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THE SERUM HORMONE LEVELS, PHOSPHATE COMPLEX CONCENTRATIONS 

AND ENZYME A C T IV IT IE S  IN HAEMODIALYSED AND KIDNEY-TRANSPLANTED

CHILDREN

A. SZABÓ, P. SALLAY, I .  TAUSZ

F i r s t  D e p a r t m e n t  o f  P a e d i a t r i c s ,  Semmelwe is  U n i v e r s i t y  M e d i c a l  

S c h o o l ,  B u d a p e s t ,  H u n g a r y

R e c e iv e d  13 May 1988

The serum hormone ( T 3 ,  FT3 ,  T4 ,  FT4,  TSH, hTG, a -h T G ,  
GH, PTH, PRL, C o r t i s o l )  c o n c e n t r a t i o n s ,  t h e  i n o r g a n i c  
p h o s p h a t e  c o m p l e x e s  (HPO^- ^ ,  H2 P0 ~ 4  NaHPO- ^ ,  KHPO- ^ ,  
СаНРОд, МдНРОд) and t h e  enzyme a c t i v i t i e s  ( A m y l a s e ,
L i p a s e ,  AP, ACE, GOT, GPT, M-’ -C hE ,  CK, Tf - G T , LDH ) were
i n v e s t i g a t e d  i n  13 h a e m o d i a l y s e d  c h i l d r e n ,  7 k i d n e y -  
t r a n s p l a n t e d  c h i l d r e n  and i n  15 h e a l t h y  c o n t r o l s .  T h i s  
s t u d y  c o n f i r m e d  t h a t  t h e  k i d n e y  p l a y s  an i m p o r t a n t  r o l e  
i n  t h e  m e t a b o l i s m  o f  h o r m o n e s .  P r i o r  t o  k i d n e y
t r a n s p l a n t a t i o n  8  o f  t h e  1 1  t e s t e d  hormone l e v e l s  o f  
h a e m o d i a l y s e d  c h i l d r e n  s i g n i f i c a n t l y  d i f f e r e d  f r o m  
t h o s e  o f  h e a l t h y  c o n t r o l s ,  h o w e v e r ,  a f t e r  k i d n e y  
t r a n s p l a n t a t i o n  o n l y  two p a r a m e t e r s  d i d .  The e f f e c t  o f  
d i a l y s i s  i s  t h e  l e a s t  on t h e  CaHPO^ comp le x  among t h e  
d i f f e r e n t  i n o r g a n i c  p h o s p h a t e  c o m p l e x e s .  T h i s  may p l a y  
a r o l e  i n  v a s c u l a r  c a l c i f i c a t i o n  i n  c h r o n i c  r e n a l
f a i l u r e  p a t i e n t s .  The am y la se  and l i p a s e  a c t i v i t y  were  
e l e v a t e d  i n  h a e m o d i a l y s e d  g r o u p ,  w h i l e  i n  k i d n e y -  
t r a n s p l a n t e d  c h i l d r e n  t h e  a n g i o t e n s i n  c o n v e r t i n g  enzyme 
(ACE) and a l k a l i n e  p h o s p h a t a s e  (AP)  d i f f e r e d  f r o m  t h o s e  
o f  t h e  c o h t r o l  g r o u p .

INTRODUCTION

The e n d o c r i n e  f u n c t i o n  o f  t h e  k i d n e y  may be r e g a r d e d  e i t h e r  

as p r i m a r y ,  because  t h e  k i d n e y  i s  an e n d o c r i n e  o rg a n  p r o d u c i n g  

h o r m o n e s ,  o r  as s e c o n d a r y ,  because  t h e  k i d n e y  i s  a s i t e  w he re  

ho rm ones  p r o d u c e d  e l s e w h e r e  a r e  i n a c t i v a t e d .  I n  i t s  p r i m a r y  

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

and e r y t h r o p o i e t i n .  I n  t h e  seco  b u t  no l e s s  i m p o r t a n t

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

d e g r a d a t i o n  o f  i n s u l i n ,  g l u c a g o n ,  a l d o s t e r o n e  e t c .  F u r t h e r m o r e ,

Akadémiai Kiadó, Budapest
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t h e  k i d n e y  i s  t h e  l o c a t i o n  o f  t h e  i m p o r t a n t  1 - h y d r o x y l a t i o n  o f  

2 5 / O H / - D 3  t h a t  p r o d u c e s  1 , 2 5 / O H / 2 - D 3 , t h e  most  a c t i v e  known 

f o r m  o f  v i t a m i n - D  / 2 6 / .

P a t i e n t s  w i t h  c h r o n i c  r e n a l  f a i l u r e  t r e a t e d  by 

h a e m o d i a l y s i s  o f t e n  have  symptoms o f  e n d o c r i n e  d y s f u n c t i o n  / 2 / .  

