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The plasma levels of free 17-hydroxycorticos-
teroids (17-OH-CS) were found to rise progres-
sively during pregnancy (1-5). In cases of vag-
inal delivery and "indicated cesarean section,"
labor and delivery had a tendency to further in-
crease the maternal concentrations (6, 7), while
in cases of "elective, repeat cesarean section," the
levels were not as high as those observed in cases
where labor had taken place (8, 7).

The levels of 17-OH-CS in cord blood were ob-
served to be very low in cases of "elective, repeat
cesarean section" (8, 7). In cases of vaginal de-
livery and indicated cesarean section the concen-
trations were as high or higher than those of nor-
mal adults (3, 6-9).

Studies involving the intravenous infusion of
ACTHor cortisol to patients selected for "elec-
tive, repeat cesarean section' strongly suggested
that 17-OH-CS could cross the "placental barrier"
from the mother to the baby (7). In all cases,
there was a direct relationship between maternal
and cord levels, the latter values being one-half
to one-fifth of those of the corresponding mother
(6, 7).

These findings suggested that, near term, the
fetal adrenals produce little 17-OH-CS and that
the increase in cord levels observed in cases of
either vaginal delivery or "indicated cesarean sec-
tion" was the result of elevated maternal concen-
trations.

The present work is an attempt to elucidate fur-
ther the metabolism of corticosteroids during preg-
nancy. It was thought that radioactive cortisol
might be useful since it would permit a dynamic

1 This work was made possible by a Grant-in-Aid from
the American Cancer Society of the Committee on
Growth of the National Research Council, and by a re-
search grant from the Division of Research Grants and
Fellowships of the National Institutes of Health, United
States Public Health Service.

2Recipient of a research fellowship of the French gov-
ernment and of a Fulbright Travel Fellowship.

study without interfering with the
production of steroid.

endogeneous

METHODS

Preliminary study on newborn infants. If, following
the injection of radioactive material to a mother, a large
part of the dose were to cross the placenta, we had to be
assured that the newborn would dispose of the com-
pound as rapidly as do normal adults (10-13). There-
fore, in a first step of the present study, we measured the
urinary excretion of radioactivity during the 48-hour
period following the administration of a minimal dose
of 4-C!-cortisol (1.5 X 1OV mticrocurie) to two newborns,
15 and Z2 hours of age. Since, as shown in the Results
section, the 48-hour excretion of radioactivity was within
normal limits, it was considered safe to proceed with the
injection of mothers shortly before delivery.

Experimental subjects. The other subjects of the study
were nine pregnant females, 20 to 38 years of age. An
"elective, repeat cesarean section" was performed ap-
proximately at term and before onset of labor in all
cases. Sections were deemed advisable because of a previ-
ous "indicated section," but otherwise the pregnancies had
been normal. The surgery was performed with local in-
filtration of Novocain® and intravenous Pentothal®
anesthesia.

Purity of 4-C-cortisol. The 4-C14-cortisol was pro-
vided by the Endocrinology Study Section, Division of
Research Grants, National Institutes of Health, Bethesda,
Maryland. Its specific activity was 1.467 millicuries per
millimole. The purity of the compound was tested as
previously described (13), and 90 to 95 per cent of the
radioactivity was found to move as cortisol on our paper
chromatograms when using the Bush (14) system of
benzene: methanol: water (100: 55: 45).

Mode of administration of 4-C"-cortisol. The radio-
active steroid was dissolved in re-distilled ethanol so
that 1 ml. of the solution contained approximately 1 mi-
crocurie. For human administration, 1 ml. of this solu-
tion was carefully pipetted out and diluted with 10 ml. of
5 per cent dextrose in water. The method of intravenous
injection and the mode of calculation of the dose actually
administered were similar to those previously described
(13). The dose given to each of the subjects of the
present study is indicated in Table I.

Subject A. 0. received the injection 24 hours, and sub-
jects A. P. and A. Q., 48 and 46 hours, respectively,
prior to delivery. In the six other cases the steroid was
given from 17 to 69 minutes before delivery (see Table I).
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4-C -CORTISOL DISPOSITION IN LATE PREGNANCY 1

TABLE I

Radioactivity readily extractable from plasma with chloroform, and that extractable
following jp-glucuronidase hydrolysis at various intervals following 4-C4-Cortisol

administration (expressed as percentage of the administered dose
per liter of plasma)

TIt AFTEUCRSD
SUBJECTS INJECTION FRCTION FRCTION

W)1713R, 2),7rs., 82 kg. 30' 5.0k 0,36
779s600 , 148 hrs, prior 60' 4*09 0.29
to delivery 120 3*M 0.46

A.P. 2140' 185 0.1,6
4s8 hrso 0.d 0.

