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C o n c e n t r a t i o n s  o f  a t r i a l  n a t r i u r e t i c  p e p t i d e  (ANP) 
i n  p l asma  and i n  c e r e b r o s p i n a l  f l u i d  (CSF)  were 
measured  i n  p r e t e r m  n e o n a t e s ,  i n  i n f a n t s  and i n  
c h i l d r e n  w i t h  h y d r o c e p h a l u s .  P lasma ANP i n  p r e t e r m  
n e o n a t e s  w ere  e l e v a t e d  comp ar ed  t o  i n f a n t s  and c h i l d r e n  
w i t h  h y d r o c e p h a l u s .  CSF-ANP i n  a l l  g r o u p s  w e r e  l o w e r  
t h a n  p la sm a  l e v e l s .  ANP c o n c e n t r a t i o n s  i n  t h e  l i q u o r  
e x h i b i t e d  h i g h e r  v a l u e s  i n  c h i l d r e n  w i t h  h y d r o c e p h a l u s .  
No c o r r e l a t i o n  was f o u n d  be tw e e n  p la sm a  and CSF-ANP 
l e v e l s  w h i l e  C S F - p r e s s u r e  and ANP c o n c e n t r a t i o n  i n  t h e  
l i q u o r  c o r r e l a t e d  p o s i t i v e l y .  Our d a t a  p r o v i d e  e v i d e n c e  
f o r  t h e  e x i s t e n c e  o f  a c e r e b r a l  ANP s y s t e m  i n  humans.  
The CSF-ANP s y s t e m  seems t o  be i n d e p e n d e n t  f r o m  t h e  
s y s t e m i c ,  a t r i a l  ANP. CSF-ANP may be o f  g r e a t  
i m p o r t a n c e  i n  t h e  r e g u l a t i o n  o f  w a t e r  and i o n  c o n t e n t  
o f  c e n t r a l  n e r v o u s  s y s t e m  and p r o b a b l y  l i q u o r  
f o r m a t i o n .

INTRODUCTION

A t r i a l  n a t r i u r e t i c  p e p t i d e  (ANP) i s  a p e p t i d e  hormone 

e x e r t i n g  p o t e n t  d i u r e t i c ,  n a t r i u r e t i c  and v a s o r e l a x a n t  a c t i v i t y  

/ 1 , 2 / .  I t  was o r i g i n a l l y  i s o l a t e d  f r o m  c a r d i a c  a t r i a ,  f r o m  

w he re  i t  i s  s e c r e t e d  i n t o  t h e  b l o o d  s t r e a m .  The hormone 

r e g u l a t e s  b l o o d  p r e s s u r e ,  and s a l t - w a t e r  b a l a n c e  t h r o u g h  

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

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

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

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

S p e c i f i c  ANP r e c e p t o r s ,  as w e l l  as i m m u n o r e a c t i v e  ( i r - )  ANP and 

mRNA o f  ANP p r e c u r s o r  have  been  shown t o  e x i s t  i n  b r a i n
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/ 3 , 4 , 5 / .  F u r t h e r m o r e ,  dense  d i s t r i b u t i o n  o f  i r - A N P  and ANP 

r e c e p t o r s  a re  o b s e r v e d  i n  s e v e r a l  b r a i n  r e g i o n s  w h i c h  a r e  known 

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

/ 6 / .  C e r e b r o v e n t r i c u l a r  i n j e c t i o n  o f  ANP has been r e p o r t e d  t o  

i n d u c e  i n h i b i t i o n  o f  w a t e r  i n t a k e  and s a l t  a p p e t i t e  / 6 / .  These 

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

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

The p r e s e n t  s t u d y  was d e s i g n e d  t o  e s t a b l i s h  w h e t h e r  ANP i s  

m e a s u r a b l e  i n  c e r e b r o s p i n a l  f l u i d  (CSF)  i n  c h i l d r e n .  

