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Introduct ion  

P r o b l e m s  of  l i p id  a s s i m i l a t i o n  are  w e l l  k n o w n  in  cys t i c  f i b ros i s  of  t h e  
p a n c r e a s  (7, I0, 19, 21). D e f i c i e n t  a c t i v i t y  of  p a n c r e a t i c  l i p a s e  has  b e e n  fu l ly  
d e s c r i b e d  (19). I n  c o n s e q u e n c e ,  d i e t a r y  s u b s t i t u t i o n  w i t h  p a n c r e a t i c  enzy-  
m e s  has  b e e n  e s t a b l i s h e d  as s t a n d a r d  t h e r a p e u t i c  a p p r o a c h  in  cys t i c  
f ib ros i s  (7, 10). T h e  e f f e c t  of a d i s t u r b e d  a s s i m i l a t i o n  on  s e r u m  a n d  t i s s u e  
l eve l s  of l i p id s  c o n t i n u e  to  be  t h e  s u b j e c t  of f u r t h e r  s t u d i e s  (3, 8). I n  
pa r t i cu l a r ,  p o l y u n s a t u r a t e d  fa t ty  ac ids  a n d  v i t a m i n  E h a v e  b e c o m e  a cen-  
t e r  of  i n t e r e s t  d u r i n g  t h e  las t  yea r s  (1, 2, 3, 5, 8, 18, 20, 22, 23, 24, 25). 

Materials  and m e t h o d s  

S t u d y  population 

The study was done on 25 patients (13 female, 12 male) with cystic fibrosis. The 
diagnosis was confirmed by sodium sweat analysis. The patients are under regular 
control of the outpatient depar tment  of the University Children's Hospital of 
Erlangen. The age of the patients ranged from 6 months up to 16 years. 

24 control children were matched for age and sex. These were patients of the 
hospital with mild upper respiratory tract infections or orthopedic problems. Their 
history showed no intestinal problems. The parents of all our patients were in- 
formed about the purpose of our study and gave their consent. 

Growth velocity 

The growth velocity for height of the cystic fibrosis patients was calculated for 
the year before the beginning of the study. Data were taken from the charts. Data 
were available for 12 patients with cystic fibrosis and 11 control children. 

Analysis  

About 3 ce of blood were taken from patients and controls in the fasting state 
during the morning hours. Patients were selected randomly as they presented at the 
outpatient depar tment  for their routine check up. Total serum vitamin E was 
determined within half an hour after the withdrawl of blood. The remaining serum 
was kept frozen under nitrogen for the later fatty acid analysis. The fatty acid 
analysis was done within a month after the sampling of blood. 
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Vitamln E 

Total serum vitamin E was determined using the method of Quaife et al. (17). 

Fatty acids 

Lipids were extracted from serum according to Folch et al. (4). The total lipid 
was chromatographed on silica gel G in hexane/diethyl ether/acetic acid (80:20:1; 
v:v:v). Fatty acid methyl esters of the separated serum triglyceride, of the choleste- 
rol ester and of the phospholipid fractions were prepared (5% methanolic H2SO4; 
3 hr; 70 ~ and separated by gas liquid chromatography (Hewlett-Packard 5830 A 
equipped with hydrogen flame ionization) using glass columns packed with 10% 
DEGS on 100/120 mesh chromosorb W-HP. Analysis started at 160 ~ followed by 
temperature programming at 2~ to 200 ~ from then, isothermally. Commer- 
cially obtained standards were used for reference. 

R e s u l t s  

S e r u m  t o c o p h e r o l  

S e r u m  t o c o p h e r o l  was  d e c r e a s e d  c o n s i d e r a b l y  in  t he  p a t i e n t s  w i t h  
cys t ic  f ib ros i s  (0.30 +__ 0 .26mg/d l )  c o m p a r e d  to  t he  c o n t r o l  g r o u p  
(1.02 _ 0.24 mg/d l )  (p = 0.01) Fig.  1). T h e  r e su l t s  i n  the  cys t ic  f ib ros i s  g r o u p  
s h o w  a w i d e  scat ter ,  r a n g i n g  f rom 1.07 m g / d l  to i m m e a s u r a b l e  va lues  
(~ 0.00 mg/dl) .  

