i f f e r  so m a t e r i a l l y  f ro m  th o s e  o b t a i n e d  i n  

n o rm a l  s u b j e c t s .

D i s c u s s i o n .

A c o m p a r iso n  o f  th e  n o rm a l  n o n - p r o t e i n  n i t r o g e n  com pos

i t e  c u rv e  f o l l o w i n g  t h e  i n g e s t i o n  o f  u r e a ,  and t h e  c o m p o s i te  

c u rv e  o b t a i n e d  i n  c o e l i a c  c h i l d r e n  u n d e r  s i m i l a r  c o n d i t i o n s ,  

shows m arked  d i f f e r e n c e s  ( F ig u r e  N o .7 ) .  As a b e g in n in g  we have  

t h e  c o n t r a s t  o f  t h e  f a s t i n g  n o n - p r o t e i n  n i t r o g e n  v a l u e s  -  32mg$

I n  t h e  n o rm a l  s e r i e s  and 41.3mg$ i n  t h e  c o e l i a c  g ro u p .  The 

e x p l a n a t i o n  o f  t h i s  d i f f e r e n c e  m ig h t  be fo u n d  i n  a r e n a l  l e s i o n .  

As t h e  c h i l d r e n  c o n c e rn e d  w ere  so young i t  was o n ly  p o s s i b l e  t o  

c o l l e c t  sp e c im e n s  o f  u r i n e  f o r  a u r e a  c o n c e n t r a t i o n  t e s t  i n  two 

i n s t a n c e s .  As a  r e s u l t  a n o rm a l u r e a  o u t p u t  was fo u n d .  None o f  

t h e  o t h e r  c h i l d r e n  showed an y  e v id e n c e  o f  k id n e y  d i s t u r b a n c e .

The n a t u r e  o f  th e  d i e t  was c e r t a i n l y  n o t  c a l c u l a t e d  to  c a u s e  any  

i n c r e a s e  i n  n o n - p r o t e i n  n i t r o g e n  v a l u e .  Nor c o u ld  th e  u n u s u a l l y  

h i g h  v a lu e  be  e x p l a i n e d  on t h e  g round  t h a t  t h e  c h i l d r e n  w ere 

d e h y d r a t e d  t h r o u g h  l o s s  o f  f l u i d  by way o f  t h e  b o w e l .  A f u r t h e r  

s tu d y  o f  th e  two c o m p o s i te  c u r v e s  shows t h a t  i n  th e  c o e l i a c  

c h i l d r e n  t h e  c u rv e  a s c e n d s  much more g r a d u a l l y ,  b u t  e v e n t u a l l y  

r e a c h e s  a  h i g h e r  maximum p o i n t .  I n  t h e s e  c a s e s  t h e  p eak  i s  n o t
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r e a c h e d  u n t i l  3 h o u r s  a f t e r  t h e  u r e a  h a s  b e e n  t a k e n ,  w h i l e  i n  

th e  n o rm a l c h i l d r e n  i t  o c c u r s  w i t h i n  2 h o u r s .  As r e g a r d s  t h e  

a c t u a l  h e i g h t  a t t a i n e d  we f i n d  t h e  a v e r a g e  maximum i n  t h e  n o rm a l  

c a s e s  t o  b e  53mg a s  com pared w i t h  80mg. W hile  t h e s e  r e s u l t s  

a p p e a r  d e f i n i t e  enough  t h e  r e a l  d i f f i c u l t y  a r i s e s  when an  

a t t e m p t  i s  made t o  f u r n i s h  an  e x p l a n a t i o n .  Remembering t h e  

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

d e l a y  i n  a b s o r p t i o n  comes n a t u r a l l y  t o  o n es  mind a s  a r e a s o n a b l e  

p r o p o s i t i o n .  Such a t h e o r y  how ever i s  h a r d l y  s a t i s f a c t o r y .  The 

f a c t  t h a t  I n  t h e  c a s e s  w here  a u r e a  c o n c e n t r a t i o n  t e s t  was c a r r i e d  

o u t ,  t h e  u r i n a r y  u r e a  showed su c h  a  m arked i n c r e a s e  f o l l o w i n g  on 

t h e  i n g e s t i o n  o f  t h e  u r e a  w ould  a p p e a r  t o  n e g a t i v e  t h i s  i d e a .

The o l d e r  e x p l a n a t i o n  o f f e r e d  b y  e a r l i e r  b i o - c h e m i s t s  w ould 

w i t h o u t  d o u b t  be  t h a t  i n  t h i s  c o n d i t i o n  we w ere  d e a l i n g  w i t h  

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

e l i m i n a t e d  and was i n  c o n se q u e n c e  a c c u m u la t in g  i n  th e  b lo o d .

Much l i g h t  how ever I s  th ro w n  on th e  p ro b le m  b y  a 

c o m p a r iso n  o f  t h e  c o m p o s i te  n o n - p r o t e i n  n i t r o g e n  c u rv e  f o l l o w i n g  

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

show h e p a t i c  i n e f f i c i e n c y  and d i s e a s e  o f  t h e  m u s c u la r  sy s tem  

a s  f o r  a l l  p r a c t i c a l  p u r p o s e s  th e y  a r e  i d e n t i c a l .  I n  th e  f a c e  o f  

t h e s e  r e s u l t s  i t  w ould  a p p e a r  t h a t  i n  c o e l i a c  d i s e a s e  we a r e  

c o n f r o n t e d  w i t h  an  a c t u a l  d i s t u r b a n c e  o f  th e  n i t r o g e n  m e ta b o l i sm  

o f  t h e  l i v e r  o r  t h e  m u sc le s  e i t h e r  a lo n e  o r  i n  c o m b in a t io n .  The
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f a c t  t h a t  no c h a r a c t e r i s t i c  p a t h o l o g i c a l  l e s i o n  o f  t h e  l i v e r  

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

kn o w led g e  o f  t h e  c h a r a c t e r i s t i c  w a s t i n g  o f  t h e  g l u t e i  m akes t h e  

s u g g e s t i o n  o f  d e f e c t i v e  m u s c u la r  m e ta b o l i s m  r a t h e r  a t t r a c t i v e .  

SUMMARY

The e f f e c t  o f  t h e  i n g e s t i o n  o f  u r e a  i n  7 c h i l d r e n  who 

w ere  t h e  s u b j e c t s  o f  c o e l i a c  d i s e a s e  h a s  b e e n  s t u d i e d .  The 

r e s u l t i n g  c u r v e s  w ere  s i m i l a r  to  t h o s e  a l r e a d y  o b t a i n e d  i n  

p a t i e n t s  who s u f f e r e d  f ro m  h e p a t i c  i n e f f i c i e n c y  o r  d i s e a s e  o f  

t h e  m u s c u la r  s y s te m .
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A resum e  r e g a r d i n g  t h e  f o r m a t i o n ,  a b s o r p t i o n  and 

f u r t h e r  m e ta b o l i s m  o f  u r e a  h a s  b e e n  g i v e n ,  a cco m p an ied  b y  an  

a c c o u n t  o f  o u r  know ledge  r e g a r d i n g  t h e  n o n - p r o t e i n  n i t r o g e n  o r  

t h e  b l o o d .  The f a c t o r s  l i k e l y  t o  i n f l u e n c e  t h e  n o n - p r o t e i n  

n i t r o g e n  o f  t h e  b lo o d  h av e  a l s o  b e e n  c o n s i d e r e d .  Amongst t h o s e  

i n v e s t i g a t e d  h av e  b e e n  t h e  e f f e c t  o f  p r o lo n g e d  a b s t e n t i o n  f ro m  

f o o d  and o f  t h e  a d m i n i s t r a t i o n  o f  f o o d s t u f f s  c o n t a i n i n g  c a r b o 

h y d r a t e  p r o t e i n  o r  f a t  a lo n e  o r  i n  c o m b in a t io n .
n i t r o g e n

The c h a n g e s  o c c u r r i n g  i n  t h e  n o n - p r o t e i r / c o n c e n t r a t i o n  

o f  th e  b lo o d  a f t e r  t h e  i n g e s t i o n  o f  u r e a  have  b e e n  s tu d i e d  i n  

h e a l t h  and i n  v a r i o u s  p a t h o l o g i c a l  c o n d i t i o n s .

From t h e  r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  one f e e l s  

j u s t i f i e d  i n  a r r i v i n g  a t  t h e  f o l l o w i n g  c o n c l u s io n s  -

1 .  P ro lo n g e d  f a s t i n g  t e n d s  t o  r e d u c e  t h e  n o n - p r o t e i n  n i t r o g e n  

c o n c e n t r a t i o n  o f  t h e  b lo o d .

2 .  T h a t  n e i t h e r  g lu c o s e  n o r  f a t  s i n g l y  o r  i n  c o m b in a t io n ,  have  

t h e  pow er t o  s t i m u l a t e  n i t r o g e n  m e ta b o l i s m  was shown b y  th e  f a c t  

t h a t  t h e i r  a d m i n i s t r a t i o n  p ro d u c e d  no i n c r e a s e  i n  t h e  v a lu e  o f  

t h e  b lo o d  n o n - p r o t e i n  n i t r o g e n .