The d i a g n o s i s  o r  e x c l u s i o n  o f  an e n d o c r i n e  d i s o r d e r  i n  such  

p a t i e n t s  i s  c o m p l i c a t e d  by t h e  p r e s e n c e  o f  a b n o r m a l  se rum 

h o rm one  l e v e l s .  The aim o f  t h i s  s t u d y  was t o  e s t a b l i s h  t h e  

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

se ru m  hormone l e v e l s  i n  c h i l d r e n .  C om par i son  o f  l i t e r a t u r e  

r e f e r e n c e  v a l u e s  a r e  o f t e n  c o m p l i c a t e d  because  o f  t h e  number  o f  

m e t h o d i c a l  m o d i f i c a t i o n s ,  so we i n v e s t i g a t e d  h e a l t h y  c h i l d r e n  

as  c o n t r o l s ,  r e s p e c t i v e l y .  We had t h e  p o s s i b i l i t y  t o  meas ure  

t h e  f o l l o w i n g  h o r m o n e s :

T o t a l  T r i i o d o t h y r o n i n e  ( T 3 ) ,  F re e  T r i i o d o t h y r o n i n e  ( F T 3 ) ,  

T o t a l  T h y r o x i n e  ( T 4 ) ,  F re e  T h y r o x i n e  ( F T 4 ) ,  T h y r o i d  S t i m u l a t i n g  

Hormone (T S H ) ,  Human T h y r o g l o b u l i n  ( h T G ) ,  A n t i  T h y r o g l o b u l i n  

A n t i b o d i e s  ( а - h T G ) ,  G ro w th  Hormone ( G H ) ,  C o r t i s o l ,  P a r a t h y r o i d  

Hormone (PTH) and P r o l a c t i n  (P R L ) .

P h o s p h a te  r e t e n t i o n  i s  commonly a s s o c i a t e d  w i t h  c h r o n i c  

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

s e c o n d a r y  h y p e r p a r a t h y r o i d i s m  and r e n a l  o s t e o d y s t r o p h y  

/ 1 9 ,  2 3 / .  I n  t h i s  i n v e s t i g a t i o n ,  we c a l c u l a t e d  t h e  i n d i v i d u a l

i n o r g a n i c  p h o s p h a t e  component s  ( Н Р О ^ ' д ,  Н2 Р0 _д,  NaHPG*^,  

КНР0~д,  СаНРОд and МдНРОд) i n  se ru m o b t a i n e d  f r o m  p a t i e n t s  

b e f o r e  and a f t e r  h a e m o d i a l y s i s .

T he re  a r e  few  d a t a  on t h e  e v o l u t i o n  o f  serum enzymes 

a c t i v i t y  i n  c h i l d r e n  on r e n a l  r e p l a c e m e n t  t h e r a p y  / 1 8 / .  Enzyme 

v a l u e s  a re  p r o v i d i n g  i n f o r m a t i o n  on o rg a n  f u n c t i o n ,  b e s i d e  

e n d o c r i n e  p a r a m e t e r s ,  t h e r e f o r e  t h e  r o u t i n e l y  used  enzyme 

a c t i v i t i e s  were  c o m p a r e d ,  namel y :

A m y l a s e ,  L i p a s e ,  A l k a l i n e  P h o s p h a t a s e  ( A P ) ,  A n g i o t e n s i n  

C o n v e r t i n g  Enzyme ( A C E ) ,  A s p a r t a t e  T r a n s a m i n a s e  (GOT, ASAT) ,  

A l a n i n  T r a n s a m i n a s e  (GPT, A L A T ) , ^  - C h o l i n e s t e r a s e  ( Y  - C h E ) ,  

C r e a t i n e  K i n a s e  ( C K ) ,  ^  - G l u t a m i l  T r a n s f e r a s e  ( " £ p - G T )  and 

L a c t a t e  D e h y d r o g e n a s e  (L D H) .
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PATIENTS AND METHODS

T h i r t e e n  h a e m o d i a l y s e d  c h i l d r e n  (7  f e m a l e s ,  6  m a l e s )  were  
e n r o l l e d  i n t o  t h e  s t u d y .  T h e i r  age r a n g e d  be tween 8  and  17 
y e a r s  (mean 1 2  y e a r s )  and mean d u r a t i o n  o f  h a e m o d i a l y s i s  was 2  

y e a r s .  Re na l  f a i l u r e  e t i o l o g y  was :  3 h y d r o n e p h r o s i s ,  4 
h y p o p l a s t i c  k i d n e y s ,  4 c h r o n i c  g l o m e r u l o n e p h r i t i s ,  1 
n e p h r o c a l c i n o s i s  and 1 n e p h r o n o p h t i s i s . They were s c h e d u l e d  f o r  
d i a l y s i s  on e v e r y  s e c o n d - t h i r d  day w i t h  GAMBRO AK-10 i n s t r u m e n t  
f o r  a d u r a t i o n  o f  a b o u t  3 - 4  h o u r s .

