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'I'\renty pregnant rabl~its \ \ere  stutlietl in pairs. 1l:llf \rere 
~ i v e n  cortisol subcutaneously on clays 24. 25, ancl 26  of gestation 
in (losage of 2 nig/lig/tlay. Ilalf scrvctl as controls aricl receivetl 
 line. I'IIc fetal I111igs \ \ere  s t ~ ~ d i e d  on the 27111 tlaj of ges t :~ t io~~ 
by incul):~ting lulig slices in the presence of 16-"C]glucose. Glu- 
cose consuriiption signific:rntlg incrcasetl in the tissues fro111 
ariin~als trci~tcd \r itli cortisol. 17.61 2 5.56 (SI)) pl~iol /g \\el 
lung versus 14.28 a 5.78 (SI)) p111ol/g in the controls (P < 
0 . 0 5 ) .  '1'11e glycogen content of tiss~res treatecl \\it11 cortisol was 
significantly reducccl con~pared to the controls, 2.42 f 0.07 
(SI)) 111g1g stet lung versos 3.81 2 1.05 (SI)) riiglg (P < 0.05). 
'I'rcatnient nit11 cortisol rcs~rltetl in significantly enhancecl incor- 
poration of the "C label into gljcogen aritl phospl~atitljl choline 
(Tables 3 ; ~ n d  4). 'I'liese data suggest that glucocorticoitls affect 
fetal long phosph:~titljl cliolinc procluction I)! prori~oting gljco- 
genoljsis arid incr.casing glucose incorporation into pliospli:~titljI 
rholine. 

Diriiinislicd g l ~ c o g e n  content of the fet:~l lung in the I;ittcr part 
of gestation ni:~y reflect increasing utilization for phosphatitljl 
clioliric synthesis. Aclcl~osine 3',-5'-ti1o1io1)1ios~)l1ntc (cjclic 
)\>IF) increases \rl~ich occur after glucocorticoitl :~tln~iriistration 
niay I)e responsi1)le for i~ctivation of gljcogcn phophorj lases  in 
llie lung as they arc  in the liver. If irisulin iriliil)its gljcogenoljsis 
in the lung as it cloes in the liver. insulin niny itil~il)it pI~ospli:~titl~l 
cholirie s!rill~esis in tlie lung by prevent i~~g  gljcogen :~nd glucose 
Troll1 serving as precursors. 

Glucocorticoid i~drninistratio~i to prcgl1;int shccp. rahbits. 
monkeys. ancl humari I>eirlgs can inclucc prcnlature niaturation 
r)f tlic pulmonary surfactant system in tlic fetus ( 0 .  15. 17. 10. 
70.  34. 35). -1'hc mechanism 1>y \\Iiich these agent\ induce 
preni:iture maturation of fct;~l lungs is not c l e ~ ~ r .  Farrcll aricl 
Zaclimi~n (7. S) have sho\\.n tliat ~ ~ n t c n a t a l  ;~clniinistr;~tio~l of 
glucocorticoicl\ to fetal rahbits results in increa\ccl activity of 
cholinc pl~ospl~otransferasc. a rate-limiting enzyme for pliosplia- 
tidyl cholinc syntlicsis tllrougli tlic choline irlcorporation path- 
\v;~y rlcscribccl hy Kcnnccly (14). \\'c have rcportccl tliat in fctal 
rabbit lung. cortisol i~lliil>it\ c)clic /1;211' pliosplioclicstcrazc. in- 
crc;~\cs concentrations of cyclic 11hlP. anel incre;t\cs incorporit- 
tion of cliolirle and ~nctliioninc into phosphatirlyl cholinc ( I ) .  
Glucocorticoicl\ have mllltiplc effects o n  carboliyclratc mctaho- 
li\m through the tic tio\.o s\ntlic\is of a numl>cr o f  enzymes of the 
glycolytic patli\vay. including fructose-l .O-dipllo\l>Iiatit\c (73). 
p h o s p l i o l i c ~ o ~  isomcraw (35). g lucose-O-pl io~~~l i~t t :~sc  (37). 
and pliosphoerloIpyru\~iitc carl)osykinasc (79). 111 tissues such as 
li\,cr ; ~ n d  I I I ~ S C I C ,  the glycolytic ~ ; ~ t I i \ v ; i y  i'i closely coupleel to the 

patlnvays involved in pliospliolipitl synthesis (5). The \viclc- 
sprc;icI mctal>olic effects of glucocorticoiils may :~l \o influence 
the ;~\';~ilahility anel utilization of substrates for pl~ospli:~ticlyl 
clioli~lc synthesis. 

