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We studied the synthesis of disaturated phosphatidyicholines in rat alveolar macrophages and, in some cases,
compared it with that which occurs in isolated alveolar type II cells. Alveolar macrophages suspended in
phosphate-buffered medium incorporate palmitate, choline and glycerol into disaturated phosphatidyicholines.
The time-course for incorporation of palmitate into disaturated phosphatidylcholines is linear for 20-38 min
and reaches a maximum in 2-3 h. Incorporation is dependent on extracellular palmitate with 2 ¥, {at 1
mM) of 1.53 nmol palmitate incorporated into disaturated phosphatidylcholines per 5 X 10° cells per 2 b and
a K, , of 0.19 mM palmitate. Exposure of the celis to zymosan particles increases incorperation of palmitate
disaturated phosphatidyicholines by almost 2-fold, while cholinergic and B-adrenergic agonisis have no effect.
On a per cell basis, alveolar macrophages incorporate only one-third to one-half as much palmitate into
disaturated phosphatidylcholines as do type II cells isolated by centrifugal elutriation. The following resuits
suggest there is extensive remodeling of disaturated phosphatidyicholines in alveolar macrophages: (1)
palmitate- and choline-labeled disaturated phosphatidylcholines are catabolized by the cells; (2) the products
of catabolism are palmitate and water-soluble choline products; (3) addition of unlabeled palmitate and
choline to the medium enhances catabolism of the labeled phospholipid. Addition of oleate also enhances
catabolism, suggesting that modification of phespholipids is not specific for the saturated variety. Some of
the recently labeled disaturated phosphatidyicholines is released from alveolar macrophages into the
extraceliular space. Several possible functions of alveolar macrophage disaturated phosphatidyicholines are
discussed.

Introduction

Pulmonary surfactant materials are a group of
substances which serve to reduce surface tension at
the air-liquid interface in the lungs and, thus,
prevent alveolar collapse. The component of
surfactant which is present in the greatest amount
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and which is the major surface active material is
dipalmitoylphosphatidylcholine [1,2]. It is zow
generally accepted that the synthesis of pulmonary
surfactant occurs primarily in alveolar type I
cells. Some investigators have suggested that al-
veolar macrophages play some role in the removal,
degradation, and /or reutilization of these maten-
als [3—6]. However, alveolar macrophages have not
been generally considered to be a site for signifi-
cant amounts of surfactant synthesis.

It has been known for some time that di-



palmitoylphosphatidylcholine is synthesized by al-
veolar macrophages [7-10]. In addition, several
investigators have provided evidence for phos-
pholipase A activity in alveolar macrophages and
some have suggested a role for these- cells in
surfactant catabolism [7,9,11]. These processes have
not been systematically investigated in these cells.
In particular, their role in surfactant synthesis,
clearance, and /or reutilization is not known. The
objectives of this investigation were: (1) to char-
acterize incorporation of[>HJpalmitate into dis-
aturated phosphatidylcholines in alveolar macro-
phages, (2) to study factors which may affect this
process, and (3) whenever possible, to compare
disaturated phosphatidylcholine synthesis in these
cells with that which occurs in alveolar type II
cells isolated by centrifugal elutriation. A pre-
liminary report of these results has appeared previ-
ously [12].

Methods

Isolation of alveolar macrophages. Alveolar mac-
rophages were harvested from male Sprague-Daw-
ley rats (200-300 g) according to the method of
Myrvik et al. [13]. The animals were anesthetized
with sodium pentobarbital (0.2 g /kg body weight)
and exsanguinated by cutting the abdominal aorta.
Pulmonary lavage was accomplished by washing
the Iungs from each animal 12 times in situ with a
total volume of 80 ml of ice-cold, Ca’*-free
buffered medium (145 mM NaCl /5 mM KC1,/9.35
mM Na,HPO,/1.9 mM NaH,PO,/and 5 mM
glucose, pH 7.4). The cells were separated from the
lavage fluid by centrifugation at 500 X g for 5 min.
The alveolar macrophages from several animals
were then pooled and washed twice by alternate
centrifugation and resuspension in phosphate-
buffered medium (same medium as above with 1.8
mM CaCl,/1.0 mM MgCl,). After the alveolar
macrophages were washed, the cells were resus-
pended in phosphate-buffered medium for use in
all experiments. The total number of cells in the
suspension was determined by using a Coulter
Model Zy electronic cell counter (Coulter Instru-
ment Co., Hialeah, FL). The cells used in these
experiments were greater than 98% alveolar mac-
rophages as identified by light microscopy. The
contaminating cell types were leukocytes and
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erythrocytes. No alveolar type II cells were present
in the lavage fluid.