BA ,S 3670 g. 14 hrs. 0. 0.
?I)ThER, 24 yra., 69 kg. 20' 6 0040
812,000 c/s 146 hrs, prior 60' 4.51 0.14
to delivery 120' 3.05 0.39

A.Q. 21,0 1.75 o43
46 hrs, 0. 0.

BAN2L 3050 g. 46 hre. 0. 0.
1DTH1IR, 24,rsu., 65 kg. 301 - 75 0-35
766,500 cU 24 brs, prior 601 3.55 0.56
to delivery 140' 2.1,7 048

A.0. 2501 1.16; 04
2, hre. 0. 0.

65bg.-217f 7 70 0.46
,O1.7oO aNs 17 rior to 27 58633

A.G. delivery 150 ' 0.31
260' 185 0.52

BA 0ft 2690 g. 17' 1,61 0a3_4ram 7 0gog 27' 0,;872, 5WO f j, 2.7' prior to 60 ' 3o7S 0*32
A.H. delivery 145' 3.01, 0.30

263' 1.63 0.38
B4BY 2, 2680g. 27' 1.46 0.09

TEl, ym.,q 76 kg. 20' 5.114 0.7
907,100 as 39' prior to 39' 3.,6 0.19

A.B. delivery 150' 1.1,9 0.19
21,' 1.15 0.16

BA 2, 2800 g . 39' 1.21 0.09
MCTHKR, 2, yrs., 76 kg. 17' 6,142 0.30
936,500 cup 51' prior to 371 4.62 0.31
delivery 52' 3.29 0.38

A.L. 120' 2.50 0.35
24,' 1.70 0.37

BYd(3200g. _ as' 1.57 0.08
__DHE43yrs;; 93 kg. 15' 6.26 0.1,8

814,2W'200 , 60' prior to 60' 14.j 0.18
A.I. deldery 120' 227 0.43

24,0 1.17 O.36
BA (fs 2090 -tg 60' 0.0 0.13

-MOTER$, 21,,T., 50 kg. 20' 6.80 0.33
900,000DO 69' prior to 69' 14.64 0.56

A.M. deli ry 120' 3.98 0.56
_ 210' 2.1,6 _ .63

aB -d(Fs, o . -69 1.70. 0.21,

Collection of blood and urine sampWles. Samples of ma-
ternal blood were drawn in heparnized syringes at
various times after the injection. In all cases, a sample

was collected at the exact time of delivery in addition
to a specimen of cord blood. The plasma was immediately
separated from the red blood cells. Urine samples were
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F IG. 1. CUMULAIE URINARY EXCREONOF RADIoAcTIVITY FOLLOWING 4-C14-
CORTISOL INJECION IN Two NoEmALNzwBoRNs, 15 AND20 HOURSOF AGE

The broken line is the average urinary excretion of seven normal young adults
(13, 15). The shaded area shows the range of values for these normal individuals.
The full lines join the values obtained in the two normal newborns.

collected from the mothers and their babies at specified
times following cortisol administration (see Table I).

Preparation and assay of the various plasma and urine
extracts. Each plasma sample was extracted three times
with freshly re-distilled chloroform (40 ml. X 3) in order
to extract the free steroids ("free fraction"), after which
100 ml. of absolute ethanol was added to the plasma
residue. After shaking and centrifuging, the liquid phase
was decanted and the remainder was washed with 50 ml.
of ethanol. The pooled ethanol extracts were then evapo-
rated to dryness. The ethanol residue was dissolved in
20 ml. of distilled water, incubated with f-glucuronidase
(approximately 500 units per ml. of plasma), at pH 4.6
(acetate buffer), at 37° C. for 48 hours.8 Extraction was
then performed with chloroform (40 ml. X 3) to obtain
the steroids formerly present as conjugates of glucuronic
acid ("glucuronoside fraction").

