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Abstract 
The nature  and extent of red blood cell lipid 

changes were determined in four  controlled die- 
t a ry  experiments  of 8-16 days '  durat ion involving 
the use of fat-free diets, and diets supplemented 
with high levels of corn oil and but ter  fat. In  the 
first experiment,  changes in red blood cell choles- 
terol ester, glyeeride, and phospholipid f a t ty  
acids were detected within eight days of modifica- 
tions in diet. In  the second experiment,  constant 
red blood cell cholesterol levels of 136 _+ 6 m g /  
100 ml packed cells were observed in 49 individu- 
als who had consumed fat-free diets, or diets pro- 
viding 45% of calories in the form of corn oil. 
The effects of diets rich in corn oil or but ter  fa t  
on red cell phospholipid phosphorus levels were 
assessed in the third experiment,  and values were 
found to range only f rom 12.5 • 0.4 to 12.7 • 0.4 
rag/100 ml packed cells. In the four th  experi- 
ment, total red cell lipid and the proport ions of 
the various lipid classes were found to be un- 
changed under  several d ie tary  regimens. Calcu- 
lations based on data f rom this investigation 
provide independent  confirmation of earlier con- 
clusions that  the amount  of lipid present  in the 
red blood cell can be exactly acconnnodated in a 
bimolecular layer extending over the entire cell 
surface. 

Introduction 

M ODERN CONCEPTS Of the red blood cell membrane 
represent  it as a bimoleeular layer of lipid, 

covered on both sides with a layer  of protein. In- 
direct evidence suppor t ing this idea has come from 
several disciplines (1),  but the fundamenta l  ques- 
tion of whether the anlount of lipid present  is com- 
patible with this concept has been almost completely 
ignored. 

In several monographs and reviews (1,2,3) the only 
direct chemical evidence quoted in suppor t  of this 
model is the work of Gorter and Grendcl (4), pub- 
lished in 1925. These investigators compared the 
surface area of the red cells of various species with 
the area occupied by the cell lipids when spread as 
a monomolecular fihn on water. For  all species tested, 
the amount  of lipid found was sufficient to provide 
ahnost exactly a layer of lipid two molecules thick 
for each cell. However,  the data obtained in this 
ingenious experiment can be questioned on two counts: 
the red cell lipids were extracted with acetone, a 
solvent par t icu lar ly  poorly adapted to this task;  and 
the red cell surface areas as determined by Gorter 
and Grendel differ by as much as 50% from pres- 
ently accepted values (5). Thus, although their  con- 
chs ion  tha t  the red cell membrane contains a bi- 
molecular layer of lipid may  actually be correct, the 
data on which it was based were incorrect. 

1 P r e s e n t e d  in  p a r t  a t  the AOCS mee t ing  in Toronto ,  1962 .  

In recent years die tary  fats  have been shown to af- 
fect the nature  and distribution of plasma lipids, and 
in turn,  there is evidence tha t  eertain plasma lipids 
exchange freely with red cell lipids (6,7). On this 
basis it seemed reasonable to expect that  d ie tary  fats  
would affect red cell lipids, and indeed it has been 
shown that  modifications in red eell f a t t y  acids can 
be brought  about by this means (8,9). Although no 
real var ia t ion in the total amount  of lipid in normal  
red eells has ever been demonstrated,  the extent and 
siguifieance of the lipid exehange between plasma and 
red eells has not been ascertained. The potential  im- 
portance of these observations lies in the fact  that  in 
the few diseases in which qualitative or quanti tat ive 
changes in red cell lipids have been well authenticated 
(10), it is well known tha t  the red cells are abnor- 
mally fragile. I t  seems clear that  an important  rela- 
tionship exists between the lipid content of the cell 
and its s t ructura l  integrity.  