3 .  The i n g e s t i o n  o f  u r e a  i n  h e a l t h  c a u s e s  an  i n c r e a s e  i n  n o n 

p r o t e i n  n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  b lo o d .  The maximum p o i n t  

o f  t h e  c u r v e  i s  a t t a i n e d  w i t h i n  a p e r i o d  o f  two h o u r s .

4 .  The i n g e s t i o n  o f  u r e a  i n  h e p a t i c  d i s e a s e  c a u s e s  an  i n c r e a s e  

i n  v a l u e  i n  t h e  n o n - p r o t e i n  n i t r o g e n  o f  t h e  b lo o d  w h ich  d o e s  n o t
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r e a c h  i t s  h i g h e s t  p o i n t  a f t e r  a n  i n t e r v a l  o f  2 h o u r s .  The 

a v e r a g e  f a s t i n g  n o n - p r o t e i n  n i t r o g e n  v a l u e  i s  s l i g h t l y  h i g h e r  

t h a n  i n  h e a l t h  and  t h e  a s c e n t  o f  t h e  c u r v e  i s  much more g r a d u a l  

t h a n  i n  n o rm a l  c h i l d r e n ,  b u t  th e  maximum h e i g h t  u l t i m a t e l y  

a t t a i n e d  i s  g r e a t e r ,

5 .  The i n g e s t i o n  o f  u r e a  i n  c a s e s  o f  m u s c u la r  d y s t r o p h y  p r o 

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

i n e f f i c i e n c y .

6 .  The n o n - p r o t e i n  n i t r o g e n  c u r v e  f o l l o w i n g  t h e  i n g e s t i o n  o f  

u r e a  i n  c h i l d r e n  who a r e  t h e  s u b j e c t s  o f  rh e u m a tism  shows t h a t  

h a l f  o f  t h e  p a t i e n t s  i n v e s t i g a t e d  gave a n o rm a l r e s u l t .  I n  t h e  

r e m a i n d e r ,  h o w ev e r ,  t h e  c u rv e  was s i m i l a r  t o  t h a t  o b t a i n e d  i n  

h e p a t i c  d i s e a s e .

T h a t  d i s t u r b a n c e  o f  n i t r o g e n  and c a r b o h y d r a t e  m e ta 

b o l i s m  may o r  may n o t  c o - e x i s t  i s  d e m o n s t r a t e d  b y t  he f a c t  t h a t  

a  n o rm a l n o n - p r o t e i n  n i t r o g e n  c u rv e  may accompany a  n o rm a l a s  

w e l l  a s  an  a b n o rm a l l a e v u l o s e  c u r v e .

7 .  The i n g e s t i o n  o f  u r e a  i n  c a s e s  o f  n e p h r i t i s  p ro d u c e s  i n  40$ 

o f  t h e  p a t i e n t s  a n o rm a l n o n - p r o t e i n  n i t r o g e n  c u rv e  &in th e  r e m a in 

i n g  60$ an  ab n o rm al c u rv e  r e s e m b l in g  t h a t  o b t a i n e d  i n  l i v e r  d i s e a s e .  

I n  c a s e s  o f  k id n e y  d i s e a s e  -  e x c lu d in g  n e p h r i t i s  -  th e  r e s p o n s e

t o  t h e  i n g e s t i o n  o f  u r e a  was norm al i n  e a c h  c h i l d ,  th u s  show ing 

t h a t  r e n a l  d i s e a s e  o f  i t s e l f  i s  n o t  s u f f i c i e n t  to  c a u s e  an  a b 

norm al n o n - p r o t e i n  n i t r o g e n  c u r v e .



8 .  The i n g e s t i o n  o f  u r e a  i n  c a s e s  o f  c o e l i a c  d i s e a s e  p r e s e n t s  

a c u r v e  w h ic h  d i f f e r s  i n  no e s s e n t i a l  p a r t i c u l a r  f ro m  t h a t  

o b t a i n e d  i n  h e p a t i c  i n e f f i c i e n c y  o r  i n  d i s e a s e  o f  th e  m u s c u la r  

s y s te m .

9 .  T h e se  r e s u l t s  a p p e a r  t o  g iv e  c l i n i c a l  c o n f i r m a t i o n  to  th e  

c o n c l u s i o n s  a r r i v e d  a t  by  G.D. C a t h c a r t  -  n am ely , t h a t  i n  h e a l t h  

I n g e s t e d  u r e a  i s  s t o r e d  by  t h e  l i v e r  and th e  m u s c le s .  A p p a r e n t ly  

i n  d i s e a s e  o f  e i t h e r  th e  f o rm e r  o r  t h e  l a t t e r  t h i s  f u n c t i o n  i s  

d i m i n i s h e d  o r  l o s t .



APPENDIX SECTION A.

SUMMARIES o f  CASE REPORTS o f  CHILDREN s u f f e r i n g  from
HEPATIC DISEASE.

C ase  1 . Boy 3-J y e a r s .  P r e v io u s  h i s t o r y ,  n o t  i m p o r t a n t .
V o m itin g  f o r  9 d a y s ,  accom p an ied  by d a r k  u r i n e  and  w h i te  s t o o l s .
J a u n d i c e  o f  4 d ay s  d u r a t i o n .  L i v e r  p a l p a b l e  l j  i n .  below  c o s t a l  
m a r g in .  U r in e  c o n t a i n e d  b i l e  p ig m e n t .

Case  2 . G i r l  8 y e a r s .  P r e v io u s  h i s t o r y ,  n o t  e s s e n t i a l .  
N ausea  and a n o r e x i a  f o r  7 w eek s .  I n t e r m i t t e n t  j a u n d ic e  f o r  4 
weeks acco m p an ied  by l i g h t  c o lo u r e d  s t o o l s ,  d a r k  u r in e  and 
o c c a s i o n a l  v o m i t i n g .  L i v e r  4 i n .  b e lo w  c o s t a l  m a rg in .  W assermann 
r e a c t i o n  n e g a t i v e .  M ic ro s c o p ic  b lo o d  e x a m in a t io n ,  s e c o n d a ry  
a n a e m ia .  F r a g i l i t y  o f  r e d  c e l l s  n o r m a l .  Van den B ergh : 32 u n i t s ,  
b i p h a s i c .

C ase  3 .  G i r l  5 y e a r s .  P r e v io u s  h i s t o r y ,  n o t  e s s e n t i a l .
L o ss  o f  a p p e t i t e  and i r r i t a b l e  6 days  ago . Next day v o m i t in g
b e g a n  an d  was acco m p an ied  by j a u n d i c e ,  p a l e  s t o o l s ,  d a rk  u r i n e  
and  i t c h i n e s s  o f  t h e  s k i n .  L i v e r  2 i n .  below  c o s t a l  m a r g in .  
W asserm ann r e a c t i o n  n e g a t i v e .  M ic ro s c o p ic  b lo o d  e x a m in a t io n ,  
s e c o n d a ry  a n a e m ia .  Van den B erg h : b i p h a s i c  r e a c t i o n ,  14 u n i t s .

C ase  4 .  G i r l  8 y e a r s .  P r e v io u s  h i s t o r y ,  u n im p o r t a n t .
Naus e a and a n o r  e x i  a f o r  4 d a y s .  V o m itin g ,  c o n s t i p a t i o n  and  a b 
d o m in a l  p a i n  f o r  3 d a y s .  J a u n d ic e  f o r  2 d a y s .

Case 5 .  Boy 5 y e a r s .  P r e v io u s  h i s t o r y ,  a c u te  rh e u m a tism  
A ugust 1 9 5 1 . H e a r t  n o t  a f f e c t e d .  J a u n d ic e  o f  4 days d u r a t i o n  
ac c o m p a n ie d  by  v o m i t in g .  L i v e r  b o r d e r  2 i n .  below c o s t a l  m a rg in .

C ase  6 .  G i r l  1 y e a r  and 4 m o n th s .  H e a l th y  baby , b u t  a lw ays  
p a l e .  J a u n d ic e  f o r  1 w eek. L iv e r  p a l p a b l e  b u t  n o t  e n l a r g e d .  
S p le e n  2 I n .  be low  c o s t a l  m a rg in .  M ic ro sc o p ic  b lo o d  e x a m in a t io n ,  
s e c o n d a ry  a n a e m ia .  T ra c e  o f  u r o b i l i n  i n  u r i n e .  Van d en  B erg h :  
d i r e c t ,  n e g a t i v e ;  i n d i r e c t ,  p o s i t i v e .
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Caae 7 . G i r l ,  2-§ y e a r s .  P r e v i o u s  h i s t o r y  n o t  o f  i n t e r e s t .  
F o r  9 d a y s  ab d o m in a l  p a i n  and  j a u n d i c e  have  b e e n  p r e s e n t ,  
a cc o m p a n ie d  by  c l a y - c o l o u r e d  s t o o l s  and  d a r k  u r i n e .
E x a m i n a t i o n . W e l l - m a rk e d  j a u n d i c e .  L i v e r  p a l p a b l e  4 fT be low th e  
c o s t a l  m a r g i n .  S p l e e n  p a l p a b l e .  U r in e  c o n t a i n e d  u r o b i l i n  and 
b i l e  p i g m e n t .