Incubation of cells and preparation of cells for
analysis. Incorporation of [*H]palmitate into dis-
aturated phosphatidylcholines was determined by
incubating alveolar macrophages in medium con-
taining various concentrations of palmitic acid with
trace amounts of [*H]palmitate and measuring the
amount of radioactivity in the disaturated phos-
phatidylcholines which were produced. After isola-
tion of the alveolar macrophages as described
above, the cells were suspended in phosphate-
buffered medium containing an appropriate
amount of palmitate. The palmitic acid (Sigma
Chemical Co., St. Louis, MO) was complexed with
bovine serum albumin in a molar ratio of 5.3:1
(fatty acid /bovine serum albumin) as described by
Hendry and Possmayer [14] prior to addition to
the incubation medium. In most experiments the
number of cells used was 1-10° cells per ml. At
the start of the experiment, 10™* pmol of [9,10-
?Hjpalmitic acid (specific activity, 11.8 Ci/mmol;
New England Nuclear Corp.; Boston, MA) was
added to each sample and the cell suspensions
were incubated at 37°C for varying lengths of
time. Following the incubation period, a 0.5 ml
aliquot of the cell suspension was mixed well with
10 ml of chloroform/methanol (2:1, v/v). 1 mg
of mixed lipids isolated from rat lungs was added
to each sample of cell suspension and these sam-
ples were saved for analysis. In some experiments
incorporation of choline or glycerol into dis-
aturated phosphatidylcholines was measured by
adding 1 pCi [methyl->H]choline chloride (specific
activity, 80 Ci/mmol; New England Nuclear) or 1
pCi [1,3-Clglycerol, (specific activity, 55.1
mCi/mmol; New England Nuclear) to the incuba-
tion medium.

In one series of experiments we studied the
effects of foreign particles and chemical mediators
on disaturated phosphatidylcholine synthesis.
Zymosan, an extract from the cell walls of Sac-
charomyces cerevisiae yeast (Sigma), was used as
the foreign particle. It was prepared by boiling 50
mg in 3 ml of phosphate-buffered medium for 15
min. Then the zymosan was separated from the
medium by centrifugation, and a stock suspension
was prepared by resuspending the pellet in fresh
phosphate-buffered medium. This procedure
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seemed to prevent the zymosan particles from
sticking together. Acetyl-S-methylcholine chloride
and NS ,0?-dibutyryladenosine 3’ : 5'-cyclic mono-
phosphate were obtained from Sigma. Terbutaline
sulfate was obtained from Astra Pharmaceutical
Products, Inc. (Worcester, MA). For these experi-
ments the cells were incubated in phosphate-
buffered medium (containing 0.1 mM palmitate}
containing either zymosan (final conc. 5 mg/ml)
or drug (final conc. 107* M).

Isolation of disaturated phosphatidylcholines and
determination of radioactivity. Disaturated phos-
phatidylcholines were isolated from the samples,
which were prepared as described above, accord-
ing to the method of Mason et al. {15]. Briefly,
total lipids were extracted with chioroform/meth-
anol (2:1, v/v), the solvent was evaporated, and
the lipids were reacted with osmium tetroxide dis-
solved in carbon tetrachloride. Following evapora-
tion of the CCl,, the samples were dissolved in
chloroform /methanol (20:1, v/v) and placed on
a column of neutral alumina (160-200 mesh, Bio-
rad Laboratories, Richmond, CA). The disaturated
phosphatidyicholines were eluted from the col-
umns with chloroform /methanocl /7 M ammonium
hydroxide (70:30:2, v/v). After evaporation of
the solvent, 10 ml of Aguasol (New England
Nuclear) was added to each sample of disaturated
phosphatidyicholines and the samples were
counted in the tritium channel of a liquid scintifia-
tion spectrometer (Model 3380, Packard Instru-
ment Co., Downers Grove, 1L). With this isolation
procedure we were able to obtain greater than 98%
recovery of ['*C]dipalmitoylphosphatidyicholine.
Furthermore, we established that the amount of
[®H]palmitate recovered in the disaturated phos-
phatidylcholine fraction which was not incorpo-
rated into disaturated phosphatidyicholines was
less than 0.5% of that added initially. The resuits
of our experiments are expressed as nmol of
palmitate or choline incorporated into disaturated
phosphatidylcholines. In some experiments we
identified phospholipids by using thin-layer chro-
matography {16].

