
420 B ~ i m i c a  ~ Biophysica Acta 860 (1986) 420-427 
~ 

BBA 73232 

Moddafion ~ human e ~ t ~ o c y ~  ~ape and fatty ~ids by diet 

Howard G. Pa~ons a,., Rich~d  Hffi b, P a ~  Pencharz b and Ar~s  Kukfis b 

~ G ~ r ~ i n ~  R e s ~  ~ ~ ~ ~ A ~  and 
b ~ e  Unioersity ~ Toron~ ~ m n ~  ~ ( ~  

(Rec~ved Ap~ ~ 198~ 

Key words: Cystic fibrofis; Diet; Erythrocyte membrane; Linol~c a~d compofifion; Cell shape 

A ~mi-synthefic ~ ~ o n e ~  w ~  administer~ ~a  n ~ c  ~ ~ t~ ee  ~ c  fibrosis pafiems ~ 
~ n c r e ~ c  ~ f i ~  ~ f i ~  for ~ ~ y s  ~ gain weighL ~ a r y  ess~fial ~tty a¢i~ w e~  p r o v ~  ~ 
safflow~ oil, whi~  c o n ~ t e d  13% ~ tot~ c~ofie~ ~ m a  ~ d  r ~  ~ood c ~ s  w ~e  ~ ~ r  the 
c o n ~  and ~ m ~ f i o n  ~ fi~ds at the start ~ the ~ and ~ d ~ s  7 and 14 of the ~ e ~ f f  ~ f i ~ ,  ~ d  the 
r ~  we~  ~ e l a t ~  ~ the m o ~ h o ~  ~ the c ~  F e ~ i ~  ~ x  ~ t ~  p a t i ~  I ~  ~ ~ ~ n f i ~  
fatty a~d ddi~enc~  whi~  w ~  m a ~ s t e d  ~ a 50% ~ c r e ~ e  in the f i n ~ c  ~ con~m of ~ e  
phosph~dylcholi~ ~ ~ m a  ~ d  r ~  ~ood ~ ~ d ~ s  7 ~ d  14 and ~ a 20% ~ c ~ a s e  ~ ~ e  l i n ~ c  a~d 
~ n t e ~  ~ ~ d  ~H p~sphafidyleth~olami~ ~ day 14. The~  was no s i ~ m  ~ f i o n  ~ t ie  levels ~ 
~ m ~ f i o n  ~ the other pho~holipid d ~ s  ~ d  ~ the f ~ e  ~olesterol/phospholipid rafi~ The d e c ~ a ~  
~ ~ e  f i n ~ c  ~ co~em ~ ~ e  e ~ t ~ y ~ s  was ~ m ~  by a ~amafic i ~ e  in ~ e  p r o ~ o n  ~ 
c ~ s  ~ ~h in~ytes .  We ~ n d ~ e  ~ ~ s ~ c t ~  I ~ c  ~ ~ f f  ~ ~ c  fibrous patie~s ~ a 
chan~  ~ r ~  ~ood c ~  ~ a ~  ~ t h ~  ~r~f ly  by ~ c ~ a ~  the linoleoylphosphati~ich~ine content d t ~  
memb~ne ~ ~ r ~ t ~  ~ aff~fing e~yme  ~ f i ~ .  

Prefious work in rats has shown that a diet low 
in ~ n ~ o c  a d d  leads to a reduction in the p ropo~  
tion of ~noloc a d d  in red cell phosphatidylcho- 
~ne and to a decrease in the proportion of red cell 
discocytes wilh an increase in echinocytes [1]. 
Likewise, the proportion of discocy~s decreased 
and that of spirocytes and echinocytes increased 
when phosphatidylcholine donor molecules low in 
finol~c add  were incubated with rat erythrocytes 
[21. 