A 25-ml. aliquot of each urine was extracted three times
with an equal volume of chloroform in order to obtain
the "free fraction." A fi-glucuronidase hydrolysis was
then carried out on the urine residue under the same
conditions regarding temperature and pH as for the
plasma ("glucuronoside fraction"), followed by 48-hour
continuous extraction with ether at pH 0.8. Three ml. of
concentrated hydrochloric acid was then added to the
aqueous residue, the mixture boiled for 20 minutes and
then extracted three times with its volume of chloroform.

A great discrepancy between the total urinary radio-
activity and the sum of those found in the various uri-

8Ketodase, a beef liver preparation, from Warner-
Chilcott Laboratories was used in the present study.

nary fractions was observed in all cases, and for this
reason a count of the isotopic activity was made on the
urine residues following the removal of "free," "glucuron-
oside" and "continuous ether extraction" fractions of
patients A. M. and A. 0. The urine residues of patient
A. G. were extracted twice with equal volumes of bu-
tanol and the butanol extracts were assayed for radio-
activity.

All extracts of plasma and urine, as well as whole
urine were assayed for radioactivity in the manner previ-
ously described (13).

Some of the "free fractions" prepared from maternal
and coid plasma were chromatographed on paper using
the Bush (14) system, benzene: methanol: water (100:
55:45). The following areas of the chromatogram were
cut out and eluted with ethanol: 1) the origin, 2) the
zone between the origin and the cortisol area, 3) the
cortisol area, 4) the zone between the cortisol area and
that of dihydrocortisone, the latter area being included
in this zone, 5) the rest of the chromatogram with the
front included. The ethanol extract was then assayed
for radioactivity content.

Control subjects for the present study. The results
obtained in a group of five normal young adult males of a
previous study (13) and in two normal non-pregnant fe-
males (15) were used in the present work as control
values. The two normal non-pregnant females (subjects
A. R. and B. A.) were 28 and 31 years of age. The ra-
dioactive steroid was administered to subject A. R. 19
days and to subject B. A. 15 days after the beginning of
the last period. Plasma and urine values of subject B. A.
were identical to the various mean values for the group
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FIG. 2. PLASMA RADIOACTIVITY IN THE "FREE" AND "GLUCURONOSIDE" FRAC-
TIONS OF MOTHERSWHORECIVED 4-C0-CoRTIsOL 24 To 48 HouRs PRIOR TO AN
ELECTIVE, REPEAT CESAREANSECTION

The broken line joins the average of the values obtained in five normal young
adult males (13) and two normal young adult non-pregnant females (15). The
shaded area shows the range of values for these normal individuals. The full
lines join the values obtained in subjects A. O., A. P. and A. Q.

of five normal males. Some of the urinary levels of
subject A. R. were slightly different from the corre-
sponding mean of the normal males, but they were all in
the range of variation of the male group. Furthermore,
sex did not appear to influence the removal of non-iso-
topic cortisol in a control group of 26 young adults, com-

prising 12 non-pregnant females and 14 males. Conse-
quently, it was thought possible to compare the 4-C1-
cortisol studies in pregnant women with those carried out
in the two non-pregnant females as well as in the male
group.

Our results, for control subjects, are similar to those
reported by other authors (11). When Peterson and
Wyngaarden (12) studied the specific activity of cortisol
in plasma, instead of the total free radioactivity, they ob-
tained a wider range of variance for the values of half-
life. This might be due to the fact that the error of the
chemical technique adds itself to that of the isotopic as-

say, while the latter one is only involved in the study of
total free plasma radioactivity (11, 13).

RESULTS

Rate of elimination of radioactivity by newborn
infants
The cumulative urinary excretion of radioac-

tivity following 4-C14-cortisol infusion to two new-

borns is shown in Figure 1 and is comparedto the
average excretion of five normal males (13) and
two normal females (15). It can be seen that,
after an initial lag period of 4 to 8 hours, the rate
of elimination of radioactivity by the two babies-
was similar to that observed in adults, and 48 hours.
after the injection the cumulative excretions were-

81.2 and 83 per cent of the dose.
Radioactivity in the "free" and "glucuronoside"

fractions from maternal and cord plasma
The amount of radioactivity readily extractable-

from maternal plasma by chloroform following
4-C14-cortisol administration is shown in Table I..
The results are expressed in per cent of the ad--
ministered dose per liter of plasma. These values
were plotted in Figures 2 and 3, and were com-

pared to the average curve obtained from seven

normal young adults (13, 15). In most cases the-
logarithms of the values between the first and.
fourth hours fell approximately on a straight line;.
during this period of time, equilibrium probably
existed between the various compartments of the
free steroid pool of the body. The average half--
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life of the free fraction was then 140 minutes w'ith
a range of 100 to 180 m~inates, compased to. 8&-

minutes for the control group.