Phosphorus determinations. The amount of
phosphorus in lipids extracted from varicus sam-
ples of pulmonary lavage fluid and alveolar mac-
rophages was determined by the method of Bart-
lett [17]. All steps were carried out using disposa-

ble glassware. Briefly, folliowing exiractior
lipias with chloroform /methanol (2: 1,
sample was evaporated 1o dryness 2
H,80, (0.5 ml) was added. The samples
heated at 150-160°C for 3 bk, 30% H
drops) was added, and ‘*her III“@ 82
maintained at 150°C for a
Ammonium molybdate (4.6 mi
tion) and Fiske-SubbaRow fcagew L2 mh
added to each sample and they
106°C for 7 min. Phosphorus was deter
reading the optical densities at 830 nm
standards. In order io obtain pho spﬁo;mi:

i

tent, lipid phosphorus values were multipli
25 [18].

Resuits

Time-course and subsirate dependence

Time-courses for incorporation of [*Hipalmi-
tate into disaturated phosphatidyicholines in al
veolar macrophages were determined 2t two
ent levels of extracellular palmitate. The results are
shown in Fig. 1. At both low (0.1 mM)} and high
(1.0 mM) extemai ievels of palmnaiﬁ, HICOrPOT
tion increases rapidly for approx. 30 mun a

Polmitate Incorporated into DSPC (nmoles)

i
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Fig. 1. Time-courses for incorporation of [>H]palmitate into
d1satmated phosphatidyicholines (DSPC) in alveolar macro-
phages suspended in phosphate-buffered medium and two
ferent concentrations of palmitate (1.0 mM palmitate
(@ @); 0.1 mM palmitate (O--O). Incorporation was
measured in samples (0.5 mi total volume) which contained
5-10° ceils. The points are mean values for five experiments
and the bars represent the standard errors of the means.




increases more slowly. After 2-3 h of incubation,
incorporation seems to be maximal. These results
differ from those obtained with isolated alveolar
type II cells [19] in which incorporation occurs to
a greater extent but where the time required for
maximal incorporation is longer. For example, at
1.0 mM extracellular palmitate, the process is not
complete for 4-5 hours in type II cells.

The dependence of incorporation of
[*H]palmitate into disaturated phosphatidylcho-
lines on the external palmitate concentration is
shown in Fig. 2. The measurements were made
following an incubation period of 2 h. The rela-
tionship between extracellular palmitate and incor-
poration displays saturation kinetics. Maximal
incorporation and the K, , value (the external
palmitate level at which one-half maximal incorpo-
ration occurs), obtained from a double-reciprocal
plot, are 1.53 nmol /5 -10° cells per 2 h and 0.19
mM, respectively. When these experiments were
performed with type II cells [19], the curve was the
same general shape but the K, , value was less,
ie., 0.10 mM.

