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Essential fatty-acid deficiency has been
studied in several animals, some microorga-
nisms, insects, and the human infant (1). In
the adult.man, essential fatty-acid deficiency
has been produced only with difficulty for
reasons that have been discussed in detail
elsewhere (2). Recently, however, it has
been shown that the introduction of intra-
venous nutrition or intravenous hyperali-
mentation (3) as a therapy in gastrointesti-
nal disorders and malnutrition resulted in the
appearance of essential fatty-acid deficiency
in plasma lipids (4, 5).

The experiments to be reported herein
describe the effect of intravenous hyperali-
mentation on human erythrocyte lipids.

Materials and Methods. Each of the four
patients had been studied previously when
the effect of intravenous hyperalimentation
on plasma lipids was investigated (unpub-
lished data). Controls were two volunteers
from the medical staff. The intravenous
therapy consisted of daily intake of 3 liters
of liquid (24 hr infusion) having the com-
position given in Table 1.

Blood samples were collected during the
infusion in EDTA and centrifuged at 4° at
1000g for 10 min to remove the plasma. The
cells were washed three times with 2 vol of
0.15 M NaCl in order to remove leucocytes
and platelets. Red cells were suspended in
physiological saline to a hematocrit of 65—
75%. Aliquots were taken for hematocrit
determination, and red cells were enumer-
ated in a Coulter Model B electronic particle
counter. Red cells were always extracted im-
mediately after the final wash with 2:1
(v/v) chloroform-methanol as described by
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Nelson (6). Plasma lipids were extracted
similarly. The extracted lipids were washed
with 0.37% KCI according to Folch et al.
(7) and dried in vacuo.

Aliquots of the total lipid extract were
taken, and the following determinations were
carried out: Total lipid was determined
gravimetrically, cholesterol was assayed
according to Zlatkis ef al. (8), and lipid
phosphorus according to Bartlett (9). Phos-
pholipids were run on thin-layer plates using
silica-gel G plates (QS5; Quantum Industries,
Fairfield, NJ). The solvent system was chlo-
roform-methanol-13.5 N ammonia—water
(70:30:4:1, v/v), and the plates were
activated for 90 min at 110°. This system
consistently separated ethanolamine, serine,
choline phosphoglycerides, sphingomyelin,
and lysolecithin; the inositol phosphoglycer-
ides usually ran at the lower margin of
sphingomyelin and when eluted, they were

TABLE I. Composition per Liter of the Infusion

Fluid.
Dextrose (509, solution) 500 cc
Freamine® 500 cc
Phosphorus 400 mEq
K+ 40 mEq
Cl- 38 mEq
Na+ 50 mEq
Mg 16 mEq
Caz* 10 mEq

¢ 859, Frecamine solution. Approximate concen-
tration of amino acids (g/100 ml): L-Isoleucine 0.59;
L-leucine 0.77; L-lysine HC] 0.77; methionine 0.45;
L-phenylalanine 0.48; L-threonine 0.34; L-tryptophan
0.13; v-valine 0.56; r-alanine 0.60; L-arginine 0.31;
L-histidine 0.24; L-proline 0.95; L-serine 0.50; glycine
1.8; L-cysteine - HCI - H;0 < 0.02.
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eluted together. For purposes of identifica-
tion, phospholipid standards (Supelco, Inc.,
Bellefonte, PA, and Applied Sciences Labo-
ratories, State College, PA) were run on
each plate along with the unknowns. Addi-
tional plates spotted and developed in an
identical manner were sprayed with nin-
hydrin or Dragendorff’s reagent to locate
amino- and choline-containing lipids. Gen-
erally, phospholipids were stained with fluo-
rescein and were observed under uv light.
The phosphorus content of individual frac-
tions was determined, and phospholipid fatty
acids were methylated and quantitated as
previously described (10).

Fatty acids were identified by their reten-
tion times on polar and nonpolar solvent
columns and are designated by a shorthand
system in which the chain length and number
of double bonds are specified; for example,
linoleic acid = 18:2. Standard methyl esters
purchased from the Hormel Institute were
also used. 5,8,11-Eicosatrienoic acid was
identified by comparison with lipids isolated
from rats deficient in essential fatty acids.
Thin-layer chromatography of methyl esters
on silver-nitrate plates was performed as
previously described (11).

In all procedures involving lipids, reagent-
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grade redistilled solvents were employed, and
operations were carried out under nitrogen
whenever possible to minimize oxidation of
unsaturated acids.