The present  s tudy was conducted to provide de- 
tailed qualitative and quanti ta t ive information on the 
red blood cell lipid membrane  of normal subjects 
under  controlled die tary  conditions. This repor t  
demonstrates the fact  that  red cell lipid levels remain 
constant dur ing  extreme variat ions in die tary  fa t  in- 
take, and provides independent  confirmation of the 
conclusions of Gorter and Grendel, based on modern 
techniques for lipid analysis and a revised estimate 
of the surface area of the red blood eell. 

Exper imenta l  

The data to be presented have been obtained in 
four  die tary  experiments, all of the same general 
plan. 3iale and female univers i ty  students consumed 
various homogenized formula  type diets of precisely 
known composition for periods of up to 16 days. The 
composition of the essentially fat-free basal diet shows 
in Table I. The other diets were modifications of 
the basal diet in which either corn oil or but ter  fa t  
was substi tuted isocalorieally, at a level of 45% of 
calories, for  pa r t  of the dextri-maltose. For  con- 

T A B L E  I 

Composit ion of B a s a l  D i e t :  Amoun t s  R e q u i r e d  to M a k e  a 
950-Ca lo r i e  Sample  a 

I n g r e d i e n t  

~I il-ko b ....... 
3asee c, 
Sucrose ....... 
Dextri-~Ialtose a ..... 

To ta l  ........ 
Calor ies  ........ 
% Calor ies  .... 

W e i g h t  
in  g 

28.1  
28 .4  
20 .0  

169 .8  

9 5 0 . 0  

Composit ion,  m g 

Carbohy- 
P r o t e i n  F a t  d r a t e  

10.0 0.1 14 .6  
25.0  0 .57 

20 .0  
1 6 6 . 4  

35.0  0 ,67 2 0 1 . 0  
140 .0  6.03 804 .0  
1 4 . 7 4  0 .63 84 .63  

a E a c h  950-ca lo r i e  sample  was  supplemented  wi th  2 g iodized salt ,  
6 .6  mg th iamine ,  0 ,6  mg r ibof lavin ,  5.0 mg n iac in ,  5 .0  mg pyr idoxine ,  
5 .0  mg  ca lc ium pan to thena t e .  25 mg sseorb ie  acid,  and  1700  I . U .  
Vitamin A. 

Skim milk preparation from Mil-ko Products, }~amiH;on, Ontario. 
c Soluble form of calcium easoinate produced by Mead Johnson of 

Canada, Ltd., Belleville, Ontario. 
a)lixture of maltose and dextrins from cor~ flour, produced by IViead 

Johnson of Canada, Ltd,, Bellevil]e, Ontario. 

3 9 3  
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Fro. 1. Effect on the cholesterol ester fatty acids of chang- 
ing from the basal diet (FF) to a diet rich in corn oil (CO) 
or butter fat (Bt'). 
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FIG. 2. Effect on the phospholipid fatty acids of changing 
from the basal diet (FF) to a diet rich in corn oil (CO) or 
butter fat (BF). 

venienee, these modified diets will subsequently be 
refer red  to as diets CO and BF,  respectively. In  ad- 
dition, the diet BF  of one of the groups of subjects 
in Exper iment  I V  was supplemented with 1000 mg 
sitosterol/950 calorics. 

Outline of Experiments. Exper iment  I was designed 
to learn if changes in red cell f a t t y  acids could be 
detected in a period as short as eight days af ter  a 
change in diet. Two groups, each consisting of eight 
male subjects, consumed the basal diet for eight days. 
One group was then t ransfer red  to diet BF,  and the 
other to diet CO. Red blood cell samples obtained on 
days 8 and 16 were pooled, according to group, pr ior  
to lipid fract ionat ion and analysis of the f a t t y  acid 
composition of the steryl  ester, glyeeride, and phos- 
pholipid fractions. 

Exper iment  I I  was designed to compare the effect 
of corn oil and a fat-free diet on the cholesterol levels 
of red blood cells. In  the first pa r t  of the experiment 
12 women and 11 men were maintained on the basal 
diet for 16 days. In  the second part ,  15 women and 
11 men consumed the basal diet for eight days, then 
changed to diet CO. Samples of blood were obtained 
f rom each subject on days 0,8 and 16, and the red 
blood cell cholesterol determined directly. 

