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SUMMARY 

The a b s o l u t e  and t h e  percen tage plasma NEFA p a t t e r n  o f  h e a l t h y  c h i l d r e n .  
C y s t i c  F i b r o s i s  (C.F.)  p a t i e n t s  and t h e i r  p a r e n t s  have been de te rmined ( t a b l e  
I ,  Ill, V) and compared w i t h  those  o f  age and sex matched c o n t r o l  s u b j e c t s  ( t a -  
b l e  ll, I V ,  V). 

There i s  a  s t r i k i n g  d i f f e r e n c e  i n  t h e  percen tage plasma NEFA p a t t e r n  o f  
C.F. p a t i e n t s  w i t h  p a n c r e a t i c  i n s u f f i c i e n c y  : p a l m i t i c ,  p a l m i t o l e i c  and o l e i c  
a c i d  a r e  s i g n i f i c a n t l y  i n c r e a s e d  w h i l e  l i n o l e i c ,  l i n o l e n i c  and s t e a r i c  a c i d  
a r e  decreased ( t a b l e  I V ) .  Four  C.F. c h i l d r e n  w i t h o u t  p a n c r e a t i c  invo lvement  ha- 
ve t h e  same abnormal NEFA p a t t e r n  ( f i g .  3 ) .  

The o v e r l a p p i n g  a reas  o f  t h e  d i s t r i b u t i o n s  o f  b o t h  p a l m i t o l e i c  and l i n o -  
l e i c  a c i d  (as  shown i n  f i g .  20 a n d r  ) a r e  smal l  f o r  h e a l t h y  and C.F. s u b j e c t s .  
About 90 Z o f  t h e  C.F. s u b j e c t s  examined show an abnormal p a l m i t o l e i c  and/or 
l i n o l e i c  a c i d  c o n c e n t r a t i o n .  Tes ted  i n d i v i d u a l l y ,  r e c o g n i t i o n  o f  t h i s  t y p i c a l  
C.F. p a t t e r n  i n v o l v e s  a  p o s s i b l e  e r r o r  o f  15 % ( f i g .  3 ) .  

A  c o r r e l a t i o n  e x i s t s  between t h e  a b n o r m a l i t y  o f  t h e  plasma NEFA p a t t e r n  
i n  C.F. p a t i e n t s  and t h e  s e v e r i t y  o f  pulmonary d isease .  

The percen tage plasma NEFA p a t t e r n  o f  C.F. p a r e n t s  i s  m o d i f i e d  b y  an i n -  
c rease  o f  l i n o l e i c  a c i d  and a  decrease o f  s a t u r a t e d  f a t t y  a c i d s  ( t a b l e  V , f i g .  
10 .8  ) .  T h i s  i s  p o s s i b l y  due t o  an h i g h e r  d i e t a r y  i n t a k e  o f  p o l y u n s a t u r a t e d  
f a t t y  a t i d s .  

SPECULATION 

I t  has n o t  been c o n v i n c i n g l y  demonstrated y e t  t h a t  t h e  abnormal plasma 
NEFA p a t t e r n  i n  C y s t i c  F i b r o s i s  i s  e n t i r e l y  due t o  m a l a b s o r p t i o n  o f  d i e t a r y  
e s s e n t i a l  f a t t y  a c i d s .  Rather,  a  p r i m a r y  d e f e c t  i n  f a t t y  a c i d  metabo l i sm a l s o  
remains p o s s i b l e .  

INTRODUCTION 

Abnormal f a t t y  a c i d  compos i t ion  o f  ma jo r  b lood  l i p i d  f r a c t i o n s  and o f  
v a r i o u s  t i s s u e s  have been r e p o r t e d  i n  C y s t i c  F i b r o s i s  (C.F.)  by s e v e r a l  i n v e s -  
t i g a t o r s  (2,  6, 8. 12-15. 17. 24) .  

I h e  p l ~ y ~ i ~ l o g i c a l  impor tance  o f  these  f a t t y  a c i d  a l t e r a t i u n s  i s  unknown. 
It has been suggested t h a t  t h e  m e t a b o l i c  d e f e c t  i n  C.F. m i g h t  be  i n  t h e  a rea  
o f  some c l i n i c a l  m a n i f e s t a t i o n s  o f  t h e  d isease  (11, 18, 24).  

Hubbard e t  a l .  have s t u d i e d  t h e  f a t t y  a c i d  compos i t ion  o f  t h e  v a r i o u s  
plasma l i p i d  f r a c t i o n s  f rom C.F. p a t i e n t s  w i t h o u t  p a n c r e a t i c  i n s u f f i c i e n c y  and 
from o b l i g a t e  he te rozygotes .  They have concluded t h a t  t h e  abnormal f a t t y  a c i d  
compos i t ion  i s  secondary t o  m a l a b s o r p t i o n  and i s  n o t  due t o  a  b a s i c  d e f e c t  i n  
f a t t y  a c i d  metabo l i sm ( 1 3 ) .  

T h e r a p e u t i c  t r i a l s  o f  f a t t y  a c i d  supp lementa t ion  have been c a r r i e d  ou t ,  
b u t  v e r y  con fus ing  r e s u l t s  have been r e p o r t e d  ( 3 ,  4, 9-11. 16, 25) .  Severa l  
i n v e s t i g a t o r s  have d e s c r i b e d  a  r e d u c t i o n  i n  sweat sodium c o n c e n t r a t i o n  i n  C.F. 
c h i l d r e n  a f t e r  i n t r a v e n o u s  and o r a l  f a t t y  a c i d  supp lementa t ion  ( 4 .  9-11. 2 5 ) .  
More r e c e n t  p u b l i s h e d  da ta ,  however, have n o t  suppor ted  these  p r e v i o u s  f i n -  
d i n g s  ( 3 .  1 6 ) .  C l e a r l y ,  f u r t h e r  s t u d y  remains necessary t o  i n t e r r e l a t e  a l l  ob- 
s e r v a t i o n s .  

