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ABSTRAm. The effects of dexamethasone on pulmonary relatively less perfused compared to adult lungs (1 3), and 3) fetal 
de novo fatty acid synthesis were investigated in a fetal lungs have a large intracellular store of glycogen (1) which may 
rabbit lung explant model. Culture of the explants for 2 or provide energy and substrates for phospholipid biosynthesis (14). 
6 days with dexamethasone produced a 48% increase in de In the adult lung, the type I1 cell is probably the major site of de 
novo fatty acid synthesis, measured by 3Hz0 incorporation, novo fatty acid synthesis (3), suggesting a role for these fatty acids 
and a 2.5-fold increase in [3H-methyl] choline incorporation in surfactant phospholipid synthesis. Recent studies show that 
into phosphatidylcholine. A dose-response study showed fatty acids derived from de novo synthesis may have a unique 
this effect pleateaued at dexamethasone concentrations role in surfactant synthesis by providing fatty acids for the 
above M. The distribution of the products of de novo remodeling of disaturated phosphatidylcholine (6). 
fatty acid synthesis was altered by dexamethasone. Treated Although fatty acids are required for surfactant production 
cultures had a 2.5-fold increase in esterification of the and may even participate in the regulation of phosphatidylcho- 
newly synthesized fatty acids to phosphatidylcholine and line synthesis (15), very little information is available on the 
an increase in the proportion of all newly synthesized fatty source or regulation of fetal lung fatty acids. Because de novo 
acids that were used for phosphatidylcholine synthesis. fatty acid synthesis increases sharply in the latter stages of gesta- 
Dexamethasone treatment significantly increased the total tion, we studied the regulation of this source in fetal lung. Several 
fatty acid content and the phosphatidylcholine fatty acid studies have shown that glucocorticoids regulate fetal lung disa- 
content of the explants by 27 and 85%, respectively. The turated phosphatidylcholine production and glycogen content 
newly synthesized fatty acids were esterified almost equally (16-1 8). In this study, we investigate the effects of dexametha- 
to the 1 and 2 positions of phosphatidylcholine; this distri- sone on the rate of de novo fatty acid synthesis and the distribu- 
bution was not altered by dexamethasone. These studies tion of the newly synthesized fatty acids among lung lipid species 
demonstrate that fatty acid synthesis and distribution are in a fetal rabbit lung explant model. 
regulated in the fetal lung, at least in part, by glucocorti- 
coids. In addition, coordinate regulation of fetal lung de 
novo fatty acid synthesis and surfactant phosphatidylcho- MATERIALS AND METHODS 

line ~roduction by glucocorticoids is likely. (Pediatr Res Fetal lung explants. Organ cultures of lung explants were 19: 1272-1277,1985) prepared from fetal rabbits as described by Longmuir et al. (19) 
and modified to be similar to a method used for fetal rat lung 
(20). Timed pregnant does were killed by intravenous injection 
of pentobarbital and the fetuses removed under sterile conditions. 

In fetal lung, the rate of surfactant phospholipid synthesis The lungs were excised and dissected free from non~ulmonary 
increases dramatically during the last 15% of gestation ( 1 , ~ ) .  TO tissue. Explants were prepared by chopping the lungs into 1 mm3 
synthesize these phospholipids, the lung must have a supply of cubes with a McIlwain tissue chopper.   he explants were e laced 
long-chain saturated fatty acids. ~h~ adult lung has several in sterile 60 mm2 tissue culture dishes on parallel lines scratched 
sources of fatty acids for this purpose, including de nova fatty into the surface of each dish. The explants were allowed to adhere 
acid synthesis within the alveolar type 11 pneumocyte (3-5), to the scratched surface for 2 h in 2 ml waymouths MB 75211 
circulating lipids (6,7), and recycling of endogenous intracellular medium lo% fetal calf serum, loo ~ g / ~ ~  strepto- 
fatty acids (8). Studies of fetal lung have shown that fatty acids mycin, and 100 U/ml penicillin. The fetal calf serum  clone 
derived from both de novo synthesis and exogenous sources can Labs, Logan, UT) was from lots that had low 
be used for phospholipid synthesis (9-1 1); the relative impor- concentrations. The final concentrations of cortisol and T3 were 
tance of these different sources of the fatty acids is not known. 20 and 7.2 &dl, respectively. For cortisol, this value is 8% of 
With respect to de novo fatty acid synthesis in fetal lung, there the nuclear binding Kd of this hormone in fetal rabbit lung (2 1). 
are parallel increases in the production of &saturated phospha- For T3, this value is approximately equal to the ~d for this 
tidylcholine and de novo fatty acid synthesis late in gestation ( 1, hormone (22). Binding by plasma proteins lowers the free T~ 
9). concentration to a much lower value, however. After 2 h, the 