The analytical procedures were reproduci-
ble. A pooled erythrocyte separation in four
separate samples (1 ml) taken within 26
days after the start of the therapy gave the
following relative percentage concentrations
for the major fatty acids: palmitic acid,
22.0 + 0.42; stearic acid, 14.2 + 0.41, oleic
acid, 24.4 + 0.36; linoleic acid, 3.2 +
0.027; and arachidonic acid, 11.0 = 0.56
(means == SD of four analyses).

Results and Discussion. Values for total
lipid, total cholesterol, and total phospho-
lipid of erythrocytes are shown in Table IL
They were calculated on the basis of mg/
100 m! packed cells and mg/cell. Although
there is a scattering of values for total lipids,
cholesterol, and phospholipids per cell, they
are comparable to the normal values, sug-
gesting that the lipid composition of the red
blood cells remained unchanged during the
therapy. Table IIT shows the distribution of
individual phospholipids in red blood cells.
Data are for the predominant phospholipids
and are reported as the amount of individual
phospholipid phosphorus divided by the total

TABLE II Total Lipid, Total Cholesterol, and Total Phospholipid Contents of Erythrocytes of
Patients on Intravenous Nutrition.

Lipid Cholesterol  Phospholipid  Lipid  Cholesterol ~ Phospholipid
Patient  Date mg/100 ml mg/10-%° cells
JM. 413 498 121 305 4.98 1.21 3.05
4.26 488 120 301 4.88 1.20 3.01
5.3 502 126 298 5.02 1.26 2.98
5.10 493 142 315 493 1.42 3.15
515 498 105 280 4.98 1.05 2.80
5.21 500 140 308 5.0 140 3.08
6.25 508 131 302 5.1 1.30 3.02
RW. 4.26 478 116 300 4.75 1.16 3.0
53 489 114 288 4.89 1.14 2.88
5.10 492 113 292 4.92 1.13 2.92
517 485 118 305 4.85 1.18 3.05
5.25 499 107 289 4.99 1.07 2.89
5.31 478 126 298 4.78 1.26 2.98
6.6 482 120 296 4.82 1.20 2.96
Control
values, 460-530 110-140 250-325 4.6-5.3 1.1-1.4 2.5-3.2

range
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TABLE III. Phospholipid Composition (%, of Total Phosphorus) of Erythrocytes of Patients on
Intravenous Nutrition.®

Patient Date PE PC Sph PS
J.M. 4.13 26.3 33.1 26.9 13.8
4.26 30.2 30.2 235 16.1
5.3 28.8 30.6 244 16.3
5.10 30.3 33.5 22.4 13.8
5.15 28.6 33.3 22.6 155
5.21 26.1 29.8 28.3 15.8
R.W. 4.26 30.7 28.2 25.6 15.6
5.3 28.0 26.5 28.0 17.4
5.10 28.2 26.0 28.2 17.6
5.17 29.4 29.4 26.5 14.7
5.25 30.2 29.2 26.0 14.6
5.31 29.2 29.2 25.7 15.9
6.6 27.7 28.6 26.9 16.8
Control
values, 24.5-30.2 27.0-33.0 22.2-28.2 10.4-16.0
range

@ Abbreviations: PE, phosphatidylethanolanine; PC, phosphatidycholine; Sph, sphingomyelin;

PS, phosphatidylserine.

amount of phosphorus recovered from the
chromatogram. It is shown that values were
essentially unchanged during the intravenous
nutrition and they remained identical to the
controls. These results are in positive agree-
ment with previous investigations in subjects
on controlled diets including fat-free diets
(12, 13). Other studies have also shown
that erythrocyte lipid composition is not
affected by elevated plasma-lipid levels (14);
only in certain specific diseases like liver
disorders (15) and acanthocytosis was it
shown that changes in phospholipid compo-
sition took place (16, 17).

Phospholipid fatty-acid analysis as per-
centage by weight of total fatty acid is given
in Table IV. Changes in the constituent fatty
acids included a decrease by approximately
55-65% in 18:206 and 20:44,6 and a large
increase in 16:0, 16:107 and 18:149.
5,8,11-Eicosatrienoic acid (20:349) in-
creased four-fold, and this result clearly dis-
tinguishes the present finding from previous
results (18). The importance of 20:349 as a
sign of essential fatty-acid deficiency in red
blood cells of several animals including mon-
keys (19) has been amply demonstrated
(1, 2). In rats, when dietary linoleate was
restricted, 20:309 accumulated in erythro-
cyte Jipids, comprising over 16% of the total

fatty acids (20). In man, however, several
studies have shown no increase of 20: 349 in
red-cell phospholipids either after dietary
manipulation (18), cases of malnutrition, or
in a variety of hematological disorders (17),
and this is in marked contrast to the experi-
ments reported in the present study in which
changes in the erythrocyte C,, unsaturates
did occur. Whether this is due to the high-
caloric intake during the intravenous feeding
(3, 5) or the subsequent hyperlipemia (4)
remains to be seen.