I n  o u r  s tudy  we have i n v e s t i g a t e d  t h e  f a t t y  a c i d  p a t t e r n  o f  t h e  plasma 
l o n g  c h a i n  n o n - e s t e r i f i e d  f a t t y  a c i d  (NCFA) f r a c t i o n  from C.F. s u b j e c t s  w i t h  
and w i t h o u t  p a n c r e a t i c  i n s u f f i c i e n c y  and from o b l i g a t e  he te rozygotes .  U n t i l  
now. o n l y  a  few and r e l a t i v e l y  incomple te  da ta ,  concern ing  t h i s  smal l  l i p i d  
f r a c t i o n .  have been p u b l i s h e d  f o r  b o t h  h e a l t h y  and C.F. c h i l d r e n  (6 .  13, 14) .  
Only one s tudy  g i v e s  i n f o r m a t i o n  about  t h e  plasma NEFA f r a c t i o n  i n  C.F. pa- 
r e n t s  ( 1 3 ) .  

Recent ly ,  t h e  plasma NEFA p a t t e r n  f o r  a  l a r g e  g roup o f  h e a l t h y  c h i l d r e n  
and young a d u l t s  has been de te rmined ( 2 1 ) .  I t  has been demonstrated t h a t  t h e  
t o t a l  NEFA c o n c e n t r a t i o n ,  t h e  a b s o l u t e  and t h e  percen tage NEFA p a t t e r n  o f p l a s -  
ma a r e  v e r y  dependent on age and sex. Consequent ly,  i n  t h i s  p a r t i c u l a r  s tudy .  
we compare t h e  r e s u l t s  f o r  t h e  plasma NEFA p a t t e r n  o f  C.F. p a t i e n t s  and t h e i r  
Paren ts  w i t h  those  o f  age and sex matched c o n t r o l s .  

EXPERIMENTAL 

zM?ME!s : 48 p a t i e n t s  w i t h  p roved C y s t i c  F i b r o s i s  have been examined 
i n  age groups o f  8-10 and 15-17 y e a r s  o l d .  - These age 
groups were chosen because t h e  r e f e r e n c e  b l o o d  samples o f  

h e a l t h y  c h i l d r e n  were o b t a i n e d  as a  p a r t  o f  a  s t u d y  concern ing  t h e  n u t r i t i o n a l  
and c a r d i o v a s c u l a r  s t a t e  o f  t h e  young B e l g i a n  p o p u l a t i o n .  T h i s  p a r t i c u l a r  s t u -  
dy was per fo rmed on s u b j e c t s  o f  8-10. 15-15 and 20-25 y e a r s  o l d .  - Only f o u r  
o u t  o f  t h e  48 s u b j e c t s  had d e f i n i t e l y  no p a n c r e a t i c  i n s u f f i c i e n c y  as was es- 
t a b l i s h e d  by duodenal i n t u b a t i o n  f o r  enzyme a c t i v i t y ,  b y  d e t e r m i n a t i o n  o f  n i -  
t r o g e n  and l i p i d  a b s o r p t i o n  c o e f f i c i e n t s  ( 1 )  o r  b y  d e t e r m i n a t i o n  o f  t r y p s i n  
a c t i v i t y  i n  s t o o l  samples ( 7 ) .  These f o u r  c h i l d r e n  d i d  n o t  s u f f e r  f rom s t e a -  
t o r r h o e a  and d i d  n o t  r e q u i r e  p a n c r e a t i c  enzyme p r e p a r a t i o n s .  

A  d e s c r i p t i o n  o f  t h e  l a r g e  c o n t r o l  group o f  h e a l t h y  c h i l d r e n  and d e t a i l s  
about  t h e  c o n d i t i o n s  o f  b l o o d  sampl ing  a r e  p u b l i s h e d  elsewhere ( 2 1 ) .  

32 o b l i g a t e  he te rozygotes  ( p a r e n t s  o f  C.F. p a t i e n t s )  have a l s o  been s t u -  

d ied .  The o b t a i n e d  r e s u l t s  a r e  compared w i t h  those  o f  28 h e a l t h y  a d u l t s  o f  t h e  
same age (35-45 y e a r s  o l d )  and sex. From a l l  t h e  h e a l t h y  s u b j e c t s  and f rom t h e  
p a r e n t s  o f  t h e  C.F. c h i l d r e n  s t u d i e d .  informed consent  was o b t a i n e d  f o r  b l o o d  
sampl ing  o f  t h e i r  c h i l d r e n  and o f  themselves. 

As d e s c r i b e d  p r e v i o u s l y  ( 1 9 )  

As d e s c r i b e d  p r e v i o u s l y  (19, 20) 

I n  s h o r t ,  a f t e r  b l o o d  samples were c o l l e c t e d  i n t o  i c e - c o o l e d  h e p a r i n i s e d  
tubes (100 1.U. lml b l o o d ) ,  t h e  plasma was separa ted  f rom t h e  r e d  b l o o d  c e l l s  
w i t h i n  a  l i m i t e d  t i m e  (20) .  A  known c o n c e n t r a t i o n  o f  hep tadecano ic  a c i d  was ad- 
ded as i n t e r n a l  s tandard  and t h e  t o t a l  l i p i d s  were e x t r a c t e d  t w i c e  u s i n g  a  mix -  
t u r e  o f  i sopropano l ,  n-heptane and 1 ~  z u l f u r i c  a c i d  (39/811/;  v l v ) .  The v a r i o u s  
l i p i d  f r a c t i o n s  were separa ted  by one d imens iona l  t h i n - l a y e r  chromatography 
w i t h  n-heptane, d i e t h y l e t h e r  and a c e t i c  a c i d  (40/10/1; v / v ) .  The NEFA spots  we- 
r e  scraped o f f  and e x t r a c t e d  w i t h  p u r i f i e d  d i e t h y l e t h e r .  A f t e r  m e t h y l a t i o n  w i t h  
boron  t r i f l u o r i d e  i n  methanol (14  ", w/v) ,  t h e  methy l  e s t e r s  were e x t r a c t e d  
w i t h  n-heptane and separa ted  by g a s - l i q u i d  chromatography on  a  5  % f r e e  f a t t y  
a c i d  phase column. A  d i g i t a l  i n t e g r a t o r  (Hewle t t -Packard  3380A, USA) was used 
f o r  t h e  c a l c u l a t i o n  o f  t h e  r e s u l t s .  S imu l taneous ly  r e f e r e n c e  and b l a n k  d e t e r m i -  
n a t i o n s  were c a r r i e d  o u t .  