De nova fatty acid synthesis within the fetal lung is an attractive cultures Were rocked from side to side (three cycle~/min) in an 
source of phospholipid fatty acids because: 1) circulating lipid environment of humidified 95% 02-5% C02 at 37" C. Cultures 
levels are low in most mammalian fetuses (12), 2) fetal lungs are were maintained for up to 6 days and the medium was changed 

daily. Incubations with radiolabeled tracers were for 1-3 h at 
Received January 22, 1985; accepted July 23, 1985. various times in the culture period. Final specific activities for 
Correspondence William M. Maniscalco, M.D., Box 65 1, Department of Pedi- radioactive precursors were 4.5 nCi/pmol 3H20 and 1-12 pCi/ 

atrics, University of Rochester School of Medicine, 601 Elmwood Avenue, Roch- 
ester, NY 14642 pmol [3H-methyl] choline chloride. The final concentration of 
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was removed and the tissues were washed three times in cold 
0.9% NaCl and homogenzied. The lipids were extracted from 
the homogenate by the method of Bligh and Dyer (23); for 
studies with 3H20, the chloroform layer was washed once with 
water. Fatty acids in the total lipid extract were saponified in 
10% KOH-50% methanol for 2 h at 85" C (9) and the saponified 
mixture was washed three times with light petroleum ether to 
remove unsaponified lipids. The fatty acids were acidified with 
3 N H2S04 and extracted in three washes of light petroleum 
ether. Preliminary studies showed that 90% of phospholipid fatty 
acids were obtained using this method. The fatty acid fraction 
was 99% free of the remaining lipid glycerol. The petroleum 
ether was evaporated under N2 at 37' C and the radioactivity of 
the residue determined by liquid scintillation counting in ACS 
I1 (Amersham, Arlington, VA) using external standards for 
quench correction. Radioactivity of the lipid glycerol was deter- 
mined by counting an aliquot of the remaining aqueous phase 
of the saponified total lipid mixture. 

Phosphatidylcholine and neutral lipids were separated from 
the total lipid extract by thin layer chromatography on LK-5D 
plates in a solvent system of chloroform-methanol-7M NH40H 
(65:35:5) v/v). The chromatogram was visualized by exposure to 
Rhodamine-6G and compared to standards. Disaturated phos- 
phatidylcholine was separated as described by Mason et al. (24). 
Crude phosphatidylcholine was eluted from the gel with two 
washes of chloroform-methanol-0.001 M acetic acid (20:40: 16 
v/v) and treated with OsO4. The disaturated phosphatidylcholine 
was separated by thin-layer chromatography in a solvent system 
of chloroform-methanol- M NH40H (80:28:6 v/v). The spots 
were visualized with RhodaminedG and compared to standards. 
The fatty acid moieties of phosphatidylcholine, neutral lipids, 
and disaturated phosphatidylcholine were separated by saponi- 
fication of these species after they were eluted from the silica gel. 

Fatty acids in positions 1 and 2 of phosphatidylcholine were 
separated by sequential treatment of this phospholipid with 
phospholipase A2 and KOH-methanol hydrolysis. After elution 
the phosphatidylcholine was mixed with phospholipase A2 (0.8 
mg/ml) in 100 mM Tris-HC1 (pH 7.5), 10 mM CaC12 and diethyl 
ether for 15 min. Preliminary studies demonstrated the reaction 
was complete within 5 min. The ether phase was evaporated, the 
solution acidified with 1 N HC1 and the liberated fatty acids 
extracted into petroleum ether. The remaining aqueous phase 
was subject to hydrolysis in KOH-methanol to remove the fatty 
acid in position 1, as detailed above. 