Six hours after the injection of 4-C14-cortisol,
the free fraction was, still 1-.25 per cent the dose

per liter of plasma, int patient A. Q., while. it, was

only 0.34, per cent (subject B. A.) and. pet

cent (normal untie) in two control individu.als.

Table I and, Figures 2 and 3 also show the ra-

dioactivity extractable from pfasma after f.l-glu-
curoniclase hydrolysis. Two, hours after the in-

jection this fraction was approximately one-half

or leaw of that found; in nornali sui sbeat
The svinultaneous values for maternal and cord

plasma are sho5wn 'in Table Their ratio was

from 2.09 (subject A. L.) to, 5.14 (subj~ect A. I.)

TABLE II

Paper chromatographic study of thre radioactiviy readily AiracUbe from plas~ma with chlorttform

Radioactivity. in per. cent of total-c.%Im.
applied on chromatogram.

Pihara samples
Chromatogram area

Minutes
after NO. 1. Nor.3 No. 5 popceat

Su1bift" injk"Ot~o (Oftikl) No. 2 (Cortisol) No. 4 (front) recoveryr

Control- 20 1.8, 16A 48.2. 24.0 0.2 89.6
B.A. N~a.-prtgnaitav0 2.5 18.3 45.0 30.2 0 96.0.

young adult 120 Y. 3 21ff0 46.7
fema-fe 24Vl 24 17~.6, X~2 2&.1 0 98.3

15-20 2.8, 12.6 53.5 24.5' 0 93A
A. E., A. G., Maternal 2Q-60i 2.(0 20.5 577.0, 35-.O 0 114.5-

A. I. (Deliv.)
(pool).* 120-240 4.3 27.0 51.0 20.4 0.1 102.8

Cord 20-60 0 16.0 42.5 30.6, 0 89.1

3f0 4& 22.0 50.7 18.0 0- 95.5
A. 0., A. P. Maternal' 6ETY 3.2 24.4 46.9 24.1 0 98.6

(POOl~t 1204140, 2.9 20.2 50.5 19.3 0 9I.:9
240 4.6 26.0 55.1 16.6 0 10213

4-CK-cortisaIlladmirtistered 20 to 60 minutes- prior to deliv~em~~
t 4-C14-cortisol administered 24 and 48 hours prior to delivery.
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4-C-CQRTISOL DISPOSTJMON IN LATE PRGNANCY

TAULEIU
C luw urinary radioactivity following injection of 4-C"-cvcsdo

(expressed AS jperettagg of the administered dose)
. ~ os .IRS. (XACU WT. STRONG UN.

PAT-.ITS AFM TOTAL FETRAX. AC A UNTU
3.J3o EOBI PRpH 0,8 UDBM. FOR

other .i . 11.15 0.96 3.*04 2.82
8 36.50 t.77 9.82 7.85

12 55.40 3.61 1.60 10.42
A.?. 24 .68.00 14.49 18.10 13.85

48 n.9o 4.62 19.09 114.62
72 72.30 4.62 19.25 114.62

Baby 2_ .0. - 0.(?) 0.009 0.013

lother 16.80 1.09 5.02 3.69 0.92 6.08
8 43.40 2.68 12.50 9.51 1.97 16.74

12 59.50 3.08 17.50 12.85 2.70 23.37
A.0. 214 73540 4.05 22.50 15.82 3.65 27.148

148 74.80 14l9 23.140 16.35 3.95 26.91
Baby 24 0 0.012 0.058 0.076 0.022 0.238

b*Motr 14 1. 50 0.90 3.39 1.1k8
8 36.40 5,60 9.75 6.64

12 148.3 6.21 13.82 8.71
A.0. 24 61.2 6.70 17.50 11.00

148 614.1 6.75 18.22 11.24

Baby 24 1.037 0*035 0.102 0.150
148 1.626 0.014o 0. 0.217

Mother 4 11.38 0.83 3.60 2.30 0.58 14.7
8 32.60 2.12 9.67 7.48 1.48 11.85

12 142.60 2.65 12.50 9.28 3.85 114.32
Ae.Z 24 52.80 2.99 15.60 1.45 14.95 17.81

48 57.0 3.114 17.7 12.5o 5.07 18.A..... 2,14 .- = _..,.......,.=._...,..
148 0.1409 0.01U4 0.025 0.049 0.021 0.300

