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Extract 

Administration of cortisol to fetal rabbits resulted in a 42% 
inhibition of pulmonary de novo fatty acid synthesis from acetyl 
coenzyme A (CoA) ( P  = < 0.025). This was associated with 
inhibition of acetyl-CoA carboxylase (EC.  6.4.1.2) activity ( P  = 

< 0.01) and a tendency towards decreased activity of fatty acid 
synthetase. There was no effect on pulmonary microsomal fatty 
acid elongation activity. Light and electron microscopic examina- 
tion of the apex of the right lung of control and cortisol-treated 
animals revealed changes consistent with accelerated lung matura- 
tion in the treated animals. 

The in vitro activities of acetyl-CoA carboxylase and fatty acid 
synthetase were similar in rabbit lung and thus acetyl-CoA car- 
boxylase activity does not appear to be rate limiting for de novo 
fatty acid synthesis in lung. 

No  significant change in the activity of enzymes associated with 
de novo fatty acid synthesis or microsomal fatty acid elongation 
was found in fetal brain after cortisol exposure. However, in a 
parallel study on fatty acid synthesis in fetal liver, cortisol admin- 
istration resulted in a 30% increase in fatty acid svnthetase activity 
( P  = < 0.025). 

The finding of cortisol-induced inhibition of de novo fatty 
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acid synthesis in fetal rabbit lung may be related to the known inserted into the superficial layers of the uterine wall over each 
inhibitory effect of cortisol on lung growth in the fetus. fetus. The abdominal wall waS then closed. 

On dav 27, 72 hr after injection of cortisol, the does were again 
Speculation anesthetized and the fetuses removed, weighed, and killed by 

decapitation. The organs from cortisol-treated fetuses were pooled 
The antenatal administration of cortisol, in an attempt to Pre- as were those from controls, A total of  12 -16 control and treated 

vent hyaline membrane disease, may be accompanied by a number fetuses were used i n  each experiment, 
of inhibitory and possibly deleterious effects on cellular metabo- ~ h ,  excised organs were ,-hilled in 0.01 M ~ ~ i ~ - ~ 1  buffer, p~ 
lism and growth. 7.4, containing 0.001 M EDTA and 0.25 M sucrose. After wash- 

ing and mincing, the tissue was suspended in 4 volumes of buffer 
and homogenized for 20 sec in a Brinkmann P T  10 mechanical 

Long chain fatty acids are important components of developing homogenizer at rheostat setting 2, 
lung and brain. In the lung they are found in cell membranes and in The lung, l iver,  and brain homogenates were separated in to  
the surface-active lipids that maintain alveolar stability. In brain microsomal and supernatant fractions by differential 
they are  found in the complex lipids of the myelin sheath and in the as described previously (8), Protein determination was done 
membranes of neurones and glial cells. by a modification of the biuret method (I  I). 

Recent studies have revealed both beneficial and deleterious De fatty acid synthesis from acetyl-CoA by the superna- 
effects after prenatal cortisol administration. Cortisol accelerates tant fraction was assayed by measuring the rate of incorporation of 
the production of  pulmonary surfactant (13), and appears to a c e t y l - [ l - ~ 4 ~ ~ ~ o ~  into pentane-extractable fatty acid as de- 
decrease the incidence of hyaline membrane disease in prematurely scribed previously (8). F~~~~ acid synthetase and microsomal  
born infants (16). However, this acceleration of  maturation is fatty acid elongat ion a c t i v i t y  were assayed by measur ing  the rate 
associated with inhibition of growth. Carson et a / .  (3) have shown of incorpora t ion  of m a l o n y l [ 2 - ~ 4 ~ ~ ~ o ~  into pentane-extractable 
that there is reduction in cell number in the lungs of cortisol-treated fatty acid (8). ~ ~ ~ ~ ~ 1 - c ~ ~  carboxylase a c t i v i t y  was assayed by 
fetal rabbits. This effect is reversible with age (15). In the case of measuring the rate of HCO, incorporation in the presence of 
the newborn rat brain, however, the reduction in cell number in- a c e t y l - ~ o A  by a partially purified gel-filtered frat- 
duced by cortisol appears to be permanent (10) and is accom- tion as described previously (9). 
panied by interference with myelination, synaptic growth, and 
locomotor ability (22). 