Cystic fibrous pat ien~ with pancreatic exocrine 
insuffidency, whi~ recN~ng a regular d i~  and 
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sity ~ CMga~, Diction ~ G~oem~dogy and Nutrition, 
Dep~tment of Ped~tri~, F ~  of Medidn~ 3330 
Hos~tal Drive N.W., C~gaw, Albe~ T2N 4N1, Canad& 

pancreatic enzyme sup~emen~,  have a reduced 
~ n d ~ c  add  content ~ red Nood cell phosphati- 
d~choline [3]. It would be a n t i d p ~ e d  t h ~  cystic 
fibrofis patients with pan~eat ic  insuffidency and 
~ c ~ n g  a ~mi - syn~e t i c  ~ with all i~  ~ n ~ d c  
a d d  ~ the form of t f i a c ~ y c e r ~  wi~ show a 
f u ~ h ~  ~ducf ion in ~ d  cell ~ n ~ c  add  ~ ~ e  
absence of exogenous pancreatic enzyme supple- 
mentation. The l ~ r  ~ a r y  practice has been 
widdy reposed  ~ -7 ] .  The effe~ of a phosphati- 
dy~holine ~ w  in ~ n d ~ c  a c ~  content on human 
red cell morph~ogy  has not been de~rmined in 
~ v o  or ~ ~ The o p p o ~ u ~  ~ ~ v ~ t i g ~ e  the 
~ s  of a ~mi-synthetic ~et ,  c o n t ~ n g  all i~  
~ n ~ c  add  ~ the ~ r m  of t f i a c ~ y c ~ ,  on ~ d  
cell ~ p ~  content and morphdogy  arose during 
sho~-~ rm nutrif ion~ ~ h a ~ t i o n  of ~ v e r ~  un- 
derw~ght patients with cystic fibrofis and pan- 
creatic insuffidency. The ~mi-syn~e t i c  ~ e t  was 
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administered as the s~e source of food for a 
period of 14 days in the absence of supplementa- 
tion with p a n c r e ~  enzymes. The present repo~ 
describes the ef~ct on red cell ~pid content and 
morphdogy. 

M a t e d ~ s  and M e ~ s  

Su~ec~ 
The ~udy group consisted of three cystic fibro- 

sis patients (aged 16-18 year~ with pancreatic 
exocfine defloenc~ The presence of cystic fibrous 
and pancreatic defioency in each su~e~ was 
estab~shed by abnorm~ sweat chlorides and 
steatorrhea. Thor weight and triceps, bicep~ sub- 
~apular, and sup r~ac  s~nfold measu~ments 
were done by ~andard ~chniques [8]. Body fat 
was determined ~om the measurement of s~nfo~ 
thickne~ [~. A 25-year-~d ~mMe in good heath 
and with no known ~sease and sub,sting on a 
norm~ North American diet profided contr~ red 
blood cel~ and plasm~ 

Diet 
The compo~tion of the ~mi-synthetic ~et  

(Vivone~ Eaton Laboratories, N o r w ~  NY) as 
pe~ent ~ c M o r i ~  of c a rbohydr~  protein and 
fat was 90.2, 8.5 and 1.3, ~spectivd~ The fat 
source, safflow~ oil, prodded 1% of totM c~ori~ 
as h n ~ c  ac~. The Vivonex was administe~d by 
a continuous nasogastric drip for 14 days; no 
pancreatic enzymes or other nutrient supp~men- 
tafion were pro~de& 

Iso~on of cells 
Blood was drawn in the presence of EDTA and 

the cells were separated from plasma by centrifu- 
gation at 200 × g for 20 min in a refrigerated 
centrifuge. The calls for fipid an~y~s were washed 
three times in 154 mM NaC1 to remove re~du~ 
plasma and the buffy coat. 

Tot~ lipid extracts of the red blood cells were 
prepared as described by Rose and Oklander [10]. 
The phosphofipid da~es were resolved by one-d~ 
men~on~ thin~ayer chromatography using chlo- 
roform/  methanol/acetic  a o d / w a t e r  (100 : 
45 : 20 : 6, v/v) as the devdoping solvent [11]. The 
phosphorus content of each band of the tot~ fipid 
extract was measured by the m~hod of Barfle~ 
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[12] following hpid extraction. The fatff add com- 
pofifion of the i n ~ d u M  phospholi~d da~es was 
determined by gas-hq~d chromatography foHow- 
~g ~ a n s m e t h ~ n  with boron tfifluofide/ 
m~hand  [13]. The ga~fiq~d chrom~ography of 
the fat~ add m ~ h ~  esters was performed on a 
Hewl~t-Packard modal 5840 gas chromatograph 
eqnipped with a flame i o n i z ~ n  detector and a 2 
m × 0.3 cm i.d. ~ass cdumn packed with 3% Silar 
10C on 100-120 mesh Gas Chrom W (Applied 
Sdence Labor~orie~ State Colleg~ PA). The cA- 
umn oven was programmed ~om 150-200°C at 5 
Cdeg per min. The inje~or ~mper~u~ was 
250°C, as was the detector ~mp~atu~.  The car- 
der gas was ni~ogen at 40 ml/min. The ~t ty  add 
meth~ esters were ~entified by ~ n c e  to a 
standard mixture of fat~ add m~h~  esters of 
known composition. Peak areas w~e compu~d by 
de~ronic integration and the ~ t f f  add con- 
centrations were expressed on a w~ght percent 
ba~s. Free ch~es~r~ was determined by GLC 
[14]. 