Mother 4 12#60 0.87 3.39 169 0.70 5.95
8 33.90 3.39 7.814 53.. 1.34 15.62

12 59.20 4.94 13.45 7.75 3.78 29.28
A.3. 21 75.20 5.85 16.145 9.148 5.21 38.21

148 78.80 5.98 17.O 9.87 5.21 40.714
$Aby 24 1_220 0.,02k OA8 0*.096 0.096 0o.956

_ or 4 12.55 1*314 3.0D 2.16
8 36.8 2*94 9009 8.28

12 57.2 1425 114.8 11.20
AAI 214 68W2 1.55 18.30 13.90

48 71.6 1458 19.20 114.80
Baby 2 2.022 0.049 0.296 0.390

148 2.435 0.053 0.330 0.14

for the free fraction, and from 2.11 (subject A. E.)
to 4.75 (subject A. L.) for the glucuronoside
fraction.

It was previously noted in control individuals
that.only a fraction of the total free radioactivity
moved on paper chromatograms in the cortisol
area (11, 13). The same phenomenon was ob-
served during late pregnancy, as shown in Table

II; the percentage of activity corresponding to
cortisol was rather constant throughout the ex-
periment and similar to that observed in a non-
pregnant female (subject B. A.) and in normal
young adult males (13). Even though no at-
tempt was made to characterize the extra-cortisol
radioactivity, it is reasonable to believe that area
No. 4 of the chromatograms would correspond to
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The broken line joins the average of the rates obtained in five normal males
(13) and two normal non-pregnant females (15). The shaded area shows the
range of values for these normal individuals. The full lines join the values ob-
tained in the patients studied.

the dihydro-compounds, while areas Nos. 1 and 2
would correspond to the 20-hydroxylated metabo-
lites of cortisol as well as the tetrahydro-com-
pounds.

Radioactizity in the urine of mothers and their
babies
The activities of the various urinary fractions

are recorded in Table III. The rate of excretion
of radioactivity per hour was calculated for the
individual fractions covering different periods of
urinary collection. These values were plotted on
semi-logarithmic paper and the results are shown
in Figures 4 to 7. These figures show also the
average values obtained in seven normal subjects
(13, 15) with the range of variation of these
values.

The total 48-hour excretion of radioactivity by
the various patients was smaller than that of the
normal subjects of previous studies (13, 15) who
excreted an average of 87 per cent of the dose.
This was mainly due to a decreased rate of excre-
tion during the first 4 hours following 4CG14
cortisol administration (Figure 4). Excretion

from the fourth to the twelfth hour was equal to,
and in some cases higher than, that seen in con-
trols. After the twelfth hour the values were at
the lower limit of normal.

The urinary "free fraction" was within the
normal range during the first 4 hours (Figure 5),
but from the fourth to the twelfth hour, the rate
of excretion in patients studied was three to five
times higher than found in control subjects.

Conversely, the amount of radioactivity in the
urinary "glucuronoside fraction" was lower than
average during the first 8 hours after 4-C14-cortisol
injection (Figure 6), following which the values
approached the lower limits of the control range.

The amount of radioactivity obtained after 48-
hour continuous ether extraction at pH 0.8 was
somewhat larger than the normal values during
the 4 to 8 hour collection period (Figure 7).
Thereafter, the rate of excretion was variable.

Table IV shows the difference between the total
urinary radioactivity and the sum of the activities
found in the "free," "glucuronoside" and "con-
tinuous extraction" fractions. Following the re-
moval of these various fractions, the urine residue
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and 20.71 per cent of the dose, respectively. The
difference between these two values and the total
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FIG. 7. RATESOF URINARYEXCRETIONOF RADIOACTITY OBTAINEDBY 48-HOUR
CONTINUOUSETHER EXTRACTION AT PH 0.8 IN MOTHERSWHORECEImD 4-C-
CORTISOL 24 AND48 HoURSPRIOR TO aECTIVE, REPEATCESAREANSECTION (LEFT)
AND IN MOTHERSWHORICMVED 4-C1-CMISOL 17 TO 69 MnNUTES PRIOR TO

SECTION (RIGHT)
See legend for Figure 4.

of each individual urine sample) made up to that
point. In patient A. G., the butanol extract of
the urine residue contained only 10.1 per cent of
the dose and it seems that butanol does not extract
all the activity left over in the urine after removal
of "free," "glucuronoside" and "continuous xtrac-
tion" fractions.