Because of the importance of long chain fatty acids in develop- MfCROSCOPY 

ing lung and brain, we have investigated the influence of cortisol 
on the enzymes of de nova fatty acid synthesis and microsomal 1" order to confirm that steroid administration was in fact 
fatty acid elongation in these organs in the fetal rabbit. Parallel resulting in accelerated lung maturation, the apex of the right lung 
studies were also performed on fetal rabbit liver. of  control and treated fetuses was examined by light and electron 

microscopy as described by Kikkawa et al. (12). 

MATERIALS AND METHODS 

Timed pregnant rabbits were obtained from Camm Research RESULTS 

Institute (26) and two to four pregnant does were used for each 
experiment. On dav 24 (gestation in the rabbit is 3 1 days), the doe LUNG 

was anesthetized with halothane. The uterus was exposed by a As is shown in Table 1, administration of cortisol t o  fetal rabbits 
midline incision and 1.0 mg hydrocortisone sodium succinate (27) resulted in a 42% decrease in fatty acid synthesis from acetyl-COA 
in 0.1 ml saline was injected into the body of each fetus in the left (P = < 0.025, paired t-test). This inhibition of de novo fatty acid 
horn. Another 1.0 mg was injected into each amniotic sac in the synthesis was associated with an 18% inhibition of acetyl-CoA 
left horn. An equal volume of sterile 0.9% saline was then injected carboxylase activity and 23% inhibition of fatty acid synthetase 
into each fetus in the right horn. These saline-injected fetuses activity. Although the inhibition of acetyl-CoA carboxylase activ- 
served as controls and were marked by a silk suture which was ity was relatively small, it was statistically significant (P = < 0.01, 

Table 1. Influence of cortisol administration on fatty acid svnthesis in fetal lung, liver, and brain1 

No. Mean of steroid; 
Organ and enzyme system experiments Co'ntrol Steroid control ratios P 

Lung 
De novo fatty acid synthesis 
Acetyl-CoA carboxylase 
Fatty acid synthetase 
Microsomal elongation 

Liver 
De novo fatty acid synthesis 
Acetyl-CoA carboxylase 
Fatty acid synthetase 
Microsomal elongation 

Brain 
Acetyl-CoA carboxylase 
Fatty acid synthetase 
Microsomal elongation 

- - 

'Overall de novo fatty acid synthesis activity expressed as counts per minute per milligram of protein per minute (+ SE). Other enzyme activities 
expressed as picomoles of substrate incorporated per milligram of protein per minute (+ SE). The steroid to control ratio is the mean k SE of the 
individual ratios of each experiment. Statistical analysis was by paired I-test. NS: Not significant. 
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paired t-test). The decrease in synthetase activity was not signifi- As is the case in other organs, this acceleration of maturation in 
cant because of a wider scatter of measurements. There was no the lung appears to be associated with inhibition of growth. 
significant change in microsomal elongation activity. Motoyama et al. (17) found that there was a decrease in fetal 

rabbit lung weight when cortisol was injected directly into the doe. 
LIVER More  recently, Carson et a[. (3) have reported a decrease in lung 

Cortisol administration to the fetal rabbit resulted in a 30% 
increase in fatty acid synthetase activity (P = < 0.025). This was 
associated with a small (14%) and insignificant increase in overall 
de novo fatty acid synthesis. There was no change in acetyl-CoA 
carboxylase activity. Cortisol administration resulted in a tend- 
ency towards increased microsomal elongation activity, but this 
increase was not statistically significant. 

BRAIN 

N o  significant change in the enzymes associated with de novo 
fatty acid synthesis or  microsomal fatty acid elongation in brain 
was found after cortisol administration. 

ANIMAL WEIGHTS 

There was an I I% reduction in body weight of the cortisol- 
treated fetuses. This difference was not statistically significant. 