Stat~cal analys& 
The an~yficM ~ s ~  were compared at 0, 7 

and 14 days ufing the on ,way  an~yfis of vari- 
ance. DuncaWs standard range test was used to 
de~rmine the diffe~nce between c o n ~  and pa- 
tient measu~ments as well as time differences 
b~ween patients. 

Electron microscopy 
Control and patient fresh red cells were fixed in 

1% glutaraldehyde in 0.1 M phosphate buffer (pH 
7.4), sedimented on glass shde~ dehydrated in a 
graded series of alcohol and dried (critical poin0. 
After a coating with gold, they were examined 
u~ng a JEOL 35 Autoscan scanning electron mi- 
croscope. Cells were das~fied as discocytes, 
echinocytes I, echinocytes II, echinocytes III, or 
unknown~ by an independent observe~ a ~ained 
hematologist with no prior knowledge of patient 
or con~ol subject diagnosi~ D~cocytes are cha~ 
acterized by smooth biconcave structures, echino- 
cytes I as irregularly contoured discocyte~ 
echinocytes II as fiat red cells with spicules, and 
echinocytes III as spherical cells with spicules. The 
morphology of the cells is presented for each type 
of cell observed in 100 randomly counted cells 
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uMng the electron micrographs of the patients and 
of the con~ol subje~. 

R e s ~  

The means and standard deviations for age, 
energy consumed and weight gain were respec- 

t ivdy 18.8 ± 2.7 year~ 3275 ± 770 kcM/day and 
2.6 ± 0.5 kg. 80% (2.1 ± 0.4 k ~  of the w~ght gMn 
~ s ~ d  ~om increased body fat. 

Fig. 1 compar~  the dectron mi~ographs ob- 
tMned ~ r  the ~ d  bMod cells of the c o n ~  s u ~ e ~  
and ~ r  a representative patient at 0, 7 and 14 
days of the ~ a r y  experiment. There were ob¼- 

Fig 1. Scan~ng ~ectron microscopic examination of human erythrocytes. Top Mft, erythrocytes from contr~ su~ect on a mg~ar 
Noah American ~ ;  top right, bot~m M~ and fighL erythrocytes from cystic fibrous patients at ~ 7 and 14 days of continuous 
en~rM Vivonex ~ a p ~  The normM su~ect shows mi~mM ec~noc~es, while the cystic fibrofis patien~ show increased 
ecMnoc~os~ with duradon of therapy (see TaMe I for quantitafion). 
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TABLE I 

RED BLOOD CELL MORPHOLOGY IN CONTROL AND CYS~C ~BROSIS (C~ PA~ENTS AT 0, 7 AND 14 DAYS OF 
THERAPY (MEAN ± S.~) 

Comr~ CF ~ e ~ s  

0 days 7 days 14 days 

Discoid 8Z33 ± ~18 57£7 ± 3.44 ~ 35.00 ± 5.20 ~b 28.33 ± 8.70 ~ 
Echinocytes I 15.00 ± 4.51 31 £7 ± 1 A5 4~69 ± 5~4 a 51.33 ± 8.70 a 
Echinocytes II ~33 ± ~33 ~33 ± &85 ~00 ± &17 16.33 ± Z85 a 
Echinocytes III 0 1.33 ± 1.33 0 0£7 ± ~67 
Unknown 1.00 ± ~58 3.00 ± 1.73 6.33 ± Z34 333 ± 2~1 

~ P < 0 ~  (contr~ ~. CF ~ 7 ~ d  14 ~ .  
b P < 0 ~  ~ F  0 ~ CF 7 ~ys). 
¢ P < 0.05 (CF 0 v~ CF 14 day~. 

ous differences in the proport ions  of the various 
cell types b ~ w e e n  the normM subject and the 
pat ient  at the b e D n n i n g  of the study, which were 

greatly increased upon  progressing dietary treat- 

ment .  The resul~ are quan t i t a f ivdy  evMua~d for 
the con~ol  and  pa t i en~  in Table  I. Thus, while 

the con~ol  su~ec t  contMns about  83% discocy~s 
and  15% echinocytes I with no d e ~ a b M  echino- 
cy~s  II or III, the pat ients  had only 58% dis- 

cocytes and 32% echinocy~s  I and  6% echinocytes 
II. A ~ e r  7 days of Vivonex feeding the discocyte 
propor t ion  was reduced to 35% with an increase in 

echinocytes I to 50%. These changes were found to 
p e r ~  on day 1~  when the propor t ion  of echino- 

cytes II had increased to 16%. 