08
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Fig. 2. Incorporation of [*H]palmitate into disaturated phos-
phatidylcholines (DSPC) in alveolar macrophages as a function
of the extracellular palmitate concentration. The extracellular
fluid consisted of phosphate-buffered medium and varying
amounts of palmitate. The measurements were made from
samples of cell suspension (0.5 ml total volume) which con-
tained 5-10° cells after an incubation period of 2 h. The points
are mean values for six experiments and the bars represent the
standard errors of the means.
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Magnitude of incorporation

The amount of palmitate incorporated into dis-
aturated phosphatidylcholines in alveolar macro-
phages was measured at various times and com-
pared with that which occurs in type II cells
isolated by centrifugal elutriation [19]. The results
are shown in Table 1. These experiments were
done with an extracellular concentration of 1 mM
palmitate, i.e., a level which produces maximal
incorporation in both cell types. There is not much
difference between the two cell types in the amount
of incorporation which occurs during the first 30
min of incubation; i.e., the initial rates of incorpo-
ration are similar in the two cell types. However,
in type II cells incorporation is maintained for a
longer period of time. Therefore, over longer
incubation periods, the type II cells incorporate
more palmitate into disaturated phosphatidylcho-
lines. After 5 h of incubation, a time during which
maximal synthesis occurs in both cell types, the
amount of incorporation in type II cells is 2-3-
times greater than that in alveolar macrophages on
a per cell basis.

We also measured the incorporation of choline
(0.05 nM) and glycerol (0.1 mM) into disaturated
phosphatidylcholines. These data are not pre-
sented. In alveolar macrophages the amount of
palmitate incorporated into disaturated phos-
phatidylcholines is approx. 10-fold and 500-fold
greater than the incorporation of choline and

TABLE 1

INCORPORATION OF [*HJPALMITATE INTO DIS-
ATURATED PHOSPHATIDYLCHOLINES (DSPC) IN AL-
VEOLAR MACROPHAGES AND TYPE II CELLS

Experiments were performed with the cells suspended in phos-
phate-buffered medium containing 1.0 mM palmitate. Type II
cells were isolated via centrifugal elutriation [19). Measure-
ments were made from samples of cell suspension (0.5 ml total
volume) which contained 5-10° cells. The numbers shown are
mean values for five experiments +S.E.

Time (h) Palmitate incorporated into DSPC

(nmol /5-10° cells)

Alveolar macrophages Type 11 cells
0.5 0.71 (£0.07) 1.00 (£0.13)
1.0 0.92 (+£0.08) 1.54 (£0.15)
2.0 1.16 (+0.16) 2.32(£0.27)
5.0 1.33(£0.18) 3.50(+0.33)
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glycerol, respectively. These relative magnitudes of
incorporation are similar to those wmch oceur in
alveolar type II cells maintained in prima ‘
culture [20]. The fact that glycerol is incorporated
into disaturated phosphatidylcholines suggests that
de novo synthesis of disaturated phosphatidyicho-
lines occurs in alveolar macrophages. However,
these data do not rule out the possibility that
unsaturated phosphatidyicholines are synthesized
from glycerol and then rapidly converted fo dis-
aturated phosphatidylcholines.

3
3
1,

Factors which may affect incorporation of paimitate
into disaturated phosphatidyichelines

We determined the effects of exposure to fore-
ign particles and chemical mediators on incorpora-
tion of palmitate into disaturated phosphati-
dyicholines. The results are shown in Table IL In
order to determine the effects of foreign particies
on disaturated phosphatidylcholine synthesis in
alveclar macrophages, the cells were exposed tc
zymosan. The amount of zymosan used causes a
maximal release of superoxide anion from the cells
{(data not reported here). Exposure to ithese par-
ticles produces a 90% stimulation of paimitate

TABLE II

EFFECTS OF EXPOSURE TO FOREIGN PARTICLES
AND CHEMICAL MEDIATCRS ON INCORPORATION
OF [PHJPALMITATE INTQO DISATURATED PHOS-
PHATIDYLCHOLINES (DSPC) IN ALVEOLAR MACROC-
PHAGES

Experiments were performed with the celis suspended in phos-
phate-buffered medium containing ¢.1 mM palmitate. The
amounts of materials listed in the left hand column are: zymo-
san, 5 mg/ml; methacholine, terbutaline and dibutyryl cyclic
AMP, 0.1 mM. Measurements were made from samples of cell
suspension (0.5 ml total volume) which contained 5-10° cells
after an incubation period of 2 h. The control value is 0.53
(+0.08) nmol of palmitate incorporated into disaturated phos-
phatidylcholines. The numbers shown are mean values for five
experiments + S.E.