Case 8 . Boy, 6  y e a r s .  P r e v io u s  h i s t o r y  n o t  e s s e n t i a l .  
V om ited  3 weeks ago and  a few days  l a t e r  j a u n d i c e  d e v e l o p e d .  
E x a m i n a t i o n . Marked j a u n d i c e .  L i v e r  m a r g in  p a l p a b l e  l ” be low 
c o s t a l  m a r g i n .  U r in e  c o n t a i n e d  b i l e - p i g m e n t  and th e  s t o o l s  were 
c l a y - c o l o u r e d .  Van den Bergh R e a c t i o n  - d i r e c t ,  p o s i t i v e .

Case 9 .  Boy, 4 y e a r s .  H e a l t h y  u n t i l  l a s t  5 weeks,  when he 
became l i s t l e s s  and l o s t  h i s  a p p e t i t e .  Vomit ing  and r i g h t - s i d e d  
ab d o m in a l  p a i n  f o r  4 d a y s .  Motions  l o o s e ,  u r i n e  d a r k .  No 
j a u n d i c e .  Abdomen t e n d e r  and r e s i s t a n t .  F e v e r  p r e s e n t .  At 
o p e r a t i o n ,  g a l l  b l a d d e r  g r e a t l y  d i s t e n d e d  and l i v e r  r e a c h e d  to  
u m b i l i c u s .  No s t o n e s  were f o u n d .  U r i n e ,  no abnormal  c o n s t i t u e n t .  
L a e v u l o s e  t o l e r a n c e  t e s t ,  p o s i t i v e .

Case  1 0 .  Boy, 1 y e a r .  D i a g n o s i s ,  b i l i a r y  c i r r h o s i s .
S i n c e  b i r t h  h a d  had  5 a t t a c k s  o f  j a u n d i c e ,  accompanied  by  l i g h t  
s t o o l s  and d a r k  u r i n e ,  which  c l e a r e d  w i t h i n  1 week. I r r i t a b l e  
and l o s s  o f  a p p e t i t e  f o r  1 month .  S w e l l i n g  o f  abdomen n o t i c e d  
2 weeks a g o .  L i v e r  and s p l e e n  b o t h  g r e a t l y  e n l a r g e d .  Van den 
B e rg h  r e a c t i o n :  d i r e c t ,  n e g a t i v e ;  b i p h a s i c ,  p o s i t i v e ;  i n d i r e c t ,
3 . 5  u n i t s  o f  b i l i r u b i n .  F r a g i l i t y  o f  r e d  c e l l s ,  u n a l t e r e d .  
Wassermann r e a c t i o n ,  n e g a t i v e .  Blood p i c t u r e ,  s e c o n d a ry  a n a e m ia .

Case  1 1 .  G i r l ,  2J- y e a r s .  H e a l t h y  f o r  f i r s t  9 m o n th s ,  t h e n  
d i a r r h o e a  d e v e l o p e d ;  6 - 7  s t o o l s  d a i l y  c o n t a i n i n g  b lo o d  and 
m u c u s . Abdomen b eg an  to  e n l a r g e .
E x a m i n a t i o n . C h e s t  d u l l  to  p e r c u s s i o n  a l l  o v e r  l e f t  s i d e  of  
back  acco m p a n ie d  by d e f e c t i v e  R.M, L i v e r  3 ” and s p l e e n  I 11 below 
c o s t a l  m a r g i n .  P a r a c e n t e s i s  gave b l o o d .  No c a n c e r  c e l l s  on 
h i s t o l o g i c a l  e x a m i n a t i o n .  Blood f i l m s  showed no a b n o r m a l i t y .  
D i a g n o s i s  . Tumour o f  l u n g  i n v o l v i n g  l i v e r .

Case 1 2 .  Boy, 9 y e a r s .  S w e l l in g  o f  abdomen d a t i n g  f rom 
i n f a n c y . Ho symptoms. L i v e r  3 i n .  below c o s t a l  m a r g in .
L a e v u l o s e  c u r v e ,  p o s i t i v e .  F i f t y  pe r  c en t  r i s e  i n  b l o o d - s u g a r  
v a l u e  f o l l o w i n g  t h e  i n g e s t i o n  o f  l a e v u l o s e .

Case 1 3 .  G i r l ,  4 y e a r s .  P r e v io u s  h i s t o r y ,  p y u r i a .  G en e ra l  
h e a l t h  g o o d .  A c t i v e  c h i l d .  L i v e r  2 I n .  be low c o s t a l  m a r g in .
U r in e  c l e a r .  B lood  u r e a ,  1 9 .1  mgrm. pe r  c e n t .
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Case  1 4 . G i r l ,  8  y e a r s .  H e a l t h y  u n t i l  18 months o ld
when abdomen b eg a n  t o  s w e l l  : t h i s  h a s  c o n t i n u e d .  Motions
became l a r g e ,  s o f t ,  f o u l - s m e l l i n g  and f r e q u e n t .  P e r i o d i c  
a t t a c k s  o f  v o m i t i n g  f o l l o w e d  t h e  e a t i n g  o f  f a t t y  f o o d s .
At  4 y e a r s  o f  age  she  h a d  an a t t a c k  o f  j a u n d i c e  w h ic h  l a s t e d  
f o r  t h r e e  m o n t h s .
E x a m i n a t i o n . L i v e r  r e a c h e d  44-" below th e  c o s t a l  m a r g in .
S p l e e n  n o t  p a l p a b l e .  B lood  e x a m i n a t i o n ,  n o r m a l .  Wassermann 
r e a c t i o n ,  n e g a t i v e .  F r a g i l i t y  o f  r e d  c e l l s ,  n o rm a l .  Blood 
s u g a r  c u r v e  f o l l o w i n g  t h e  I n g e s t i o n  o f  g l u c o s e ,  n o r m a l .
The t o l e r a n c e  t o  l a e v u l o s e  was d e c r e a s e d .

Case 1 5 . G i r l ,  6  y e a r s .  H e a l t h y  u n t i l  13 months o l d
when d i a r r h o e a  d e v e l o p e d  and h a s  c o n t i n u e d ,  w i t h  s h o r t  r e 
m i s s i o n s ,  s i n c e .  R e c e n t l y  s e v e r e  cough h a s  b e e n  p r e s e n t  and  
t h e r e  h a s  b e e n  c o n s i d e r a b l e  l o s s  o f  w e i g h t .
E x a m i n a t i o n . S m a l l ,  p o o r l y  n o u r i s h e d  c h i l d  w i t h  p r o t u b e r a n t  
abdomen. L e f t  l u n g  d u l l  t o  p e r c u s s i o n  below an g le  o f  
s c a p u l a ;  r e s p i r a t o r y  murmur a b s e n t :  o c c a s i o n a l  r a l e .  L i v e r ,  

and s p l e e n  3 ,f below c o s t a l  m a r g in .  Wassermann R e a c t i o n ,  
n e g a t i v e ,  F r a g i l i t y  o f  r e d  c e l l s ,  n o r m a l .  Blood c o a g u l a t i o n  
p e r i o d ,  n o r m a l .  B lood f i l m s :  s e c o n d a r y  anaem ia .  Van den
B erg h  r e a c t i o n :  d i r e c t ,  n i l :  I n d i r e c t ,  5 u n i t s .  S e c t i o n s
o f  l i v e r  and s p l e e n  showed d i f f u s e  am ylo id  d e g e n e r a t i o n .

Case 1 6 .  G i r l ,  8  y e a r s .  P r e v io u s  h i s t o r y ,  n o t  I m p o r t a n t .  
I n t e r m i t t e n t  j a u n d i c e  f o r  2 y e a r s .  C o n s t a n t  f o r  6  m on ths .  
D u r in g  a t t a c k s  s t o o l s  a r e  w h i t e  and u r i n e  d a r k .  Two months  
ago abdomen b e g a n  to  s w e l l .  L i v e r  and s p l e e n  g r e a t l y  e n l a r g e d .  
U r i n e :  u r o b i l i n  p r e s e n t ,  b i l i r u b i n  a b s e n t .  F r a g i l i t y  o f  r e d  
c e l l s  n o t  I n c r e a s e d .  Van d en  B ergh :  b i p h a s i c  r e a c t i o n ,  11 
u n i t s  o f  b i l i r u b i n .

Case 1 7 .  G i r l ,  10 y e a r s .  H e a l th y  u n t i l  7 y e a r s  o f  age  
when in '  h o s p i t a l  w i t h  d i p h t h e r i a ,  e n l a r g e d  s p l e e n  fo u n d .  C h i l d  
o t h e r w i s e  w e l l .  S k in  d a r k ,  p i g m e n t a t i o n  o f  f l e x u r e s .  No
j a u n d i c e .  L i v e r  and  s p l e e n  b o t h  e n l a r g e d .  No g l a n d u l a r  e n 
l a r g e m e n t ,  B lood p i c t u r e ,  s e c o n d a ry  anaem ia .  F r a g i l i t y  o f  
r e d  c e l l s  n o t  i n c r e a s e d .  U r i n e ,  no b i l e  p ig m e n t .  Van den 
B e r g h :  d i r e c t ,  n e g a t i v e ;  i n d i r e c t ,  2 u n i t s .  S p l e n i c  p u n c t u r e ,  
B a n t i * s  d i s e a s e .