RESULTS 

The r e s u l t s  concern ing  t h e  a b s o l u t e  and percen tage plasma NEFA p a t t e r n  
o f  h e a l t h y  c h i l d r e n  have been d e s c r i b e d  p r e v i o u s l y  ( 2 1 )  and a r e  n o t  resumed 
h e r e .  

The a b s o l u t e  plasma NEFA p a t t e r n  and t h e  t o t a l  NEFA c o n c e n t r a t i o n  o f  C.F. 
c h i l d r e n  f rom 8-10 (g roup I )  and 15-17 (g roup 11) y e a r s  o l d  a r e  shown i n  t a b l e  
I. F o r  b o t h  groups, t h e  a b s o l u t e  c o n c e n t r a t i o n  o f  each f a t t y  a c i d  as w e l l  as 
t h e  t o t a l  NEFA a r e  h i g h e r  f o r  boys t h a n  f o r  g i r l s .  S i g n i f i c a n c e  i s  i n d i c a t e d .  

F o r  C.F. boys and g i r l s  t h e  t o t a l  NEFA and t h e  i n d i v i d u a l  f a t t y  a c i d  con- 
t e n t  o f  plasma s i g n i f i c a n t l y  decrease from 8-10 t o  15-17 y e a r s  o l d .  

Comparing t h e  t o t a l  NEFA c o n c e n t r a t i o n  o f  C.F. and h e a l t h y  c h i l d r e n ,  we 
f i n d  t h a t  f o r  every  age group, t h e  t o t a l  NEFA c o n c e n t r a t i o n  o f  C.F. boys i s  
s i g n i f i c a n t l y  h i g h e r  (P<0,001) .  F o r  g i r l s  no s i g n i f i c a n t  a l t e r a t i o n s  c o u l d  be  
d e t e c t e d .  The s i g n i f i c a n t  changes between t h e  i n d i v i d u a l  f a t t y  a c i d  concent ra -  
t i o n s  o f  C.F. and h e a l t h y  c h i l d r e n  a r e  ment ioned i n  t a b l e  11. 

F o r  C.F. and h e a l t h y  p a r e n t s  t h e  mean t o t a l  NEFA c o n c e n t r a t i o n  i n  uM i s  
r e s p e c t i v e l y  435 uM ? I 9 1  (NCF -32) and 317 uM + I 3 3  ( n H  = 2 B ) ( S t u d e n t a s  t - t e s t .  

P  0.01) : f o r  males 360 ~ I M  t122  (nCF =15) and 270 uM '109 (nH = 1 7 ) ( P < 0 . 0 5 )  

and f o r  females r e s p e c t i v e l y  517 uM 1184 ( y F  =17) and 384 uM ,117 (n,, =11) 

(P< 0.01). The t o t a l  NEFA c o n c e n t r a t i o n  and t h e  a b s o l u t e  amounts o f  t h e  i n d i v i -  
dua l  f a t t y  a c i d s  a r e  s i g n i f i c a n t l y  h i g h e r  f o r  C.F. p a r e n t s  t h a n  f o r  h e a l t h y  
a d u l t s .  

The percen tage plasma NFFA p a t t p r n  o f  C . F .  c h i l d r e n  i c  <how" i n  t a h l r  I l l .  
The s i g n i f i c a n t  changes between C . t .  g i r l s  and boys o f  t h e  same age group a r e  
i n d i c a t e d .  

There i s  a  s t r i k i n g  d i f f e r e n c e  i n  t h e  percen tage plasma NEFA p a t t e r n  o f  
C.F. c h i l d r e n ,  compared w i t h  h e a l t h y  ones ( t a b l e  I V ) .  P a l m i t i c ,  p a l m i t o l e i c  
and o l e i c  a c i d  a r e  s i g n i f i c a n t l y  inc reased,  w h i l e  l i n o l e i c .  l i n o l e n i c  and s t e a -  
r i c  a c i d  a r e  decreased. N e a r l y  t h e  same a b n o r m a l i t i e s  a r e  found f o r  C.F. g i r l s  
and boys o f  b o t h  age groups. 

The most i m p o r t a n t  d i f f e r e n c e s  i n  t h e  NEFA p a t t e r n  o f  C.F. p a t i e n t s  a r e  
observed i n  p a l m i t o l e i c  and l i n o l e i c  a c i d .  The r a t i o  o f  p a l m i t o l e i c  t o  l i n o l e i c  
a c i d  i s  much h i g h e r  i n  C.F. p a t i e n t s  t h a n  i n  h e a l t h y  c h i l d r e n  ( f i g .  l a ) .  

Comparing t h e  percen tage plasma NEFA p a t t e r n  o f  C.F. p a r e n t s  w i t h  matched 
c o n t r o l s ,  we f i n d  some s i g n i f i c a n t  changes : p a l m i t i c  and s t e a r i c  a c i d  a r e  de-  
creased w h i l e  l i n o l e i c  and l i n o l e n i c  a c i d  a r e  i n c r e a s e d  ( t a b l e  V) .  The r a t i o  
p a l m i t o l e i c  t o  l i n o l e i c  a c i d  i s  changed, b u t  o p p o s i t e l y  t o  t h a t  o f  C.F. homo- 
zygo tes  ( f i g .  l h ) .  