F u r t h e r m o r e ,  t h e  r e l a t i o n s h i p  be tw e e n  ANP c o n c e n t r a t i o n s  i n  

p l a s m a  and CSF, as w e l l  as t h e  r e l a t i o n s h i p  be tw een  CSF 

p r e s s u r e  and CSF-ANP c o n t e n t  were a l s o  e x a m i n e d .

P A T IE N T S  AND METHODS

T w e l v e  c h i l d r e n  e n r o l l e d  i n t o  t h r e e  g r o u p s  were e x a m i n e d .  
F o u r  o f  them were  p r e t e r m  i n f a n t s  w i t h i n  t h e  n e o n a t a l  p e r i o d  
( N e o n a t a l  g r o u p ) ,  whos e  l u m b a l  p u n c t u r e  was c a r r i e d  o u t  be ca u se  
o f  n e o n a t a l  s e i z u r e .  H owe ve r ,  c e r e b r a l  d i s e a s e s  c o u l d  n o t  be 
p r o v e n  by l i q u o r  a n a l y s i s ,  c r a n i a l  u l t r a s o n o g r a p h y  and f o l l o w ­
up n e u r o l o g i c a l  e x a m i n a t i o n s .  Mean g e s t a t i o n a l  age was 33 weeks 
( r a n g e  3 0 - 3 5 ) ,  b i r t h  w e i g h t  1912 ( 1 3 0 0 - 2 3 0 0 )  gram and p o s t n a t a l  
age  a t  t h e  t i m e  o f  t h e  e x a m i n a t i o n s  5 . 3  ( 3 - 7 )  d a y s .

F o u r  i n f a n t s  e x h i b i t e d  t h e  symptoms o f  m e n i n g is m u s  b u t  CSF 
e x a m i n a t i o n s  e x c l u d e d  b a c t e r i a l  m e n i n g i t i s  and r o u t i n e  c h e m i c a l  
and  b a c t e r i o l o g i c a l  a n a l y s i s  r e v e a l e d  n o r m a l  v a l u e s  ( I n f a n t  
g r o u p ) .  Mean age o f  t h e s e  c h i l d r e n  was 20 ( 7 - 4 6 )  m o n t h s .

F o u r  c h i l d r e n  w i t h  h y d r o c e p h a l u s  were  a l s o  e x a m in ed  
( H y d r o c e p h a l u s  g r o u p ) .  A l l  o f  them w e re  b o r n  as p r e m a t u r e  
b a b i e s ,  b u t  t h e y  w e r e  i n v e s t i g a t e d  a t  d i f f e r e n t  p o s t n a t a l  age 
( 2 4 t h ,  2 8 th  d a y ,  and  6 t h ,  7 t h  m o n t h ) .  H y d r o c e p h a l u s  was 
d i a g n o s e d  by c r a n i a l  u l t r a s o n o g r a p h y  and  by  c l i n i c a l  symptoms 
o f  t h e  d i s e a s e .  None o f  them had c e r e b r o v e n t r i c u l a r  s h u n t  a t  
t h e  t i m e  o f  i n v e s t i g a t i o n .

B l o o d  and l i q u o r  s a m p l e s  were t a k e n  b e t w e e n  9 . 0 0  and 1 1 . 0 0  
a . m .  L i q u o r  was d r a w n  by l u m b a l  p u n c t u r e ;  o n l y  s a m p l e s  n o t  
c o n t a m i n a t e d  w i t h  b l o o d  were e x a m i n e d .  B l o o d  s a m p l e s  f o r  t h e  
m e a s u r e m e n t s  o f  ANP w e r e  drawn i n t o  EDTA t u b e s ,  c e n t r i f u g e d  
i m m e d i a t e l y  a t  4 ° C .  A l l  sa m p le s  f o r  h o rm one  d e t e r m i n a t i o n  were  
f r o z e n  a t  -30  °C u n t i l  a s s a y e d .  A s p e c i f i c  r a d i o i m m u n o a s s a y  f o r  
ANP was used ,  as d e s c r i b e d  e l s e w h e r e  / 7 / .  ANP l e v e l s  were  
m e a s u r e d  i n  e x t r a c t e d  p l asma and CSF by  r a d i o i m m u n o a s s a y  t o  
a l p h a  ANP w i t h  a l o w e r  l i m i t  o f  d e t e c t a b i l i t y  o f  4 f m o l / m l .