RELATIVE ACTIVITIES O F  ACETYL-COA CARBOXYLASE A N D  FATTY 
ACID SYNTHETASE 

It has been stated previously that acetyl-CoA carboxylase is the 
rate-limiting step in de novo fatty acid synthesis in liver (7). In this 
study it was found that the in vitro activities of acetyl-CoA 
carboxylase and fatty acid synthetase were similar in both fetal 
rabbit lung and liver. The ratio of carboxylase to  synthetase 
activity in lung was 0.80 and in liver it was 1.19. 

STATISTICAL ANALYSIS 

Organs derived from fetuses from two to four does were pooled 
for each experiment. Each enzyme assay was then performed in 
triplicate on this pooled material and a mean value was obtained. 
The mean values from three to six separate experiments were 
analyzed by paired (-test for differences between the control 
and hormone-treated groups. 

DISCUSSION 

Fatty acids are synthetized by three subcellular fractions. De 
novo synthesis occurs in the supernatant fraction of the cell in two 
stages. In the first stage, acetyl-CoA is converted to malonyl-CoA 
by acetyl-CoA carboxylase (24). Seven molecules of malonyl-CoA 
then combine on a base of acetyl-coA to form palmitic acid. This 
reaction is catalyzed by the fatty acid synthetase complex (2). 
Chain elongation of fatty acids in the microsomal and mitochon- 
drial fractions of the cell involves elongation of preexisting fatty 
acids by 2 carbon units. In the mitochondrial system, the 2 carbon 
source is acetyl-CoA (25) and in the microsomal system, the 2 
carbons are derived from malonyl-CoA (18). 

Previous work (8) has shown that rabbit lung synthesis fatty 
acids by all three pathways, but that de novo synthesis is the most 
active. During fetal life, both mitochondrial and microsomal 
elongation activity is a t  very low levels. The product of the de novo 
pathway is palmitic acid, a component of dipalmityl lecithin, which 
is a major surface-active lipid. 

The action of corticosteroids in accelerating the production of 
fetal lung surfactant has been well documented. It accelerates the 
appearance of osrniophilic granules in type I1 pneumocytes (12), 
and is associated with a reduction in surface tension of excised lung 
(13). This action may be related to increased production of 
lecithin. Farrel and Zachman (5) have reported that cortisone 
induces a 45% increase in choline phosphotransferase activity in 
fetal rabbit lung, but this finding was not confirmed in a later study 
(20). 

weight and in lung cell number in rabbit fetuses injected with 
cortisol. According to Kotas (15), however, this effect is reversible 
and there is later catch-up growth. 

Our finding of cortisol-induced inhibition of the enzJ1mes of de 
novo fatty acid synthesis in fetal rabbit lung is another indication 
that the acceleration of pulmonary maturity by cortisol may be 
associated with inhibitory effects on cell growth and metabolism. 
By microscopic examination of the apex of the right lungs we 
confirmed that lung maturation was in fact accelerated in our 
cortisol-treated animals. Morphologic changes consistent with the 
features of accelerated lung maturation described previously (12) 
were found and included thinner alveolar walls, wider spaces, and 
increased numbers of lamellar inclusion bodies in type I1 cells. 
Since fatty acids are components of growing lung cell membranes, 
it is possible that this inhibition of fatty acid synthesis is related to 
inhibition of growth. 

The selection of suitable controls for studies of hormonal effect 
on lung maturation in fetal rabbits poses a number of problems. 
Operative stress and the stress of injection appear to result in some 
cortisol-like effect on lung maturation. Russell et al. (21) have 
shown that injection of saline into fetal rabbits results in significant 
increase in the incorporation of labeled choline into lecithin, when 
compared with noninjected, nonoperated controls. Thus  any agent 
to be tested should produce more effect than that of saline 
injection. We  have used saline-injected littermates in the contralat- 
era1 uterine horn as controls in order to minimize differences due 
to variations in operative stress and animal to animal biologic 
variation. Using this model, significant cortisol-induced differ- 
ences in lung physiology and morphology have been demonstrated 
previously (12, 16), despite the fact that it has been indicated that 
there may be minimal transfer of injected hormone to the fetuses in 
the opposite horn (14). Should such a transfer have occurred, the 
effect would have been to blur, rather than accentuate, the 
hormonally-induced differences demonstrated. 