So f a r  comparisons have been made between groups o f  C.F. and h e a l t h y  c h i l -  
d ren .  It i s  a l s o  w o r t h  w h i l e  t o  i n v e s t i g a t e  if i n d i v i d u a l  changes i n  t h e  percen- 
tage  plasma NEFA p a t t e r n  o f  C.F. p a t i e n t s  a r e  s i g n i f i c a n t .  

Among t h e  v a r i o u s  f a t t y  a c i d s ,  p a l m i t o l e i c  and l i n o l e i c  a c i d  show t h e  
g r e a t e s t  d i f f e r e n c e s  i n  d i s t r i b u t i o n  between h e a l t h y  and C.F. s u b j e c t s  (see  f i g .  
20 and 2 t ) .  The o v e r l a p p i n g  a rea  o f  b o t h  d i s t r i b u t i o n s  i s  s m a l l .  The non o r  m i -  
n o r  o v e r l a p p i n g  a reas  can be  represented  as i n  f i g .  3. A  t y p i c a l  C.F. plasma 
NEFA p a t t e r n  can be recogn ized  from t h i s  graph. The percen tages  i n d i c a t e d  on t h e  
graph r e p r e s e n t  t h e  p o s s i b l e  e r r o r  i n v o l v e d .  T e s t i n g  t h e  i n d i v i d u a l  concent ra -  
t i o n s  o f  p a l m i t o l e i c  and l i n o l e i c  a c i d  f o r  each C.F. c h i l d  examined; 61.4 : o f  
t h e  L .F .  p a t i e n t s  show a  t y p i c a l  C.F. p a t t e r n  w i t h  a  p o s s i b l e  e r r o l -  o f  3,4 '. 
and 88.7 ' w i t h  a  p o s s i b l e  e r r o r  o f  15.5 5 .  

Four  C.F. p a t i e n t s ,  w i t h o u t  p a n c r e a t i c  i n s u f f i c i e n c y ,  have t h e  same ab- 
normal NEFA p a t t e r n  as t h e  C.F. p a t i e n t s  w i t h  p a n c r e a t i c  i n v o l v e r . e n t .  Two pa- 
t i e n t s  show ( f i g .  3 )  a  C.F. p a t t e r n  w i t h  a  p o s s i b l e  e r r o r  o f  2.6 9 and two pa- 
t i e n t s  w i t h  a  p o s s i b l e  e r r o r  o f  r e s p e c t i v e l y  12.5 and 14,s ' .  

Noteworthy i s  t h a t  a l l  t h e  C.F. c h i l d r e n  i n  t h e  non-de f inab le  o v e r l a p p i n g  a rea  
( t h e  shaded area  on t h e  graph i n  f i g .  3 )  a r e  p a t i e n t s  w i t h  pronounced pancrea- 
t i c  i n s u f f i c i e n c y  and w i t h  l i t t l e  o r  no pulmonary invo lvement .  Moreover t h e  
s u b j e c t s  i n  t h e  0-3 % a rea  a r e  m o s t l y  p a t i e n t s  w i t h  severe  pulmonary i n v o l v e -  
ment.  Pulmonary d isease  was assessed by t h e  occur rence  and the  s e v e r i t y  o f h r o r v  
chor rhea ,  r e s p i r a t o r y  i n f e c t i o n s  and a b n o r m a l i t i e s  i n  c h e s t  X- rays .  

DISCUSSION 

- !b!o!ute~e!ns!d_!!F!.e~t~er~~~ 
I n  c o n t r a s t  w i t h  o u r  f i n d i n g s  f o r  h e a l t h y  c h i l d r e n  ( 2 1 )  t h e  r e s u l t s  f o r  

C.F. s u b j e c t s  show t h a t  t h e  t o t a l  NEFA c o n c e n t r a t i o n  and t h e  i n d i v i d u a l  f a t t y  
a c i d  c o n c e n t r a t i o n s  a r e  h i g h e r  f o r  boys than  f o r  g i r l s .  



The r e l a t i o n  w i t h  aqe. e s t a b l i s h e d  f o r  h e a l t h y  c h i l d r e n  ( ? I ) ,  docs 7 .  C r o s s l e y ,  J . R . .  Ber rysan ,  C.C. and r l l i o t t ,  R.B. . C y s t i c  F i b r o s i s  scr-ee- 

e x i s t  f o r  C.F. p a t i e n t s  : f o r  b o t h  sexes, t h e  a b s o l u t e  amount o f  each f a t t y  n i n g  111 t h e  newborn. Lancet ,  November : 1093 ( 1 9 7 7 ) .  
~ d c i d  and t h e  t o t a l  NtFA c o n c e n t r a t i o n  decrease  w i t h  age ( f r o m  8-17 y e a r s )  

The t o t a l  NEFA c o n c e n t r a t i o n  i s  s i g n i f i c a n t l y  h i g h e r  i n  C.F. boys t h a n i n  
l i e a l t h y  ones. T h i s  i s  c o n s i s t e n t  w i t h  Kuo 's  s u g g e s t i o n  ( 1 5 ) ,  t h a t  under nornial 
c o n d i t i o n s ,  depot  f a t  n \ o b i l i z a t i o n  i s  g o i n g  on a t  an i n c r e a s e d  r a t e  i n  C.F. 
c h i l d r e n .  

The t o t a l  NEFA c o n c e n t r a t i o n  f o r  C.F. p a t i e n t s  w i t h  p a n c r e a t i c  i n s u f f i -  
c i e n c y ,  as r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 1 3 ) ,  i s  n o t  comparable w i t h  o u r  r e s u l t s ,  
hecause o f  t h e  h e t e r o g e n e i t y  o f  t h e  q roup t h e y  s t u d i e d  : 6 females and 5 males, 
dged 14-47 y e a r s .  