C o n c e n t r a t i o n s  o f  s o d i u m ,  p o t a s s i u m ,  c h l o r i d e ,  as w e l l  as 
c r e a t i n i n e ,  and t o t a l  p r o t e i n  were m e a s u r e d  i n  t h e  p la sm a and 
l i q u o r  by c o n v e n t i o n a l  l a b o r a t o r y  m e t h o d s  ( T e c h n i c o n
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A u t o a n a l y s e r ) ,  o s m o l a l i t y  i n  p la sm a and l i q u o r  was d e t e r m i n e d  
by f r e e z i n g  p o i n t  m e th od  ( K n a u e r >s o s m o m e t e r ) .  CSF p r e s s u r e  was 
meas ur ed  by an o p e n i n g  p r e s s u r e  s y s t e m .

Da ta  a re  e x p r e s s e d  as mean and r a n g 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  data was c a r r i e d  o u t  by u s i n g  ANOVA t e s t .  C o r r e l a t i o n  
c o e f f i c i e n t  was c a l c u l a t e d  by r e g r e s s i o n  a n a l y s i s .  I n f o r m e d  
p a r e n t a l  c o n s e n t  was o b t a i n e d  i n  each  p a t i e n t .

RESULTS

Plasma c o n c e n t r a t i o n s  o f  ANP were  e l e v a t e d  i n  t h e  N e o n a t a l  

g r o u p  b e i n g  141 ( 4 9 . 3 - 3 9 1 ) ,  f m o l / 1 ,  w h i l e  i n  t h e  I n f a n t s  and 

H y d r o c e p h a l u s  g r o u p s  t h e  v a l u e s  were w i t h i n  t h e  p h y s i o l o g i c a l  

r a n g e  2 7 . 5  ( 1 6 . 1 - 3 4 . 8 )  and 3 1 . 9  ( 1 8 . 1 - 3 8 . 0 )  f m o l / m l ,  

r e s p e c t i v e l y  ( T a b l e ) .  A l t h o u g h  t h e  s t a t i s t i c a l  a n a l y s i s  d i d  n o t  

r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  g r o u p s ,  a l l  hormone 

v a l u e s  i n  t h e  N e o n a t a l  g r o u p  e x c e e d e d  t h o s e  o b t a i n e d  i n  th e  

I n f a n t s  g r o u p .  No d i f f e r e n c e  was o b s e r v e d  among t h e  g r o u p s  i n  

t h e  p lasma o s m o l a l i t y .  C o n c e n t r a t i o n s  o f  so d i u m  i n  t h e  serum 

w ere  a l s o  n o r m a l  ( N e o n a t e s :  140 ( 1 3 8 - 1 4 1 ) ,  I n f a n t s :  139 ( 1 3 7 — 

1 4 0 ) ,  H y d r o c e p h a l u s :  139 ( 1 3 7 - 1 4 1 )  m m o l / 1 ) .