Exper iment  I I I ,  in which 10 male students served 
as subjects, was planned to permit  assessment of the 
effect of two different diets on red cell phospholipids. 
Five of the subjects consumed diet B F  for 16 days, 
and the other five consumed diet CO for  a similar 
period, l~ed blood cell phospholipid levels were de- 
termined on samples f rom each subject pr ior  to, and 
at the end of the experiment.  

Exper iment  IV  measured the effect of diet on the 
levels of the major  red blood cell lipid classes. Cells 
were obtained f rom four  groups, each composed of 
8 male subjects, af ter  they had been maintained for 
eight days on one or other of the following diets: 1) 
the basal diet;  2) diet CO; 3) diet B F ;  and 4) diet 
B F  supplemented with sitosterol. Af te r  blood speci- 
mens f rom all members  of each group had been 
pooled to provide 4 large samples, representat ive of 
the four  die tary  regimens, the red cell lipids were 
extracted and fract ionated as described below. 

In  all experiments, the blood samples were 10 to 20 
ml in volume, and were taken while the subjects were 
in the fas t ing state. Hepa r in  was used as the anti- 
coagulant. 

Isolation of Red Blood Cell Lipids. As soon as pos- 
sible af ter  the blood samples had been obtained, they 
were centr ifuged at 2000 rpm for 30 rain. The plasma 
and bully coat were removed by aspiration, and the 
red cells resuspended in an equal vol of isotonic 
saline. They were again centr i fuged at 2000 rpm for  
30 rain, af ter  which the superna tan t  and any  remain- 
ing buffy coat were removed. I t  can be shown that  
this procedure will yield a sample essentially free 
f rom leucocytes and platelets, and containing less 
than 0.5% t rapped  plasma (12). Thus there is no 
need for repeated washing of the red cells, and in 
fact, the contradictory evidence about the effect 
of such washing on the red cell lipids suggests that  
the practice should be avoided (13,14). 

Lipid extracts were prepared  f rom the washed 
cells by a method similar to that  of Folch et al. (15). 
To ensure complete recovery of the lipid, each sample 
had to be extracted with a total  of 36 vol chloroform 
and 18 vol methanol. Non-lipid contaminants  were 
removed by washing the extract  with 0.3 vol 0.05 N 
KC1 (16), and allowing the phases to separate over- 
night. The lipid-rich phase was conch in a ro ta ry  
film evaporator,  and af ter  a suitable aliquot had been 
removed for  the gravimetr ic  determinat ion of total  
lipid, :he remaining mater ial  was separated quanti ta-  
t ively into cholesterol ester, glyceride, free cholesterol, 
and phospholipid fract ions by silicic acid column 
chromatography  (17). 

Analytical Methods. Cholesterol determinations 
were made direct ly on the washed red ceils of in- 
dividual donors (18). Phospholipid phosphorus was 
determined by the Hurs t  modification (19) of the 
method of Beveridge and Johnson (20). Glyeeride 
glycerol was measured by a ehromotropie acid pro- 
cedure which combined the saponification technique 
of Carlson and Wads t rom (21) with the color develop- 
ment  method of t I anahan  and Olley (22). The f a t ty  
acids f rom each of the three ester groups were ob- 
tained by alkaline hydrolysis followed by ether ex- 
traction of the acidified reaction mixture  (23). F a t t y  
acid esters were prepared  with diazomethane (24), 
and were characterized on a Beckman GC-2A gas 
chromatograph equipped with a hot wire detector. 
The stainless steel column, six f t  in length and ~ 6  in. 
inside diam, was packed with 20 g firebrick, 60~80 
mesh, coated with 20% by wt of dicthylene glycol 
sueeinate. The column temp was maintained at 2200, 