Glucose has been sIio\vn to be ari i~i lport ;~~lt  precursor for 
~>Iiosl>haticl~~l cholinc s!,ntliesis in aclult ral>l>it lung ( 0 ) .  anel tlicrc 
is indirect cviclcnce that glycogen is ;I precursor for pliosphaticlyl 
cholinc in fctal r;~l>hit lung (I 5. 74, 35) .  Bct\vccn 75 anrl 7 s  clays 
of gestation. the amount of glycogen. \vhicIi liacl ~>rcviously I>cen 
high. rlccrc;~scs  nil elisappears from tllc alveolar type I 1  cells 
(I 5) .  S im~~l t ;~ncous ly ,  I;~mell;~r inclusion llodics. the storage sites 
for surf;rctalit (16). ;~ppear  in greater nunlbcrs ; ~ ~ l d  i t  Ii;is heen 
suggested tliat this ol>servatiori implies tliat glycogen nl;ly be ;I 

precursor for surfact:~~lt (15). Glucocorticclicls also affect lipirl 
~iictabolism, promoting lipolysis in ;~tlipose tissue \vith tlie 
release of glycerol and  free fatty acicls (35). both of \vIiich arc 
precursors for pliospliatidyl elloline synthesis (77, 37, 33). It 
a l > p c ; ~ r ~  tlicrefore. that glucocorticoids have multiple effects 
ulx)~i pnlmonary rnct:tholis~l~, \vhich may result in incrcasctl 
pho~pIiaticl!~l cliolinc s!.ntlicsis. Tlic present s t ~ ~ d y  was unclcr- 
taken to rlctcrminc \vlictlier glucocorticoicls affect fetal lung 
pliosphaticlyl cliolinc productio~i by nioclifyi~lg glucosc utilizatio~i 
or co~ivcrsio~l .  

timccl to within 3 lir, were stucliccl in pairs. Iialf \vcrc given 
cortisol (Iiyclrocortiso~~c ~ ~ I i o s p h ~ ~ t c )  s~~bcut:~ncously,  3 mg/kg/ 
clay in three equal closes o n  clays 34, 35. ;111cl 76 of gestation. 
I lalf scrvecl as controls. rcccivcd s:~linc subcuta~icously. hut \vcrc 
otlicr\vise treatccl iclcntically. 

On tllc 77th clay of gcst;~tion the fetuses \verc cIelivcrcc1 by 
cesarean section inl~ncdi:~tely after killing tlic cloc \vith intravc- 
nous ~ x ~ ~ t o l x i r b i t a l  follo\vccl Ily KCI. The trac1ic;~s of the fetuses 
were cl:~mpcrl im~iicrliatcly after delivery ancl the spinal corcl \v;~s 
scvcrccl. .l'Iiis prcvcrlted air hrc:~tIiing and loss of traclic;~l fluicl. 
.l'lic lungs \\ere csciscd anel pl:~ccil in colt1 Krcbs-Ringer hicar- 
I~on;~ tc  huffcr, as moclificcl by O'Ncil ancl pI'icrney (70). *l'lic 
lu~igs \\ere rinsccl in the sanic buffer and blottcel \v i t l i  ;I clry gauze 
sponge. .l'issue slices of i000 mrn tvcrc then prcparcrl using :I 

hlcll\v;~i~l tissuc slicer as rlcscrihcd I>y O'Ncil ancl 'ficrncy (70). 
Ap~xoxiiiiately 300 mg tissuc were :~dclccl to 4.5 ml Krells- 
Ringer huffcr. pl I 7.4. containing 0.563 mCi [6-"C]glucosc 
(4.57 mCilmmol. New England Nuclear Corp.) in incubation 
flasks \vitli center \veils. 'I'hc ll;~sks tvcrc \vciglicrl hcforc and 
after the :tddition of tissue and the amount of tissuc added to 
c:~cli flask was tllus clctcrmincd. After ccluilibration for 45  scc 
\vitll 9576 0, and 5 %  CO,, the flasks \vcrc capped and incubi~tcd 
for 90 nlin in a Ilubnoff nletitbolic shakcr set ;it 3s" and 170 
oscillations/min. After tlic incubation, thc flasks \\.ere plrrcctl o n  



ice. T o  some flasks in each group 0.5 n ~ l  cluarternary arnine 
(NCS, New England Nuclear Corp.) was placed into the center 
\cell and 2 ml 6% pcrchloric acid were placccl in the outer 
compartment by means of a needle wliile the flasks remained 
se:rled. These flasks were incuh:rted again for 60 nlin to collect 
CO, in the cluarternary arninc. 'fllc cluarternary arnine contain- 
ing "CO, was transfered to vials to \vIiich an Aquasol-etllanol 
(New England Nuclcar Corp.) based solution was added, and 
counted i l l  a licluid scintillation counter (Nuclear Chicago Isocap 
300).  Glucose osidation was cirlculatcd by multiplying the ratio 
of disintegrations per min of "CO, to tlisintegrations per rnin of 
[6-"C]glucose originirlly added to the flask, by the amount o f  
glucose initially present in the medium. 