The Patty acids of pulmonary surfactant may be derived from 
either exogenous or endogenous sources (6). Conclusive kinetic 
studies have not been performed to evaluate the relative contribu- 
tions of pulmonary and nonpulmonary-derived fatty acids to lung 
lecithin, and thus it is difficult a t  this stage to  attempt to evaluate 
the possible effect of decreased lung fatty acid synthesis on 
surfactant production. 

There has been some controversy in the literature a s  to whether 
acetyl-CoA carboxylase is the rate-limiting step in de novo fatty 
acid synthesis (4). Since the activities of acetyl-CoA carboxylase 
and fatty acid synthetase in fetal rabbit lung were similar in our 
study, it would appear that, in vitro, acetyl-CoA carboxylase is not 
rate-limiting. The activity of these two enzymes was also similar in 
liver and thus our data supports the finding of Chang et al. (4), who 
felt that acetyl-CoA carboxylase was not the rate-limiting step in 
hepatic de novo fatty acid synthesis. 

The influence of cortisol on developing rat brain has been the 
subject of many recent studies. Schapiro (22) showed that after a 
single dose of 1.0 mg cortisol to 1-day-old rats, there is a decrease 
in brain cholesterol, decreased spiny processes on pyramidal cell 
dendrites, and a diminution in spontaneous exploratory or  locomo- 
tor activity. Howard (10) has demonstrated that cortisol induces a 
reduction in brain weight and in total DNA content, particularly in 
the cerebellum. The reduction in brain cell number is permanent, 
unlike that in lung. More recently Oda  (19) confirmed that 
cortisol-treated newborn rats have impairment of myelination and 
decreased synaptic growth and dendritic arborization. 

Previous work has shown that the activities of acetyl-CoA 
carboxylase (9), fatty acid synthetase (23), and microsomal fatty 
acid elongation (1) are high during the period of rapid brain 
growth in the rat and then decline with increasing age. Although 



C O R T I S O L  A N D  P U L M O N A R Y  FATTY A C I D  S Y N T H E S I S  755 

these enzyme activities seem to parallel the rate of brain growth, 
we could not demonstrate any change in fetal rabbit brain under 
our conditions of cortisol exposure. 

Little information is available from previous studies on the 
effects of cortisol on the enzymes of fatty acid synthesis. Volpe and 
Kishimoto (23) showed that a single injection of cortisol produced 
no change in Fatty acid synthetase activity in liver or  brain of the 
newborn rat. If, however, cortisol was given on at  least 6 
consecutive days, hepatic synthetase activity was reduced by about 
50%. N o  consistent inhibition of brain synthetase activity was 
produced by administration of cortisol for a longer period. This 
data  is similar to our observation with brain, but contrasts with the 
stimulation of hepatic Fatty acid synthetase activity which we 
observed after a single cortisol injection into the rabbit fetus. 

The finding of cortisol-induced inhibition of pulmonary fatty 
acid synthesis in this study emphasizes the fact that the accelera- 
tion of pulmonary maturity by cortisol is associated with other 
inhibitory effects on cellular metabolism and growth. 

S U M M A R Y  

The administration of cortisol to fetal rabbits resulted in 
inhibition of the enzymes of de novo fatty acid synthesis in the 
lung. Concomitant with this inhibition there was microscopic 
evidence of enhanced pulmonary maturation. Cortisol adrninistra- 
tion had no effect on the enzymes of fatty acid synthesis in fetal 
rabbit brain. 

The inhibition of the enzymes of de novo pulmonary fatty acid 
synthesis by cortisol administration may be related to the known 
inhibitory effect of cortisol on fetal lung growth. 
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