F a t t y  ac ids  

The  fa t ty  ac id  d i s t r i b u t i o n  in  t he  cys t ic  f ib ros i s  g r o u p  s h o w e d  no  
s i gn i f i c an t  d i f f e r e n c e  in  a n y  of t he  s t u d i e d  es te r  f rac t ions ,  c o m p a r e d  to t he  
con t ro l  g r o u p  (fig. 2, 3, 4). H o w e v e r ,  t h e r e  is a w i d e  sca t t e r  i n  all  t h r e e  es te r  
f r ac t ions  a n d  t r e n d s  t o w a r d s  d i f f e r ences  are  d e m o n s t r a b l e .  T h e  c o n c e n t r a -  
t i on  d i f f e r ences  o b s e r v e d  c a n  be  s e e n  b e s t  i n  the  cho le s t e ro l  e s t e r  f r ac t ion  
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Fig. 1. Total serum tocopherol levels in patients with cystic fibrosis and in controls 
(mean __ 1 SD). 
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Fig. 2. F a t t y  ac id  p a t t e r n  of t h e  cho l e s t e r o l  e s t e r  f r ac t i on  f r o m  p a t i e n t s  w i t h  cys t ic  
f ibros is  (n = 25) a n d  con t ro l s  (n = 24) ( m e a n  _+ 1 SD). 14:0 m y r i s t i c  acid;  16:0 pal-  
rnitic acid;  16:1 pa lmi to l e i c  acid;  18:0 s tea r ic  acid;  18:1 oleic acid;  18:2 l inole ic  acid;  
18:3 l ino len ic  acid;  20:3 (n-9) e i cosa t r i eno ic  acid;  20:3 (n-6) e i cosa t r i eno i c  ac id  

(natura l ) ;  20:4 a r a c h i d o n i c  acid.  

(fig. 2). A m o n g  the  p o l y u n s a t u r a t e d  fa t ty  acids,  l inoleic acid (18:2) shows  a 
dis t inct  t e n d e n c y  to be  decreased ,  c o m p a r e d  to controls .  In  all th ree  es ter  
fractions,  5,8,11-eicosatrienoic acid (20:3; n-9) is s l ightly inc reased  - com-  
pared  to controls.  
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Fig. 3. F a t t y  ac id  p a t t e r n  of t he  p h o s p h o l i p i d  f r ac t i on  f r o m  p a t i e n t s  w i t h  cys t ic  
f ib ros i s  (n = 25) a n d  con t ro l s  (n =22) - ( m e a n  • 1 SD). 
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Fig. 4. Fat ty  acid pat tern of the tr iglyceride fraction from patients with cystic 
fibrosis (n = 25) and controls (n = 24) - (mean +_ 1 SD). 

D i s c u s s i o n  

L o w  s e r u m  t o c o p h e r o l  l eve l s  h a v e  b e e n  e x t e n s i v e l y  d e s c r i b e d  in  
p a t i e n t s  w i t h  m a l a b s o r p t i o n  e s p e c i a l l y  in  p a t i e n t s  w i t h  c y s t i c  f i b r o s i s  (6, 8, 
11, 13, 14, 15). We  c a n  c o n f i r m  t h e s e  r e su l t s .  T h e  f o r m a t i o n  of c h y l o m i c r o n s  
a n d  a s u f f i c i e n t  i n t r a l u m i n a l  b i l e  a c i d  c o n c e n t r a t i o n  h a s  b e e n  u n d e r s t o o d  
as  t h e  m o s t  i m p o r t a n t  f a c to r s  w i t h  r e s p e c t  to v i t a m i n  a b s o r p t i o n  (12). 
V i t a m i n  E d e f i c i e n c y  in  c y s t i c  f i b r o s i s  w a s  t h o u g h t  to  o c c u r  p o s s i b l y  on  
t h e  b a s i s  of  a d e c r e a s e d  m i c e l l e  f o r m a t i o n  a n d  t h e  e n s u i n g  d e c r e a s e d  
s o l u b i l i t y  of a p o l a r  l i p i d s ,  l i ke  t o c o p h e r o l  (12). U n d e r w o o d  et  al. (22) 
d e s c r i b e  d e c r e a s e d  p l a s m a  a n d  e r y t h r o c y t e  t o c o p h e r o l  l eve l s  in  p a t i e n t s  
w i t h  c y s t i c  f i b ros i s .  T h e  s e r u m  t o c o p h e r o l  l eve l s  of o u r  c y s t i c  f i b r o s i s  
p o p u l a t i o n  (0.30 -+ 0.24 m g / d l )  a r e  in  a c c o r d a n c e  to  t h o s e  f o u n d  b y  Under-  
w o o d  e t  al. (0.24 +__ 0.20 mg/d l ) .  T h e  d e c r e a s e d  s e r u m  t o c o p h e r o l  l e v e l s  a r e  
i n t e r p r e t e d  b y  t h e s e  a u t h o r s  o n l y  as  a c o n s e q u e n c e  of  c h r o n i c  l i p i d  
m a l a b s o r p t i o n  in  c y s t i c  f ib ros i s .  A l l  o u r  p a t i e n t s  a r e  s u b s t i t u t e d  w i t h  
p a n c r e a t i c  e n z y m e  p r e p a r a t i o n s .  T h e  a v e r a g e  d a i l y  a m o u n t  of  p a n c r e a t i c  
e n z y m e s  t a k e n  b y  o u r  c y s t i c  f i b r o s i s  p o p u l a t i o n  c o r r e s p o n d s  to  6900 m g  
p a n c r e a t i n l ) .  T h i s  a m o u n t  is  a b o u t  ha l f  of  15,000 m g  p a n c r e a t i n  t h a t  Harris  
et  al. (7) r e c o m m e n d  as  h i g h e s t  d a i l y  s u b s t i t u t e .  B e y o n d  th i s  a m o u n t  t h e s e  
a u t h o r s  c o u l d  n o t  see  a n y  f u r t h e r  effect .  