3O 

20 

10 

"::::'il d 

HILL ET AL.: CONSTANCY OF I~,ED BLOOD CELL LIPIDS JUNE, 1964 

16:0 18:0 18:1 18:2 

FIG. 3, E f f e c t  on the  g l y e e r i d e  f a t t y  ac ids  of  c h a n g i n g  from 
t h e  b a s a l  d ie t  ( F F )  to a d i e t  r i ch  in  c o r n  oil (CO)  or  b u t t e r  
fat (BF). 

and the temp of the injection port  at 280C. The 
carrier gas was helium, and it was used at a flow rate 
of approximately 125 nfl/min. Reference fa t ty  acid 
methyl esters were obtained from Applied Science 
Laboratories, Inc., State College, Pa. 

Results and Discussion 

The first modern evidence that dietary fat  could 
influence the red blood cell fa t ty  acids of man was 
presented by Horwi t t  et al. (8) in 1959. They ex- 
amined the red cells of subjects who had for two 
years consumed a diet providing 60 g corn oil each 
day, and found the linoleic acid content to be al- 
most double that  found in the red cells of subjects 
on an unrestr icted diet. Leibetseder and Ahrens (9) 
supplemented this work by part ial ly fract ionat ing 
the ester group prior to f a t ty  acid analysis. In a 
single subject they observed that a diet supplying 90 
g corn oi l /day led, within 10 days, to a marked in- 
crease in ]inoleic acid in both the acetone-soluble and 
the acetone-insoluble fractions of red cell lipids. In 
Exper iment  I of the present study, changes in red 
blood cell fa t ty  acids were seen within eight days of 
a change in diet ( F F  to CO, or B F ) .  A summary of 
the results, in which only data for the major  fa t ty  
acids is included, shows in Figures 1-3. The change 
fronl the basal diet to the high butter  fa t  diet led to a 
considerable increase in the pahnitic acid content of 
both the phospholipid and cholesterol ester fractions. 
Similarly, the change to the diet high in corn oil led 
to marked increases in the amount of lino]eic acid 
in the same lipid classes. The glyceride fa t ty  acid 
spectrum varied little in response to changes in die- 
t a ry  fa t ty  acids, although the t rend observed was in 
the direction anticipated assuming that g]yeeride 
f a t ty  acids are influenced by dietary fa t ty  acids. 
Thus, but ter  fat, high in palmitic acid and low in lino- 
leic acid, led to an increase in palmitic acid and a 
decrease in linoleic acid in this fraction. The corn 
oil, low in palmitic and high in linoleic acid, had 
the opposite effect. Direct comparison of these results 
with those of others is not feasible, because previous 
investigators have not at tempted the isolation of the 
three red cell lipid ester groups. Qualitatively, how- 
ever, the results of the present s tudy are similar to 
those Horwit t  et al. (8) and Leibetseder and Ahrens 
(9) obtained for the total and the part ial ly resolved 
red cell esters, respectively, in  view of the rapidi ty  
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TABLE II 

The Effect of Diet o~ the Cholesterol  Content  of Red Blood Cells 
and Plasma 

Diet 

Fat Free (days 0-16)  

Fat Free (days 0 -8) ,  
Corn Oil (days 9-16)  

Subjects 

W o m e n  (12) 

Men (11) 

Women (15) 

Men (11) 