Case 1 8 .  G i r l ,  9 y e a r s .  Adopted c h i l d ,  p r e v i o u s  h i s t o r y  
unknow n. On day  o f  a d m i s s i o n  headache  and v o m i ted  a b o u t  5 o z .  
b r i g h t  r e d  b lo o d  f o l l o w e d  2 hours  l a t e r  by v o m i t in g  o f  d a rk  
brown m a t e r i a l .  P h y s i c a l  e x a m in a t io n  n e g a t i v e .  B e n z id in e  t e s t  
on s t o o l ,  p o s i t i v e .  L a e v u lo se  c u r v e ,  p o s i t i v e .
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Case 1 9 . G i r l ,  6 w eek s . Normal p re g n a n c y  and l a b o u r .
J a u n d i c e d  a t  b i r t h  -  I n c r e a s e d  f o r  4 weeks and  th e n  v e r y  
g r a d u a l l y  d i s a p p e a r e d .
E x a m i n a t i o n . S k in  and  c o n j u n c t i v a s  m a r k e d ly  J a u n d ic e d .
S p le e n  and  l i v e r  b o t h  r e a c h e d  2 ff be low  c o s t a l  m a r g in .  B lood 
f i l m s  showed s e c o n d a ry  a n a e m ia .  W assermann R e a c t io n  -  n e g a t i v e .  
B i l e  p r e s e n t  i n  u r i n e .  S t o o l s  w h i t e ,  b u t  l a t e r  c o l o u r e d .  Van 
den  B e rg h  r e a c t i o n  -  d i r e c t ,  n e g a t i v e :  i n d i r e c t ,  3 u n i t s .

V. - i.

■'V
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SECTION B.

SUMMARIES o f  CASE REPORTS o f  CHILDREN s u f f e r i n g  
f ro m  DISEASES o f  t h e  MUSCULAR SYSTEM.

Case 1 . Boy, 8  y e a r s .  H e a l t h y  b ab y .  Walked a t  1-J- y e a r s  
b u t  h a s  a lw ays  b e e n  u n s t e a d y  and n e v e r  a c t i v e ;  a lw ays  d i f f i 
c u l t y  i n  g o i n g  u p s t a i r s  o r  i n  r i s i n g  f ro m  recum ben t  p o s i t i o n .  
Can s t i l l  w a lk  a l o n e  f o r  a s h o r t  d i s t a n c e .
E x a m i n a t i o n . G e n e r a l i s e d  weakness  o f  a l l  m u s c l e s .  S c a p u la e  
w i n g e d .  H y p e r t r o p h y  o f  i n t e r s c a p u l a r  and lum bar  m u s c l e s ,  a l s o  
o f  c a l v e s  and t h i g h s .  R i s e s  f ro m  t h e  g ro u n d  by c l im b in g  up 
l e g s .  B lood  s u g a r  c u rv e  r i s e s  48^  f o l l o w i n g  t h e  i n g e s t i o n  
o f  l a e v u l o s e .

C as  e 2 . Boy, 10 y e a r s .  H e a l t h y  b a b y .  Walked a t  l i  y e a r s  
b u t  a lw a y s  a p p e a r e d  t o  move s t i f f l y .  Always b e e n  f a t  and 
n e v e r  a c t i v e .  At 6  y e a r s  d e f i n i t e  weakness o f  m usc les  
d e v e l o p e d  and h a s  g r a d u a l l y  i n c r e a s e d .  Has d i f f i c u l t y  i n  
b a l a n c i n g .  R i s e s  f ro m  g r o u n d  by  c l i m b i n g  up l e g s .
E x a m i n a t i o n . D e l t o i d ,  g l u t e i  and t h i g h  m u s c l e s  h y p e r t r o p h i e d .  
A t r o p h y ,  i f  p r e s e n t ,  i s  masked  by d e p o s i t s  o f  f a t .  S c a p u la e  
w in g e d .  Marked l o r d o s i s .  B i l a t e r a l  pes  cavus  and e q u i n u s .  
S h o u l d e r s  s l i p  t h r o u g h  arms when g r a s p e d .  Marked weakness  o f  
a l l  m u s c l e s .  S e n s a t i o n  u n d i s t u r b e d .

Case 3 .  Boy, 12 y e a r s .  H e a l t h y  b ab y .  Remained w e l l  
u n t i l  7  y e a r s  o f  age when t h e  l e g s  were  n o t i c e d  to be o f  a 
p e c u l i a r  s h a p e .  C o n d i t i o n  h a s  g r a d u a l l y  p r o g r e s s e d .  
E x a m i n a t i o n .  G a i t  u n s t e a d y ,  but '  w i t h  c a r e  can  w alk  a l o n e .  
Mark© d 1o rdo  s i s .  S c a p u la e  w inged .  S u p e r f i c i a l  r e f l e x e s  
p r e s e n t .  H y p e r t r o p h y  o f  s u p r a -  and i n f r a -  s p i n a t i ;  a l s o  o f  
g l u t e i  a n d  c a l f  m u s c l e s .  Th ighs  a t r o p h i e d .  B i l a t e r a l  pes 
cavus  and e q u i n u s .  No Rombergism.

Case 4 .  G i r l ,  11 y e a r s .  H e a l t h y  u n t i l  6  y e a r s  o ld ,^ w h e n  
b e g a n  t o  f a l l  f r e q u e n t l y ,  was n o t  r u n n in g  a b o u t ,  was e a s i l y  
t i r e d  a n d  h a d  d i f f i c u l t y  i n  g o ing  up s t a i r s .
E x a m in a t i o n .  C a lv e s  much h y p e r t r o p h i e d .  S l i g h t  l o r d o s i s .  
S h o u l d e r s  s l i p  t h r o u g h  hands  when l i f t e d .  Climbs up h e r  l e g s  
on r i s i n g .  No s e n s o r y  d i s t u r b a n c e s .
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Case 5 .  Boy, 7 y e a r s .  H e a l th y  c h i l d .  When 4§ y e a r s  o ld  
b eg an  t o t u r n  I n  r i g h t  f o o t  when w a lk in g .  T h is  was f o l lo w e d  
by  w e ak n ess  o f  a l l  t h e  l e g  m u s c l e s . .  The c o n d i t i o n  h as  g r a d u a l l y  
p r o g r e s s e d  u n t i l  c h i l d  can o n ly  w a lk  a lo n e  w i t h  g r e a t  d i f f i c u l t y  
E x a m in a t io n .  G ross  a t r o p h y  o f  g l u t e i ,  t h i g h  and c a l v e  m u s c l e s .
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SECTION C.

SUMMARIES o f  CASE SHEETS o f  CHILDREN s u f f e r i n g  f ro m  

t h e  RHEUMATIC INFECTION

Case 1 . G i r l ,  12 y e a r s .  Adopted  c h i l d .  E a r l y  h i s t o r y  
unknown.  T o n s i l s  an d  a d e n o id s  removed a t  5 y e a r s .  No h i s t o r y  
o f  g ro w in g  p a i n s .  J e r k y  movements p r e s e n t  f o r  4 weeks .  
E x a m i n a t i o n . C horea  p r e s e n t .  H e a r t  -  N i l .

Case  2 . Boy, 10 y e a r s .  H e a l t h y  u n t i l  6  weeks ago ,  when 
he b egan  t o  t w i t c h .
E x a m l n a t i o n . C h o re a .  H e a r t ,  N i l .

Case  3 . Boy, 9 y e a r s .  A t t a c k s  o f  Chorea  w i t h  c a r d i t i s  
when 6 , 7 ,  and 8  y e a r s  o f  a g e .  Been a t t e n d i n g  c a r d i a c  C l i n i c  
f o r  1  y e a r :  d u r i n g  t h i s  t im e  h e a r t  sounds hav e  b e en  p u r e .
C h o rea  r e t u r n e d  3 weeks ago .
E x a m i n a t i o n . C h o re a .  H e a r t  sounds  n o t  good,  b u t  no murmurs 
h e a r d .

Case  4 .  G i r l ,  9 y e a r s .  C e r v i c a l  a d e n i t i s  w i t h  r e p e a t e d  
s u r g i c a l  i n t e r f e r e n c e  f o r  l a s t  4 y e a r s .  Chorea  f o r  3 w eeks .  
E x a m i n a t i o n . C h o r e a .  S o f t  V .S .  a t  a p e x :  n o t  c o n d u c t e d .

Case  5 .  G i r l ,  7 y e a r s .  H i s t o r y  o f  r e c u r r e n t  so re  t h r o a t s .  
S c a r l e t  f e v e r  4  m o n t h s ' a g o :  d i s c h a r g e d  w i t h  c a r d i a c  l e s i o n .
S i n c e  d i s m i s s a l  i n t e r m i t t e n t  c h o r e a .
E x a m i n a t i o n . C h o re a .  Sounds a t  apex  o f  poor  q u a l i t y  where 
V .S .  and V.D. murmurs a r e  h e a r d .  Nodules  p r e s e n t .