The thin-layer pat terns obtMned for the differ- 

ent phospholipid classes of the red cells of one of 

the pa t i en~  at days 0, 7 and 14 of the experiment  

showed no discernibM d~ c r e pa nde s  in the quali ta-  
tive or quant i ta t ive d i~ r ibuf ion  of the bands.  The 

resuRs of the phosphorus analy~s  of the bands  are 
# v e n  in Table  II. The diet had no effect on the 

phosphohpid  class composi t ion of the red cells. 
Table II shows that the diet Mso had no effect 

on the ~ee  c h o l e s ~ r o l / t o t M  phospholipid ratio of 
the red blood c d l ~  which remained dose  to o n ~  
also found for normM subjec~ [15]. Likewise, 

within our patients,  there was no change in the red 

blood cell fatty a ~ d  compo~t ion  of the phos- 
phat idyle thanolamine  between day 0 and day 7 

TABLE II 

CHOLESTEROL/PHOSPHO~HD RA~O AND PHOSPHOLI~D COMPOS~ION OF ERYTHROCYTE MEMBRANE OF 
CYS~C FIBROUS PA~ENTS AT ~ 7 AND 14 DAYS OF THERAPY 

VMu~ ~e ~own ~ m ~  ± S.~ ~ p ~ n t  of p h o ~ h o ~  C/PL ~ ~ r ~ / p h ~ p h o ~ d  ~fi~ 

~ # ~  ~ m p ~ n  (%) 

0 days 7 days 14 days 

Phosphafi~c acid/phmphatidylgly~r~ Z83 ± ~95 ~40 ± ~ 3.80 ± 1.74 
Ph~phatid~hano~mine 3~15 ± 521 30.~ ± 8.17 30~5 ± ~40 
P h ~ p h ~ f i n e  115 9 ± 126 1Z63 ± ~67 1 ~79 ± Z50 
Phosphafid~ofi~l 2~7 ± 1~1 Z86 ± 158 121 ± ~84 
Phosphafidy~hofine 25.69 ± 4.00 25.61 ± 2.87 27~1 ± Z37 
Sp~ngomyefin 25 ~9 ± 133 23.51 ± &01 23~2 ± ~56 
L~opho~hatid~choline 1.87 ± ~87 1~5 ± 1A5 Z32 ± 1~2 
C/PL (m~/m~) ~93 ± 0~3 0.95 ± 0~7 ~90 ± 0~6 
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TABLE III 

FATTY ACID COMPOSITION (MEAN % ± ~ )  OF RBC PHOSPHATIDYLETHANOLAMINE OF CONTROL AND CYSTIC 
FIBROUS PATIENTS AT ~ 7 AND 14 DAYS OF THERAPY 

F a t ~  add  C o n ~  CF ~ 

0 days 7 days 14 days 

16 : 0 1~43 ± ~41 1E80 ± ~65 2Z80 ± 2.14 20~7 ± 1 A2 

18 : 0 1~57 ± ~84 ~70 ± 0~5 13.35 ± 3D3 ~53 ± ~55 

18 : l (n  - ~ 2Z20 ± ~61 2127 ± 0.35 2&93 ± 3~4 2~83 ± 1.10 
1 8 : ~ n  - 6 )  5 ~ 0 ± ~ 1 5  5~7 ±0A3 4~7 ± 0 ~ 7  & 1 7 ± ~ 1 2  " 

20 : ~ n - 6) 2~70 ± 1.15 3~20 ± 1.57 2Z97 ± 7~5 30.10 ± 1.44 

22 : 5 and 22 : ~ n - 3) 11 ~3 ± ~82 1~20 ± 1 24  1~27 ± ~97 11 ~3 ± 1.76 

" P < ~05 CF, 0-14 days. 