Seven k i d n e y - t r a n s p l a n t e d  c h i l d r e n  have  been -exa m in ed  w i t h  
good  g r a f t  f u n c t i o n s ,  t h e i r  age was 13 +_ 2 y e a r s ,  mean d u r a t i o n  
o f  t r a n s p l a n t a t i o n  14 m o n t h s .  The s o u r c e  o f  t h e  k i d n e y  was i n  
f i v e  ca se s  l i v i n g  d o n o r  ( p a r e n t s )  i n  two  cases  c a d a v e r .

F i f t e e n  h e a l t h y ^  age and sex m a t c h e d  c h i l d r e n  s e r v e d  as 
c o n t r o l  f o r  l a b o r a t o r y  p a r a m e t e r s .

Serum c o n c e n t r a t i o n s  o f  c r e a t i n i n e ,  u r e a ,  s o d i u m ,  p o t a s s i u m ,  
c a l c i u m ,  mag nes iu m,  i n o r g a n i c  p h o s p h a t e  were o b t a i n e d  by 
s t a n d a r d  c l i n i c a l  c h e m i s t r y  m et hods  w i t h  t h e  RA-1000 A n a l y s e r  
( T e c h n i c o n  I n s t r u m e n t  C o r p . ) .  Serum hormone c o n c e n t r a t i o n s  were 
meas ur ed  by f o l l o w i n g  m e t h o d s :  T3 ,  T4 by I z i n t a  1 2 5 I - R I A  t e s t s ,  
FT3 ,  FT4 by Amersham -*-^^1 — RIA t e s t s ,  TSH, GH, PRL, C o r t i s o l  by 
S e ro n o  1 2 ^ I - I R M A  and — RIA t e s t s ,  а -hTG by B i o d a t a  1 2 5 I - R I A  
t e s t ,  hTG by So rn  ^ “ I - IR M A  t e s t .  The c a l c u l a t i o n  o f  v a r i o u s  
i n o r g a n i c  p h o s p h a t e  c o n s t i t u e n t s  was d e s c r i b e d  p r e v i o u s l y  / 2 1 / .  
Serum enzyme a c t i v i t i e s  were m easur ed  by f o l l o w i n g  m e t h o d s :  
ACE, AP, 4^-ChE,  CK, GOT, GPT, ST-GT, L i p a s e  by k i n e t i c  
p h o t o m e t r i c  method  w i t h  B o e h r i n g e r  k i t s ,  Amy lase  by Phadebas  
t e s t  ( P h a r m a c i a  Comp).  S t u d e n t ' s  t - t e s t  was used  f o r  t h e  
s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a .

RESULTS

T a b l e  I  shows t h e  r e s u l t  o f  se rum hormone m e a s u r e m e n t s .  The 

mean serum T3,  FT3 ,  T4 ,  FT4,  hTG were  c o n s i d e r a b l y  l o w e r  i n  t h e  

h a e m o d i a l y s e d  p a t i e n t s  t h a n  i n  t h e  c o n t r o l  c h i l d r e n .  T h e r e  was 

no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  TSH and a-hTG 

c o n c e n t r a t i o n .  I n  k i d n e y - t r a n s p l a n t e d  c h i l d r e n  even  t h e  FT3 and 

FT4 l e v e l s  were  n o r m a l .  F i g u r e  1 shows t h e  change  o f  t h y r o i d  

hormone l e v e l s  i n  t h e  case  o f  a 1 2  y e a r  o l d  k i d n e y - t r a n s p l a n t e d  

g i r l .  T h i s  w e l l  d e m o n s t r a t e s  t h e  r e g u l a t i o n  o f  T4 /FT4~TSH 

s y s t e m .

The o t h e r  d a t a  o f  T a b le  I  a r e  s h o w i n g  a s l i g h t  i n c r e a s e  o f  

c o r t i s o l  c o n c e n t r a t i o n  w h ic h  may be e x p l a i n e d  w i t h  t h e  " s t r e s s  

e f f e c t "  o f  d i a l y s i s  a t  h a e m o d i a l y s e d  p a t i e n t s .  I n  o u r  s t u d y  
we d i d  n o t  f i n d  any c hange  i n  g r o w t h  hormone l e v e l s .  The PRL



TABLE I ON

R e s u l t s  o f  serum hormone c o n c e n t r a t i o n s  (mean + SO)

Serum
p a r a m e t e r s

C o n t r o l
c h i l d r e n

H a e m o d ia l y s e d  
c h i l d r e n

S i g n i f i c a n c e  
v s . c o n t r o l

T r a n s p l a n t e d
c h i l d r e n

S i g n i f i c a n c e  
v s . c o n t r o l

T3 n m o l / 1 2 . 7 +_0 .5 1 . 5 + 0 . 5 p < 0 . 0 0 1 2 . 1  + 0 .5 p < 0 . 0 5