I n  C.F. p a r e n t s  t h e  plasma t o t a l  NLFA c o n c e n t r a t i o n  and t h e  i n v i d u a l  
,?mount o f  each f a t t y  a c i d  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  those  o f  h e a l t h y a d u l t ? .  
T h i s  c o u l d  p a r t l y  be due t o  t h e  h i g h e r  mean age o f  o u r  C.F. p a r e n t s  g roup.  Our 
p r e v i o u s  work ( 7 1 )  has shown t h a t  t h e  t o t a l  NEFA and t h e  i n d i v i d u a l  f a t t y  a c i d  
c o n c e n t r a t i o n s  i n c r e a s e  w i t h  age from 75 t o  50 y e a r s .  No s i g n i f i c a n t  d i f f e r e n c e  
i n  plasma t o t a l  NEFA c o n c e n t r a t i o n  between normal s u b j e c t s  (aged 19-32 y e a r s )  
and o b l i g a t e  h e t e r o z y g o t e s  (aged 29-42 y e a r s )  has been r e p o r t e d  ( 1 3 ) .  

The a b n o r m a l i t i e s .  observed  i n  t h e  nlasnla NEFA D a t t e r n  o f  C.F. c h i l d r e n  
d r e  i n  good agreement w i t h  t h e  s c a n t  data; d e s c r i b e d  i n  t h e  l i t e r a t u r e ,  concer -  
n i n g  t h e  plasma NEFA p a t t e r n  i n  C.F. p a t i e n t s  w i t h  p a n c r e a t i c  invo lvement  ( 6 ,  
13. 141. Yuo and lluana have r e o o r t e d  an i n c r e a s e d  c o n c e n t r a t i o n  o f  e a l m i t o l e i c  . , 
,and a decreased con teGt  o f  s t e e r i c  and l i n o l e i c  a c i d  ( 1 4 ) .  Carcri and C o r b o c o u l d  
o n l y  d e t e c t  an i n c r e a s e d  c o n c e n t r a t i o n  o f  p a l m i t o l r i c  a c i d  ( 6 )  and Hubbard e t  
51. have d e s c r i b e d  a  s i g n i f i c a n t  e l e v a t i o n  o f  p a l m i t o l e i c  a c i d  and a  decrease  
o f  l i n o l e i c  a c i d  f o r  p a n c r e a t i c  C.F. p a t i e n t s  ( 1 3 )  

About 90 o f  o u r  C.F. p a t i e n t s  w i t h  D a n c r e a t i c  i n s u f f i c i e n c y  show a n a b -  

8 .  Dodge, J . A . ,  S a l t e r ,  D.G. and Y J S S ~ ,  J.G. : E s s e n t i a l  f a t t y  a c l d  d e f i c i e n i y  
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9 .  E l l i c l t ,  R.B. : A  t h e r d p e u t l c a l  t r i a l  o f  f a t t y  a c i d  s u p p l e m e n t a t i o n  i n  C y r -  
t i c  F i b r o s i s .  P e d i a t r i c s ,  57 : 474 ( 1 9 7 6 ) .  
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t r a t i o n s  i n  C y s t i r  F i h r o s i s .  A u s t .  P n e d i n t .  , I . .  J: : ? I 7  ( 1 9 7 1 ) .  

11 .  t l l i o t t ,  I I .B .  and Robinson, P.G. . An u n u i u d l  c l l n ~ c i l l  i o ~ > ! s e  I n  a  i l l i l d  
w ~ f h  C y s t i c  F i h r o s i s  t r e a t e d  w i t h  f a t  e n ~ u l s i n n .  Arch .  L l l s .  C h i l d . .  '(1 : 7b 
( 197',). 

' 12. G a l a b e r t ,  C., F i l l i a t ,  14. and C h a z a l e t t e ,  J.P. : F a t t y - a c i d  corn l r~ i? l t lo r l  o f  
s e r u n i - l e c i t h i n e s  i n  C y s t i c  F i b r o s i s  p a t i e n t s  w i t h o u t  s t e a t o r r t l o e a .  
L a n c e t ,  Oc tober  : 903 (197Pj) .  

13. Hul,bard, V .5 . .  Dewey Dunn. C .  and d i  Sant 'Agnese,  ! ' .A. . Abnorr,l,ll t d t t j -  
a c i d  c o t i ~ p o s i t i o n  o f  p l a s m a - l i p i d s  i n  C y s t i c  F i b r o ? i s .  A  ~ r l - i m a r y  o r  seconda- 
ry  d e f e c t  ? Lance t ,  December . 1302 ( 1 9 7 7 ) .  

14. Yuo, P .T .  and Huang, N.N. : The e f f e c t  o f  r ~ e d i u m  c h a i n  t r i q l y c e r i d e  upon 
f a t  a b s o r p t i o r ~  and plasma l i p i d  and depot  f a t  o f  c h i l d r e n  w l t h  C y s t i c  i l -  
h r o s i s  o f  t h e  pancreas .  J .  C l i n .  I n v e s t . ,  44 : 19?4 (196 ' ) .  