Case 6 . Boy, 11 y e a r s .  H e a l t h y  u n t i l  c h o re a  1 y e a r  ago .
Has h  ad so r e  t h r o a t s  s i n c e  and ch o re a  has  r e c u r r e d .
E x a m i n a t i o n . C h o r e a .  H e a r t  n o t  E n la rg e d ,  b u t  V . S . ,  A . S . ,  and
"nT.D. murmurs h e a r d  a t  ap ex .

Case  7 .  G i r l ,  a g ed  8  y e a r s .  H e a l th y  u n t i l  ̂  append!  cec tomy 
t h r e e  m o n th s  ago f o l l o w e d  by  p a in s  i n  neck  and l i m b s .  Chorea  f o r  
3 w e e k s .
Examln a t i  o n . C h o r e a .  Nodules  p r e s e n t .  T o n s i l s  e n l a r g e d .
He a r t  sounds  o f  v e r y  p o o r  q u a l i t y .  V.S.  a t  apex .
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Case  8 . G i r l  7 y e a r s .  P r e v i o u s  h i s t o r y  n o t  e s s e n t i a l .  
One week b e f o r e  a d m i s s i o n  p a i n  i n  c h e s t ,  b u t  no j o i n t  p a i n s ,  
s o r e  t h r o a t  o r  C h o r e a .
E x a m i n a t i o n . P e r i c a r d i a l  f r i c t i o n  and  s o f t  V .S .  Sounds o f  
f & i r  q u a l i t y .  3 months  a f t e r  d i s m i s s a l  h e a r t  was p a s s e d  
as  n o rm a l  a t  C a r d i a c  C l i n i c .

Case  9 . G i r l ,  12 y e a r s .  Always h e a l t h y .  P a in s  i n  l im bs  
and s o r e  t h r o a t  f o r  3 d a y s .  Vomited y e s t e r d a y  and  a n k l e s  
b egan  to  s w e l l .
E x a m i n a t i o n . V a r i o u s  j o i n t s  p a i n f u l  b u t  n o t  s w o l l e n .  V.S.  
a t  ap ex  c o n d u c t e d  t o  a x i l l a .

Case  1 0 . G i r l ,  5 y e a r s .  Always h e a l t h y .  B r o n c h i a l  
c a t a r r h ,  5 weeks  a g o .  Chorea  f o r  3 w eeks .
E x a m i n a t i o n . C h o r e a .  V .S .  a t  apex ,  w e l l  c o n d u c te d  to  a x i l l a .

Case  1 1 . G i r l ,  7 y e a r s .  Had an a t t a c k  o f  Chorea  a t  4 
y e a r s  w h i c h  l a s t e d  f o r  6  m o n th s .  R e c u r r e d  5 weeks ago .  
E x a m i n a t i o n . C h o r e a .  V .S .  a t  apex  c o n d u c te d  to  a x i l l a .  H e a r t  
n o t  e n l a r g e d .

Case  1 2 .  G i r l ,  10 y e a r s .  Had c h o r e a  w i t h  c a r d i a c  i n 
v o l v e m e n t  a t  5 y e a r s .  Remained w e l l  u n t i l  1 week ago when 
c h o r e a  r e - a p p e a r e d .
E x a m i n a t i o n . C h o r e a .  V .S .  a t  ap ex ,  c o n d u c te d  to  a x i l l a .

Case 1 3 .  G i r l ,  5 y e a r s .  Well  u n t i l  6  weeks ago ,  when 
c e r v i c a i  a d e n i t i s  d e v e l o p e d .  This  was f o l lo w e d  by  p a i n s  in  
arms and  l e g s .
E x a m i n a t i o n . S l i g h t  c h o r e i f o r m  movements: no j o i n t  s w e l l i n g s  
o r  n o d u l e s  . V .S .  a t  apex  c o n d u c te d  to  a x i l l a .

Case  1 4 .  Boy, 7 y e a r s .  Well  u n t i l  had  a c u t e  rheum at ism  
and c a r d i t i s  9 months  a g o .  F l i t t i n g  j o i n t  s w e l l i n g s  have 
p e r s i s t e d .  T w i t c h i n g  o f  l im b s  f o r  8  d a y s .
E x a m i n a t i o n . C h o re a .  V.S .  a t  ap e x ;  sounds  v e r y  poor  i n  
q u a l i t y .

Case 1 5 .  Boy, 10 y e a r s .  H e a l th y  u n t i l  6  months ago when 
he  h a d  g ro w in g  p a i n s .  Has b e en  t w i t c h i n g  f o r  2 w eeks .
Examlna t i  o n . C h o re a .  Sounds o f  f a i r  q u a l i t y :  s o f t  a p i c a l  V .S .

Case  1 6 .  G i r l ,  10 y e a r s .  S c a r l e t  f e v e r  a t  6  y e a r s  
Movements o f  h a n d s  f o r  t h r e e  m on ths ,  H i s t o r y  o f  . n o d u le s  
and p a i n s  i n  th e  j o i n t s .
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E x a m l n a t j o n . M o d e ra te  c h o r e a .  No n o d u l e s .  T o n s i l s  e n l a r g e d  
and u n h e a l t h y .  Sounds o f  f a i r  q u a l i t y ;  s o f t  V .S .  a t  a p e x ,  
w e l l  c o n d u c t e d  to  a x i l l a .

Case  1 7 . G i r l ,  4 y e a r s .  H e a l t h y  u n t i l  t h r e e  months ago
when she  h a d  s c a r l e t  f e v e r  accom pan ied  b y  a r t h r i t i s .  Unable
to  w a lk  on d i s m i s s a l .  P a i n  and s t i f f n e s s  h a s  c o n t i n u e d .  
E x a m i n a t i o n . No t r u e  l i m i t a t i o n  o f  j o i n t  movements.  V .S .  
h e a r d  a l l  o v e r  p r a e c o r d i u m .

C ase  1 8 . G i r l ,  9 y e a r s .  H e a l t h y  u n t i l  6 weeks ago ,  when
f l i t t i n g  j o i n t  p a i n s  accom pan ied  by s w e l l i n g  d e v e l o p e d .
E x a m i n a t i o n . A r t h r i t i s .  Sounds o f  p o o r  q u a l i t y :  l o u d  V.S.  
c o n d u c t e d  t o  a x i l l a .

Case  1 9 .  Boy, 11 y e a r s .  P r e v i o u s  h i s t o r y  n o t  o f  i n t e r e s t .  
2  weeEs ago p a i n  and s w e l l i n g  o f  j o i n t s ,  a lo n g  w i t h  b r e a t h l e s s 
n e s s  on  e x e r t i o n .
E x a m i n a t i o n . No c h o r e a  o r  a r t h r i t i s  o r  n o d u l e s .  V .S .  a t  apex  
c o n d u c t e d  t o  a x i l l a .  Sounds o f  f a i r  q u a l i t y .
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SECTION D .

SUMMARIES o f  CASE REPORTS o f  CHILDREN s u f f e r i n g  
f ro m  RENAL DISEASE.

GROUP I .  NEPHRITIS.

C ase  0 . Boy, 8  y e a r s .  P r e v i o u s  h i s t o r y  n o t  e s s e n t i a l .
S o r e  t h r o a t  5 days  b e f o r e  a d m i s s i o n ,  f o l l o w e d  by s w e l l i n g  o f
f a c e ,  f e e t  an d  l e g s .  U r in e  was r e d  and s c a n t y  i n  amount.  
Comatose when e x a m in e d .  Lumbar p u n c t u r e  p e r fo r m e d .  This  was 
f o l l o w e d  b y  c o n v u l s i o n s .  T r a n s i t o r y  b l i n d n e s s  on r e g a i n i n g  
c o n s c i o u s n e s s .  U r i n e  c o n t a i n e d  a b u n d a n t  a lbumen and b l o o d .  
B lood  p r e s s u r e  n o t  r a i s e d .

Case  1 .  Boy, 9 y e a r s .  H e a l t h y  u n t i l  3 days  ago ,  when 
f a c e  began  to  s w e l l  and v o m i t i n g  to o k  p l a c e .  U r in e  s a i d  t o
be s c a n t y  and  o f  a d a r k  c o l o u r .
E x a m i n a t i o n . Oedema of  f e e t ,  l e g s  and lum bar  r e g i o n .  O p h t h a l 
m o sc o p ic  e x a m i n a t i o n  showed no a b n o r m a l i t y .  Urine c o n t a i n e d  
b l o o d  a n d  a lb u m e n .  S y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e  
120 and 80 mg. Hg.

Case 2 .  Boy 3 4 / l 2  y e a r s .  P r e v io u s  h i s t o r y  o f  r e c u r r i n g  
t o n s i l l i t i s  was g i v e n .  S o re  t h r o a t  accompanied  by  f e v e r  10 
days  a g o .  U r in e  s c a n t y  and  d a r k  i n  c o l o u r  f o r  one d ay .  
E x a m i n a t i o n . No a b n o r m a l i t y  fo u n d .  S y s t o l i c  and d i a s t o l i c  
b l o o d  p r e s  s u r e  100 and 60 mg.Hg. U r ine  c o n t a i n e d  b l o o d  and 
a lbumen and  c a s t s .