DISCUSSION

During pregnancy, near term, and during de-
livery by "elective, repeat cesarean section," the
intravenously administered cortisol disappeared
rapidly from the circulation as it did for the group
of control subjects. The first 30 to 60 minutes ap-

peared to represent the period of time required for
the radioactive steroid to come into equilibrium
with the non-radioactive cortisol in the various
body compartments. Prior to the onset of. labor,
the chloroform-soluble radioactivity in the plasma
disappeared much more slowly than in the con-

trol subjects despite the increase in blood volume
observed in pregnant women (16). These find-
ings demonstrated a rather marked modification
in the metabolism of 4-CW4cortisol. When the

surgical stress associated with the cesarean section
intervened shortly after the administration of ra-

dioactive steroid (69 minutes or lpss), the curves

of the "free" and "glucuronoside" fractions in
plasma were similar to those found in patients who
had received 4-C14-cortisol 24 to 48 hours prior
to delivery; the rise in plasma 17-OH-CS levels
observed following this surgical procedure (6)
would, therefore, appear to be due to a true in-
crease in adrenal function.

In the maternal plasma, the amount of radio-
activity freed by fl-glucuronidase hydrolysis was

smaller than that found in the controls but not
absolutely nil. However, we have been unable, up

to this time, to measure the Porter-Silber chromo-
gens in the plasma of pregnqat womenwhen using
the method described by Bongiovanni (17) for the
estimation of conjugated 17-OH-CS. A pink
color was observed during the development of the
reaction which did not appear to be due to the
presence of an increased amqpqnt of estrone, estra-
diol, estriol or pregnane-3a, 20a-diol in the plasma
extract obtained after f8-glucuronidase hydrolysis.
Our inability to measure the conjugated 17-OH-CS
by the Porter-Silber reaction must be due, there-
fore, to interference by some other material rather
than the total absence of the glucuronoside of the
17-OH-CS.
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TABLE IV

Comparison of unaccounted for urinary radioactivity following remoWs of "free,"
"glucuronoside" and "continuous extraction" fractions and

radioactivity found in urine residue

HURS PATIE A.N. PAbWTA.0 PATtN A.G.
AF+ZR I*' nl4 1* i*,**

C,,.kR CUT 0?T.E. DOSE

'4 605 3.48 7.00 3.76 5.73 2.45
8 10.U4 6.62 11.71 7.78 8.68 3.84

12 10.14 7.10 7.36 6.25 6.15 2.32

L4 224 i4.52 4.05 5.06 .992 5.o4 1.18

4olo0.57. 0. 0. 0. 2.19 0.31

_ Total 32.02 21.2 31.13 20.71 28.19 10.10

214 1.287 1.03l 0.260 0.139 0.750 0.24
48 0.2814 0.200 - _ 0.477 0.14

m Total 1.571 1.233 0.260 0.139 1.227 0.38

* Difference between total urinary radioactivity and the sum of activities in
"free," ",glucuronoside" and "continuous extraction" fractions.*S Radibactivity id urine residue following removal of "free," "glucurono-
side" and "cntinuous extraction" fractions.

*Rdidoactivii*y "in butanol extract of urine residue following removal of
"fre*," "glueurnohside" and "continuous extraction" fractions.

In patients with cirrhosis of the liver, it his been
shown that following cortisol administration the
rate of disappearance of free 17-OH-CS was much
slower than normal, due to an impairment of the
rate of conjugation of the metabolites of cortisol
(18, 19). A similar situation is observed during

late pregnancy. However, in the cirrhotic patients,
the resting levels of free plasma 17-OH-CS have
been reported to be normal, while in pregnant
women they are elevated. It would appear that
during pregnancy the control mechanism of homeo-
stasis is impaired, as it appears to be in dying pa-
tients (20). It is not possible at present to ex-
pladinthe reasons for such an impairment.

Chloroform extractitble radioactivity was de-
tected in cord blood, confirming the fact that cor-
tisoll and/or its free metabolites can cross the
"placental barrier" (7). The radioactive steroids
appeared to Breac the -fetus very rapidly smice they
were found in cord plasma of baby A. G. 17 min-
utes afterr the injection of 4-C~'-cortisol into the
mother. It was interesting to note that the ratio
of maternal to cord- fe -radioadivity was in -the

same range as that observed after the administra-
tion of non-isotopic cortisol to the mother. When
the steroid was administered 24 to 48 hours prior
to delivery, no radioactivity was measurable in
either maternal or cord blood at delivery time.