15 .  Kuo, P .T . .  tluang, N.N. and B a s s e t t ,  O.R. : The f a t t y  a c i d  con ipos i t lon  o f  
t h e  serum chy lomic rons  and ad ipose  t i s s u e  o f  c h i l d r e n  w i t h  C y s t i c  F ib ro : i s  
o f  t i l e  panLreas .  J .  P e d i a t .  J .  P e d i a t . ,  60 : 31'. ( 1 9 6 7 ) .  

nornial  p a l m i t o l e i c  and /or  l i n o l e i c  a c i d  c o n c e n t r a t i o n  ( f i g .  31  ~ e s i e d  i n d i v i -  16. ~ l ~ ~ d - ~ t i l l ,  J . D . ,  ~ i ~ ~ ~ ~ ,  s . H . ,  w e s s e l ,  H . U .  and ~ l b s o n ,  L . L .  : Neqat ivc  
d u a l l y ,  r e c o g n i t i o n  o f  t h i s  t y p i c a l  C.F. p a t t e r n  involves a  p o s s i b l e  e r r o r  o f  e f f e c t s  o f  o r a l  t a t t y  a c i d  s u p p l e m e n t d t ~ o n  on sweat c h l o r i d e  111 C v s t l r  
15 " .  F i b r o s i s .  P e d i a t r i c s ,  64 : 50 ( 1 9 7 9 ) .  

Four  c h i l d r e n  w i t h o u t  p a n c r e a t i c  invo lvement  p r e s e n t  t h e  same abnormal 
plasma NEFA p a t t e r n .  As we had t h e  p o s s i b i l i t y  o f  s t u d y i n g  o n l y  f o u r  c h i l d r e n ,  
we can o n l y  draw p r e l i m i n a r y  c o n c l u s i o n s ,  b u t  o u r  r e s u l t s  d i f f e r  from d a t a  i n  
t h e  l i t e r a t u r e  (12 ,  1 3 ) .  Huhbard e t  a l .  ( 1 3 )  and G a l a b e r t  e t  a1. ( 1 2 )  have 
shown t h a t  t h e  f a t t y  a c i d  c o m p o s i t i o n  o f  plasma l i p i d  f r a c t i o n s  i n  C.F. pa- 
t i e n t s  w i t h o u t  p a n c r e a t i c  i n s u f f i c i e n c y  ( r e s p e c t i v e l y  n  : 5 and n  = 15)  does 
n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h a t  o f  normal s u b j e c t s .  

These a u t h o r s  c o u l d  n o t  observe  any c o r r e l a t i o n  between t h e  abnormal 
f a t t y  a c i d  p a t t e r n  and v i t a m i n - E  d e f i c i e n c y ,  age, sex o r  s e v e r i t y  o f  t h e  d i -  
sease f o r  C.F. s u b j e c t s  w i t h  p a n c r e a t i c  i n v o l v e m e n t .  However, we have found a  
c e r t a i n  c o r r e l a t i o n  between s e v e r i t y  o f  pulmonary d i s e a s e  and a b n o r n i a l i t y  o f  
plasma NEFA p a t t e r n  i n  C.F. p a t i e n t s .  C.F. p a t i e n t s  w i t h  l i t t l e  o r  no pulmona- 
r y  i n v o l v e m e n t  have n e a r l y  normal plasma percen tage c o n c e n t r a t i o n s  o f  p a l m i t o -  
l e i c  and /or  l i n o l e i c  a c i d .  On t h e  o t h e r  hand, t h o s e  w i t h  severe  pulmonary d i -  
sease show e x t r e m e l v  abnormal e a l m i t o l e i c  and l i n o l e i c  a c i d  c o n c e n t r a t i o n s .  

17 .  t~lalmendier., C.L., Van den Rerqen, C.J. ,and Baran, D .  : I n f l u e n c e  o f  lyolii.1- 
l i z e d  t o t a l  pancrea5 on  plasma l i p i d s  and on f a t  a b s o r p t i o n  111 Cy ' t l c  i l -  
I ) r n < i s .  H e l v .  P a e d i a t .  Ac ta ,  32 : 115 ( 1 9 7 7 ) .  

18 .  R i v e r s ,  J.P.W. and Hassaiii, A.G. : D e f e c t i v e  e s s e n t i a l  f a t t y  a c i d  n~eta t io l i i r . ,  
i n  C y s t i c  f i b r o s i s .  L a n c e t ,  Oc tober  : 64? ( 1 9 7 5 ) .  

19 .  Rog ie rs ,  V .  : The a p p l i c a t i o n  o f  an improved q a s - l l q u i d  r l r r o m a t o q r . a ~ ~ h l c  
method f o r  t h e  d e t e r m i n a t i o n  o f  t h e  l o n g  c h a i n  r ~ o n - e s t e r i f i e d  f a t t y  z c i d  
p a t t e r n  o f  b l o o d  plasma i n  c h i l d r e n .  C l i n .  I h i n l .  Ac ta ,  70 : :'?7 ( 1 9 7 7 ) .  

20. Rogiers ,  V. : S t a b i l i t y  o f  t h e  l o n g  c h a i n  n o n - e s t e r i f l e d  f a t t y  a c l d  p a t t e r n  
i n  plasma and b l o o d  d u r i n g  d i f f e r e n t  s t o r a q e  c o n d i t i o n s .  C l i n .  Chim. Ac ta ,  
n4 : 49 ( 1 9 7 8 ) .  

The s u g g e s t i o n  made by Campbell e t  a l .  ( 5 ) ,  t h a t  d e t e r i o r a t i o n  o f  l u n g  71. Rog ie rs ,  V .  : Long c h a i n  n o n - c s t e r i f i e d  f a t t y  a r i d  p a t t e r n  i n  plasma o f  

f u n c t i o n  i n  C.F. p a t i e n t s  m i g h t  be  c o r r e l a t e d  w i t h  abnormal f a t t y  a c i d  compo- h e a l t h y  c h i l d r e n  and young a d u l t s ,  i n  r e l a t i o n  t o  aqe and sex. J .  L i p i d  Res 

s i t i o n  o f  b l o o d  l i p i d s  cannot  be  exc luded.  They sugges t  t h a t  oxygen does n o t  - accepted  f o r  p u b l i c a t i o n  ( 1 9 8 0 ) .  