FT3 p m o l / 1 7 . 3  + 1 . 6 4 . 4  + 1  . 6 P < 0 . 0 0 1 О 1 +
 H NS

T 4 n m o l / 1 136+26 106+28 P < 0 . 0 1 1 1 0  + 2 1 p < 0 . 0 5

FT4 p m o l / 1 1 6 . 4 + 2 . 6 1 3 . 5 + 4 . 1 P < 0 . 0 5 1 7 . 8 + 3 . 5 NS
TSH mU/ 1 2 . 8  + 1 . 6 2 .5 + 1  . 2 NS 1 . 7± 0 .9 NS
hTG y u g / i 1 7 . 8 +_9.8 9 . 7  + 7 . 2 P < 0 . 0 5 1 0 . 2 +_2 .4 NS

a-hTG A i g / l 0 .7 + 0 .3 0 .5 + 0 .3 NS 0 .9  + 0 .4 NS
GH / j g / i 3 . 7  + 2 . 2 4 . 0 + 2 . 1 NS 3 . 9  + 1 . 1 NS

C o r t i s o l n m o l / 1 570+140 720+130 P < 0 . 0 1 490^300 NS

PRL Aig/1 1 0 . 6 + 5 . 7 2 4 . 7+_14.4 P < 0 . 0 1 6 . 9 ^ 3 . 9 NS

PTH U / l 1 . 6 + . 0 . 8 2 7 . 5 ^ 8 . 2 P < 0 . 0 0 1 3 . 2 + 3 . 0 NS
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I----------------------- 1----------------------- 1----------------------- 1-----------------------1
0  1 2  3 4
TRP Months

F i g .  1.  The change  o f  TSH, FT4 and T4 l e v e l s  a f t e r  k i d n e y  
t r a n s p l a n t a t i o n

and PTH c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  h i g h e r  i n  

h a e m o d i a l y s e d  c h i l d r e n  th a n  i n  t h e  c o n t r o l s  o r  t r a n s p l a n t e d  

s u b j e c t s .  H y p e r p r o l a c t i n e m i a  and d e f e c t i v e  r e g u l a t i o n  o f  PRL 

s e c r e t i o n  have been shown i n  c h r o n i c  r e n a l  f a i l u r e ,  b u t  a f t e r  a 

s u c c e s f u l  t r a n s p l a n t a t i o n  t h e  se rum l e v e l  o f  PRL d e c r e a s e d  

/ 1 1 / .  F i g u r e  2 shows t h e  change o f  GH, PRL and PTH l e v e l s  i n
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100-
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F i g .  2. The ch a n g e  o f  GH, PRL and PTH l e v e l s  a f t e r  k i d n e y  
t r a n s p l a n t a t i o n

c a s e  of  a k i d n e y  t r a n s p l a n t e d  g i r l .

P h ospha te  r e t e n t i o n  p l a y s  an i m p o r t a n t  r o l e  i n  th e  

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

o s t e o d y s t r o p h i e s  / 2 3 ,  1 9 / .  We f o u n d  s i g n i f i c a n t  c o r r e l a t i o n

b e t w e e n  serum i n o r g a n i c  p h o s p h a t e  c o n c e n t r a t i o n  and PTH l e v e l s ,
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how ever  t h e r e  was no c o r r e l a t i o n  w i t h  se ru m  c a l c i u m  

c o n c e n t r a t i o n s  / F i g u r e  3 / .  The m easu re d  and c a l c u l a t e d

F i g .  3.  C o r r e l a t i o n  be tween serum i n o r g a n i c  p h o s p h a t e / c a l c i u m  

c o n c e n t r a t i o n  and PRH l e v e l s

c o n c e n t r a t i o n s  o f  p r e -  and p o s t - d i a l y s i s  serum s a m p l e s  a r e  

l i s t e d  i n  T a b l e  I I .  The m easu re d  c o n c e n t r a t i o n s ,  w i t h  t h e  

e x c e p t i o n  o f  magnes ium,  show s i g n i f i c a n t  d i f f e r e n c e s .



TABLE I I CD
О

R e s u l t s  o f  measured and c a l c u l a t e d  p a r a m e t e r s  (mean _+ SO)

Serum
p a r a m e t e r s

C o n t r o l
c h i l d r e n

H a e m o d ia l y s e d
p r e - d i a l y s i s

c h i l d r e n
p o s t - d i a l y s i s

T r a n s p l a a n t e d  
c h i l d r e n

Measured

C r e a t i n i n e y u m o l / l 81+. 1 2 7 8 3 ^  72 +++ 3 4 4 ^ 1 0 0 +++ 120 + 19+++
Urea mmol / 1 5 . 5 +  1 .2 28+_ 1 0  + + + 12+_ 4 + + + 7 . 2  + 3.0

Pho s p h a te mmol / 1 1 . 2 + 0 .3 2 . 1 + 0 . 6 ++ 0 . 9 +  0 . 3 + 1 . 3 +  0 . 3
Sodium mmol / 1 142+_ 3 135+ 5+++ 136+ 4+++ 1 3 9 i  4
P o t a s s i u m mmol / 1 4 . 2 +  0 .3 5.4+_ 0 . 8  + + + 3 . 7 +  0 . 4 + + 4 . 5 +  0 . 2+
C a lc i u m mmol / 1 2.3+^ 0 . 1 2 . 5 +  0 . 3 + 2 .9+_ 0 . 2  + + + 2 . 3j+ 0 . 1