Case  3 .  Boy,  6  y e a r s .  T o n s i l l i t i s  o c c u r r i n g  a t  I n t e r 
v a l s  f o r  3 y e a r s .  S w e l l i n g  o f  f a c e  f o r  two days. U r in e  d a rk  
i n  c o l o u r  f o r  one d a y .  „ n
Examina t i  o n . N i l .  S y s t o l i c  and  d i a s t o l i c  b l o o d  p r e s s u r e  1 2 0  
and 80 mg, Hg. U r in e  c o n t a i n e d  a lbumen,  b lo o d  and c a s t s .

Case 4 . Boy, 8  y e a r s .  H e a l th y  u n t i l  one week ago when 
f a c e  became p u f f y .  E a r a c h e  and d i s c h a r g i n g  e a r s  f o r  5 d a y s .  
Abdominal  p a i n ,  v o m i t i n g  and h e ad ac h e  accompanied b y  f e v e r

E x a m i n a t i o n . Boy s e m i - c o n s c i o u s .  S l i g h t  lumbar oedema. T o n s i l s  
u n h e a l t h y .  S y s t o l i c - d i a s t o l i c  b lood  p r e s s u r e  100 and 60 mg.Hg. 
U r i n e  c o n t a i n e d ,  b l o o d ,  a lbumen and c a s t s .



-1 1 8 -

Case 5 . Boy, 7 y e a r s .  H e a l t h y  u n t i l  one m on th  a g o ,  when 
he  d e v e l o p e d  a c e r v i c a l  a d e n i t i s  -  t h e r e  was no accom pany ing  
s o r e  t h r o a t .  A nk les  s w o l l e n  f o r  5 d a y s .  F ace  p u f f y  f o r  one 
d a y .
E x a m i n a t i o n . Oedema o f  f a c e  and l e g s  and some f r e e  f l u i d  i n  
abdomen. S y s t o l i c  an d  d i a s t o l i c  b l o o d  p r e s s u r e ,  140 & 115 mg.Hg. 
U r i n e  c o n t a i n e d  a lb u m en ,  b l o o d  an d  a few  c a s t s .

Case 6 . Boy, 10 y e a r s .  P r e v i o u s  h i s t o r y  u n i m p o r t a n t .
4 weeks  ag o ,  r a s h  and f e v e r  (b u t  no d e s q u a m a t io n )  f o l l o w e d  by 
i n t e r m i t t e n t  s w e l l i n g  o f  f a c e ,  arms and l e g s .  O t o r r h o e a  f o r  1 
week.  E p i s t a x i s ,  l o s s  o f  a p p e t i t e  and f e v e r  f o r  2 d a y s .  T w i t c h 
i n g  o f  l i m b s  f o r  4 h o u r s  b e f o r e  a d m i s s i o n .
E x a m i n a t i o n . Comatose b u t  can  b e  r o u s e d  w i t h  d i f f i c u l t y .  Some 
o e d em a . U r in e  c o n t a i n e d  a lbum en,  b l o o d  and cas t3. O p h th a lm o sco p ic  
e x a m i n a t i o n ,  n i l .

Case 7 . Boy, 6  y e a r s .  B r o n c h i e c t a s i s  f o r  l a s t  3 y e a r s .
G e n e r a l  i s  ed  oedema f o r  4 d a y s  f o l l o w e d  by  o l i g u r i a .
E x a m i n a t i o n . S y s t o l i c  and  d i a s t o l i c  b lo o d  p r e s s u r e  118 & 80
mg. H g . U r in e  c o n t a i n e d  a lbum en ,  b l o o d  and c a s t s .

Case  8 . Boy, 11 y e a r s .  H e a l t h y  u n t i l  a f o r t n i g h t  ago,
when h e  became f e v e r e d  and went o f f  h i s  f o o d .  Face p u f f y  and 
u r i n e  d a r k  f o r  3 d a y s .
E x a m i n a t i o n . Boy had  a few c o n v u l s i o n s  a f t e r  a d m i s s i o n .  No
oeclema p r e s e n t .  Both o p t i c  d i s c s  s l i g h t l y  b l u r r e d  a t  the 
m a r g i n s ,  b u t  no  h a e m o r rh a g e s  o b s e r v e d .  S y s t o l i c  a n d  d i a s t o l i c  
b l o o d  p r e s s u r e  120 & 80 mg. Hg. U r in e  c o n t a i n e d  b lo o d  and 
a lbum en .

Case 9 .  G i r l ,  8  y e a r s .  S c a r l a t i n a l  n e p h r i t i s  two y e a r s  
ag o .  Made co m p le te  r e c o v e r y .  One y e a r  l a t e r  had  a second  
a t t a c k  w h ic h  d i d  n o t  c l e a r  u p ,  and c h i l d  h a s  b e e n  more o r  l e s s  
an i n v a l i d  s i n c e .
E x a m i n a t i o n . T o n s i l s ,  e n l a r g e d  and u n h e a l t h y .  T e e t h ,  c a r i o u s .
S y s t o l i c  and  d i a s t o l i c  b l o o d  p r e s s u r e  134 & 150 mg. Hg. U r ine  
c o n t a i n e d  a b u n d an t  a lbumen and a t r a c e  o f  b l o o d .

Case 1 0 .  Boy, 6  y e a r s  . Always h e a l t h y  u n t i l  two weeks ago
when f a c e  b e g a n  t o  s w e l l .  There  were no o t h e r  symptoms. 
E x a m i n a t i o n .  Marked oedema o f  l e g s ,  lum bar  r e g i o n  and  f a c e ,  b u t  
no f r e e  f l u i d  i n  th e  abdomen. O ph tha lm oscop ic  e x a m i n a t i o n  n e 
g a t i v e .  S y s t o l i c  and d i a s t o l i c  b lo o d  p r e s s u r e  90 & 75 mg.Hg.
U r in e  on a d m i s s i o n  c o n t a i n e d  a b u n d an t  albumen and c a s t s .  Blood 
was n o t  p r e s e n t  u n t i l  a f t e r  t h e  f i r s t  month o f  th e  i l l n e s s .
C h i l d  d i s m i s s e d  a f t e r  s e v e n  months i n  H o s p i t a l :  a l b u m i n u r i a  and 
oedema were s t i l l  w e l l - m a r k e d .
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Case 1 1 . G i r l ,  9 y e a r s .  H e a l t h y  u n t i l  one m onth  b e f o r e  
a d m i s s i o n ,  when f a c e  became p u f f y  & t h e  u r i n e  d a r k  i n  c o l o u r .  
E x a m i n a t i o n . No oedema p r e s e n t .  U r in e  c o n t a i n e d  a b u n d a n t  
a lbum en ,  b l o o d  and c a s t s .  O p h th a lm o sc o p ic  e x a m i n a t i o n  -  n e g a t i v e .  
S y s t o l i c  an d  d i a s t o l i c  b l o o d  p r e s s u r e  132 & 8 8  mg. Hg. C h i l d  
was d i s m i s s e d ,  w e l l ,  a f t e r  s i x  weeks r e s i d e n c e  i n  H o s p i t a l .  Two 
months  l a t e r ,  s h e  r e p o r t e d  a t  t h e  R ena l  C l i n i c .  She l o o k e d  
w e l l  and f e l t  w e l l ,  b u t  t h e  u r i n e  was f o u n d  t o  be l o a d e d  w i t h  
a lbum en .  On a d m i s s i o n  t h e  a l b u m i n u r i a  was p r o v e d  to  b e  o f  t h e  
o r t h o s t a t i c  v a r i e t y .

Case 1 2 . Boy, 11 y e a r s .  H e a l t h y  u n t i l  two weeks ag o ,  when 
f a c e  b e g a n  to  s w e l l .  There  were  no o t h e r  symptoms.
E x a m i n a t i o n . Eyes  p u f f y .  O p h th a lm o sc o p ic  e x a m i n a t i o n ,  n i l .
S y s t o 1 I c  and  d i a s t o l i c  b l o o d  p r e s s u r e  156 & 84 mg.Hg. U r in e  
c o n t a i n e d  albumen and b l o o d .

9 /Case  13 .  Boy, 4 / 1 2  y e a r s .  Always h e a l t h y .  Two weeks  ago 
v o m i t i n g  and h e a d a c h e ,  a l s o  s w e l l i n g  o f  f a c e .  M i c t u r i t i o n  
f r e q u e n t .  U r in e  s c a n t y .
E x a m i n a t i o n .  No o ed em a . S y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e  
104 and 70 mg. Hg. U r in e  c o n t a i n e d  b l o o d  and a lbumen.

Case 14 .  Boy 10 y e a r s .  Acute rh e u m a t i s m  one y e a r  ag o .
S o re  t h r o a t , h e a d a c h e  and p a i n s  i n  j o i n t s  f o r  3 w ee k s .  R ig h t  
e a r  h a s  d i s c h a r g e d  f o r  10 d a y s .  Face  p u f f y  and u r i n e  s c a n t y  
and d a r k  r e d  i n  c o l o u r  f o r  5 d a y s .
E x a m i n a t i o n .  Oedema o f  l e g s .  H e a r t  s l i g h t l y  e n l a r g e d  b u t  
sounds  p u r e  a n d  o f  good q u a l i t y .  S y s t o l i c  and d i a s t o l i c  b l o o d  
p r e s s u r e  160 and 100 mg. Hg. U r in e  c o n t a i n e d  b lo o d  and 
a lbum en.