s i m p l y  d i f f u s e  across  e r y t h r o c y t e  membranes, b u t  t h a t  i t s  t r a n s p o r t  i s  i n f l u e n -  
ced  b v  t h e  f a t t v  a c i d  c o m o o s i t i o n  o f  t h e  r e d  c e l l  membrane. The r e s u l t s  o f  o u r  Ro9iprs, V .  : u n ~ u b l l s h e d  d a t a .  

p r e v i o u s  work s;pport t h e i r  s u g g e s t i o n  as we have shown t h a t  t h e  f a t t y  a c i d  
c o m p o s i t i o n  o f  t h e  v a r i o u s  r e d  c e l l  membrane p h o s p h o l i p i d s  i n  C.F. p a t i e n t s  i s  23 .  Roqiers ,  V .  : l X t h  M e e t i n g  European w o r k i n q  ~ r o u p  f o r  c y s t i c  F i h r - 0 5 l s .  

a l t e r e d  i n  t h e  same wav as t h e  f a t t y  a c i d  n a t t e r n  o f  t h e  NfFA f r a c t i o n  i n  p l a s -  Jirne 17-13, N o o r d w i j k e r h o u t .  Nether land5 ( 1 9 7 9 ) .  

ma ( 2 3 ) .  
24. Rosenlund, M.L . ,  Kim, H. and Y r i t c h e w s l y ,  (1. : F s s e n t i a l  f a t t y  a c l d s  i n  

The plasma NEFA p a t t e r n  o f  C.F. p a r e n t s  i s  n e a r l y  normal ,  w h i c h  i s  i n  C y s t i c  F i b r o s i s .  N a t u r e ,  251 : 719 ( 1 9 7 4 ) .  
good agreement w l t h  d a t a  i n  t h e  l i t e r a t u r e  ( 1 3 ) .  The percen tage concentrations 7 5 .  Rosenlund, 1I.L.. 5elekman. J . A . ,  Klm, H .  and h r i t c t i e w s k y ,  11. : U i e t a r y  es-  
o f  t h e  p o l y u n s a t u r a t e d  f a t t y  a c i d s  ( l i n o l e i c  and l i n o l e n i c  a c i d )  a r e  i n c r e a s e d  s e n t i a l  f a t t y  a c i d s  i n  C y s t i c  F i b r o s i s .  P e d i a t r i c ? ,  59 : 42P ( 1 9 7 7 ) .  
and t h e  s a t u r a t e d  f a t t v  a c i d s  l e a l m i t i c  and s t e a r i c  a c i d )  c o n c o m i t a n t l y  decrea-  
sed. 26. Rece ived  Deceniber 5 ,  1979 

S ince  t h e  p a r e n t s  o f  a l l  o u r  C.F. c h i l d r e n  a r e  a d v i s e d  t o  use p o l y u n s a t u -  
r a t e d  f a t s  i n  p r e p a r i n g  meals f o r  t h e i r  c h i l d r e n ,  we t h i n k  t h a t  t h e  h i g h  p e r -  ?'. Accepted 'larch 19, 19R0. 

cen tages  o f  p o l y u n s a t u r a t e d  f a t t y  a c i d s  i n  t h e i r  plasma NEFA f r a c t i o n  a r e  a  r e -  
f l e c t i o n  o f  an h i g h e r  d i e t a r y  i n t a k e  o f  p o l y u n s a t u r a t e d  f a t t y  a c i d s  b y  t h e  who- 
l e  f a m i l v .  

From o u r  r e s u l t s  f o r  C.F. p a t i e n t s  w i t h  and w i t h o u t  p a n c r e a t i c  i n s u f f i -  
c i e n c y ,  i t  appears t h a t  an  abnormal plasma NEFA p a t t e r n  can  occur  i n  b o t h  
g roups .  

F u r t h e r  s t u d y  remains  necessary  t o  show whether  C.F. c h l l d r e n  have a  p r i -  
mary a b n o r m a l i t y  o f  f a t t y  a c i d  n le tabo l i sm o r  whether  t h e  observed  d i s t u r b a n c e s  
i n  t h e  plasma NEFA p a t t e r n  a r e  c o m p l e t e l y  secondary t o  m a l a b s o r p t i o n  o f  d i e t a -  
r y  e s s e n t i a l  f a t t y  a c i d s .  
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T a b l e  I. ABSOLUTE PLASFIA PIEFA PATTEKli AN0 TOTAL NEFA CONCENTRATION OF T a b l e  I 1 1  : PERCENTAGE PLASMA NEFA PATTERN OF HEALTHY CHILDREN AND 
IIEALTHY CHILDREN AliD C.F. PATIENTS WITH PANCRtATlC INSUFFI- C.F. PATIENTS WITH PANCREATIC INSUFFICIENCY. 
CIEIiCY. 

4 ' 4  C ' 6  
3 . 2  6 . 3  3 . 3  

TOTAL 

Vdlues a r c  11,-esented as [mean c o n c e n t r a t i o n  i n  . I1 s t a n d a r d  d e v i a t i o n .  

F o r  rjr-oup 1  . l i - I 0  y e a r s  o l d ;  , n C r g  =16 and nCFo.=16; n =94 and nil0.=103. A b b r e v i a t i o n s  used f o r  f a t t y  a c l d s  a r e  ment ioned  i n  t h e  f o o t n o t e  o f  t a b l e  I. 
F o r  g roup  l l  : 15-17 y e a r s  o l d ;  n  -6  and ncF1,=6; n  H P = 6 i  and nHo.=134. 

F? H ? Values a r e  p r e s e n t e d  as mean percen tage  c o n c e n t r a t i o n  s t a n d a r d  d e v i a t i o n .  
The s ~ q n i f i c a n t  d i f f e r e n c e s  betweecr C.F. boys and q i r l s  o f  t h e  same age q roup  
a r e  i n d i c a t e d .  

F o r  g roup  I : 8-10 y e a r s  o l d ;  nCFB = I 6  and nCFo,=16; n  =94 and nl,a.=103. 