The fatty acid composition of the total lipid extract was 
analyzed by gas-liquid chromatography. Methyl esters of fatty 
acids were prepared by mixing the dried total lipid extract with 
2% &So4 in methanol and heating to 80°C for 1 h. The methyl 
esters were extracted three times in ethyl ether, which was then 
washed once with 0.1% NaHC03 and once with water. Chro- 
matography was accomplished at an oven temperature of 180" 
C on a 6 foot column packed with 10% SP 2330 on 100/120 
chromasorb W AW (Supelco, Bellefonte, PA). Individual fatty 
acid methyl esters were identified by comparison of retention 
times to standards. 

Enzyme analysis. Lysophosphatidylcholine:acyl-coenzyme A 
acyltransferase activity was determined by measuring the incor- 
poration of [14C] palmitoyl coenzyme A and [3H] oleoyl coen- 
zyme A into phosphatidylcholine in the presence of the specific 
acceptor 1-palmitoyl-2 lysophosphatidylcholine. Substrate con- 
centration and buffer composition were as described previously 
for adult type I1 pneumocytes (25). 

Analytic methods. Fatty acid content was measured by 63Ni 
binding as described by Ho (26) using palmitate as the standard. 

Protein concentration was determined by the method of Lowry 
et al. (27) using bovine albumin as the standard. 

Materials. Radiochemicals were obtained from Amersham 
(Arlington, VA). Dexamethasone phosphate and other biochem- 
icals were purchased from Sigma Co (St. Louis, MO). Culture 
media was obtained from Gibco (Grand Island, NY). 

Statistical methods. Data were analyzed for statistically signif- 
icant differences by Student's t test for unpaired and paired 
samples. 

RESULTS 

Fatty acid synthesis. Light microscopy of hematoxylin and 
eosin stained sections prepared from explants cultured for up to 
6 days showed healthy fetal lung tissue (data not shown). To 
determine the characteristics of de novo fatty acid synthesis in 
the fetal lung explants, 3H20 incorporation into total saponifiable 
fatty acids was measured in explants prepared from 23-day 
gestation rabbits cultured for 0, 2, and 6 days (Table 1). This 
gestational age was chosen because it precedes the rapid biochem- 
ical maturation of fetal rabbit lung. There was an initial increase 
in fatty acid synthesis between 0 time and 2 days in culture, 
followed by no significant change in the rate of 3Hz0 incorpo- 
ration at 2 and 6 days. Similarly, there were no significant 
changes in protein content (Table l), or the rate of lipid glycerol 
synthesis between 2 and 6 days in culture (Table 2). That protein 
content does not change during the culture period indicates that 
the tissues are maintained but not actively growing. Choline 
incorporation at 0 time (0.23 k 0.05 nmol/mg/h, n = 3) was not 
statistically different from 2 or 6 days in culture (Table 2). Failure 
of choline incorporation into phosphatidylcholine to increase in 
control cultures suggests that an exogenous agent may be neces- 
sary to induce maturation in this system. To test the response to 
glucocorticoids, we measured the effects of dexamethasone on 
[3H-methyl] choline incorporation into phosphatidylcholine. 
Two or 6 days exposure to the hormone (1 /.tM) resulted in a 3- 
fold stimulation of phosphatidylcholine synthesis (Table 2). 

Explant cultures prepared from 23-day gestation rabbits and 
cultured in dexamethasone (1 pM) for 6 days had a 48% increase 
in the rate of 3H20 incorporation into total saponifiable fatty 
acids compared to controls (Table 1). Explants cultured in 1 % 
serum had a similar increase in de novo fatty acid synthesis with 
dexamethasone treatment (data not shown) suggesting that 10% 
serum is not required to achieve this effect. Explant cultures 
prepared from 20-day gestation animals also responded to dex- 
amethasone with a significant increase in fatty acid synthesis. A 

Table 1. Efects of dexamethasone on fatty acid synthesis in fetal rabbit lung explants* 

Days Protein content (mgldish) 
in 

3H20 incorporation into fatty acids 
(nmol/mg proteinlhr) 