Case 1 5 .  G i r l ,  3 y e a r s .  Always h e a l t h y .  6  weeks ago 
im p e t i g o  o f  s c a l p .  1 0  days  ago s w e l l i n g  o f  h a n d s ,  f e e t  and  l a t e r  
o f  f a c e .  Very s c a n t y  u r i n e .
E x a m i n a t i o n .  G e n e r a l  a n a s a r c a .  S y s t o l i c  and  d i a s t o l i c  b l o o d  
p r e s s u r e  145 and 112 mg. Hg. U r in e  c o n t a i n e d  albumen and b l o o d .

Case 1 6 .  G i r l ,  3-J- y e a r s .  Always h e a l t h y .  4 weeks ago 
h a d  s o r e  t h r o a t  and r a s h .  ? S c a r l e t  f e v e r .  Not f o l l o w e d  b y  
d e s q u a m a t io n  a d m i t t e d  two weeks ago w i t h  c e r v i c a l  a d e n i t i s .  
A lb u m in u r i a  was fo u n d  on r o u t i n e  e x a m i n a t i o n .
E x a m i n a t i o n .  No oedema.  S y s t o l i c  and  d i a s t o l i c  b lo o d  p r e s s u r e  
109 and  60 mg. H g . U r in e  c o n t a i n e d  a lbum en ,  b l o o d  and g r a n u l a r  
c a s t s  .
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Case  1 7 . Boy 1 /  . H e a l t h y  u n t i l  2 weeks a g o ,  when oedema
o f  f a c e  d e v e l o p e d  and  g r a d u a l l y  s p r e a d  u n t i l  t h e  whole body was 
i n v o l v e d .  O l i g u r i a  f o r  1 week .  Pneumonia  s u p e r v e n e d  w i t h  a 
f a t a l  r e s u l t .
E x a m i n a t i o n . M ass ive  oedema.  O p h th a lm o sc o p ic  e x a m i n a t i o n .  N i l .  
S y s t o l i c  and  d i a s t o l i c  b l o o d  p r e s s u r e  125 and 80 mg. Hg. U r in e  
c o n t a i n e d  a lb u m e n .  T ra c e  o f  b l o o d  and g r a n u l a r  c a s t s .

Case  1 8 . G i r l ,  6  y e a r s .  Always w e l l  u n t i l  y e s t e r d a y  when 
f a c e  b eg a n  t o  s w e l l .
E x a m i n a t i o n . Face  p u f f y .  S l i g h t  oedema of  l e g s . O p h tha lm os 
c o p i c  e x a m i n a t i o n  -  n i l .  S y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e  
100 and  78 mg. Hg. U r in e  c o n t a i n e d  a lbum en ,  m i c r o s c o p i c  b lo o d  
and a few c a s  t s .

Case  19 .  Boy, 5 y e a r s .  H e a l t h y  u n t i l  f o u r  days ago ,  when 
f a c e  b e g an  t o  s w e l l  and  u r i n e  was d a r k .
E x a m i n a t i o n .  Oedema o f  f a c e ,  lu m b ar  r e g i o n  and f e e t .  O ph tha lm os-  
c o p l c  e x a m i n a t i o n  -  n i l .  S y s t o l i c  and  d i a s t o l i c  b l o o d  p r e s s u r e  
120 and 100 mg. Hg. U r in e  c o n t a i n e d  a lbumen,  b lo o d  and c a s t s .

Case 2 0 .  Boy, 7 y e a r s .  E n u r e s i s  s i n c e  b i r t h .  No 
g r o w t h  f o r  l a s t  2 y e a r s .  Always t h i r s t y .  E a t s  w e l l  and lo o k s  
h e a l t h y .  D ia g n o s e d  as  a r e n a l  d w a r f .
E x a m i n a t i o n . 2nd a o r t i c  s o u n d  was a c c e n t u a t e d  when compared 
w i t h  t h e  s’eco n d  p u lm o n ic .  S y s t o l i c  and d i a s t o l i c  b l o o d  p r e s s u r e  
108 and  78 mg.Hg. O p h th a lm o sc o p ic  e x a m i n a t i o n  showed a b l u r r i n g  
o f  t h e  n a s a l  m a r g in s  o f  b o t h  d i s c s .  U r ine  c o n t a i n e d  albumen 
and e p i t h e l i a l  c a s t s .

Case 21 .  G i r l ,  8  y e a r s .  Well u n t i l  1 y e a r  ag o ,  when h ad  
a c u t e  n e p h r i t i s  and  made a c o m p le te  r e c o v e r y .  No symptoms t i l l  
y e s t e r d a y  when f a c e  beg an  t o  s w e l l .
E x a m i n a t i o n .  Some oedema o f  f a c e .  S y s t o l i c  and d i a s t o l i c  b l o o d  
p r e s s u r e  116 and 80 mg, Hg. U r ine  c o n t a i n e d  albumen and m i c r o 
s c o p i c  b l o o d .

Case 2 2 .  Boy, 3 ^  y e a r s . H e a l t h y  u n t i l  a b s c e s s e s  o f  gums 
d e v e l o p e d  3  w e e k s ' a g o ,  t h i s  was f o l l o w e d  b y  s w e l l i n g  o f  th e  f a c e .  
U r in e  s c a n t y  and h i g h l y  c o l o u r e d  f o r  f o u r  d a y s .  Pneumonia 
s u p e r v e n e d  and c h i l d  d i e d .
E x a m i n a t i o n .  S l i g h t  oedema o f  lum bar  r e g i o n .  S y s t o l i c  and 
d i a s t o l i c  b l o o d  p r e s s u r e  124 and 80 mg. Hg. U r in e  c o n t a i n e d  
albumen and b l o o d .
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Case 2 5 . Boy, 6  y e a r s .  Always h e a l t h y .  7 days  ago u r i n e  
d a r k .  Face  p u f f y  f o r  5 d a y s .
E x a m i n a t i o n . S l i g h t  oedema o f  f e e t .  S y s t o l i c  and d i a s t o l i c  
h l o o d  p r e s s u r e  105 and  65 mg. Hg. U r in e  c o n t a i n e d  a lbum en ,  b lo o d  
and c a s t s  .

Case 24 .  Boy, 3 ^ / 1 2 .  P r e v i o u s  h i s t o r y  n o t  e s s e n t i a l .  3 
weeks ago  t o o k  f a i n t i n g  a t t a c k s  and was e a s i l y  t i r e d .  4 d&7/a ago 
s w e l l i n g  o f  f a c e ,  arms and l e g s .  Had a c o n v u l s i o n  y e s t e r d a y .  
E x a m i n a t i o n . Im p e t ig o  o f  f a c e  w h ic h  i s  p u f f y .  Oedema o f  sac rum  
and l e g s . F r e e  f l u i d  i n  abdomen. S y s t o l i c  and d i a s t o l i c  blood, 
p r e s s u r e  100 and 50 mg. Hg. O p h th a lm o sco p ic  e x a m i n a t i o n ,  n e g a t i v e .  
U r i n e  c o n t a i n s  a lbum en,  b l o o d  and c a s t s .

Case  2 5 .  Boy, 3  y e a r s .  H e a l t h y  u n t i l  2 weeks ago when 
cough  a n d  r u n n i n g  o f  t h e  n o s e  d e v e l o p e d ,  -  t h e r e  was no s o re  
t h r o a t .  P a l l o r  and  h ead a c h e  and s w e l l i n g  o f  t h e  f a c e  f o r  one 
week .  U r in e  n o t i c e d  t o  be d a r k  I n  c o l o u r  and s c a n t y .
E x a m i n a t i o n . Oedema. S e v e r e  I n  f a c e ,  b u t  s l i g h t  i n  f e e t .
S y s t o l i c  an d  d i a s t o l i c  b l o o d  p r e s s u r e ,  116 and 90 rug, Hg. 
O p h th a lm o s c o p ic  e x a m i n a t i o n  -  n i l .  U r in e  c o n t a i n e d  a lbum en,  
b l o o d  and c a s t s .
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SECTION E . GROUP 2 .

RENAL DISEASE e x c l u d i n g  NEPHRITIS.

Case  1 . Boy, 11 y e a r s .  H e a l t h y  b a b y .  Remained w e l l  u n t i l  
d e v e l o p e d  p l e u r i s y ,  f o l l o w e d  by o s t e o - m y e l i t i s . Made good 
r e c o v e r i e s .  Has c o m p la in e d  o f  p a i n  i n  l e f t  h y pochondr ium  f o r  
4 months  -  u s u a l l y  a c o u p l e  o f  a t t a c k s  e a c h  week,  e a c h  l a s t i n g  
3 t o  4 h o u r s .  N o c t u r n a l  E n u r e s i s  s i n c e  b i r t h .
E x a m i n a t i o n . H e a l t h y  l o o k i n g  boy .  N o th in g  fo u n d  on p h y s i c a l  
e x a m i n a t i o n . U r in e  c o n t a i n s  h a z e  o f  a lbumen and p u s , b u t  no 
c a s t s  o r  b l o o d .  T u b e r c l e  b a c i l l i  f o u n d .