Red cells 

Plasma 

Red cells 

Plasma 

Red  ceils 

Plasma 

I 
!Red eens 

P lasma 

Cholesterol,  mg/100 mt 

Day 0 Day 8 Day 16 

134_+6 1 3 7 + 6  1 3 4 ~ 7  

185 • 33 141 ~ 30 145 4- 31 

136 4-4 137 4-8  132 4-6  

187 ___ 28 128 4- 18 131 4- 22 

1 3 8 4 - 7  1 3 8 4 - 5  1 3 8 4 - 7  

187 ----- 28 i133 4- 25 123 4- 25 

139~---4 1 3 5 4 - 6  1 3 9 4 - 6  

1 9 0 4 - 3 6 1 3 4 •  

and extent of these changes, the constancy of total 
lipid and the individual lipid classes (see below), and 
the known inability of the mature red cell to syn- 
thesize lipid (25,26), these changes in f a t ty  acid 
spectra must represent an exchange between the 
plasma and red cell fa t ty  acids as suggested by 
Leibetseder and Ahrens (9). The discovery of such 
a rapid effect of dietary fat  on red cell lipids indi- 
cated that the selected diets and the chosen experi- 
mental period were suitable for  the remainder of the 
proposed investigation. 

The results of the second experiment show in Table 
II.  As anticipated, plasma cholesterol levels fell sig- 
nificantly during the first eight days of fa t  depriva- 
tion and remained low for the duration of the experi- 
nlent. In contrast, red blood cell cholesterol levels 
stayed vir tual ly  unchanged throughout  the entire 
period of the fat  free diet. Similar observations re- 
garding the cholesterol levels of red blood cells were 
made in the second par t  of this experiment, in which 
the subjects changed from a fat  free diet to a diet 
providing" 45% of calories from corn oil. The red 
blood cell cholesterol levels remained constant despite 
a significant decrease in plasma cholesterol during 
the initial 8 days on the fat  free diet and the final 
8 days on diet CO. The average red cell cholesterol 
level for the female subjects, based on 81 determina- 
tions on 27 women, was 136 ___6 rag/100 ml packed 
red blood cells. The corresponding value for male 
subjects, derived from 66 observations on 22 men was 
also 1 3 6 -  6 rag/100 ml. These values agree closely 
with the values of 139 _++ 5 rag/100 ml reported by 
Brun  (27), 137 • 4 rag/100 ml found by Reed et al. 
(13), and 137 • 7 rag/100 ml observed by Maneini 
and Keys (28), and support  the thesis advanced by 
Brun  (27) that under most circumstances, including' 
marked changes in plasma cholesterol levels, the 
cholesterol content of the red cells remains within 
relatively narrow limits. Fur the r  support  is found 
in reports by a number of other investigators. For  
example, London and Schwartz (29) observed a 
nephrotic patient with plasma and red cell cholesterol 
conch of 636 and 146 rag/100 ml, respectively, and 
Olson (30) has commented on two eases of xanthomat- 
ous biliary cirrhosis in which serum cholesterol was 
1200-2000 mg/100 nil, but  red cell cholesterol was 
within normal range. In  the experiment of ~{ancini 
and Keys (28), involving 6 hospitalized males, it 
was found that alterations in diet resulting in average 
changes of from - 6 4  to +52 mg cholesterol/100 ml 
sermn led to no significant change in the cholesterol 
content of the red cells. Fels et al. (10) made com- 
parable observations in an experiment in which hy- 
percholesterolemia was induced in rabbits by diet or 
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T A B L E  IiI 

The  Effect  of V a r i a t i o n  in D i e t a r y  Fat  on Red  Blood Cell 
P h o s p h o l i p i d  P h o s p h o r o u s  Content  

Subjects  Phospho l ip id  p h o s p h o r u s  
D i e t a r y  R e g i m e n  r a g / 1 0 0  ml of red cells 

1 0 . . . . ~ . .  . . . . . . . . . . . .  u n r e s t r i c t e d  1 2 . 5  _4_- 0 .4  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I CO 1 2 . 6  ~--_ 0 .4  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B F  1 2 . 7  ~--_ 0 .4  

drugs. It appears therefore that the absence of any 
correlation between the cholesterol levels in plasma 
and in the red blood cells is well established. 

Table III summarizes the data on the effect of un- 
restricted, CO, and BF  diets on the phospholipid phos- 
phorus contents of red blood cells determined in the 
third experiment. The observed values range from 
12.5 • 0A-12.7 • 0.4 rag/100 ml red cells. It is of 
interest that Reed et al. (13),  and Farquhar (31) 
have recently reported values for red blood cell phos- 
pholipid phosphorus of 13.7 + 0.7 and 11.9 • 0.8 rag/ 
100 ml red blood cells, respectively. 