Tissue source (n) culture Control Dexamethasone Control Dexamethasone 

23 day fetal (4) 0 9.9 +- 2.0 
23 day fetal (10) 2 3.46 + 0.65 3.13 + 0.42 24.4 + 2.0 36.3 + 3 . l t  
23 dav fetal 19) 6 3.41 2 0.56 3.42 + 0.45 24.7 + 2.0 36.4 + 1.6f 
20 da; fetal (6j 6 2.49 + 0.35 2.05 + 0.12 22.4 + 1.2 35.8 zk 3 . l t  

* Values are mean + SEM of (n) experiments performed in triplicate. Explants were prepared from 23 day gestation or 20 day gestation rabbit . - 

fetuses and cultured 0, 2, or 6 days without (control) or with 1.0 p M  dexamethasone. 
t Significantly different from control, p < 0.005 by unpaired t test. 
$ Significantly different from control, p < 0.00 1 by unpaired t test. 
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Table -- - A- - 2. -- 1::llcts -- A- c?fdexamethasone -- - -- on phosphatidyfcholine and lipid glycerol synthesis in fital rabbit lung explants* 
Choline incorporation into 'Hz0 incorporation into lipid glycerol (nmol/ 

Days phosphatidylcholine (nmol/mg proteinlh) 
in mg protein/h) 

l'issuc source culture (n) - Control Dexamethasone (n) Control Dexamethasone 

23 day fetal 2 (3) 0.32 f 0.05 1.01 f 0.19t (6) 7.53 * 1.5 9.10 f 1.7 
23 day fetal 6 (3) 0.29 * 0.04 0.9 1 k 0.04t (lo) 6.95 f 0.79 8.65 i 0.92 
20 day fetal 6 (3) 9.23 f 1.9 11.16 k 2.5 

-- 

* Values arc mean f SEM. Explants were prepared as outlined in the text and cultured for the indicated period without (control) or with 1.0 pM 
dcxamclhasonc. 

Significantly different from control, p < 0.025 by unpaired / test. 

DEXAMETHASONE CONCENTRAT ION (M) 
Fig I EKect of varyrng concentration of dexamethasone In culture 

medrum on 'HzO incorporation into total fatty acids by fetal rabbit lung 
explants rn organ cultures. Lung explants were cultured for 6 days in 
media supplemented wlth dexamethasone. On day 6 the esplants were 
cultured for 2 h in media containing 'Hz0 (4.5 nCi/pmol) and the fatty 
acids isolated as outltned In the text. Data are the result of one experiment 
performed in trtplrcate. 

dose-r~sponse study (Fig. 1) showed that the augmented fatty 
acid synthesis in dqxamethasone treated tissue pleateaued at 
coneentrations above lo-'' M and was unchanged to M. 
Culture in dexamethasone for only 2 days resulted in a stimula- 
tion of fatty acid synthesis that was similar to culture for 6 days 
with the hormone (Table 1). Dexamethasone treatment did not 
significantly alter the rate of 'H20 incorporation into lipid glyc- 
erol (Table 2) or the protein content of the explants at 2 or 6 
days in culture. 

Drstrrbutron qf labeled fatly acidL\ The distribution of the 
radiolabeled newly synthesized fatty acids between phosphati- 
dylcholine and neutral lipids was significantly altered by dexa- 
methasone treatment (Table 3). Compared to controls, explants 
cultured in dexamethasone for 6 days had a 2.5-fold increase in 
3H20 incorporation into the fatty acid moiety of phosphatidyl- 
choline. The proportion of total fatty acids synthesized de novo 
that were esterified to phosphatidylcholine increased from 33.5% 
in control cultures to 57.4% in dexamethasone treated cultures. 
The increased incorporation into the fatty acid moiety of phos- 
phatidylcholine represented all of the dexamethasone stimulated 
increase in total fatty acid synthesis. A similar increase in newly 
synthesized fatty acids in phosphatidylcholine is found after 2 
days of dexamethasone treatment although the magnitude of 
inorease was smaller and there was no change in the proportion 
of the newiy synthesized fatty acids found in phosphatidylcho- 
line. Dexamethasone treatment for 6 days also resulted in a 
significant increase in newly synthesized fatty acids isolated from 
disaturated phosphatidylcholine compared to controls (7.68 + 
0.85 ver~ilc 10.76 h 1.16 nmoi HzO/mg protein/h; p < 0.01 
paired t test). 