Tissue glycogen content \vas determiner1 before :rtlrl after 
inculxrtion by the method of Van I lirnclel (34). Glucose content 
in tlie incuhation medium was measured before ancl after incuha- 
tion by tlic method of Washko and Rice (36). Lactate content in 
tlie mediuni was determineel by the method of iIohorst (13). 
?'issue IINA was determined by the method of Sclincidcr (18). 

Lipicl analysis was performccl aftcr the sliccs were rcmovcd 
from the medium, \vasliccl in buffer sol~rtion, ancl lyophilizccl at 
-30". Total lipids \\.ere extracted according to the method of 
Folch ct (11. (1 0) under nitrogen, using a I'olytron homogenizer 
(Brinkman Instruments). I'hospliolipids were separated from 
neutral lipids by silicic acid column c11romatogr:rphy. The phos- 
pholipid fri~ction was thcn fractionated into various components 
by thin layer chromatography o n  Silica Gel 11-coated plates. Thc 
plates were dcvclopcd in chloroform-mctlianol-\vatcr (65:25:4). 
Tlic phospliatidyl cliolinc and phosl~hatidyl ethanolaminc frac- 
tions were recovered and quantitated o n  tlie basis of phosphorus 
content determined by the method of Bnrtlett (2).  Radioactivity 
was measurer1 in ;I liquid sci~itill;rtio~l cou~ltcr .  hlolar incorpora- 
tion of labeled glucose into the various products was determined 
o n  the basis of substrate specific :rctivities. Statistical analysis 
\\,as performeti using a paired t-test. 

RESUL'I'S 

Lung IINA concentrations before incubation i l l  tlie control 
and cortisol groups \vcre almost identical, 5.32 + 0.94 (SD) mg/ 
g lung in the controls and 5.35 + 0.86 (SD) mg/g in the treated 
group. The \vet \veight to clry \veight ratio \vas not significantly 
different bet~vecn the groups, 9.17 t 0.57 (SD) for the controls 
and 8.49 t 0.69 (SD) for the cortisol group. 

Table 1 demonstrates that glucose consumption c:~lcul:rtcd 
from disappearance of glucosc from the medium during the 90- 
rnin incubation significantly increases in tlic tissues treated \vith 
cortisol itr  litl lo, 17.6 1 + 5.56 (SII) I*mol/g lung as cornparcrl to 
14.25 2 5.78 (SII) p n o l / g  in the controls ( P  < 0 . 0 5 ) .  There are 
n o  significant differences in glucose oxidation or  lacti~te produc- 
tion bet\vcen control tissue and tissue tre~rtcd with cortisol. 
Before incubation, glycogen content of  tissues treatecl wit11 corti- 
sol is significantly reduced compirred with the controls, 2.42 + 
0.97 (SD) mg/g lung versus 3.81 + 1.05 (SD) mglg (I' < 0.05). 
*fhis reduction persists aftcr ir~cubation. 

Tlic content of phosphatidyl cholinc, phosphatidyl cth:~nol- 
arnine, and neutral lipid i l l  lung slices after 90 rnin of incubation 
is sho\vn in Table 2 .  No significant changes are found after 
treatment \vitli cortisol. Table 3 clcmonstrates that treatment 

Tahlc 1 . Glrrco.sc cot~.s~ot~prio~r ,  glrtco.sc ositlnliot~. rrt~tl I I I ~ ~ ( I I C  
~~rotlltctiotr e.t-prc.s.sc~tl (IS ~ t ~ i c r o t ~ ~ o l ~ . ~  pc'r g 111t1g (tt~c~rrt~ + SD); 

gl).cogctr cot~tc>t~t c.1-prc~,s.sctl rrs t11i1ligr~11tr.s p1.r g 11o1g (tr~c(rtr + SD) 

11 Control Cor~isol P value 

Glucose consumption 8 14.28 t 5.78 17.61 2 5.56 <0.05 
Glucose oxidation 9 0.273 + 0.138 0.283 2 0.144 NS 
Lact;~lc production 10 1 . 2 1  t 8 18.43 t 10.34 NS 
Glycogen content 

I3eforc incubation 9 3.81 ? 1.05 2.43 0 . 7  <0.05 
After incubation 10 3.07 + 1 .I4 3.20 + 0.84 <0.01 