Treatment Palmitate incorporated into DSPC
{% control)

Control 100

Zymosan 188 {4+ 15)

Methacholine 118 (+14)

Terbutaline 97 {+18)

Dibutyryl cyclic AMP 101 (£9)

incorporation 1
iimesu This result

L0 L
adr energw Samu?atwn on disaturaie
iyicholine synthesis were 2iso st
methacholine, terbutaiine, nor
AMP (107% M) has any eff
Therefore, these resuiis indicate
stimulates incorporation of palmitate into
aturated phosphatidyicholines, ile I
and B-adrenergic agonisis have no effect,

Fate of intracellular lab
dylcholines
In this paper

beled disaturated phosphati-

we have shown that at high exter-

Intracellular  Labeled DSPC (% control )

Time {7}

Fig. 3. Time-course for the disappearance of intracellular labeled
disaturated phosphatidyicholines (DSPC). Alveolar
phages were incubated in phosphate-buffered medium contain-
ing [*Hipalmitate (total palmitate 1 mM) for 2 h. Celis were
then spun down, washed three times and resuspended in
palmitate-free medium. The amounts of labeled disaturated
phosphatidylcholines in the intra- and extracellular compart-
ments were measured over a 3-h incubation period. The labeled
disaturated phosphatidyicholines in the medium were 15% of
the total at zero time and declined during the incubation
period. The intraceliular disaturated phosphatidylcholines
shown above are expressed as a percent of that present at zero
time. Measurements were made from samples of cell suspen-
sion (0.5 mi) containing 5-10° cells. The points are mean val
for five experiments and the bars represent the standard errors
of the means.




nal levels of palmitate (1 mM) incorporation is not
complete for 2-3 h. The following experiments
were performed in order to determine the fate of
[*H]palmitate-labeled disaturated phosphati-
dylcholines after 2 h of incorporation in vitro. The
results are shown in Fig. 3. Alveolar macrophages
were incubated with [*H]palmitate for 2 h, centri-
fuged, washed free of palmitate, and resuspended
in palmitate-free medium. The amount of
[*H]palmitate in disaturated phosphatidylcholines
was measured in the intra- and extracellular com-
partments over an additional 3-h period. The
labeled disaturated phosphatidylcholines in the
medium were 15% of the total at zero time and
declined during the incubation period. The in-
tracellular labeled disaturated phosphatidylcho-
lines diminish in an almost linear fashion with
time, such that only 50-60% of the initial amount
is present after 3 h of incubation in palmitate-free
medium. The disappearance of disaturated phos-
phatidylcholines is greatly slowed if the cells are
maintained at 2°C (Table III), suggesting that an
enzymatic process(es) is involved.

In a separate set of experiments we followed the
disappearance of disaturated phosphatidylcholines

TABLE 111

CATABOLISM OF INTRACELLULAR LABELED DIS-
ATURATED PHOSPHATIDYLCHOLINES (DSPC) IN AL-
VEOLAR MACROPHAGES

Cells were incubated in phosphate-buffered medium containing
1 mM palmitate and 0.05 mM choline for 2 b. In one group of
cells, the radioactive label was [>H]palmitate and in the other
the label was ["*Clcholine. Alveolar macrophages were then
spun down, washed three times and resuspended in phosphate-
buffered medium with and without palmitate and choline (no
radiocactive label was present). The intracellular labeled dis-
aturated phosphatidylcholines which were present after a 3 h
incubation are shown above as a percent of that present at zero
time. The numbers shown are mean values for five experiments
+S.E

Intracellular labeled DSPC after
3-h incubation (% zero time)

Palmitate label  Choline label

Treatment

Palmitate-free medium (37°C) 32 (%5) 55(x1)
1 mM palmitate (37°C) 21(x2) 22{+2)
0.05 mM choline (37°C) 55(%95) 34(x2)

Palmitate-free medium (2°C) 92 (+3) -
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labeled with both [*H]palmitate and ['*C]choline.
The labeling occurred during a 2-h period of incor-
poration and the results are shown in Table III.
The choline-labeled disaturated phosphatidylcho-
lines become diminished to the same extent as that
labeled with palmitate. Addition of unlabeled
palmitate to he medium enhances the disap-
pearance of both palmitate- and choline-labeled
disaturated phosphatidylcholines, probably due to
enhanced exchange (deacylation-reacylation). A
similar result is obtained if oleate is included in
the incubation medium (data not presented). Ad-
dition of unlabeled choline to the medium pro-
duces a slight increase in the rate of disappearance
of choline-labeled disaturated phosphatidylcho-
lines but has no effect on the palmitate-labeled
phospholipid.