Case  2 . Boy 6  y e a r s . H e a l t h y  u n t i l  8  weeks ago when com
p l a i n e d  o f  p a i n f u l  m i c t u r i t i o n  -  e s p e c i a l l y  marked a t  n i g h t .  
C i r c u m c i s i o n  p e r fo r m e d  6  weeks ago ,  c a u s e d  no im provem ent .  
P h y s i c a l  E x a m i n a t i o n : -  n i l .  U r in e  c o n t a i n s  albumen and p u s .
T u b e r c l e  b a c i l l i  i s o l a t e d .

Case  5 . Boy, 10 y e a r s .  H e a l t h y  u n t i l  2 y e a r s  ago when 
sp a sm o d ic  a t t a c k s  o f  p a i n  a ro u n d  t h e  u m b i l i c u s  d e v e l o p e d ,  
ac co m p a n ied  b y  d i u r n a l  f r e q u e n c y .  These  have  c o n t i n u e d .  
P h y s i c a l  E x a m i n a t i o n  -  n i l .  U r in e  c o n t a i n s  a t r a c e  o f  a lbumen 
w i t h  w h i t e  and r e d  c e l l s .  C y s to sc o p y  and  pye log ram s  -  n e g a t i v e  
r e s u l t s .

Case  4 .  Boy, 1 ^ / 1 2 .  H e a l t h y  baby u n t i l  6  weeks ago when 
he  became I r r i t a b l e  and went  o f f  h i s  f o o d :  f o l l o w e d  by abdominal  
p a i n .
E x a m i n a t i o n . No j a u n d i c e  b u t  v e r y  p a l e  c h i l d .  Mass i n  r i g h t  
f l a n k .  S p l e e n  n o t  p a l p a b l e .  F r a g i l i t y  o f  r e d  c e l l s :  n o r m a l .
Van d en  B erg h  -  i n d i r e c t ,  1 u n i t .  L a e v u lo s e  T o le r a n c e  T e s t  -  
1 s t  o c c a s i o n  - n e g a t i v e .  2nd -  m i l d l y  p o s i t i v e .  S e c t i o n  o f  
tumour  r e v e a l e d  h y p e rn ep h ro m a .

Case 5 .  G i r l  l 6 / 1 2  y e a r s .  H e a l t h y  b a b y :  r e m a in e d  w e l l
u n t i l  1  month  ago ,  when she  l o s t  h e r  a p p e t i t e  and a p p e a r e d  to  
have  p a i n  on m i c t u r i t i o n .  Has n o t  walked  s i n c e .  4 days ago 
s w e l l i n g  o f  l e g s  n o t e d .
E x a m i n a t i o n .  F a i r - s i z e d  e m a c i a t e d  c h i l d  w i t h  v e ry ^ l a rg e ^ a b d o m e n .  
L a rg e  mass i n  r i g h t  f l a n k  e x t e n d i n g  to w ard s  and o r i g i n a l l y  
t h o u g h t  t o  be  l i v e r .  S p l e e n  not  p a l p a b l e .
At o p e r a t i o n  and a l s o  a t  a u to p s y  a l a r g e  tumour i n v o l v i n g  a 
g r e a t  p a r t  o f  th e  r i g h t  k i d n e y  was d i s c o v e r e d .  L i v e r  was n o t  
e n l a r g e d  and was n o rm a l  i n  a p p e a r a n c e .



-1 2 3 -

SECTION F .

SUMMARIES o f  CASE REPORTS o f  CHILDREN SUFFERING fro m
COELIAC DISEASE.

Case 1 . G i r l  6  y e a r s .  H e a l t h y  a t  b i r t h  and r e m a in e d  so  
u n t i l  16 m onths  o l d  when d i a r r h o e a  d e v e l o p e d .  This  h a s  c o n t i n u e d .  
M ot ions  a r e  l a r g e  an d  o f f e n s i v e  and l i k e  p o r r i d g e  i n  c o l o u r  and 
c o n s i s  t e n c e .
E x a m i n a t i o n . S m a l l ,  b u t  f a i r l y  w e l l  n o u r i s h e d  c h i l d .  I r r i t a b l e .  
Urea c o n c e n t r a t i o n  t e s t  -  F a s t i n g :  2 . 8 2 g $  1  h o u r  a f t e r  U re a :
3.11g/fr 2 h o u r s  a f t e r  U r e a :  4 . 3 1 g $

Case  2 . G i r l ,  1 ^ / 1 2  y e a r s .  H e a l t h y  c h i l d  u n t i l  2 months  
ago when d i a r r h o e a  d e v e l o p e d  and th e  a p p e t i t e  was l o s t .  
E x a m i n a t i o n .  S m a l l  w a s t e d  d e h y d r a t e d  c h i l d .  Blood s u g a r  cu rv e
f o l l o w i n g  g l u c o s e  was a b n o rm a l ly  f l a t .

Case 3 .  Boy, 1 9/ 1 2 .  P r e m a tu r e  b i r t h .  B r e a s t  f o r  2 months  
t h e n  m i l k  and w a t e r .  Never  t h r o v e  s a t i s f a c t o r i l y .  At 1 ^ / 1 2  
b eg an  to  v o m i t  and to  l o s e  w e i g h t .  Th is  has  c o n t i n u e d .  Very 
l i s t l e s s  and i r r i t a b l e .  Makes no a t t e m p t  to  w a lk .
E x a m i n a t i o n . S m a l l  u n h e a l t h y  l o o k i n g  c h i l d .  No o r g a n i c  ab-
n o r m a l i t y  f o u n d .  M o t io n s ,  l a r g e ,  g r e e n i s h  and o f f e n s i v e .  B lood  
s u g a r  c u r v e  does  n o t  show any a p p r e c i a b l e  r i s e  f o l l o w i n g  the 
i n g e s t i o n  o f  g l u c o s e .  R e t a i n s  85$ i n g e s t e d  f a t .

Case  4 . G i r l ,  2 y e a r s .  H e a l th y  b ab y .  On t h e  b r e a s t  and
S i s t e r  L a u r a ’ s Food u n t i l  f o u r  months  and t h r o v e  w e l l .  At t h a t
t im e  bowels  became l o o s e .  At 13 months went  o f f  f o o d :  t h e
s t o o l s  became l o o s e  and b u l k y  and t h e r e  was o c c a s i o n a l  v o m i t i n g .  
E x a m i n a t i o n .  S m a l l ,  r a t h e r  d e h y d r a t e d  c h i l d :  some a t r o p h y  o f  
b u t t o c k s  p r e s e n t .

Case 5 .  Boy, I 1/ 12 y e a r s .  H e a l th y  b a b y .  Remained w e l l  u n 
t i l  2 months  ag o ,  when he became p a l e  and l i s t l e s s .  Th is  was 
f o l l o w e d  by s e v e r e  d i a r r h o e a  and o c c a s i o n a l  v o m i t i n g .
E x a m i n a t i o n . S m a l l ,  t h i n  c h i l d .  No o r g a n i c  a b n o r m a l i t y  fo und  
on p h y s i c a l  e x a m i n a t i o n .

Case 6 . G i r l  2 9 / l 2 .  Adopted c h i l d .  E a r l y  h i s t o r y  unknown. 
Seemed to  t h r i v e  w e l l  u n t i l  15 months  o l d  when abdomen began to 
s w e l l  and c o n d i t i o n  g r a d u a l l y  d e t e r i o r a t e d .  D i a r r h o e a  w i th  
l a r g e  b u l k y  o f f e n s i v e  s t o o l s  d e v e l o p e d .  Always t h i r s t y ;  v e r y  
i r r i t a b l e .  Unable  to  t a l k  o r  w a lk .
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E x a m i n a t i o n . S m a l l ,  e m a c i a t e d  c h i l d .  L i v e r  1 ” b e lo w  c o s t a l  
m a r g i n . F o n t a n e l l e  op en .  A f l a t  b l o o d  s u g a r  cu rve  r e s u l t e d  
f rom  t h e  i n g e s t i o n  of  g l u c o s e .

Case  7 .  Boy, 9 y e a r s .  H e a l t h y  b a b y .  Throve  w e l l  f o r  1 
y e a r  and  t h e n  d e v e l o p e d  d i a r r h o e a  w hich  c o n t i n u e d  f o r  18  months  
Did n o t  w a lk  u n t i l  7 y e a r s  o l d .
E x a m i n a t i o n .  Very s m a l l  p a l e  e m a c i a t e d  boy .  B r i g h t  m e n t a l l y .  
Marked k n o c k - k n e e s  and  c u r v i n g  o f  f o r e a r m  b o n e s .  Abdomen l a r g e  
L i v e r  l ff and  s p l e e n  l l ” below t h e  c o s t a l  m a r g in .  B lood p i c t u r e  
showed a s e c o n d a r y  a n a e m ia .  Urea  c o n c e n t r a t i o n  T e s t :  F a s t i n g
l e v e l  -  1 . 8 5 g . $ :  1  h o u r  a f t e r  Urea  -  2 , 4 2 g $ :  2 h o u r s  a f t e r
U rea  -  2 ,1 0 g .% .  The b l o o d  s u g a r  c u rv e  f o l l o w i n g  t h e  i n g e s t i o n  
o f  g l u c o s e  was f l a t .  7 9 . 4 $  f a t  a b s o r b e d .
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