Long-chain fatty acids can be esterified to the 1 or 2 position 
of pulmonary phospholipids. To determine if de novo synthesis 
can provide fatty acids for both positions and if dexamethasone 
affects this distribution, we analyzed incorporation of 3H20 into 
the I and 2 positions of phosphatidylcholine (Fig. 2). As seen 
from this experiment, the fatty acids derived from de novo 
synthesis were distributed almost equally into the 1 and 2 posi- 
tions of phosphatidylcholine. Dexamethasone treatment resulted 
in increased incorporation of the radiolabeled fatty acids into 
both positions approximately equally. Saturated fatty acids are 
the major species labeled by %I incorporated from W20 (28). 
Saturated fatty acids may be esterified to position 2 through the 
synthesis of disaturated diglyceride or by remodeling of position 
2 of monosaturated phosphatidylcholine. To determine if the 
dexamethasone mediated increase in incorporation of newly 
synthesized fatty acids into ~osit ion 2 mav involve increased 
activity of the remodeling pathway, we determinqd the getivity 
of microsomal lysophosphatidylcholine:acyl-@9k aeyltransfera~e 
in treated and control tissues. Dexamethasone treatment resulted 
in a significant increase in palmitate specific enFyme activity 
(65.6 + 9.2 versus 84.7 + 10.0 nmol/min/mg protein; p < 0.05, 
paired t test). Activity in the presence of oleoyl-CoA was 6.5-fold 
lower and was not significantly increased by dexamethasone. 
This pattern is similar to that reported by Tsao and Zachman 
(29). Taken together, these data show that 1) de novo fatty acid 
synthesis is a source of saturated fatty acids for disaturated 
phosphatidylcholine; 2) dexamethasone-stimulated fatty acid 
synthesis results in increased utilization of these fatty acids for 
both the 1 and 2 positions of pho~sphatidylcholine; and 3) dexa- 
methagone treatment increases activity of an enzyme involved 
in fatty acid remodeling of phosphatidylcholine. 

F a y  acid composition and content. The fatty acid compogi- 
tion, determined by gas-liquid chromatop-aphy, of a total fatty 
acid extract of the explants is shown in Table 4. In general, long 
chain saturated fatty acids are the predominate species. Palmitic 
acid is the major fatty acid in both the treated and control 
cultures. Dexamethagone treatment resulted in a small increase 
in the proportion of palmitic acid, but this finding is not statis- 
tically significant. Total fatty acid content of the explants in- 
creased significantly by 27% in treated cultures (Table 4). The 
calculated palmitate content of the tissues increased by 49%. 
Fatty acid content of phosphatidylcholine increased by 85% 
while neutral lipid fatty acid content was unchanged (data not 
shown). These data demonstrate that the augmented synthesis of 
fatty acids due to dexamethasone noted above is accompanied 
by increased fatty acid eontent, especially in the phosphatidyl- 
choline fraction. 

DISCUSSION 

This study demonstrates that glucocorticoidg, which are known 
to augment surfactant phospholipid synthesis and decrease gly- 
cogen content in fetal lung, also increased de novo fatty acid 
synthesis and content in this tissue. In addition, dexamethasone 
treatment altered the distribution of the newiy synthesized fatty 
acids to favor incorporation into phosphatidylcholine. This re- 
sulted in an increased content of phosphatidylcholine fatty acids. 



FATTY ACID SYNTHESIS IN FETAL LUNG 1275 

Table 3. Effects o f  dexamethasone on distribution o f  newlv svnthesized fattv acids* 
Days 

in Neutral lipid Phosphatidylcholine 
Culture condition (n) culture fatty acids (%) fatty acids 6) 
Control (3) 6 3.93 + 0.88 (15.9) 8.28 + 1.12 (33.5) 
Dexamethasone (3) 6 6.20 + 0.55 (17.0) 20.90 + 1.58f (57.4) 

Control (3) 2 4.00 + 0.34 (16.2) 9.93 + 2.14 (40.6) 
Dexamethasone (3) 2 3.95 + 0.45 (10.8) 14.83 + 3.0$ (40.7) 

*Values are mean + SEM of three experiments performed in triplicate. Explants were cultured with or without 1pM dexamethasone for the 
entire culture period. Data are expressed as nmoles H20/mg proteinlh. Number in parentheses is percentage of total incorporation given in Ta- 
ble 1. 

f Significantly different from controls, p < 0.00 1 by paired t test. 
$ Significantly different from controls, p < 0.05 by paired t test. 