Magnesium mmol / 1 1 . 0 + 0 . 1 1 . 0 + 0 . 2 1 . 1 +. 0 . 2 1 . 0 +. 0 . 2

pH 7 .4 1 +  0 .0 5 7 . 3 0 +  0 . 0 6 +++ 7 . 44+_ 0 .0 4 7 . 3 6 i  0 . 0 6
C a l c u l a t e d

h p o 2 - 4 mmol / 1 0 . 4 5 0 ^ 0 . 1 4 5 0 . 7 5 5 + 0 . 240+++ 0 . 3 2 3 ^ 0 . 108 + 0 . 4 8 4 + 0 . 1 5 1

h 2 p o - 4 mmol / 1 0 . 1 3 8 + 0 . 0 4 5 0 . 2 9 8  + 0 . 100 + + + 0 . 092_+0. 030 + + 0 . 1 6  4 + 0 . 0 5 0

NaHP0~ 4 mmol / 1 0 . 2 4  9 + 0 .0 8 0 0 . 3 9 8  + 0 . 110 + + + 0 . 1 7 1 + 0 . 061 + 0 . 2 6 2 + 0 . 0 8 2

KHP0~ 4 mmol / 1 0 . 0 0  5+^0. 0 0 2 0 . 0 1 2 + 0 , 0 0 4 +++ 0 . 0 0 3 ^ 0 .002 + 0 . 0 0 6 ^ 0 . 0 0 2
CaHP04 mmol / 1 0 . 2 6 0 ^ 0 . 0 8 0 0 . 4 7 3 ^ 0 . 141 + + + 0 . 2 3  5+_0.042 0 . 2 7  8+_0.088
MgHP04 mmol / 1 0 . 0 9 3 + 0 . 0 3 0 0 . 1 5 7 + 0 . 055 +++ 0 . 0 7 2 ^ 0 . 0 2 1 0 . 1 0  0+_0.032

ЛСаНР0 4
0,
Q 2 1 .7 +  4 .6 2 2 .5 +  3 .9 2 6 .1 +  4 . 2  + 2 1 . 4 +  5 .1

+ p<( .0 .05  ++p <  0 .0 1  +++p <  0 .0 0 1  v s .  c o n t r o l  g ro u p

S
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C o n c e n t r a t i o n s  o f  H PO ^-^ ,  Р^РСГд, NaHPO- ^ ,  KHPO- ^ ,  CaHPO/j and  

MgHPO^ c o n s i d e r a b l y  r e d u c e d  a f t e r  d i a l y s i s .  There was a 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  m o l a r  f r a c t i o n  o f  CaHPO^ ( ^ C a H P O ^ )  

i n  p o s t  d i a l y s i s  se ru m ,  p r o b a b l y  f o r  t h e  f o l l o w i n g  r e a s o n s :

a.  Due t o  t h e  c a l c i u m  i o n  c o n c e n t r a t i o n  o f  t h e  d i a l y s i s  b a t h ,  

t h e  c a l c i u m  c o n c e n t r a t i o n  o f  t h e  se rum i n c r e a s e d .

b .  The d i a l y s i s  r a t e  o f  CaHPO^ c o m p l e x  i s  d i f f e r e n t  t h a n  o t h e r

p h o s p h a t e  c o m p l e x e s .  .

C o r r e l a t i o n  be tw een t h e  e f f e c t  o f  d i a l y s i s  / i - P°s * c o n e . ) x i q q
l Pre cone . /

and t h e  m o l e c u l a r  w e i g h t  o f  t h e  a n a l y s e d  c o n s t i t u e n t s  i s  shown 

o f  F i g u r e  4.  T h e r e  i s  a s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  

b e tw e e n  t h e  mass o f  t h e  m o l e c u l a  o r  i o n  ( X )  and th e  e f f e c t  o f  

d i a l y s i s  ( Y ) .  The e f f e c t  o f  d i a l y s i s  i s  t h e  l e a s t  on t h e  CaHPQ^ 

c o m p l e x  among t h e  d i f f e r e n t  i n o r g a n i c  p h o s p h a t e  c o m p l e x e s .  T h i s  

may p l a y  a r o l e  i n  p e r i p h e r i c a l  i s c h e m i c  n e c r o s i s  and v a s c u l a r  

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

F i g .  4.  C o r r e l a t i o n  be tween t h e  m o l e c u l a r  w e i g h t  o f  u r e a ,  
c r e a t i n i n e ,  p h o s p h a t e  c o m p l e x e s  and d i a l y s i s  e f f e c t .