TABLE IV 

FATTY ACID C O M P O ~ T I O N  (MEAN %±S.E.) OF RBC 

~ B R O S I S  PATIENTS AT 0, 7 AND 14 DAYS OF THERAPY 

P < ~ 0 5 ,  a c o n ~ - C F ;  b C ~  0-7  days; c CF, 0-14 days. 

P H O S P H A ~ D Y L C H O L I N E  OF CONTROL AND C Y S ~ C  

F ~  add  C o n ~  CF ~ 

0 days 7 days 14 days 

16 : 0 3~67 ± 1.10 31~7 ± 3.13 3Z15 ± ~18 3~83 ± 2.14 

16 : 1 3.40 ± 1 ~4 ~07 ± ~32 3~7 ± ~40 9~3 ± 1.55 a 

18 : 0 1~20 ± ~28 1Z33 ± 1~9 1Z13 ± 3.11 1Z00 ± 1.56 

18 : 1 1~67 ± ~62 25~7 ± ~80 ~ 2330 ± 3.28 27~7 ± Z20 
18 : 2 2130 ± 1.80 15 ~3 ± ~78 ~ 8.63 ± 1.91 ~b 8.53 ± 1 ~3 ~c 

20: 3(n - - ~  -- - 0.30±0.17 1.83±0.73 

20 : 4 ~47 ± 1 ~1 ~63 ± 1.98 523 ± 1 ~0 6.33 ± ~73 

TABLE V 

FATTY ACID C O M P O ~ T I O N  ( M E A N ± ~ E . )  OF SERUM PHOSPHA~IDYLCHOLINE OF CONTROL AND CYSTIC 

FIBROUS PATIENTS AT 0, 7 AND 14 DAYS OF VIVONEX THERAPY 

P < 0~5, a c o n ~ s - C F ;  b C ~  0 - 7  days; c C ~  0-14  days; d C ~  7-14 days. 

F a t ~  add  ConU~ CF s u p e r s  

0 days 7 days 14 days 

16:0 2~10 ± 1~8 2L33 ± 1~0 2 7 ~ 0 ±  1.74 2Z97 ± 1A9 
16:1 1 ~ 0 ±  ~50 3~3 ± ~ 2 2  a &50 ± ~ 3 8  ~b ~ 9 0 ± ~ 3 6  a,c 
18:0  11.70± ~27 1 ~ 2 0 ± 0 ~ 0  1 Z 5 0 ± ~ 8 2  a 1~73 ± ~ 7 9  o 
1 8  : 1 16.50 ± 0.98 18~7 ± 1 A8 25.73 ± Z0 ~b 25~0 ± ~10 
18 : 2 21.00 ± 0.74 16D7 ± 1 ~0 a 7.30 ± 1.50 ~b &57 ± 0A3 ~c 
20 : ~ n -- 9) - ~82 ± ~40 1 ~3 ± ~35 2.63 ± 1.22 
20 : 4 1Z50 ± ~05 11 ~3 ± 1 ~8 9.43 ± 1.65 7.80 ± ~60 ~ 



(Table II~ ~r of sphingomyelin (dma not shown). 
By day 14, patien~ compared to con~ol, the hno- 
leic acid content of phosphatidylethandamine was 
s~nificanfly decreased in comparison to day 0 
(P < 0~5) (Table III). The morphdo~cM chang~ 
in the red b~od  cells were accompanied by a 
marked decrease in the h n ~ c  and an increase in 
the dOc add content of the phosphatidy~holine 
of the ~d  blood cells. Table IV shows the,  over a 
7-day period, the hn~oc  a~d content decreased 
from about 16 to 9%. This decrease perused over 
the next 7 days, when an ~ e a s e  in pMmitoleic 
add (4 to 9%) and in the ~cos~rien~c add (0.3 to 
1.8%) was ~so observed. The alterations in the 
f ~  adds of the phosphafid~chofine of the red 
blood cells caused by the ~ parallded those seen 
~ the fatff adds of the serum phosphafidylcho- 
fine (Tab~ V). 

Discussion 

The m~or sequence of even~ in our patien~ 
can be postula~d as follows: (1) an inadequam 
dietary intake or endogenous rdease of e~enti~ 
fa~y adds (linol~c add); (2) increased formation 
of plasma phosphafid~cho~ne cont~ning mono- 
saturated spedes; (3) exchange of the plasma 
phosphatidylcholine with red cell phosphati- 
dylcholine; and (4) ~mred spedes of membrane 
phospho~pid affecting membrane morphology. 
This sequence occu~ed rapid~, for the morpho- 
lo~c~ changes were ~ready present after 1 week 
and therefore could not be due to newly 
synthe~zed red cells formed with Ihe ~mred pho~ 
phatidylcholine species. 