DEXAMETHASONE CONCENTRAT ION (MI 
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Fig. 2. Effects of dexamethasone on 'HzO incorporation into fatty 
acids of position 1 (open circle) and position 2 (closed circle) of phos- 
phatidylcholine. This experiment was conducted as outlined in Figure 1. 
Position 2 fatty acids were removed by treatment of phosphatidylcholine 
with phospholipase Az as outlined in the text. Position 1 fatty acids were 
hydrolized and saponified from the resultant lyso PC as outlined in the 

o o probably the major site of de novo fatty acid synthesis (9). In the --- - - - - - - - - - - - - fetal lung, pretype I1 cells contain large quantities of glycogen - 
lo that are depleted by glucocorticoid treatment (16) and may 

I o provide carbon precursors for disaturated phosphatidylcholine 

: [ =  
synthesis Tritium (14). from 3H20 is incorporated into fatty acids during the 
terminal reductive steps in the biosynthesis of fatty acids. The 

1 major acids (28). fatty This acid may products occur during labeled microsomal with 3H are or saturated mitochondria1 fatty 
chain elongation as well as de novo fatty acid synthesis. In fetal 

",--_-a rabbit lung, however, fatty acid chain elongation is not a major 
route of long-chain fatty acid synthesis (33). In the present study 
the increase in the calculated palmitate content accounted for 
65% of the increase in total fatty acids. 

The ratio of 3H incorporated into fatty acids from 3H20 to 
carbon atoms used for fatty acid synthesis (3H:C) has been 
determined (28). Use of 3H20 incorporation, therefore, allows 
quantitative estimates of the total amount of fatty acid synthe- 
sized during the incubation (assuming that the average fatty acid 

- #  produced is 16:O). Applying these calculations to our data and 

text. 

16'' lo10 lo9 lo-' 166 
assuming that there is no recycling of 3H or [3H-methyl] choline 
radiolabels during the short incubations, it is apparent that de 

The glucocorticoid stimulation of fatty acid synthesis demon- 
strated in this study, contrasts with another study that suggested 
glucocorticoid inhibition of de novo fatty acid synthesis in fetal 
lung (30). This early investigation measured activity of the en- 
zymes of fatty acid synthesis in fetal lungs after maternal gluco- 
corticoid injection and noted decreased activity in fetuses of 
treated animals. It is known that the activity of these enzymes is 
strongly affected by circulating hormones and intracellular me- 
tabolites (9, 3 1, 32). Thus, the inhibitory effect of glucocorticoid 
may have been secondary to alterations in maternal, placental, 
or nonpulmonary fetal metabolism. In the present study, the 
explant model allowed direct exposure of fetal lung to the hor- 
mone and avoided these confounding variables. The dose range 
of dexamethasone required to stimulate fatty acid synthesis 
reported herein corresponds to the Kd of nuclear binding of this 
hormone in fetal rabbit lung and is similar to that reported for 
stimulation of phosphatidylcholine synthesis in fetal rabbit lung 
explants (2 1). 

Because the lung explant model consists of several cell types, 
it is not possible from this study to identify which fetal cell is the 
target for dexamethasone stimulation of de novo fatty acid syn- 
thesis. In the differentiated lung, the alveolar type I1 cell is 

novo fatty acid synthesis in the control tissue can supply sufficient 
fatty acids (3.58 nmol/mg proteinlh) for all the phosphatidyl- 
choline produced. The additional fatty acids provided after dex- 
amethasone stimulation of the tissue (1.69 nmol fatty acid/mg 
proteinlh) can provide the increased quantity of fatty acids that 
are required for the dexamethasone augmented rate of phospha- 
tidylcholine synthesis (1.24 nmol fatty acidlmg proteinlh). Thus, 
under these culture conditions, de novo fatty acid synthesis is 
sufficiently active to provide all the fatty acids for phosphatidyl- 
choline synthesis. Use of 3H20 incorporation as a measure of de 
novo fatty acid synthesis avoids the confounding effects of intra- 
cellular carbon pools that make interpretation of I4C-tracer stud- 
ies difficult. For example, dexamethasone decreases fetal lung 
glycogen content; this may result in intracellular dilution of 
exogenous I4C-labeled precursors used to measure fatty acid 
synthesis. This process may account for a dexamethasone-me- 
diated decrease in acetate incorporation into phosphatidylcholine 
noted by another investigator (34). 