The amount of radioactivity liberated from cord
plasma by 8-glucuronidase hydrolysis was small
but significant (Table I). The ratio of maternal
to cord values of conjugated steroids was in the
same range as that observed for the free com-
pounds but there was no direct relationship be-
tween the two; that is, the highest values for the
ratio of the free compounds did not necessarily
correspond to the highest values for the -conjugates.
It is not clear whether the conjugated steroids
found in cord blood came from the mother as such
or if they were the result! of the fetal metabolism of
the free steroids which crossed the "placental
barrier."

The fact that no radioactivity, free or conju-
gated with glucuronic acid, was found in the cord
blood 24 to 48 hours after the- administration of
4-C04-cortisol to the mother would suggest that
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the fetus has means of disposing of cortisol and its
metabolites. They could either be excreted into
the amniotic fluid or returned to the maternal
circulation.

In the present study it was observed that the
total amount of urinary radioactivity excreted by
the mothers was significantly smaller than that
eliminated by normal individuals. Urine col-
lections were completed prior to the surgical pro-

cedure only in subject A. P. In subject A. O.,
only the first 24-hour collection was terminated
prior to surgery. From these limited data, it
would appear that during pregnancy, near term,
the rate of excretion of total radioactivity follow-
ing 4-C04-cortisol administration is somewhat
slower than in normal individuals.4 However, the
total urinary excretion represents the sum of
various groups of metabolites and it was found
that the "glucuronoside fraction" only was mark-
edly diminished while the "free fraction" was in-
creased; since the glucuronoside fraction consti-
tutes a much larger percentage of the total, it is
understandable that the total urinary radioactivity
would be decreased.

Wehave already mentioned above that, follow-
ing 4-C14-cortisol administration to the mothers,
the half-life of free radioactivity in plasma was

almost twice that of normal, and the total amount
of urinary radioactivity was probably smaller
than normal. At the same time, the plasma levels
of free 17-OH-CS during pregnancy, near term,
and prior to the onset of labor were found to be
not more than twice the 8 to 9 A.M. levels of con-

trol subjects. It would appear, therefore, that
there is no real increase in the production of
adrenocortical steroids in pregnancy, but rather
a decreased rate of catabolism of the corticosteroids
produced.5 It would seem to follow that the uri-
nary excretion of corticosteroids during pregnancy,
near term, should not be different from that of
non-pregnant adult females; this is in contradic-
tion to the interpretation of most results reported
to date in the literature. An increased urinary
excretion of glucocorticoids during pregnancy has

4Similar results have been obtained in two other pa-
tients (subjects A. T. and A. U.) who received 4C4-
cortisol 48 hours prior to surgery (21).

*The same conclusion was drawn by Mills (31) from
his work on plasma free cortisol levels and 17-ketogenic
steroid excretion during pregnancy.

been reported by Venning (22). Heard, Sobel
and Venning (23), Jailer (24), and Devis (25)
have noted an increased excretion of neutral re-
ducing lipids. An elevation in the urinary levels
of formaldehydrogenic substances and the steroids
reacting with dinitrophenylhydrazine has also been
reported by Tobian (26), and by Jayle, Desgrez,
Serpicelli, and Rozeg (27), respectively. How-
ever, Gray (28) found that free cortisone excre-
tions were higher than normal while the concen-
tration of tetrahydrocortisone, obtained only after
hydrolysis, was in the control range or perhaps
slightly lower. Our data tend to support his
findings and those of Devis (25) who reported a
marked increase in the free 17-hydroxycorticoids
in the urine of pregnant women. In the bioassay
employed by Venning, Kazmin, and Bell (29), the
free corticosteroids are not removed prior to pH
1.0 hydrolysis and it is probable that cortisol and
cortisone are biologically more potent than their
tetrahydro derivatives. It is conceivable, there-
fore, that the increase in glucocorticoid concentra-
tion observed by Venning (22) might be related to
the increased proportion of free compounds ex-
creted in the terminal phase of pregnancy. The
methods which measure neutral reducing lipids
or formaldehydogenic steroids are known to be
relatively nonspecific. It is possible that some of
the other steroids and/or their metabolites which
are produced and excreted in large amounts dur-
ing pregnancy might interfere with the measure-
ment of urinary corticosteroids by these tech-
niques. On the other hand, the determination of
urinary 17,21-dihydroxy-20-ketones by the reac-
tion of Porter and Silber (30) is probably some-
what more specific; little or no increase in urinary
corticoids was observed during pregnancy when
using this technique (25, 27). Little change in
17-ketogenic steroid excretion was also reported
(31).