TABLE I I I 00
(40

R e s u l t s  o f  se rum enzyme a c t i v i t i e s  (mean + SD)

Serum C o n t r o l  H a e m o d i a l y s e d  S i g n i f i c a n c e  T r a n s p l a n t e d  S i g n i f i c a n c e
p a r a m e t e r s  c h i l d r e n  c h i l d r e n  v s . c o n t r o l  c h i l d r e n  v s . c o n t r o l

АСЕ U / l 260 + 106 344 + 108 NS 553 + 161 P < 0 . 0 0 1

AP II 92 + 42 63 + 41 NS 232 + 84 P < 0 . 0 0 1

Amylase II 175 + 51 357 + 157 p < 0 . 0 0 1 317 + 183 P < 0 . 0 5

L i p a s e " 94 + 45 177 + 48 p < 0 . 0 0 1 138 + 91 NS

V-ChE kU/1 5 .4 + 1 .7 4 .1 + 1 .5 NS 4 . 7 + 0 . 9 NS

CK U / l 34 + 2 0 49 + 45 NS 26 + 1 1 NS

GOI II
1 0 + 5 9 + 7 NS 14 + 8 NS

GPI II
1 1 + 6 8 + 7 NS 18 + 13 NS

f - G T " 13 + 7 16 + 15 NS 17 + 7 NS
LDH II 170 + 30 187 + 43 NS 192 + 42 NS
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T a b l e  I I I  shows t h e  r e s u l t s  o f  serum enzyme a c t i v i t y  

m e a s u r e m e n t .  Marked d i f f e r e n c e s  were n o t e d  i n  t h e  a m y l a s e ,  

l i p a s e ,  ACE and AP a c t i v i t i e s .  I n  h a e m o d i a l y s e d  c h i l d r e n  serum 

a m y l a s e  and l i p a s e  a c t i v i t y  were e l e v a t e d ,  w h i l e  i n  

t r a n s p l a n t e d  c h i l d r e n  AP and ACE were h i g h e r  when co m p a r e d  t o  

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

DISCUSSION

Many a b n o r m a l i t i e s  o f  e n d o c r i n e  f u n c t i o n  a re  common due t o  

u r e m i a .  The e f f e c t  o f  t h e s e  e n d o c r i n o p a t h i e s  on t h e  p a t i e n t  

w i t h  r e n a l  f a i l u r e  r a n g e s  f r o m  t r i v i a l  t o  m a j o r  / 4 ,  9 ,  5 / .  

P a t h o g e n i c  mechanism o f  e n d o c r i n e  a b n o r m a l i t i e s  i n  c h r o n i c  

r e n a l  f a i l u r e  may b e :  i n c r e a s e d  hormone l e v e l s  by i m p a i r e d  

d e g r a d a t i o n  ( i n s u l i n ,  g l u c a g o n ,  c a l c i t o n i n ,  GH, PTH, PRL) o r  

i n c r e a s e d  s e c r e t i o n  (PTH,  LH, FSH, PRL, ACTH) and d e c r e a s e d  

hormone l e v e l  by r e d u c e d  s e c r e t i o n  ( e r y t h r o p o i e t i n ,  

1 , 2 5 / O H / 2 - D 3 , g o n a d a l  s t e r o i d s )  o r  i m p a i r e d  c o n v e r s i o n  (T 4 ,  

2 5 / 0 H / - D 3 .

A b n o r m a l i t i e s  o f  t h y r o i d  f u n c t i o n  t e s t s  a r e  f r e q u e n t  i n  

u r e m i c  p a t i e n t s  / 2 4 ,  1 7 / .  However ,  r e l a t i o n s h i p  b e t w e e n  such 

m ea su r e m e n ts  and c l i n i c a l  t h y r o i d  d i s e a s e  i s  d i f f i c u l t  to  

e v a l u a t e  because  o f  s i m i l a r i t i e s  o f  some symptoms b e t w e e n  th e  

u r e m i c  syndrome and h y p e r -  a n d / o r  h y p o t h y r o i d i s m .  W h i l e  t h e  

s t u d y  o f  t h y r o i d  f u n c t i o n  i n  t h e s e  p a t i e n t s  has been  hampered  

by m é t h o d o l o g i e  v a r i a t i o n ,  e x a m i n a t i o n  o f  d i f f e r e n t  p a r a m e t e r s ,  

h e t e r o g e n e i t y  o f  p a t i e n t  g roups,  and v a r y i n g  t r e a t m e n t  p r o t o c o l s  

/ 2 / .  Our h a e m o d i a l y s e d  c h i l d r e n  have  serum t h y r o i d  hormone 

l e v e l s  s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  " s i c k  e u t h y r o i d "  p a t i e n t s  

/ 1 7 ,  3 / ,  i . e .  l ow  T3 ,  T4 and n o rm a l  TSH. The most  i n v e s t i g a t o r s  

have  n o t e d  a b l u n t e d  r e s p o n s e  o f  TSH t o  TRH s t i m u l a t i o n  / 7 ,  1 / .  