Detailed analysis of the fatty acid composition of 
the individual phospholipid elasses (11) permitted us 
to estimate that the average tool wt for the group 
was 766, and that the average phosphorus content 
was 4.03%. This value is in good agreement with 
classical estimates, although somewhat higher than 
that recently reported by Reed et al. (13).  Based 
on this value, the total phospholipid content of the 
red cells in these experiments ranged from 310 • 10-  
315 __ 10 rag/100 ml red cells. The absence of varia- 
tion between subjects, and groups of subjects on dif- 
ferent diets, indicates that marked variations in die- 
tary fat intake had no discernible effect on the total 
red cell phospholipid concentration, in which respect 
these observations closely paralleled those noted for 
cholesterol. 

In the fourth experiment (Table IV) ,  the total red 
cell lipid, the proportions of the various red cell 
lipid classes, and the plasma cholesterol levels were 
determined under several different dietary regimens. 
The total lipid of the erythroeyte averaged 1.68% of 
the dry wt of the cell, and in all cases consisted 
principally (over 80%) of unesterified cholesterol 
and phospholipid. In agreement with Reed et al. 
(13),  cholesterol esters and glycerides represented 
only 3-5% of the total lipid, and an uneharacterized 
fraction, presumably glyeolipid (32),  accounted for 
the remaining 9-14%. Noting the constancy of the 
percentage composition of the various lipid compo- 
nents (Table IV), and recalling the previous data 
with respect to the constancy of red cell cholesterol 
and phospholipid content, it becomes apparent that 
extreme variations in dietary fat intake have, at least 
within 8-16 days, no significant effect on the total 
amount of any of the red blood cell lipid classes. 

Combining the results reported above on the choles- 
terol and phospholipid content of the red blood cell 

T A B L E  1 V  

Lipid  Compos i t ion  of R e d  Blood Cells of H u m a n  Subjects  F o l l o w i n g  
E i g h t  D a y s  on V a r i o u s  D i e t a r y  R e g i m e n s  

(resul ts  e x p r e s s e d  as % of total  l ip id)  

Free  cholesterol  . . . . . . . . . . . . . . . . . . .  
P h o s p h e l i p i d  . . . . . . . . . . . . . . . . . . . . . . . .  
Cholesterol  esters  . . . . . . . . . . . . . . . . .  
Glyeer ides  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P l a s m a  cholesterol ,  
rag /  100  ml  . . . . . . . . . . . . . . . . . . . . . .  

D i e t a r y  r e g i m e n  

Basal'  I ~176 I 
2 2 . 2  I 2 3 . 0  I 
61.1 / 6 a . o  I 

0.2  I 1 .5  I 
2 . 5  I 2 . 8  I 

1 4 . 0  9 . 7  I 

1 4 6  1 2 3  i 

B F  
~ T 6 - -  

6 1 . 0  
1 . 4  
3 .1  

1 2 . 9  

1 8 6  

B F S  ~ 

2 1 . 8  
6 1 , 2  

1.3 
2 .8  

1 2 . 9  

151 

a B F S  = B F  q-  1 0 0 0  m g  s i t o s t e r o l / 9 5 0  calories.  

with the data provided by de Bernard (33) on the 
area occupied by cholesterol and phospholipid mole- 
cules in tightly packed fihns, it is possible to calculate 
that the area occupied by all the sterol and phospho- 
lipid from one human red cell would be 219 square 
microns. 2 However, cholesterol and phospolipid ac- 
count for only 84% of the total red cell lipid. Using 
the simplifying assumption that the remaining 16% 
of the lipid would occupy 16% more space, it can 
be shown that the min area required to accommodate 
all of the lipid from one red cell would be 262 square 
microns, t touehin et al. (34) have shown that the 
total surface area of the red cell of man is 134 square 
microns, and from this it can be calculated that the 
amount of lipid found represents 97% of the amount 
required for two complete layers. 

