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We investigated the efiects qf an overnight fust on composition and fcltty acylation of rat red blood 

cell membrane phospholipids. Fasting produced decreases (P < 0.01) in total phospholipid and phos- 

phatidylcholine contents, as wvell as decreases in acylation rates in phosphatidylcholine (P < 0.01) 
and phosphatid_vlethunolamine (P < 0.05). Among the seric biochemical indices knonln to chary wGth 

the,fc~edin~ state, only triucylgly~erol levels M’ere positively correlated (P < 0.05) with red cell acylation 
rates both in phosphatidylcholine and in phosphatidylethanolumine. Horlever, this correlation did not 

appear to reflect a direct and cultsal relationship. Thus, chunges in memhrune lipid acylution related 

to a nearly pl~ysiological,feeding-fasting transition might modulate the lipid composition of membrane. 

and thereby its ,firnction. 
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Introduction 

Phosphatidylcholine (PC) and phosphatidylethanol- 
amine (PE) are major components of the outer and 
inner layers, respectively, of most biological mem- 
branes.’ In nucleated cells, PC and PE participate in 
a state of dynamic equilibrium involving de novo syn- 
thesis, transport, and degradation, as well as in situ 
modifications of their base or acyl groups.’ Phospho- 
lipid metabolism in circulating red blood cells (RBC) 
is essentially limited to deacylation-reacylation reac- 
tions, which are catalyzed by phospholipases A and 
acyl-CoA: lysophosphoglyceride acyltransferases, re- 
spectively.3 These reactions are considered to be pri- 
marily involved in the establishment and maintenance 
of the molecular lipid species that govern the physico- 
chemical structure of the membrane lipid matrix, the 
precise control of which appears important for proper 
cell functioning.4 Although phospholipid acylation 
rates may be experimentally modified in rat RBC by 
estrogen treatmen? or insulin deprivation,6 the physio- 
logical regulation of deacylation-reacylation reactions 
is at present unknown. The present results reveal that 
short-term nutritional changes such as the fed-to- 
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fasted transition influence glycerophospholipid con- 
tent and acylation rates in intact circulating RBC. 

Materials and methods 

Female Sprague-Hawley rats (- 160 g) were housed 
at 22” C on a 0800-2000 hr lighting schedule. They were 
allowed to acclimate to their environmental conditions 
for at least 2 weeks before the experiments. They had 
free access to water and to a nonpurified standard diet 
containing, by wt, 5% lipid, 49.5% carbohydrate, and 
23.5% protein until 1 hr (fed control) or 12 hr (fasted) 
before the sacrifice; fasted animals were given only 
water. Rats were sacrificed at 9:00 by decapitation 
under light anesthesia (25 mgikg sodium pentobarbi- 
tal. intraperitoneally). 

Blood .swr~plr.~ 

Unless otherwise stated, blood was collected in 0.13 M 

sodium citrate as an anticoagulant and was processed 
within 2 hr. A platelet-free and leukocyte-free suspen- 
sion of RBC was prepared from each sample by filtra- 
tion on cellulose.’ Purified RBC were centrifuged for 
5 min at 750~ and washed twice with buffer A (in 
mM: 140 NaCI. 5 KCI, 1 MgSO,, 5 glucose and 10 
Tris-HCI; pH 7.4). Cells were then adjusted to 25% 
hematocrit and counted in the final suspension using 
a Coulter Counter model S (coefficient of variation 
< 0.5%). 

cdl 1991 Butterworth-Heinemann J. Nutr. Biochem., 1991, vol. 2, November 629 



Research Communications 

Cell incubation 

Acylation rates in PC and in PE were measured in 
suspensions of  intact RBC as previously described. 8 
RBC were incubated for 45 min at 37 ° C in a medium 
(pH 7.4) containing 100 I~1 of RBC suspension (4 × 
108 cells), 100 ~1 of medium B (medium A + 1 mM 
CaCI2), 100 ~xl medium B containing defatted albumin 
(0.16%, wt/vol) and [9 ,10-  3H] oleic acid (final con- 
centration, 6 ~M; ~ 3.4 ~Ci). Prior to incubation, the 
substrate mixture was sonicated (30 W) for 1 rain at 
20 ° C using a Branson sonicator model B-12 (Heat 
system Ultrasonics,  Inc. Farmingdale, NY). After in- 
cubation, RBC were washed twice with 40 vol of me- 
dium A containing 2% (wt/vol) albumin and lysed with 
20 vot of ice-cold water. 