We f o u n d  t h e  t h y r o i d  hormone c o n c e n t r a t i o n s  a t  t h e  k i d n e y -  

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

U re m i c  p a t i e n t s  have  n o r m a l  c i r c a d i a n  r h y t h m s  and n o r m a l  or  

s l i g h t l y  e l e v a t e d  l e v e l  o f  c o r t i s o l  / 1 4 / .  T h e re  was a m i l d  

i n c r e a s e  i n  c o r t i s o l  c o n c e n t r a t i o n  i n  o u r  h a e m o d i a l y s e d
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c h i l d r e n  ( " s t r e s s  e f f e c t s " ) .  Growth  hormone c o n c e n t r a t i o n  i s  

co mm on ly  e l e v a t e d  i n  c h r o n i c  r e n a l  f a i l u r e ,  d e c r e a s e d  r e n a l  

e x c r e t i o n  o f  t h e  ho rm o n e  i s  th e  m a j o r  c a u s e  o f  i t s  e l e v a t i o n  

/ 2 0 ,  1 5 / .  O p p o s i t e  t o  l i t e r a t u r e  d a t a ,  i n  o u r  s t u d y  we d i d  n o t  

f i n d  s i g n i f i c a n t  c h a n g e  i n  GH l e v e l ,  b u t  g r o w t h  r e t a r d a t i o n  was 

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

o f  e n d - o r g a n  r e s i s t a n c e  t o  th e  a c t i o n  o f  t h e  ho rm one.  The 

l e v e l s  o f  PRL ho rm o n e  a r e  e l e v a t e d  i n  t h e  m a j o r i t y  o f  p a t i e n t s  

w i t h  r e n a l  f a i l u r e .  H y p e r p r o l a c t i n e m i a  r e s u l t s  f r o m  b o t h  

i n c r e a s e d  s e c r e t i o n  and  r e d u c e d  d e g r a d a t i o n  / 1 1 ,  9,  2 2 / .

P a r a t h y r o i d  h o r m o n e  may have a c t i o n s  i n  i m m u n o l o g i c a l  

r e s p o n s e s ,  c a r b o h y d r a t e - ,  l i p i d - m e t a b o l i s m ,  bone marrow 

f i b r o s i s ,  s e x u a l  p o t e n c y  and e r y t h r o p o i e s i s . PTH has numerous 

d i r e c t  a c t i o n  on t h e  k i d n e y ,  where i t  i s  t h e  p r i m a r y  r e g u l a t o r  

o f  r e n a l  p h o s p h a t e  h o m e o s t a s i s  / 2 / .  PTH may e f f e c t  serum 

p h o s p h a t e  c o n c e n t r a t i o n ,  d epend in g  upon  t h e  d e g re e  o f  r e n a l  

i n s u f f i c i e n c y .  W i t h  m i l d  t o  m o d e r a t e  r e n a l  i m p a i r m e n t ,  

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

a b s o r p t i o n  and r e d u c e  serum p h o s p h a t e .  As t h e  r e n a l  

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

p h o s p h a t e  i s  r e d u c e d  d e s p i t e  t h e  v e r y  h i g h  l e v e l  o f  PTH. 

M o r e o v e r ,  PTH a c t s  on bone  t o  enhance o s t e o c l a s t i c  r e s o r p t i o n ,  

w h i c h  i n c r e a s e s  t h e  r e l e a s e  o f  p h o s p h a t e  and c a l c i u m  i n t o  t h e  

b l o o d .  We found  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  serum p h o s p h a t e  

c o n c e n t r a t i o n  and PTH l e v e l ,  however  t h e r e  was no c o r r e l a t i o n  

w i t h  c a l c i u m  c o n c e n t r a t i o n  ( F i g u r e  3 ) .  L o p e z - H i l k e r  e t  a l  a l s o  

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

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

f a i l u r e  / 1 2 / .  M a s s r y  and E b e r h a r d  have  shown an 

i n t e r r e l a t i o n s h i p  b e t w e e n  pho s p h a te  r e t e n t i o n ,  s k e l e t a l  

r e s i s t a n c e  t o  PTH, h y p o c a l c e m i a ,  and s e c o n d a r y  

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

/ 1 3 / .  A p o s s i b l e  r o l e  o f  h y p e r p h o s p h a t e m i a  and p h o s p h a t e  

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

r e n a l  damage has been  s u g g e s te d  f r o m  o b s e r v a t i o n s  i n  

e x p e r i m e n t a l  a n i m a l s  / 1 0 / .

I n  c h r o n i c  r e n a l  f a i l u r e ,  among m u l t i p l e  f a c t o r s ,  t h e  

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

m e t a b o l i s m .  R e s u l t i n g  synd rom es  o f  t i s s u e  n e c r o s i s ,  v a s c u l a r  

c a l c i f i c a t i o n  and o s t e o d y s t r o p h i e s  w ere  r e p o r t e d  / 1 9 .  8 / .  The 

c o r r e s p o n d i n g  damage t o  t h e  v a r i o u s  o r g a n s  i n  t h e  mos t  c a s e s  

i s  i r r e v e r s i b l e .  D i e t ,  p h o s p h a t e  b i n d i n g  a n t a c i d s  may p r e v e n t  

o r  d e l a y  t h e  above  p r o c e s s e s  and p h o s p h a t e  f r e e  d i a l y s i s  f l u i d  

s h o u l d  be used .  From o t h e r  s i d e  t h e  c o m p l e x  t r e a t m e n t  s o m e t i m e s  

o v e r c o m p e n s a t e s  t o  t h e  e x t e n t  t h a t  i t  r e s u l t s  i n  

h y p o p h o s p h a t e m i a  w h i c h  may cause u r e m i c  bone  d y s t r o p h y  / 1 6 / .