To prevent an aggravation of the e~enfi~ fatty 
add defidency in our patients, the diet had to 
cont~n at ~ast 1% of tot~ energy as essenfi~ 
fa~y adds in an absorbable form [16]. Vivonex 
cont~ns 1% of tot~ c~ories as e~enfi~ fatty add 
(~noloc add). Failure to add supp~ment~ pan- 
creafic enzyme to the di~ary intake of our pa- 
tients apparently deprived them of the opportun- 
ity to hydrolyze the ~nol~c add and to absorb it 
~ong with the carbohydrate nutrien~ [7]. In ad- 
dition, the continuous administration of carbo- 
hydrates above c~oric requiremen~ prevented the 
mobil~ation of the large ~noloc add stores in 
adipose tissue [17]. In fact, the high energy intake 
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favoured lipogenesis as the body fat increased by 
2.1 ± 0.4 kg during lhe 14 days cf therap~ 

The fatty add compofit~n of the phosphafi- 
dylchofine of plasma and red cells of the norm~ 
su~e~  and of the cystic fibrofis patien~ at the 
start of the study corresponded dosdy  to pre~- 
oufly ~po~ed vflues [3,18]. Als~ in agreement 
with Ro~e~  et ft. [3], our ~udy showed that the 
change ~ the red cell fino~a~ content was con- 
fined essentially to phosphatid~choline. The 
paralld changes in the fatty add compofifion of 
p~sma and ~ d  cell phosphatid~choline suppo~ 
the prefioufly described ~new~ of red cell phos- 
phatid~choline by exchange with plasma [19]. 

Turnover of the m ~ u ~  human erythrocyte 
phospholipid ~ t f f  adds ~ fitu is fimited to 
d e a c ~ n  of endogenous phosphofipid and re- 
ac~ation of the result~g ~ s o p h o s p h ~ i d  [20-22] 
and /o r  exchange of intact phosphofip~ m~e- 
cules with exogenous phospholip~ because these 
cells cannot ~ter fatff aod c h i n  len~h or degree 
of unsaturafion or synthes~e p h o s p h ~ i d  de novo 
[23]. In t~s respect the second process ~ v C v ~  a 
~an~er of phospholi~ds from the serum fipopro- 
t~ns to the red cell membrane and ~ce versa and 
appears to be the dominant p~hway for ~new~ 
of phosphatid~choline in m~ure ~d  b~od cells 
[241. 

S t u ~  with mdec~ar probes [25,26~ non- 
pene~adng enzym~ ~ 7 - 2 ~  and exchange pro- 
teins [2,3~ profide e~dence that approx. 70% of 
p h o s p h ~ c h ~ i n ~  80% of sphingomyefin and 
20% of phosphatid~ethan~arnine are locked in 
the outer layer of the human red ~ood cell, 
whereas the rem~ning phosph~id~ch~in~  
sphingomyelin and phosphatidylethanolamine are 
• stribuied in the inner layer. Phosphatid~serine 
~ locked exdufivdy in the inn~ lays.  In this 
regard it has been suggested that o~y  those phos- 
pholipids occup~ng the outer h~f of the human 
red cell fip~ bilay~ are exchangeab~ ~ 3 1 ] .  It 
has been esfim~ed that about 75% of the phos- 
phatid~choline and none of the phosphati- 
dylserine ~ e  exchangeab~ [33]. The turnover time 
of the exchangeab~ po~ of erythrocyte pho~ 
phatid~choline has been ~f im~ed to be 5 days 
[2~; a finding which is supposed by our ~ s ~ .  
Moreover, Child et ~. [3~ have demon~rated th~ 
there is p ~ m n c e  for the unsaturated mCec~ar 
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spedes of phosphatid~cho~ne in the exchange 
proces~ thus resulting in a greamr loss of ~no- 
~o~phosphatid~chohne. The confinement of the 
fatty add alteration in our study largely to the red 
call phosphatid~choline may be rationalized on 
the ba~s of the sm~l exchangeable pool of phos- 
pha t id~han~amine  as well as lhe rdative inert- 
ness of lhe fatty adds of sphingomyelin lo di~ary 
influence and i~ quantitative exchange b~ng less 
than h~f of phosphatidylcholine [2~. 