Experiments were performed to identify the
products of catabolism of disaturated phosphati-
dylcholines and the results are shown in Table IV.
Virtually all of the [*H]palmitate label in dis-
aturated phosphatidylcholines appears as free

TABLE IV

PRODUCTS OF CATABOLISM OF INTRACELLULAR
LABELED DISATURATED PHOSPHATIDYLCHOLINES
(DSPC) IN ALVEOLAR MACROPHAGES

Cells were incubated in phosphate-buffered medium containing
1 mM palmitate and 0.05 mM choline for 2 h. In one group of
cells, the radioactive label was [*Hjpalmitate and in the other
the label was [**Cjcholine. Alveolar macrophages were then
spun down, washed three times, resuspended in phosphate-
buffered medium and incubated at 37°C for 3 h. During the 3
h incubation, intracellular labeled disaturated phosphati-
dylcholines disappeared; 46(+2)% and 51(+3)% of the palmi-
tate and choline label disappeared, respectively. Possible prod-
ucts of catabolism were isolated by thin-layer chromatography.
The counts appearing in the products are expressed as percent
of the counts disappearing from disaturated phosphatidylcho-
lines. LPC, lysophosphatidylcholine. The numbers shown are
mean values for five experiments +S.E.

Product Counts in product

counts iost from DSPC

X 100

[?H)palmitate label:

Palmitate 100 (+2)

LPC 0.5 (4+0.3)
{1 Clcholine label:

Water-soluble products 99 (+2)

LPC 02(+0.1)
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palmitate after catabolism. Similarly, ali of the
["*Ccholine label appears in the water-soluble
fraction following catabolism. No lysophosphati-
dylcholine is formed in either case. These results
suggest that both phospholipase A, and phos-
pholipase A, are involved. All of these data taken
together suggest that a considerable amount of
exchange of both the palmitate and choline labels
OCCUTrS.

Extracellular release of disaturated phosphaii-
dylcholines

In order to determine if any of the disaturated
phosphatidylcholines are released from alveolar
macrophages, we measured the amount of labeled
disaturated phosphatidylcholine which appears in
the extracellular fluid during incorporation of
palmitate into the phospholipid. The results are
shown in Fig. 4. The total amount of labeled
disaturated phosphatidylcholines, i.e., that present
inn both the intra- and extracellular compartments,
is given as the solid line. Note that the amount of
labeled disaturated phosphatidyicholines increases
for about 3 h. We have already demonstirated that
both synthesis and catabolism of disaturated phos-
phatidylcholines occur in these cells. The fact that
the amount of labeled disaturated phosphati-
dylcholine increases during the first 3 h suggesis
that over this time period synthesis exceeds
catabolism. This is probably due to the high
specific activity of the label in the free palmitate
fraction forcing the reactions in the direction of
synthesis. After 3 h, the total amount of labeled
disaturated phosphatidyicholines remains con-
stant. At this point, incorporation of labeled
palmisate into disaturated phosphatidylcholines is
probably equal to catabolism of the labeled phos-
pholipid.

The labeled disaturated phosphatidylcholines in
the extracellular fluid are shown as the dashed
line. Some of the disaturated phosphatidylcholines
appear to be released from the cells very early
during incorporation, i.e., during the first 30 min.
Then, the extracellular disaturated phosphati-
dylcholines remain rather constant up to 3 h. After
3 h, when the total amount of labeled disaturated
phosphatidylcholines remains constant, there
seems to be a steady release of disaturated phos-
phatidylcholines from the cells. In other experi-

30T

3
x 0%

{capm

Bt

31~ Palmitate in fotal DSPC (dpm x 03}

H-Palmitate 1 exiraceluler DSPC

S —

Time  (br)