Isolation of RBC phospholipids 

Aliquots [~ 40 nmol phospholipid phosphorus (PL-P)] 
from total lipids extracted from the lysates 3 were con- 
centrated and submitted to high-performance thin- 
layer chromatography on silicagel 60 plates (Merck, 
S.A., Darmstadt ,  Germany)  developed in chloroform/ 
methanol /water  (75/25/3, by vol.) to isolate PC (Rf: 
0.25) and PE (Rf: 0.42). The gel areas containing PC 
and PE, identified with reference standards, were lo- 
cated by iodine vapor,  scraped, and analyzed for Pi 
and radioactivity contents.  Acylation rates were cal- 
culated from the specific activities of the exogenously 
added [3H]oleic acid, which was assumed to be con- 
stant during incubation. Results of  assays carried out 
in triplicate agreed within 4% and 5% of acid incorpo- 
rated for PC and for PE, respectively. 

Other procedures 

The RBC content  in cholesterol was measured in lipid 
extracts using an enzymatic  assay (Merck, S.A.); 
PL-P was measured according to the procedure of 
Rouser  et al. 9 Concentrat ions of  glucose, cholesterol,  
triacylglycerol (TAG), phospholipid, and inorganic 
phosphorus (Pi) in serum were determined by enzy- 
matic methods;  fatty acids (FA) and insulin were 
quantified by the method of  Barash and Akow ~° and by 
radioimmunoassay (Cis-Bioindustries, Gif-sur-Yvette, 
France),  respectively.  Whole blood content in ATP 
was determined on trichloracetic extracts immediately 
after blood withdrawal by enzymatic assay using a 
commercial  kit (Sigma Diagnostics, St. Louis, MO); 
ATP values were expressed on a per-cell basis (nmol/ 
10 ~° RBC) since almost all the blood ATP is found in 
RBC. JI 

Expression of  results 

Values were expressed as mean -+ SD. Differences 
between means in fasted and fed animals were com- 
pared by Student 's  t test. A value of  P < 0.05 was 
considered as significant. 

Materials 

[9 ,10-  3H] Oleic acid (4.8 Ci/mmol) was from Amer- 
sham International (UK). Unlabeled oleic acid was 
from Sigma Chemical Co. (St. Louis,  MO) and defat- 
ted albumin from Calbiochem-Behring Co. (La Jolla, 
CA). Radioactivity was determined in a LKB liquid 
scintillation counter  using PCS II (Amersham Interna- 
tional) as counting solution (coefficient of efficacity for 
3H: 60%). 

Results 

Acylation reactions were performed with [3H]oleic 
acid, the most abundant fatty acid found in association 
with albumin j2 at a value of the albumin-to-fatty acid 
molar ratio of 2.0, which is well within the physiologi- 
cal range of 1.25-5.0 found in rat plasma. Intact RBC 
submitted to 45-min incubation at 37 ° C incorporated 
[3 H]oleic acid into PC and PE, the specific activities 
of which increased according to zero-order  kinetics. 
Acylation rates were proportional to the number of 
RBC within the range 0.5-5 x 108 cells. 

As shown in Figure 1, mean molar acylation rates 
in PC and PE were found to be 36% and 25% lower, 
respectively,  in RBC from rats fasted overnight than 
in fed rats. This was associated, in fasted animals, 
with 21% and 18% decreases in total phospholipids 
and in PC, respectively; other  membrane lipids were 
unchanged (Table 1). As expressed on a per-cell basis 
(pmol acyl incorporated/10 ") RBC) and taking into ac- 
count the cumulative effect of decreases both in con- 
tent and in molar acylation rate of PC in the fasted 
state, the net amount of  oleic acid entering PC was 
47% lower in fasted than in fed rats (79 -+ 8 versus 148 
-+ 28, respectively);  the corresponding values were 
58 -+ 4 versus 77 +_ 9 for PE. 
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Acylat ion rates in PC and PE of red blood cells from fed 