The rdative contributions of the direct ex- 
change and of the ac~ exchange mechanisms to 
the ~ r ~ i o n s  observed in the fatty add ¢ompo~- 
tion in the present experimen~ were not de- 
termine& Mafinetti et ~. [35] found th~ a very 
sm~l population of phosphatid~ethan~amine 
m~ecules on the ou~r h~f of the membrane had 
a 4-fold more rapid turnover of thor fatty adds 
by way of ac~ation than the rem~ning phos- 
phat id~hanolamine molecules. Moreover, this 
enzymatic incorporation of fatty adds into phos- 
phatidylethanolamine showed a preference-for 
p~mitic add over s~afi~ ~noldc and ~nolenic 
acid. Thus dif~rences between day 0 and day 14 
of the patient phosphatidy~thanolamine in lino- 
ldc add content may have resuRed from the ac~ 
and/or  exchange renew~ mechanism. 

The rdationship between the decrease in the 
~noleate con~nt of the phosphafid~chofine and 
the morpholo~c~ di~o~ion of the ~ed cell mem- 
brane is unknown. Phosphatid~cho~ne occurs in 
the red cell membrane in the form of wdbdefined 
spede~ with the satura~d fatty adds in the sn-1- 
portion and the unsatura~d fatty adds in the 
sn-2- portion [36]. The norm~ red calls cont~n 
5% disaturated spedes. The loss of discocytes and 
the concomitant increase in the number of 
echinocy~s are a~oda~d  with the ~vd of lino- 
leo~phosphatidylcho~ne in the erythrocyte. The 
present resuRs are in agreement wRh those of Rao 
et ~. [1], who no~d that exdu~on of ~nol~c acid 
~om the diet ~d to a reduction of ~nol~c acid in 
the phosphatid~choline of red blood cells and an 
increase in the proportion of echinocy~s of rats 
within 3-7 days. The h t ~ r  study ~so showed that 
the loss of discoid shape was reversed within 7 
days by a diet rich in ~ n ~ c  acid. Likewise, 
Lange ~ ~. [2] showe& in f i ~  that when mono- 

saturated or saturated m~ec~ar spedes of phos- 
ph~id~chofine rephced 25% of the native red cell 
phosphatidy~holine specie, echinocyte formation 
and hemCyfis occu~ed. When native red blood 
cell phosphatid~chofine was ~placed by egg 
phosphatid~choline no morphCo~c~ abnormafi- 
ties occurred. On the bails of the p ~ n t  ~ s ~ ,  it 
may be c~cda~d  that about 15% (2 × 7.5% d~ 
crease ~ 18:2) of the tot~ phosph~id~chofine 
was refaced by monos~ura~d phosphatid~cho- 
fin~ which may have been responfib~ for the 
observed increase in the proportion of ~e  
echinocyt~ in the red blood cells of the patients 
on the Vivonex therapy. 

Other mo~fications of the fi~d content of 
erythroc~e membrane are known to af~ct red cell 
morph~ogy, ~g., parti~ delet ion of c h C ~ r ~  
from the erythrocyte [37]; increased content of 
erythrocyte ~sophosphat~cho~ne [38]; and a~ 
cum~ation of phosphatid~choline cont~mng 
shor~ch~n ~ t ~  adds [3~. Cleafl~ the &et had 
no affect on the concen~afions of red call 
ch~es~r~ and phospho~d  da~es and cannot 
pro~de an explanation for the observed morpho- 
~ c ~  alteration~ Thus, ~ r a t i o n  of one of the 
m~cr ~d  cell membrane constituents, phos- 
phatid~choline, by &et, is important ~ r e l ~ n  
to the m~n~nance of membrane in~gri~ ~ vivo. 

The p h y ~ o ~ c ~  ~gnificance of these observ~ 
tions was not de~rmined ~ t~s study. In~rn~ 
membran~bound enzyme functions have been 
shown to be ~ r e d  ~ the red cell of cystic 
flbrofis patients ~0A~. ~nce d is well ~mblished 
that enzyme function can be m o d e l e d  by the 
~pid enfironment ~3], ~ r p r e t a t i o n  of ~ 
ations in the function of red cell membranes ~ 
cystic fibrofis patients shoed not be ~ m p ~ d  
without first assessing the h~d profil~ of these 
membrane. 
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