Fig. 4. Total (intra- and extracellular) and extracellular labeled
disaturated phosphatidylcholines (DSPC) during incorporation
of [*Hlpalmitate into disaturated phosphatidylcholines in al-
veolar macrophages. Experiments were performed with cslis
suspended in phosphate-buffered medium containing 1.6 mM
palmitate. Measurements of total disaturated phosphatidylcho-
lines (®) were made from samples of cell suspension (G.5 mi
total volume) which contained 5-10° cells. Extraceflular dis-
aturated phosphatidylcholines {O) were measured from 0.5 mi
samples of the medium following centrifugation to remove
cells. The points are mean values for five experiments and the
bars represent the standard errors of the means.

ments we measured the rate of oxygen consump-
tion by alveolar macrophages prior to the 5.k
incubation period. We obtained a value of 55 {+4)
nmol /107 cells per min. This rate of oxygen con-
sumption did not change significantly during ihe
incubation period and addition of sodium suc-
cinate to the cells did not cause any increasc in
oxygen consumption. These results indicate that
the release of disaturated phosphatidyicholines
which occurs is not due to impaired cell viability
or leakiness of the cell membranes.

Discussion
The results presented in this paper demonsirate

that various substrates are incorporated into dis-
aturated phosphatidylcholines in rat alveolar mac



rophages. Palmitate, choline and glycerol are all
incorporated into disaturated phosphatidylcho-
lines. Several other investigators have studied dis-
aturated diphosphatidylcholine synthesis in rabbit
alveolar macrophages and reported some similar
results. Mason et al. [9] reported incorporation of
choline, palmitate and glycerol into disaturated
phosphatidylcholines in these cells, Kikkawa et al.
[10] studied incorporation of choline and glycerol
into disaturated phosphatidylcholines. These in-
vestigators concluded that the majority of dis-
aturated phosphatidylcholine synthesis occurs via
the cytidine diphosphate-choline pathway. Elsbach
[7] observed that lysophosphatidylcholine is con-
verted into disaturated phosphatidylcholines in al-
veolar macrophages. It has been reported that
19-29% of the total phosphatidylcholines
synthesized by these cells is disaturated phos-
phatidylcholine [9,10]. All of these data, including
those reported by us, indicate that synthesis of
disaturated phosphatidylcholines occurs in al-
veolar macrophages. ‘

Until now, the incorporation of palmitate into
disaturated phosphatidylcholines in alveolar mac-
rophages has not been characterized. Some of our
results provide such information. Palmitate incor-
poration becomes maximal after 2-3 h of incuba-
tion in vitro and the relationship between incorpo-
ration and extracellular palmitate displays satura-
tion kinetics. Cholinergic and B-adrenergic agonists
have no effect on this process. Palmitate incorpo-
ration into disaturated phosphatidylcholines is

stimulated by exposure of the cells to zymosan

particles (Table II and ref. 8). One possible ex-
planation for this is that the disaturated phos-
phatidylcholines formed may be used in phagocy-
totic membranes.

Incorporation of palmitate into disaturated
phosphatidylcholines in alveolar macrophages can
be compared with that which occurs in type II
cells isolated via centrifugal elutriation [19]. The
time-courses for the incorporation of palmitate
into disaturated phosphatidylcholines are some-
what different in the two cell types. For example,
at 1.0 mM external palmitate, a maximal level,
alveolar macrophages maintain a maximal rate of
synthesis for less than 30 min. However, type 11
cells maintain a maximal rate of synthesis for 23
h. Incorporation plateaus in 5 h in type II cells

349

and in 2-3 h for alveolar macrophages. Palmitate
incorporation displays saturation kinetics in both
cell types with a K ,, of 0.19 mM in macrophages
and 0.10 mM in type II cells. On a per cell basis,
incorporation of palmitate mnto disaturated phos-
phatidylcholines in alveolar macrophages is only
one-third to one-half of the activity which occurs
in type II cells. A similar result was obtained by
Kikkawa et al. [10]. They reported three times as
much incorporation of choline into disaturated
phosphatidylcholines in rabbit type II cells main-
tained in primary cell culture than in rabbit al-
veolar macrophages. Our results also indicate that
[B-adrenergic and cholinergic agonists do not
stimulate incorporation of palmitate in macro-
phages, a result similar to that reported by us in
type 11 cells [19].

