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Frauenklinik der Universitiit Ulm/Donau

Metabolism of Progesterone in the Newborn

Cr. LAURITZEN

The fetus does not contribute significantly to the production of progeste-
rone and other gestagens originating from the placenta in pregnaney (Cass-
MER, 1959; Diczrarusy and TroEN, 1961). Greater amounts of progesterone
flow from the placenta to the fetus, where they are partly metabolized
(Runyesaum and Zanprr, 1962; HarseRT et al., 1964; Zaxper, 1964;
ParvEr et al., 1952). Some of these steroids are excreted in the urine of
the newborn in the first davs of hte. Principally, however, the fetus and the
newborn may be able to produce progesterone of its own (Forsgs, 1955;
Davis and Protz, 1957). Not much is known about the conditions of
pregnane production and metabolism in the newborn. We have therefore
investigated the excretion of progesterone, progesterols and of some pregnene
and pregnane derivatives and metabolites in the urine of the first days of
life.

Muaterial and methods

The investigations were performed in 535 newborns of both sexes. The urines were
collected in coloplast bags, The determination of progesterone and the progesterols
(200 and 208-hydroxy-pregn-4-ene-3-one) was done according to Scuusert, using the
sulfuric acid reaction as described by Zavraroxt. Determinations of pregnenolone
(3d-hydroxy-pregn-5-en-20-one) and 16z-hydroxy-pregnenolone were done according
to the methods of Snackneroy and Mrrenewn (1967), the determination of pregnane-
diol (3, 20q-dihydroxy-50-pregnane) and of pregnanclone (3u-hydroxy-5f-pregnane-
20-one) was performed aceording to the method of ScnxEmER and SzEREDAY (1965).

Results

Progesterone and progesterol were found in 19 out of 27 determinations in
the first two days’ urine. The newborns excrete progesterone in a concentra-
tion of 0-40 ug per 24-hour urine. Progesterol-20a and -205 are excreted in
amounts between 0 and 48 gg. The excretion of the pregnanes 1s highest 1n
the first two days and declines thereafter to barely detectable levels (Table I).
Pregnanediol is excreted in a rate of 40-200 pg/24-hour urine. The exeretion
15 also highest mn the first days of hife. In the following days values between
50 and 110 ug are found (Table T1). The level of pregnanolone in the urine
lies between 150 and 475 gg/24-hour urine with a rather constant exeretion
in the first week (Table I1I). Administration of ACTH (8 IU/day) caused

316



Aw el fur g1 A g Bu 11 1

suw re Aut g dw gy s R fut ety Aw § 1z uRay

08°1 fw g sw g1 - S (L £ g

= = = Bur et - du ¢ I

= = = %€ dul ' Sur gge 8E°1 sur gy AUl ¢'F £y

= % = 81 T B geg K0 sul 1R S (g1 P

66°1 Sut gg sur 601 0e's: Sur ggr sur 'L L fu gl g ¥ £ op

- - - 00° 1 fur grgl AU § 0z = B £°RE £ 2y

- & el dwr gy Fw ey G dur g1 Sw g'g P an

: : - 60°C s L dw §g1 00z Swogy, B 8'0F £ oog

- - - PR0 w1z B L1 ot swog1E A 0'8% £ up

= = L) fur Gg¥ Fut (" gg G670 CIU 25 35 sw (pe 5 od
ORI DULIN || £ UT O UL 1 2 Ut Ol auLn 1 g ut uLImn
joamsafond oz pue pgz  sunn y $z ur  [osnsoioad  doz puenggz eumm y §g ut [oamsafond  gog puw oz Yy $z ul
Jounoaaygaiord  pousiseSoad  suocamisedord fpuocsaisafoad olaysasond suoisiseBord fouoiajsafiond orapsafond auoaajsaford

l ! | [

oqf o Svp pag

g Jo Avp pug

ajI] 30 ABp 18]

Xas fouuy]

;.ﬁm_ mnu m.._,__.._mmu .ﬂ.rﬂﬂm U3 Jo n..:___._: :.HGH_.FLC _..._ ._C.Tuu__n.ﬁﬁpr..mﬂ.?u T_.:.v ‘_:C.H__upm:ﬂn..._.._ m: .—._C.:L.._GV.HH—.