In view of this close fit for the red blood cell lipids, 
and the evidence available from other fields (1) ,  it is 
reasonable to conclude that the red cell membrane 
does in fact include a bimoleeular layer of lipid. 
Furthermore, the presence of a constant and specific 
anlount of lipid implies that the function of this 
lipid is primarily structural, and is essential for the 
maintenance of the integrity of the cell. 

Thus it is reasonable to relate the shortened life 
span of red ceils in sickle cell anemia and untreated 
pernicious anemia (35) to the fact that in both of 
these diseases red blood cell cholesterol levels are 
abnormally high (10).  Similarly the increased red 
cell fragility, and the increased retieulocyte count 
(and by implication the shortened life span of the red 
cells) observed in rats following treatment with Tri- 
paranol can be related to the abnormally low red cell 
cholesterol levels reported (36).  Simple and short 
term exchange of red blood cell lipids resulting" in 
DO net gain or loss in any one component would ap- 
pear to be of little physiological significance. How- 
ever, a change in the total amount of at least one lipid, 
i.e., cholesterol, has to date iuvairably been associated 
with changes in red cell fragility or life span. Long 
term, or possibly permanent change in the conch of 
one fatty acid, even though compensated for by 

'~ Cell counts ,  m a d e  w i t h  a Coulter  e lectronic  cell counter ,  revealed an 
average  of 1 2 . 1  X 109 red c e l l s / m l  in samples  prepared  as descr ibed  
above. U s i n g  e x p e r i m e n t a l l y  d e t e r m i n e d  values ,  and c o m m o n  constants ,  
the  fo l lowing  ca lculat ions  w e r e  m a d e :  

Cholesterol  (mol  
w t  3 8 7 ) ,  rag /  
In 1 

N u m b e r  of choles- 
terol  m o l e c u l e s /  
ceil 

Phospho l ip id  ( too l  
w t  7 6 6 ) ,  rag /  
ml  ~-- 

N u m b e r  of phos- 
phol ipid  
n m l e c u l e s /  cell _ 

Mol fract ion  
phosphol ip id  ---- 

~Iean  area oc- 
c u p i e d / m o l e c u l e  
of phospho-  
l ipid and eholes- 
terol  ~_ 

Total  n u m b e r  of  
molecules  of 
phospho l ip id  
a n d  cho les tero l /  
cell 

Total  area oc- 
cupied  by  phos-  
phol ip id  and 
cholesterol  f rom 
one cell 

1 . 3 6  ( e x p e r i m e n t a l )  

1 . 3 6  1 
X 1 2 . 1  X 109 3 8 7  X 10  s 

1 . 7 6  X 10 s 

3 . 1 0  ( e x p e r i m e n t a l )  

3 . 1 0  1 • 
1 2 . 1  X 109 7 6 6  X 10  s 
2 , 0 3  X 10  s 

2 . 0 3  
1 . 7 6  + 2.03" 

0 . 5 3  

X 6 . 0 6  X 10 es 

X 6 0 6  X 10  ~s 

5 8  X 10  s square  microns  ( V a n d e n h e u v e l )  

( 1 . 7 6  ~- 2 . 0 3 )  X 10  s 
3 . 7 9  X 108 

_~ 3 . 7 9  X l 0  s X 58  X 10  -s  

= 2 1 9  square  microns  
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replacement with another fa t ty  acid, may have an 
equally important  effect on the physiological function 
of the cell. This possibility obviously justifies fur ther  
investigation. 
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Preparation of 9,15-Octadecadienoate Isomers 
R. O. BUTTERFIELD, C. R. SCHOLFIELD and H. J. DUTTON,  
Northern Regional Research Laboratory, 2 Peoria, Illinois 

Abstract 
Linolenie acid was reduced with hydrazine to 

produce a mixture containing a max of dienoie 
acids. After  methylation this mixture was sepa- 
rated into trienoic, dienoie, monoenoie, and satu- 
rated esters by eountercurrent  distribution 
(CCD) with acetonitrile and hexane. The dienoie 
ester was fu r the r  fraet ionated by CCD with 
methanolic silver ni t rate  and hexane to separate 
pure cis,cis-9,15-oetadecadienoate and the equi- 
mixture of cis,cis-9,12- and 12,15-oetadecadieno- 
ates. 