C o n c e n t r a t i o n s  o f  ANP i n  l i q u o r  s a m p l e s  e x h i b i t e d  much l o w e r  

v a l u e s  th a n  i n  t h e  p l a s m a .  I n s p i t e  o f  t h e  d i f f e r e n c e  i n  p l asma 

ANP be tween n e o n a t e s  and i n f a n t s ,  no d i f f e r e n c e s  w ere  f o u n d  i n  

t h e  l i q u o r  l e v e l  o f  t h e  hormone b e tw e e n  t h e  two  g r o u p s  b e i n g

5 . 3  ( 4 . 0 - 6 . 2 )  i n  n e o n a t e s  and 4 . 0  ( 3 . 9 - 4 . 1 )  f m o l / m l  i n  i n f a n t s ,  

r e s p e c t i v e l y .  I n  c o n t r a s t ,  a l l  c h i l d r e n  w i t h  h y d r o c e p h a l u s  had 

e l e v a t e d  l i q u o r  ANP l e v e l s  r a n g i n g  f r o m  9 . 9  t o  9 1 . 8  f m o l / 1  

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

g r o u p s  ( p < 0 . 0 1 ) .  L i q u o r  o s m o l a l i t y  was n o r m a l  i n  a l l  p a t i e n t s  

and no d i f f e r e n c e  was f o u n d  among t h e  g r o u p s .  No d i f f e r e n c e s  

w ere  n o t e d  i n  t h e  l i q u o r  sod iu m  c o n c e n t r a t i o n s  b e tw e e n  t h e  

g r o u p s  b e i n g  N e o n a t a l  144 ( 1 4 1 - 1 5 1 ) ,  I n f a n t :  146 ( 1 4 2 - 1 4 8 ) ,  

H y d r o c e p h a l u s :  145 ( 1 4 0 - 1 4 9 )  m m o l / 1 .  Mean l i q u o r  p r e s s u r e  was 

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

and i n f a n t s  ( p  < 0 . 0 1 ) .  S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was 

f o u n d  be tween  l i q u o r  p r e s s u r e  and l i q u o r  c o n c e n t r a t i o n  o f  ANP 

( y  = 215 + 4 . 8x ; r =  0 . 6 8 ;  p < 0 . 0 1 ) .



TABLE

C o n c e n t r a t i o n s  o f  a t r i a l  n a t r i u r e t i c  p e p t i d e  ( ANP) i n  p l asma and c e r e b r o s p i n a l  f l u i d ,  
p lasma and l i q u o r  o s m o l a l i t y  and l i q u o r  p r e s s u r e  i n  3 d i f f e r e n t  g r o u p s  o f  c h i l d r e n

Plasma L i q u o r
ANP

( f m o l / m l )
osm

(mosm/kg)
ANP

( f m o l / m l )
osm

(mos m/kg )
p r e s s u r e  

(mmh^O )

N e o n a t a l  g r o u p  
1 3 9 1 .0 300 5 .6 300 152
2 3 1 . 0 297 6 . 2 300 172
3 7 2 .9 298 4 . 0 297 141
4 4 9 . 3 300 5 .6 303 158

I n f a n t  g r o u p
1 2 7 . 6 297 4 . 0 300 181
2 16.1 299 4 . 0 296 146
3 3 4 .8 301 4 . 0 306 191
4 3 1 .5 298 4 . 0 308 210

H y d r o c e p h a l u s
g r o u p + + + +

1 3 8 .0 300 1 2 .8 306 450
2 18 .1 299 1 0 .0 312 556
3 3 5 . 2 297 9 1 . 8 314 620
4 3 6 .5 299 9 . 9 316 398

+ +
p < 0 . 0 1  vs  n e o n a t a l  and i n f a n t  g r o u p s

204 
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DISCUSSION

Our d a t a  show t h a t  ANP i s  p r e s e n t  i n  t h e  l i q u o r  i n  a 

m e a s u r a b l e  q u a n t i t y .  H owe ve r ,  t h e  c o n c e n t r a t i o n s  o f  t h e  hormone 

a r e  be l o w  t h a t  o f  measured  s i m u l t a n e o u s l y  w i t h i n  t h e  p l a s m a .  