If we assume that the newborn disposes of the
radioactive steroids received from the mother in
the same manner that he does following the intra-
venous administration of a given dose of 4-C14-
cortisol, the total amount of urinary radioactivity
excreted in the first 48 hours following birth would
represent approximately 80 per cent of the total
radioactivity which crossed the placental barrier;
that is, 2 to 3 per cent of the dose administered
to the mother. However, this assumption might

1360



4-C-CORTISOL DISPOSITION IN LATE PREGNANCY

not be entirely true since it is possible that ma-
ternal conjugated steroids cross the "placental
barrier," and because it is also probable that free
and/or conjugated steroids are returned from the
fetus to the mother, the entire process being a
dynamic phenomenon.

When each urinary fraction excreted by the
baby was expressed in percentage of the total out-
put of radioactivity, the values for the glucurono-
side fraction ranged from 3.9 to 20 per cent of the
total with an average of 12 per cent, while the
average for 7 normal adults was 51.6 per cent and
that of the mothers studied was 27.5 per cent.
The newborn appeared to have a diminished abil-
ity to conjugate cortisol metabolites with glucu-
ronic acid. The pattern of the other urinary frac-
tions did not differ greatly from that observed
in normal adults, and consequently the amount
of urinary radioactivity unaccounted for following
the various hydrolyses was very large. As seen
in Table III, a large amount of this activity was
left in the urine and even butanol did not appear
to remove it completely. The same phenomenon
was observed in normal adults but to a lesser de-
gree. It would seem that there are modes of con-
jugation of steroids with compounds other than
sulfuric acid, and it is possible that the newborn,
because of his partial inability to conjugate with
glucuronic acid, would use these other modes of
detoxification to a larger extent than does the
normal adult.

The sum of the amounts of radioactivity ex-
creted by the mother and her baby appeared to be
somewhat smaller than the total urinary excretion
observed in control subjects. Wehave some indi-
cation that some of this activity was trapped in the
placenta and that some of it could be detected in
amniotic fluid. It must also be noted that when
4-G'4-cortisol was administered shortly prior to
the surgical procedure, a certain amount of the
hormone was contained in the 500 to 750 ml. of
blood lost by the mother at the time of delivery.
Another possibility is that the mother might ex-
crete amounts of fecal radioactivity larger than
normal. Further work is in progress to study
this problem.

SUMMARY

The metabolism of 4-G14-cortisol during preg-
nancy, near term, was found to be markedly al-

tered. In plasma, the half-life of free radioac-
tivity was twice that observed in control subjects
and the amount of radioactivity released by 8-glu-
curonidase hydrolysis was smaller than normal.
The total amount of urinary radioactivity excreted
was diminished, with an increase in the "free
fraction" and a decrease in the "glucuronoside
fraction." These data suggest that the increase
in plasma free 17-hydroxycorticosteroids observed
near term is related to a slower rate of catabo-
lism of cortisol rather than to a more rapid rate of
its production.

Similar results were obtained when the surgical
procedure of elective, repeat cesarean section was
performed 17 to 69 minutes after the administra-
tion of the radioactive steroid. The increase in
plasma free 17-hydroxycorticosteroids observed
following this procedure would then appear to be
related to a real increase in cortisol production
rather than solely to an interference in its catabo-
lism.

In cord plasma, the amounts of free radioactivity
and that released by f8-glucuronidase hydrolysis
were one-half to one-fifth those of the correspond-
ing mother; this confirmed the observation that
cortisol and/or its free metabolites can cross the
"placental barrier."

No radioactivity, free or conjugated with glu-
curonic acid, was found in cord plasma 24 to 48
hours after 4-C14-cortisol administration to the
mother; this suggested that the fetus has means
of disposing of cortisol and its metabolites.

The total amount of radioactive steroid crossing
the placenta appeared to represent 2 to 3 per cent
of the dose administered to the mother. However,
this might be too low a figure if some of the ster-
oids are returned from the fetus to the mother.
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