Figure 1 presents analyses of plasma and
red-cell phospholipid fatty acids before, dur-
ing the intravenous infusion, and after its
discontinuation when the patient was given
orally regular food supplemented with saf-
flower oil. The exact time of the discontinu-
ation is marked, and this demonstrates that
the changes in the proportion of the fatty
acids occurred as a result of this treatment.
Similar results (not shown) were obtained
from a second patient who was subjected to
a similar treatment. Figure 1 shows that corn
oil with its high (77% ) linoleic-acid content
resulted in a rapid change in plasma fatty-
acid composition. In plasma phospholipids,
the concentration of linoleic and arachidonic
acids increased rapidly approaching the zero-
time values, whereas oleic and 20:349 acids
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Fic. 1. Changes in the major phospholipid fatty acids of plasma and erythrocytes of a pa-
tient (E.H.) on intravenous hyperalimentation. The treatment started the first day after the
first sample was analyzed (0 time) and continued for 5 weeks. At that time, it was discon-
tinued and the patient was given orally regular food supplemented with safflower oil. (@)
Palmitic acid; ([J) oleic acid; (M) linoleic acid; (QO) 5,8,11-eicosatrienoic acid, and (A)
arachidonic acid. Each point represents the mean of two determinations.

decreased to their control levels. Changes
observed in the erythrocyte phospholipid
fatty acids occurred more slowly although
they followed a very similar pattern as the
corresponding changes in plasma.

It is well-documented that changes in red-
blood-cell phospholipids occur during circu-
lation and that they are mediated by the
interaction and exchange of blood cells with
altered plasma lipoproteins. Qualitative and
quantitative aspects of this exchange were
discussed by several investigators including
Sakagami et al. (21) and Soula et al. (22).
Recently, Reed showed (23) that the actual
amount of phospholipid turning over was
small, with phosphatidylethanolamine and
phosphatidylserine being nearly stable and
with phosphatidylcholine and sphingomyelin
having a turning over time of 5 days. It was
postulated that the different rates and degree
of exchangeability found for spingomyelin
and phosphatidylcholine, in humans, de-
pended not only on plasma concentration but
on the orientation of the lipid molecule on
the membrane and the nature of binding
forces to membrane proteins. What effect
the nature of the fatty-acid moiety has in this
process has not been studied as yet. Several
reports, however, have shown a very selec-
tive incorporation of fatty acids in rat red
blood cells both in vitro (24, 25) and in
vivo (26). The reaction is believed to be
mediated by a transacylase similar to that
reported in liver microsomes by Lands and

Merkle (27) and Lands (28) and to ac-
count for a substantial proportion of lecithin
turnover in rat erythrocytes. The process is
known to occur in human red blood cells;
however, the exact degree to which it occurs
and its selectivity with respect to fatty-acid
moieties is not known.

Regardless of the underlying mechanisms,
the results in the present study show that the
levels of polyunsaturated fatty acids (20:406
and 20:309) in red blood cells were more
responsive to the state of essential fatty-acid
deficiency when that was induced by intra-
venous hyperalimentation than by a long-
term fat-free diet (18). Whether in the
former case a more symmetrical exchange of
phospholipid molecules takes place or a less
selective transacylase operates remains to be
seen.

Summary. Lipid analyses of erythrocytes
from patients undergoing intravenous hyper-
alimentation therapy are presented herein.
The amount of membrane cholesterol and
phospholipid remained normal during the
4-month therapy and so did individual phos-
pholipids. Phospholipid fatty acids, however,
showed variations with a tendency toward
increased percentages of palmitic and oleic
acids and decreased percentages of linoleic
and arachidonic acids. 5,8,11-~Eicosatrienoic
acid, characteristic of essential fatty-acid de-
ficiency, increased markedly as the therapy
progressed. Similar changes were observed
in plasma fatty-acid phospholipids. The re-
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sults suggested that during intravenous
hyperalimentation, cell-membrane phospho-
lipids became responsive to altered plasma-
lipid concentrations. The exchange of phos-
pholipids between red blood cells and
lipoproteins in man is less selective in essen-
tial fatty-acid deficiency resulting from
intravenous hyperalimentation than from
other causes.
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Rudman, Dr. W. T. Millikan, and Mr. T. Richard-
son for making the patients available, providing
blood samples, and assisting in any manner
requested. Support by NIH grant RR-39 is grate-
fully acknowledged.
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