The d a t a  p r e s e n t e d  h e r e  p r o v i d e  a l s o  some e v i d e n c e  t h a t  CSF-ANP 

r e p r e s e n t s  an i n d e p e n d e n t  hormone s y s t e m .  I f  CSF-ANP w e re  o n l y  

a c o n s e q u e n c e  o f  a t r i a l  ANP p r o d u c t i o n  and an a c c u m u l a t i o n  

w i t h i n  t h e  CSF, t h e n  hormone c o n c e n t r a t i o n s  i n  t h e  l i q u o r  w o u l d  

have  been d i f f e r e n t  i n  n e o n a t e s  and i n f a n t s .  N am e ly ,  p r e t e r m  

i n f a n t s  have f i v e - t i m e s  h i g h e r  p l a s m a  ANP l e v e l  t h a n  i n f a n t s  

b u t  t h e i r  CSF-ANP c o n c e n t r a t i o n s  w e re  i d e n t i c a l .  T h e r e f o r e ,  

t h e r e  i s  s t r o n g  s u g g e s t i o n  t h a t  ANP i s  s e c r e t e d  d i r e c t l y  i n t o  

t h e  l i q u o r ,  i n d e p e n d e n t l y  f r o m  c a r d i a c  ANP p r o d u c t i o n .  Our  d a t a  

a r e  n o t  i n  a g r e e m e n t  w i t h  t h o s e  o f  L e v i n  ( 1 9 8 8 )  who m ea su r e d  

CSF-ANP i n  human s u b j e c t s  u n d e r g o i n g  m ye l og ram s f o r  v a r i o u s  

n e u r o l o g i c a l  d i s o r d e r s .  I n  t h i s  s t u d y ,  t h e  CSF l e v e l s  e x c e e d e d  

t h e  c i r c u l a t i n g  p la sm a  ANP l e v e l s  i n  m o s t  s u b j e c t s  / 8 / .  F u r t h e r  

i n v e s t i g a t i o n s  a r e  needed t o  c l a r i f y  w h e t h e r  n e u r o l o g i c a l  

d i s o r d e r s  r e s u l t e d  i n  an e l e v a t e d  CSF-ANP o r  c h i l d r e n  have  

d i f f e r e n t  l i q u o r  ANP c o n c e n t r a t i o n  as a d u l t s .

Our h y p o t h e s i s ,  name ly  t h a t  ANP i s  s e c r e t e d  d i r e c t l y  i n t o  

CSF i s  s u p p o r t e d  by t h e  d a t a  o f  L e v i n  e t  a l  ( 1 9 8 7 )  who 

d e m o n s t r a t e d  t h a t  t h e  u p t a k e  o f  r a d i o l a b e l l e d  ANP i n t o  t h e  

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

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

p e p t i d e  / 9 / .

The e x a c t  r o l e  o f  CSF-ANP has  n o t  been f u l l y  e l u c i d a t e d .  

S i n c e  t h e  f u n c t i o n  o f  a g i v e n  n e u r o p e p t i d e  i n  t h e  b r a i n  i s  

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

o f  CSF-ANP i n  t h e  c a r d i o v a s c u l a r  c o n t r o l  has been s u g g e s t e d .  I n  

f a c t ,  a n t a g o n i s t i c  r e l a t i o n s h i p  b e t w e e n  b r a i n  ANP and  b r a i n  

r e n i n - a n g i o t e n s i n  s y s t e m s  on t h e  r e g u l a t i o n  o f  b l o o d  p r e s s u r e ,  

d r i n k i n g ,  s a l t  a p p e t i t e  and on ACTH and v a s o p r e s s i n  r e l e a s e  

has  been d e m o n s t r a t e d  i n  t h e  r a t  / 6 / .  A t r i a l  ANP p l a y s  a l s o  an 

e s s e n t i a l  r o l e  i n  t h e  r e g u l a t i o n  o f  e x t r a c e l l u l a r  f l u i d  vo lu m e  