S t u d e n t ' s  t - t e s t  w i t h  ' I  P \O,05 and j j P e  0,Ol.  
F o r  g roup  I 1  : 15-17 y e a r s  o l d ;  n  -6 and nCFu,=6; n "=6 l  and nPo.=134. 

F~ 9 
A b b r e v i a t i o n s  used f o r  f a t t y  a c i d s  : C14:0 rny r - i s t i c  a c i d ;  C16,0 p a l m i t i c  a c i d .  The s i g n i f i c a n t  d i f f e r e n c e s  between C.F. boys and g i r l s  o f  t h e  same age g roup  

Ci6:1 p d l m i t o ~ e i c  a c i d ;  c ~ ~ : ~  s t e a l - i c  a c i d ;  CIR:l o l e i c  a c i d ;  C18:2 l i n o l e i c  
are indicated' 

a c ~ d ;  C1K:3 l i n o l e m c  a c i d .  S t u d e n t ' s  t - t e s t  w i t h o p  <0.05 and ; c > P <  0.D1. 

T a b l e  IV . SIGNIFICANT CHANGES I N  THE PERCENTAGE PLASMA NEFA PATTERN OF 
C.F. CHILDREN WlTH PANCREATIC INSUFFICIENCY, COMPARED WlTH 

Tab le  I 1  : SIGNIFICANT CHANGES IN  THE ABSOLUTE PLASMA NEFA PATTERN AND HEALTHY ONES. 
THE TOTAL NEFA CONCENTRATION OF C.F. CHILDREN WITH PANCREATIC 
INSUFFICIENCY, COllPARED WlTH HEALTHY ONES. 

A b b r e v i a t i o n s  used f o r  f a t t y  a c l d s  a r e  ment ioned  111 t h e  f o o t n o t e  o f  t a b l e  I. 
A b b r e v i a t i o n s  used f o r  f a t t y  a c i d s  a r e  ment ioned  i n  t h e  f o o t n o t e  o f  t a b l e  I. 

A i n c r e i i s e  P. 0.01 and A i n c r e a s e  P i  0.05. A i n c r e a s e  P. 0,05; A i n c r e a s e  P,. 0.01 and 1 decrease  P ,  0.01. 

S t u d e n t ' s  t - t e s t  w i t h  n  as i n d i c a t e d  i n  t a b l e  I. S t u d e n t ' s  t - t e s t  w i t h  n as i n d i c a t e d  i n  t a b l e  111. 

'18:3 

TOTAL 

NEFA 
1 

I 

I 

11 

A 
A 

A 
A 



T a b l e  V : PtRCEIlTAGt PLASIjA ?([FA PATTERN OF HLALTHY AND C . T .  PARENTS 

A b b r e v i d t i o n s  used f o r  f a t t y  a c i d s  ar-e rnent loned i n  t h e  f o o t n o t e  o f  t a b l e  I .  
Values  a r e  p r e s e n t e d  as mean p e r c e n t a g e  c o n c e n t r a t i o n  and s t a n d d r d  deviation. 

The s i g n i f i c a n t  ~ l i f f u r e n c e s  between C . f .  p a r e n t s  and h e a l t h y  a d u l t s  a r e  i n d i c a -  
t e d .  
F o r  g roup  A : h e a l t h y  a d u l t s :  n p  =17  and n n ' = l r > .  

F o r  g roup  R : C.F. (paren ts ;  n g  =11  and no'z17 
S t u d e n t ' s  t - t e s t  w i t h  J P .  0,05 a n d > , P '  fl,01. 

Fjgr_._i R a t i o  p a l n l i t o l e i c  t o  l i n o l e i c  a c i d  i n  t h e  plasma NEFA 
f r a c t i o n  o f  h e a l t h y  and C.F. c h i l d r e n  ( c )  and h e a l t h y  
a d u l t s  and C.F. p a r e n t s  ( I  ) .  

n  h e a l t h y  c h i l d r e n  = 391 and n  h e a l t h y  a d u l t s  = 28. 

n  C.F. c h i l d r e n  = 44 and n C.F. p a r e n t s  = 3 2 .  

FPF;,) r e , )  

2!&p 115 235  355 175 595 715 8 5  955 1075 1195 1115 Y35 1555 1675 1795 1915 a* 2935'l.ClC 1 

I0 

FREQU ('I. 

20 

10 

9 -- 
255 775 1295 1815 2 3  35 2855 3 3 7 5  'I. LIE 2 

Fjg,_._l D i s t r i b u t i o n  o f  p a l m i t o l e i c  ( , )  and l i n o l e i c  a r i d  
( I  ) i n  t h e  plasma NEFA f r a c t i o n  o f  h e a l t h y  and C.F. 
S u b j e c t s .  

n h e a l t h y  c h i l d r e n  = 391. 

n C.F. c h i l d r e n  - 4 4 .  

Error C F lnv 

( %) ( * l o  ) 

Ejg1_?-; P r o b a b i l i t y  o f  e r r o r  l n  r e c o q n l t i o n  o f  a  C.F. p a t t e r n .  

Each e r e p r e s e n t s  a  C.F. c h l l d  w i t h o u t  p a n c r e ~ i t l c  i n v o l -  
vement.  

" C.F. i n v .  " = "C.F. p a t i e n t s  i n v o l v e d  " : means percen-  
t a g e  o f  t o t a l  C.F. c h i l d r e n  exarnlned ( n  : 
4 4 ) ,  h a v i n g  a  t y p i c a l  C.F.  p a t t e r n  w l t h  a  
p o s s i b l e  e r r o r  i n  recognition as i n d i c a t e d  
under  " ( ) e r r o r  " , 

< ' ~ i p , r ~ g h t  cii 1980 I n t c r n a t ~ o n o l  I ' e d ~ a t r ~ c  K e \ e a r c h  k : ~ ~ u n d ; ~ u o n .  I n c  
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