Following isomerization of the cis,cis-9,15-oeta- 
decadienoate with selenium, the geometric isomers 
were fraet ionated by CCD with methanolie silver 
ni trate and hexane. Pure  trans,trans and pure 
cis,cis isomers were isolated, as well as an unre- 
solved mixture of cis,trans and trans,cis isomers. 
The characteristics of these isomers and related 
compounds are compared as determined by CCD, 
IR absorption, and capillary gas-liquid chroma- 
tography (GLC).  

Introduction 

T H E  H Y D R A Z I N E  REDUCTION o f  linolenie acid pro- 
duces seven fa t ty  acids of which cis,cis-9,15-oeta- 

deeadienoic acid is one (6). In this comparatively 
simple reaction neither trans isomers nor positional 
isomers are formed as they are in a catalytic reduction 
(4,7). I f  the reduction is stopped at max eoncn of 
dienoic acids, the cis,cis-9,15-oetadecadienoic acid is 
one-third of the dienoic acids or ca. 16%. After  
methylation the dienoic esters can be fraetionated 
from saturates, monoenes, and trienes by CCD in 
an acetouitrile-hexane system (6,8). Subsequently, 
by using an argentation system of hexane and 0.2N 

1 Presented at the AOCS meeting in Minneapolis, 1963. 
A laboratory of the No. Utiliz. Res. and Dev. Div., ARS, USDA. 

silver nitri te in 90% methanol, the 9,15-dienoate can 
be separated by CCD from the 9,12 and 12,15 isomers. 
This latter system separates compounds by degree 
of unsaturation, by geometric configuration of double 
bonds, and by the number of methylene groups be- 
tween double bonds for polyunsaturated esters (5). 
In the present work, the preparat ion of pure cis,cis- 
9,15-octadeeadienoate is described, together with its 
isomerization by selenium to produce geometric iso- 
mers. This mixture of methyl esters is separated by 
using CCD with the argentation system to give pure 
trans,trans and cis,cis-9,15-octadeeadienoates, as well 
as an unresolved mixture of mono trans isomers (cis, 
trans and tra,~s, cis) 9,15-oetadeeadienoates. 

Experimental 
Hydrazi~te Reduction. A mixture of 87.3% lino- 

lenie, 9.8% linoleie, and 2.9% oleic acids obtained 
from a urea crystallization of linseed oil f a t ty  acids 
was reduced as follows: to 204 g was added 2 liters 
95% ethanol; the solution was warmed to 50C before 
adding 174 ml hydrazine hydrate.  Compressed air 
was bubbled through the mixture to provide st irr ing 
and the necessary oxygen (6). The reaction was 
stopped af ter  6 hr and 20 rain by shutt ing off air 
flow and adding 2.4 liters dilute I-IC1 (1:5).  The 
sample was extracted with pentane-hexane, washed, 
and dried. After  solvent evaporation, the sample was 
esterified with 1,040 ml methanol and 2 ml HpSO4. 
Methyl esters were extracted with pentane-hexane 
af ter  refluxing for 7.5 hr, washed, dried, and distilled 
under  vacuum to yield 183.3 g of the following com- 
position: 21.3% triene, 47.3% diene, 25.8% monoene, 
and 5.6% stearate. 

Countercurrent Distribution Procedure. A 200-tube 
automatic CCD apparatus  in which each tube con- 
rained 40 ml of lower solvent layer was used. The 
distributions were made according to the single- 