(open columns, n = 5) and fasted (hatched columns, n - 5) rats. 
Phospho l ip id  acy la t ion was measured with [aH]oleic acid as de- 
scr ibed in Mater ia ls and methods. Signi f icant ly  dif ferent from the 
fed group *P < 0.05; **P < 0.01. 
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Table 1 Red blood cell membrane lipids in the fed and fasted 
states 

Red blood cell 
component a Fed rats Fasted rats 

Cholesterol 1875 +_ 179 1660 +- 183 
Phosphol ipids 2680 -+ 152 2125 _+ 233 b 
Phosphatidylchol ine 1245 +_ 106 1025 +-- 8 6  b 

Phosphatidylethanolamine 660 +- 65 680 -+ 66 

a Each value (in nmol/10 ~° cells) is the mean _+ SD for 5 rats. 
b Fasted values are statistical ly different (P < 0.01 ) from fed values. 

Tab le  2 Concentrations of serum components in the fed and 
fasted states 

Plasma component a Fed rats Fasted rats 

Glucose 6.50 --- 0.71 4.50 + 0.47 c 
(mmol//) 

Fatty acids 0.54 +-- 0,08 0.84 +_ 0.06 c 
(mmol//) 

Tdacy~glycerol 0.93 = 0.11 0.41 +- 0.100 
(mmol//) 

Cholesterol 0.87 +_ 0.06 0.78 +_ 0.21 
(mmol//) 

Phosphol ipids 1.18 _ 0.30 1.21 _+ 0.20 
(mmol//) 

Phosphorus 1.05 -+ 0.14 1.90 _+ 0.18 c 
(retool/l) 

Insulin 160 _+ 80 63 -+ 11 b 
(pmol//) 

a Va{ues are mean +- SD for l ive rats. 
o Fasted values are statistically different from fed values at P < 
0.01. 
c Fasted values are statistically different from fed values at P < 
0.001. 

As predicted, the serum levels of glucose, TAG, 
and insulin were respectively 31%, 56%, and 61% 
lower in the fasted state, whereas FA and phosphorus 
were 56% and 81% higher, respectively; cholesterol 
and phospholipids were unchanged (Table 2). TAG 
levels in serum were positively correlated with acyla- 
tion rates in RBC both for PC (r = 0.70; P < 0.05; 
n = 10) and for PE (r = 0.72; P < 0.05; n = 10) (Fig- 
tere 2). 

The mean ATP content of RBC was significantly (P 
< 0.01) higher in fasted than in fed rats (493 +- 40 
versus 344 -+ 53 nmol/10 ~° RBC, respectively). Con- 
firming a previous report, ~ ATP values were posi- 
tively correlated (r = 0.81; P < 0.01; n = 10) with Pi 
levels in serum. 

Discussion 

The present results indicate that lipid composition and 
phospholipid acylation rates in circulating RBC are 
influenced by a short-term and nearly physiological 
change such as an overnight fast. The decrement in 
membrane PC content is likely to account, at least in 
part, for the parallel decrease in total phospholipids; 

Red cell lipid acylation and fasting: Lerique et al. 
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Figure 2 Relationship between acylation rates measured in vitro 
with [3H]oleic acid in PC (O) and PE (e) of intact red blood cells 
and tr iacylglycerol concentrations in serum. Regression lines were 
calculated by method of least squares. PL-P, phosphol ipid phos- 
phorus. 