/ 2 , 7 / .  E x t r a c e l l u l a r  f l u i d  movement  i n t o  and o u t  o f  t h e  b r a i n  

o c c u r s  m a i n l y  a t  t h e  c a p i l l a r y  e n d o t h e l i u m  ( b l o o d  b r a i n
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b a r r i e r )  and a t  t h e  c h o r o i d  p l e x u s  e p i t h e l i u m  ( b l o o d - C S F  

b a r r i e r ) .  S t e a r d o  and  N a th a n s o n  ( 1 9 8 7 )  showed t h a t  t h e  

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

/ 1 0 / .  F u r t h e r m o r e ,  an i n h i b i t o r y  e f f e c t  o f  i n t r a v e n t r i c u l a r  ANP 

on CSF p r o d u c t i o n  r a t e  was a l s o  d e m o n s t r a t e d  / 1 0 / .  I n  a 

m or e  r e c e n t  s t u d y ,  i n t r a c e r e b r o v e n t r i c u l a r  a d m i n i s t r a t i o n  o f  

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

i n f u s i o n  o f  h y p o t o n i c  s o l u t i o n  / 1 1 / .  T h u s ,  a c e n t r a l  i n f l u e n c e  

o f  ANP upon t h e  w a t e r  and i o n  b a l a n c e s  o f  t h e  n e r v o u s  t i s s u e  

ca n  a l s o  be h y p o t h e s i z e d .  C o n c e r n i n g  t h e s e  e x p e r i m e n t a l  d a t a ,  

t h e  e l e v a t e d  CSF-ANP l e v e l  o b s e r v e d  i n  c h i l d r e n  w i t h  

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

m e c h a n i s m  i n  CSF p r o d u c t i o n  t r y i n g  t o  dampen l i q u o r  s e c r e t i o n .

The r e g u l a t i o n  o f  CSF-ANP has n o t  been e s t a b l i s h e d  y e t .  

B e c a u s e  o s m o l a l i t y  and  c o n c e n t r a t i o n s  o f  sod i um  i n  t h e  p l a s m a  

and  a l s o  i n  t h e  l i q u o r  d i d  n o t  d i f f e r  i n  o u r  p a t i e n t s  w i t h  

d i f f e r e n t  CSF-ANP l e v e l s ,  o t h e r  f a c t o r s  a r e  r e s p o n s i b l e  f o r  t h e  

r e g u l a t i o n  o f  i n t r a c e r e b r a l  ho rmone s e c r e t i o n .  The p o s i t i v e  

c o r r e l a t i o n  be tween  C S F - p r e s s u r e  and ANP l e v e l  s u g g e s t s  t h a t  an 

a n a l o g u e  mechan ism t o  a t r i a l  ANP r e g u l a t i o n  may p l a y  a 

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

e t  a l  ( 1 9 8 8 )  c o u l d  n o t  d e m o n s t r a t e  s i g n i f i c a n t  r e l a t i o n s h i p  

b e t w e e n  ANP c o n c e n t r a t i o n  i n  t h e  l i q u o r  and C S F - p r e s s u r e  i n  

h e a l t h y  a d u l t s  / 1 2 / .  F u r t h e r  s t u d i e s  a r e  needed  t o  e s t a b l i s h  

t h e  e x a c t  r e g u l a t o r y  m ech an is m s o f  CSF-ANP s e c r e t i o n .

I n  c o n c l u s i o n ,  o u r  s t u d y  p r o v i d e d  e v i d e n c e  f o r  t h e  e x i s t e n c e  

o f  a c e r e b r a l  ANP s y s t e m .  The CSF-ANP seems t o  be i n d e p e n d e n t  

f r o m  t h e  s y s t e m i c ,  a t r i a l  ANP. Hormone v a l u e s  i n  t h e  l i q u o r  a r e  

l o w e r  t h a n  i n  t h e  p l a s m a  and w i t h  i n c r e a s i n g  C S F - p r e s s u r e  CSF- 

ANP l e v e l s  become a l s o  h i g h e r .
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