T h e  p a t t e r n  of  c h a n g e s  in  f a t t y  a c i d  c o n c e n t r a t i o n s  is in  a c c o r d a n c e  to  
t h e  c h a n g e s  f o u n d  b y  U n d e r w o o d  et  al. (22) in  t o t a l  s e r u m  f a t t y  ac ids .  T h e  
b i g g e s t  c h a n g e s  w e r e  o b s e r v e d  in  t h e  c h o l e s t e r o l  e s t e r  f r ac t ion .  Th i s  is 
c o n f i r m i n g  t h e  r e s u l t s  of Z511ner et  al. (26). A c c o r d i n g  to  t h e s e  a u t h o r s ,  
v e r y  s m a l l  c h a n g e s  in  f a t t y  a c i d  c o n c e n t r a t i o n  a r e  r e f l e c t e d  in  t h e  c h o l e s t e -  

1) Pankreon forte | (Kali Chemic Pharma GmbH, Hannover,  West Germany) 
6900 mg pancreat in contain: 591 lipase units, 493 amylase units, 1479 protease units, 
739 mg bile concentrate (60% bound bile acids) (units = Willst~tter units). 
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rol esters. The decreased concent ra t ion  of linoleic acid (18:2) and  the 
compensa tor i ly  increased concent ra t ions  of the monoeno ic  acids~ 
palrnitoleic acid (16:1) and oleic acid (18:1) characterize a def ic iency in 
essential fatty acids, as does the appearance  of 5,8,11-eicosatrienoic acid of 
the n-9 family. Despi te  of the  wide  scatter  there  is a t rend towards  an 
increased concent ra t ion  in the  cyst ic  fibrosis group (0.33 -!-_ 0.30%) com- 
Pared to controls  (0.17 __ 0.15%). H o l m a n  (17) defined the inc rement  of the 
5,8,11-eicosatrienoic acid/arachidonic  acid - ratio beyond  the value 0.4 as a 
diagnostic criterion for essential fat ty acid deficiency. Only in two pat ients  
we found a value h igher  than  0.4 in the cholesterol  ester fraction. Bo th  
patients showed  an ex t remely  low linoleic acid level at the same time. 

Several  authors  reviewed recent ly  the p rob lem of essential  fat ty acid 
dificiency in cystic fibrosis (3, 18, 20, 24). We cannot  conf i rm the results 
suppor ted  by  River s  and Hassam (20) that  5,8,11-eicosatrienoic acid is not  
present  in the fat ty acid pat tern  of cystic fibrosis. The highest  5,8,11- 
eicosatrienoic acid concent ra t ions  were found to be in the cholesterol  
esters up to 1.01%, in the phosphol ip ids  up to 1.76% and in the tr iglyceride 
fraction in one case up  to 2.63% of total measurab le  fat ty acids. In  a lmost  
all patients this acid was found in some concentrat ion.  Our results are in 
accordance  with those  of R o b i n s o n  (18) who demons t r a t ed  5,8,11-eicosa- 
trienoic acid concent ra t ions  in se rum and in e ry throcyte  m e m b r a n e s  up to 
2.5% of total fatty acids. 

5,8,11-eicosatrienoic acid (n-9) was found also in the control  popula t ion  
in 63.5% of the total fatty acid analysis. The  highes t  concent ra t ion  of 1.03% 
was found  in the phosphol ip id  fraction of a 6-month-old control  patient. 
These results conf i rm those  by Watts et al. (24) and Paulsrud  et al. (16), who 
could demons t ra te  5,8,11-eicosatrienoic acid also in apparent ly  heal thy 
children, especially if very  young.  Out  of 22 phosphol ip id  fraction analysis 
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Fig. 5. Rela t ionsh ip  between percent  l ino le ic  acid of tot~l  fa t ty  acids in  the choleste- 
rol  ester f ract ion and height  ve loc i ty  (era/year) in  ch i ld ren w i th  cyst ic f ibrosis. 

r = - 0 . 7 6 ,  y = - 4 . 2 6  x + 5 7 . 6 1 .  
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w e  c o u l d  d e m o n s t r a t e  5 ,8 ,11-e icosa t r ieno ic  a c i d  in  19. T h e  a m o u n t  in  
p e r c e n t a g e  of to ta l  f a t ty  ac ids  r e l a t e d  to t h e  a g e  of c o n t r o l  p a t i e n t s  s h o w s  
the  t e n d e n c y  t o w a r d s  a n e g a t i v e  c o r r e l a t i o n  (r = - 0.58). T h i s  c o n f i r m s  t h e  
r e su l t s  b y  Watts  et  al. (24) a n d  P a u l s r u d  et  al. (16) w h o  f o u n d  a d e c r e a s i n g  
5 ,8 ,11-e icosa t r ieno ic  a c i d  c o n t e n t  w i t h  i n c r e a s i n g  age.  