It would seem that the incorporation of both
labeled palmitate and labeled choline into dis-
aturated phosphatidylcholines is a result of the
exchange of the labeled for unlabeled substrate.
The evidence for this is three-fold: (1) both
palmitate- and choline-labeled disaturated phos-
phatidylcholine appear to be catabolized in al-
veolar macrophages, (2) the products of catabo-
lism are palmitate and water-soluble choline prod-
ucts, suggesting both phospholipase A, and phos-
pholipase A, activities, (3) addition of unlabeled
palmitate and choline to the medium enhances
catabolism. Some of these results differ from those
obtained with alveolar type II cells [19]. Although
catabolism of recently-synthesized disaturated
phosphatidylcholines also occurs in type II cells,
the destruction of disaturated phosphatidylcho-
lines is slowed by extracellular palmitate. The
modification of lecithine in alveolar macrophages
does not appear to be specific for the saturated
variety, since addition of oleate to the medium
also enhances catabolism of palmitate-labeled dis-
aturated phosphatidylcholines. All of these data
together suggest that extensive exchange of dis-
aturated phosphatidylcholine palmitate and/or
choline occurs in rat alveolar macrophages.

Some disaturated phosphatidylcholines appear
to be released from alveolar macrophages into the
extracellular space (Fig. 4). There is a steady re-
lease from the celis after 3 h of incorporation of
palmitate into disaturated phosphatidylcholines. In
contrast, we have found that there is no steady
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release of newly-synthesized disaturated phos-
phatidylcholines from alveolar type II celis iso-
tated by centrifugal elutriation within 7 h of the
onset of synthesis (unpublished data}. This is
probably due to the fact that some time is re-
quireed for packaging the material into lamellar
bodies in type I cells [21], since it is well estab-
lished that these cells release disaturated phos-
phatidyicholines. The form in which disaturated
phosphatidylcholines are released from alveclar
macrophages is not known. Note that some dis-
aturated phosphatidylcholines are released from
the cells within the first 30 min of incubation and
then release plateaus for a while, A similar resuls
was obtained with our itype II cell preparation.
The reason(s) for this remains unknown.

Why are disaturated phosphatidylcholines ex-
tensively modified in alveolar macrophages? How
are the disaturated phosphatidylcholines used? Al-
though the answers to these guestions remain un-
known, there are several possibilities. It is possible
that the lecithins are simply used for normal cell
functions. Since these cells are phagocytic, the
disaturated phosphatidyicholines may also be used
in phagocytic membranes. Another possibility is
that the phospholipid is used as part of the
pulmonary surfactant materials. The fact that the
disaturated phosphatidylcholines are released from
the cells supports this possibility. However, the
ability of alveolar macrophages to synthesize other
components of surfactant, including the 36 kDa
apoprotein, has not been demonstrated.

If some of the disaturated phosphatidylcholines
are used as surfactant, the contribution made io
production of total surfactant disaturated phos-
phatidylcholines in the lungs by aiveolar macro-
phages is probably not a major one. In the rat
lung, 14.5% of the cells are type 11 and only 3.2%
are alveolar macrophages [22]. Since type II celis
incorporate 2-3-times more palmitate intc dis-
aturated phosphatidylcholines than do macro-
phages on a per cell basis, type 11 cells account for
about 10-20-times more disaturated phosphati-
dylcholine synthesis in the lungs than do macro-
phages. However, in human lungs the number of
alveolar macrophages may be somewhat larger in
some individuals {23]. Perhaps in these instances,
the amount of lung disaturated phosphatidylcho-
lines from alveolar macrophages may be greater.

In summary, our data indicate that disaturated

phosphatidylchoiine
macrophages. We
characterize the incory
disaturated phosphatidy
compared the res ;
lated alveolar typ
considerable amount ¢
and choline portions of
The results also sugges:
phatidylcholines are released from
the extracellular space. Several p@s
of alveclar “Lafrr‘pﬂzgp dis
dylcholines have been d:
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