similar decreases have been described in rat RBC 
membranes after prolonged fasting. ~4 The net entry of 
oleic acid into phospholipids is markedly decreased in 
the fasted state, particularly in PC, consonant with 
the fact that PC is the major fatty acid acceptor in 
circulating RBC. Ls Although the mechanism of this 
diet-related decrease in acyl incorporation is at pres- 
ent uncertain, it is in all likelihood related to diet- 
induced changes in plasma. At first sight, our finding 
of a positive correlation between acylation rates in 
RBC and TAG concentrations in plasma supports this 
hypothesis. However, a direct and causal relationship 
between the two metabolic events is not certain. We 
have observed that animals fasted for 12 hr and pro- 
vided in their drinking water with glucose (20 g/L, 
equivalent to approximately 3% of the total caloric 
intake supplied by their usual standard mixed diet) 
elicited values of acylation rates comparable to those 
measured in RBC from fed animals, although no 
change in plasma TAG could be detected (data not 
shown). Note that acylation processes in RBC phos- 
pholipids occur at levels lower by several orders of 
magnitude than the mean concentrations at which ma- 
jor lipids (including TAG) circulate in plasma; thus, 
quantitative or qualitative changes undetectable in 
plasma lipids might be able to influence deacylation- 
reacylation reactions in RBC. Perhaps relevant to this 
hypothesis is the suggestion by Branchey and Buyden- 
Branchey ~6 that chronic ethanol intake, a status also 
associated with increased plasma lipids, might modify 
the lipid composition of RBC membrane via plasma 
lipid changes. Equilibrium exchanges between phos- 
pholipids j7 and cholesterol ~8 in RBC and those in 
plasma have been demonstrated. 

It has been shown j9 that in rat, Pi concentration in 
plasma follows a circadian variation, with a rapid fall 
at the onset of feeding period followed by a rise there- 
after. To our knowledge, a similar circadian variation 
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has not  been  d i rec t ly  c h a r a c t e r i z e d  for  A T P  in R B C .  
A signif icant  pos i t ive  co r r e l a t i on  appea r s  to have  been  
m e a s u r e d  b e t w e e n  Pi and A T P  in RBC.  2° Taken  to- 
ge ther ,  these  resul ts  are  cons i s t en t  with our  finding of  
a re la t ive ly  high A T P  c o n c e n t r a t i o n  in R B C  af ter  an 
ove rn igh t  fast  per iod .  To  be es ter i f ied,  fa t ty  acids need 
to be a c t i v a t e d  as a c y l - C o A  in an A T P - d e p e n d e n t  pro- 
cess .  ~ The  c o e x i s t e n c e  in the fed state o f  high acyla-  
t ion rates  with low A T P  levels ,  conf i rms  o the r  re- 
por t s  2~22 sugges t ing  that  A T P  is not a l imiting fac to r  
o f  acy la t ion  p r o c e s s e s  in R B C  m e m b r a n e s .  

A l though  d e a c y l a t i o n - r e a c y l a t i o n  cyc les  o c c u r  con-  
t inual ly in v i v o  at the e x p e n s e  o f  p l a sma  fat ty acids,  
the phospho l ip id  c o m p o s i t i o n  o f  the m e m b r a n e  lipid 
mat r ix  appea r s  to be t ight ly con t ro l l ed .  23 Modi f ica t ions  
o f  lipid m o l e c u l a r  spec ies  in R B C  have  been  shown 
to induce  m o r p h o l o g i c a l  changes  and a l te red  o sm o t i c  
sens i t iv i ty .  24 S ince  par t ia l ly  lethal l y sophospho l ip ids  
do not a c c u m u l a t e ,  it can  be a s s u m e d  that:  (1) act ivi-  
t ies o f  the e n z y m e s  ca ta lyz ing  acy la t ion  equi l ibra te  
with those  ca t a lyz ing  hydro lys i s ;  (2) de t e rmina t i on  o f  
acy la t ion  ra tes  p rov ide  a r ea sonab le  e s t ima t ion  o f  the 
t u r n o v e r  o f  the phospho l ip id  fat ty  acid moie t ies .  The  
resul ts  p r e s e n t e d  indica te  that  significant modif ica-  
t ions o f  acyl  t u r n o v e r  o c c u r  in re la t ion  to shor t - t e rm 
nutr i t ional  changes  c o m p a r a b l e ,  if not  ident ical ,  to 
those  induced  by the phys io log ica l  feed ing- fas t ing  cy- 
cle. The  poss ib i l i ty  that  these  modi f ica t ions  may mod-  
ulate the lipid c o m p o s i t i o n  o f  cell m e m b r a n e ,  and 
the reby  its func t ion ,  d e s e r v e s  fu r the r  cons ide ra t ion .  
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