B o t h  t o c o p h e r o l  a n d  e s s e n t i a l  f a t ty  ac id  l eve l s  in  s e r u m  of  p a t i e n t s  w i t h  
cys t i c  f i b ros i s  m a y  t h e o r e t i c a l l y  re f lec t :  
1. D e c r e a s e d  a b s o r p t i o n  f r o m  the  g a s t r o i n t e s t i n a l  t ract .  
2. I n c r e a s e d  u t i l i z a t i o n  of  t h e s e  n u t r i e n t s  by  t i s sues .  
3. D e c r e a s e d  a b s o r p t i o n  a c c o m p a n i e d  b y  i n c r e a s e d  u t i l i z a t i o n  by  t h e  

a p p r o p r i a t e  t i s sue .  
As  a p o i n t  of  d i s c u s s i o n  w e  w a n t  to  s t r e s s  an  i n v e r s e  c o r r e l a t i o n  (r = 

- 0.76) in  p a t i e n t s  w i t h  cys t i c  f ib ros i s  b e t w e e n  l i no le i c  ac id  l eve l  of  chol -  
e s t e r o l  e s t e r s  a n d  h e i g h t  ve loc i t y ,  w h i c h  is s u p p o s e d  to r e f l e c t  u t i l i z a t i o n  
of e s s e n t i a l  f a t ty  ac id s  (fig. 5). T h e r e  is no s u c h  c o r r e l a t i o n  in  t h e  c o n t r o l  
g r o u p  (r = -0 .03) .  L o w e s t  l i no l e i c  a c i d  l eve l s  in  t h o s e  p a t i e n t s  w i t h  b e s t  
g r o w t h  r a t e s  m a y  r e f l e c t  i n c r e a s e d  u t i l i z a t i o n  for  t i s s u e  s y n t h e s i s  in 
o b v i o u s l y  d e c r e a s e d  c o m p e n s a t o r y  a b s o r p t i o n  of  l i p id s  d e s p i t e  of p a n -  
c r ea t i c  e n z y m e  s u b s t i t u t i o n .  F u r t h e r  i n v e s t i g a t i o n  is n e e d e d  to  c l a r i fy  th i s  
o b s e r v a t i o n .  

Summary  

In 25 children (13 male; 12 female) with cystic fibrosis aged 6 months to 16 years 
and 24 matched controls total serum vitamin E levels and fatty acid patterns of 
serum cholesterol esters, phospholipids and triglyeerides are demonstrated. 

Compared to controls (1.02 _ 0.24 mg/dl) the total serum vitamin E levels are 
significantly decreased in patients with cystic fibrosis (0.30 _+ 0.26 mg/dl) (p < 0.01). 
There is no significant difference comparing the fatty acid patterns of the serum 
ester fractions of both groups. Differences can be seen best in the cholesterol ester 
fraction. In this fraction linoleie acid shows a trend to be decreased in the cystic 
fibrosis patients compared to the control group. 

A possible influence of height velocity on the levels of essential fatty acids is 
discussed. 

Zusammenfassung 

Bei 25 Patienten mit  Mukoviszidose (13 m~innlieh, 12 weiblich) und entsprechen- 
den Kontrollen wurden der Serum-Vitamin-E-Spiegel und das Fetts~iuremuster 
yon Serumcholesterinestern,  Serumphosphol ipiden und Serumtriglyzeriden unter- 
sucht. Im Vergleich zu Kontrollpatienten (1,02 __ 0,24 rag/100 ml) war der Serum- 
Vitamin-E-Spiegel bei den Patienten mit  Mukoviszidose signifikant erniedrigt 
(0,30 _+ 0,26 mg/100 ml) (p < 0,01). Zwischen beiden Gruppen besteht kein signifi- 
kanter Unterschied des Fetts~uremusters. Unterschiede sind jedoch aus der- 
Serumcholesterinesterfraktion am besten ersichtlich. Hier ist die Linols~iurekon- 
zentration im Mittelwert bei den Patienten mit Mukoviszidose im Vergleich zu den 
Kontrollen erniedrigt. 

Ein mSglicher EinfluB tier Waehstumsgeschwindigkeit  wird diskutiert. 
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