Fatty acid synthesis and phosphatidylcholine production in 
fetal lung increase in parallel toward the end of gestation (9). 
Dexamethasone stimulates both processes. These data suggest 
that phosphatidylcholine and fatty acid synthesis in fetal lung 
may be regulated coordinately. Despite extensive studies, the 
mechanisms of action of dexamethasone on lung phosphatidyl- 
choline synthesis are obscure. Recent data suggest that intracel- 
lular free fatty acids may regulate phosphatidylcholine synthesis 
in lung and liver, implying that increased intracellular fatty acids, 
at some point, stimulate phosphatidylcholine synthesis. For ex- 
ample, cellular fatty acids promote the translocation of choline- 
phosphate cytidylyltransferase, which regulates a key step in 
phosphatidylcholine synthesis, to its active high molecular weight 
membrane bound form (15, 35). In reference to the present 
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Table 4. Efects of dexamethasone on fatty acid composition and content of fetal rabbit lung explants* 
Fatty acid species (expressed as % of total) 

Culture condition (n) 14:O 16:O 16:l 18:O 18:l 18:2 20:4 

Control (4) 13.6 35.3 
k2 .4  t-1.3 

Dexamethasone (3) 7.0 41.7 
k1.7 k5.5 

Total fatty acid content 
(nmol/mg protein) 

Control (7) 1066 t- 162 
Dexamethasone (7) 1350 k 2103: 

Calculated palmitate contentt PC fatty acid content 
(nmol/mg protein) (nmol/mg protein) 

376 k 57 (3) 436 k 110 
562 k 876 (3) 808 + 343: 

* Values are mean k SEM. Explants were cultured as outlined in text for 6 days without (control) or with 1.0 p M  dexamethasone. 
t Palmitate content is calculated from fatty acid composition and content data. 
$Significantly different from control, p < 0.05 by paired t test. 
9 Significantly different from control, p < 0.01 by paired t test. 

study, stimulation of fatty acid synthesis by dexamethasone may 
help augment phosphatidylchofine synthesis by increasing cellu- 
lar fatty acids. Alternatively, augmented production of phospha- 
tidylcholine by dexamethasone may stimulate de novo fatty acid 
synthesis by consuming cellular long-chain acyl-CoAs that inhibit 
acetyl-CoA carboxylase, a rate-regulating enzyme of de novo fatty 
acid synthesis. The interaction of these pathways to increased 
surfactant synthesis remains speculative. 

In perfused adult lung, the major portion of palmitate synthe- 
sized within lung and incorporated into disaturated phosphati- 
dylcholine is found in the 2 position of this molecule, while 
exogenous palmitate was incorporated preferentially into the 1 
position (6). In the present study, fatty acids synthesized de novo 
were incorporated into the 1 and 2 positions approximately 
equally in both control and dexamethasone cultures. The mech- 
anism of increased esterification to position 2 of phosphatidyl- 
choline induced by dexamethasone may be increased activity of 
lysophosphatidylcholine acyl-CoA acyltransferase. This enzyme 
has high activity in adult type I1 cells (25) and is highly specific 
for the utilization of palmitoyl-CoA. Although these data imply 
a dexamethasone effect on the remodeling pathway, we cannot 
obtain accurate information on the biologic importance of this 
pathway from the present data. The length of time required for 
3H20 incubations precluded identification of instantaneous rates 
of incorporation into positions 1 and 2 of phosphatidylcholine. 

In fetal lung, fatty acids derived from both exogenous sources 
and from de novo synthesis can be incorporated into phospho- 
lipid fatty acids. The relative contributions of these sources of 
fatty acids to fetal lung surfactant production are not known. In 
newborn rabbits, fatty acids synthesized within lung may be used 
preferentially for surfactant production over exogenous fatty 
acids (36). This study demonstrates that dexamethasone, which 
augments fetal lung maturity, increases de novo synthesis and 
alters the distribution of newly synthesized fatty acids to favor 
inclusion in surfactant phospholipids. 
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