P r e s e n t l y ,  t h e r e  a r e  no p r a c t i c a l  a n a l y t i c a l  t e c h n i q u e s  

a v a i l a b l e  f o r  t h e  q u a n t i t a t i o n  o f  t h e  i n d i v i d u a l  i n o r g a n i c  

p h o s p h a t e  c o n s t i t u e n t s ,  m a i n l y  due t o  t h e  u n a v o i d a b l e  

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

a n a l y t i c a l  p r o c e d u r e s  / 2 1 / .  N u m e r i c a l  d a t a  a r e  r e p o r t e d  i n  o u r  

s t u d y  f r om  CaHPO^ w h i c h  p l a y s  t h e  m a j o r  r o l e  i n  a l l  k i n d s  o f  

c a l c i f i c a t i o n .  H o w e v e r ,  i t  c o n f i r m s  t h e  f a c t  t h a t  t o  e m p h a s i z e  

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

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

e n d o c r i n e  r e g u l a t i o n  t h e r e  a re  c o m p l e x - c h e m i c a l  i n t e r a c t i o n s ,  

t o o ,  one has t o  r e c k o n  w i t h .

A n g i o t e n s i n  I  c o n v e r t i n g  enzyme (ACE) i s  a mem bra ne -b ound  

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

t h e  p u l m o n a ry  c a p i l l a r i e s  and t h e  k i d n e y  c o r t e x .  Some 

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

a c t i v i t i e s  o f  ACE / 2 5 / .  The e l e v a t i o n  o f  ACE o b s e r v e d  i n  o u r  

t r a n s p l a n t e d  c h i l d r e n  may be due t o  t h e  r e l a t i v e  n a r r o w i n g  o f  

t h e  v a s c u l a r  a n a s t o m o s i s .  A l t h o u g h  t o t a l  serum a l k a l i n e  

p h o s p h a t a s e  (A P )  i n c l u d e s  i s o e n z y m e s  a r i s i n g  f r o m  l i v e r ,  

i n t e s t i n e ,  k i d n e y  and bone ,  i t s  m ea s u r e m e n t  can be a u s e f u l  

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

serum AP was o b s e r v e d  i n  t r a n s p l a n t e d  c h i l d r e n  as a s i g n a l  o f  

t h e  c a t c h - u p  g r o w t h  w h i c h  o c c u r r e d  i n  most  p a t i e n t s  a f t e r  

g r a f t i n g .  The enzyme a m y l a s e  i s  a 50 000 d a l t o n  p r o t e i n  d e r i v e d  

p r e d o m i n a n t l y  f r o m  s a l i v a r y  g l a n d s  and p a n c r e a s .  A m y l a s e  i s  

r e a d i l y  f i l t e r e d  a t  t h e  r e n a l  g l o m e r u l u s  and may be p a r t i a l l y  

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

i s  common t o  o b s e r v e  a m i l d  t o  m o d e r a t e  e l e v a t i o n  o f  se rum 

a m y l a s e  a c t i v i t y  / 1 8 / .  P a n c r e a s - s p e c i f i c  enzyme v a l u e s ,
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i n c l u d i n g  l i p a s e  a c t i v i t y  and t r y p s i n  c o n c e n t r a t i o n ,  a r e  a l s o  

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

i n s u f f i c i e n c y  / 6 / .  T h e re  were no a l t e r a t i o n s  i n  t h e  f u r t h e r  

i n v e s t i g a t e d  enzymes ( V - C h E ,  CK, GOT, GPT, ^ - G T ,  LDH) compared  

t o  t h e  c o n t r o l  g r o u p .  I n  t h e  c a t a b o l i s m  o f  t h e s e  enzymes t h e  

k i d n e y  does n o t  p l a y  any i m p o r t a n t  r o l e .

C o m p r e h e n s i v e l y  i t  can be s t a t e d  t h e  e x a m i n a t i o n  o f  t h e  

h o r m o n e s ,  o f  t h e  c h a n g e s  i n  c a l c i u m - p h o s p h a t e  c o n c e n t r a t i o n  and 

o f  t h e  enzyme a c t i v i t i e s  i n  end s t a t e  r e n a l  d i s e a s e  may p r o v i d e  

f u r t h e r  i n f o r m a t i o n s  on t h e  c o m p l e x  m e t a b o l i s m  d i s t u r b a n c e s .  

The  n o r m a l i s a t i o n  o f  s e v e r a l  i n v e s t i g a t e d  p a r a m e t e r s  f o l l o w i n g  

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

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