?'able 2.  Cot~ tc t~ t  of pl~o.spl~rrlitl)~l c11oli11c a t ~ t l  plrosplrrrti(ly1 
etlrr~~rolrr~t~itre e.rprr.s.sc~cl rrs ttricrottrolc.s pcr g 11r11g (rtrerrtr + St)); 
trcrrlrtrl lipit1 cz.~-prcssctl cis t11il1igrat11.v pc,r g lrrt~g (tt~crrtr + SD) 

I' 
11 Co~itrol Cortiwl value 

I'Iio\ph:rtid>l choline 10 5 .XI) 2 1 .24 6.22 t 0.82 NS 
Plio\pliutidyl ethnnol- 9 2.88 + 0.43 2.76 2 0.62 NS 

nmine 
Neutral lipid 9 3.06 2 0.58 2.04 t 0.68 NS - 

Table 3 .  Itrcorl~orrrtiot~ of 16-"C/gl~ccosc itlto ~ ~ r r i o r t s  protlrtcts, 
r s ~ ~ c . s . s ~ l  rrs rtricro~t~olc.~ of gl~rcosc* per g Irtt~g ( I I I ~ ~ I I I  + SD) 

I' 
11 Control Cortiwl vrrlue 

Glycogen 10 0.1 16 + 0.061 0.145 + 0.099 <0.05 
9 0.054 2 0.030' 0.083 t 0.028' <0.05 

Phosph:~tidyl cho- 7 0.039 t 0.012 0.047 t 0.013 <0.01 
line 

I'hosphatidyl eth- 7 0.023 2 0.015 0.027 0 . 0 4  NS 
anolarnine 

Neutral linid 7 0.029 t 0.018 0.032 + 0.014 NS -- 

I Esprcs>cil as nlicromoles of 16-"C]glucosc per rng glycogen. 

with cortisol results in significantly enhanced incorporation o 
the I1C label into phosphatidyl cholinc (I' < 0.01). No signifi 
cant effect is seen in the incorporation of the I1C label intc 
phosphatidyl cthanol:~mine or neutral lipid. A significant in 
crease in incorporation of the I'C label into glycogen occurs afte 
treatment \vith cortisol ( P  < 0.05). I n  Tahlc 4 the amount o 
glucosc converted into CO,, glycogen, phosphatidyl choline 
phosphatidyl etlianola~ninc, ancl neutral lipicl is cspressed as  : 
percentage of total glucosc consumed. These products nccoun 
for al'proxim;~tely 11 P/o of glucose consu~ncd.  Treatment wit1 
cortisol docs not modify the percentage of glucose utilized fol 
the synthesis of CO,, glycogcn, phosphatidyl cthanolamine, oi 
neutral lipid. Incorporation of glucosc into phospliatidyl cholint 
is augmentecl after treatment \v i t l i  cortisol. resulting in a signifi. 
cant increase over the control, from 1.48 t 0 .60% (SD) to 1.7: 
+ 0 .63% of total glucose consumption ( P  < 0.01). 

Table 5 sho\\cs the clistribution of "C in the fatty acid anc 
glycerol moieties of phosphatidyl cholinc, phospli:~ticlyl ethanol. 
amine, anrl neutral lipid cspressed 21s a ratio of fatty acids tc 
glycerol. Cortisol treatment does not affect these ratios. 

DISCUSSION 

?'he results of  this study demonstrate that anteparturn cortiso 
: r d ~ i i ~ i i s t r ~ t i  is associated \vith a significant decrease in feta 
lung glycogul content. Although lung glycogcn depletion occur! 
normally during maturation, administrntio~~ of cortisol signifi. 
cantly enhances the rate of  depletion. I n  acldition. the rate o 
incorporation of glucosc into glycogen increases after cortiso 
arlministration implying incrcascd glycogen turnover. Our  find 
ing of lung glycogen depletion wit11 cortisol treatment is consist 
ent with rnorphologic sturlies sho\ving a n  accelerated decrease i~ 
glycogen content of alveolar type I 1  cells in cortisol treated feta 
rabbits (15. 24, 35). 

Glucosc, a product of glycogenolysis. undergoes a significan 
incre;rse in consuniption after cortisol administration. Cortiso 
significantly increases the amount of glucose ut i l i~ed for gl!,co 
gen ailel phospliatidyl cholinc. Cortisol also increases the amoun 
of glucose utilized for CO,, phosphaticiyl cth:r~lolarnine, an1 
ncutr:rl lipid. but not significantly. The percentage of glucos~ 
consumed which is utilized for CO,. glycogen. phospliatitl! 
ethanolami~ic, anci neutral lipid is not signific;rntly changed w i t 1  
cortisol treatment. This percentage is significantly increased fo 
pliospliatidyl choline synthesis only. The increased amount a 
tvell as increased percentage of glucose consumed for pliosphati 
dyl choline synthesis indicate that there is preferential incorpora 
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