T 219%.L



(Dze—69)

G'0Fe 80k o1FE &uek G 1L ¥ene frue GRUE = Uy
¢eEe  E'E6E PEe 0°08¢ noee 0cle LY CLEY 061 Gne 01é | 23 9¢ 09LE &
I'1%e <618 G'C68 (roce 0 eHf (Urasy | ("U8e 0°0L1 ool O&T 06 e &E L 0ele S
F0Le cgee (FORE reLe (" CRE 0°CEg 0'cLe 0cLy cel el 011 ¢ 1 ¥ 0LOF &
¥Pe 6'CIE 00gs 0oog L GORE 0’008 Leke (§ER 01e g6l 01 L £0 (168& &
O1-F1 91 39 g REN PIg Pug 151 030 LR iy Mg pUg 9]
sAEp a1 apI] 3o Awp aji[ Jo Avp
1O SUBIY ‘(aunn 1 $g/ow) auojourudand jo uoraIaxgy “{qur) aurIfy () Jyda gy X0y
SUIOQMAT JO AULIN ] FZ Ut suocjoueusaid jo uonazxy
TTT =198
088 8'6L & 69 LR 878 g'8L P LEL = uRajy
€L 0'1¢ TTF &'ro ¢gL a'pe €96 061 Goe 01¢ 0cl 23 9% 09LE &
Foll L'801 1’101 ¢LEl 0°En 0eF1 6'CFl eel 0T 06 e €e L 0E18 5
R8IT L'OLT ¢ee 0 1ol COFT Gren ¢ 10g el CET 011 v 1¢ 83 OLOF &
0°gg R8F 1% ) 1"9% gL LR Y 08e 01z gE1 081 Gl gy 068E %
i YAg HE g PIE PUg 51 U Uie My P PUg 18]
s4up g 21 Q1] Jo Aep a1 30 Aep
JO UBITY Houtn y g/ [opsurudard jo UOTIREXT] “u) aunry (3 Ay Xog

SUI0QMaU JO 2ULIn | §7 ul Jorpaueusaid jo uonaioxy

R bl AP



@ 0°0LE  0°0CE  0°0LE 0CCE D08E 0°¢le auofourusard
o 916 E£E8 819 {19 gy gL [erpeuruiaad I L& OLE €L 0gE 06T 09T 0CFE £
coro d 0°¢0¢  0'0LE  00EF ('89€  0'[c8  0°0gg duofouvuBard
coo d '¢6T  CBLT  E0FI 06E1 VEEl TFS  [orpsusudaad F1 OBE  06G  OZL  ORE  O8E U6 001% 3
copd 0086 0°08L  0°04L 0'E8G  0'GLE  ('gL¥ euofourusad
cppd 0L8Z  9'6FE  C08T RE6I  O°L8T  €FI1 Jorpaueudard ¥ CcFz 061 08T €% LL W@ 0EEe P
g00 4 0¢9F  0FFF  0°83 0008 0'ELE (09T euo[ourusaid .
corod COBT  £0FT  RHL £'L0 G911 208  [erpaurudard ¥ 082 G932 061 0¢T 00T OF 0L9¢g &
o 0°¢68  0°0LE (LR 0'eLE OFRE 00gE suojounuBaad
2 ¢FL U6 RI6L eRO01 LB6IT gy [orpaucufad ¥ 01§ O8E  COE 00T ¢8R 09 0E0% &
oo d 0°¢8  0'¢RE 0¥ 0061 0°¢RT 0001 ouojoutuFod
cood €0FT  OGLL  OFEI gy wee Py [orpeurusiad Pl COP  OZE  LEE OFE GFE 06 01LE P
139 3g 3 -
= pig  pug w1 coprjodep SYRPL g e oyip pag puz o asy &
ouEd (Aep/11 8) HLOV : UI0gMaL M G S 1 (%)
-[JIUETY Furmp (Fur) uorgaaaxy H.IOV 210]a3q (Fu) uonaiaxy 1o iy () outiy S xag

Aep aad IOV 1 8 10 nonalun Suinojjo] pur ai0Jaq sUIOgMaU 1 Jo aulmn 3l ul suojouruianl pur jorpauvuisad jo uopaaxy

Al 919RL



0001 = (004 -
ElEre R (OCEl =
N e OLT =

Lo %86
LEL OR0OT
011 001 ==
08 00171
59 001
0L 0071 =
08G - 191
918 peu
0cl = 00e
00071 = Q0L =2
RELE 00Fe
0FE - 007 -
009c = 0011
8801 (0T
0F = (8.~

dnoad
-0ap Ay

|.HW.H._....urH T..__m_x-,:u_:.v

G puUE & ”

auodasepuetdaotpayyg

(ORI G SOTPUY.
SUOTPIUD]SOIPUY

p::umn_:q:._u.l”.ﬂfw.ﬂ..ﬁ "

USRI} ID1IR PUR 2JOJN] S[R10) PURIS WOL] PAJR[NI[R) 4
21O AP [OIUOD JURIUL §1Y) 10 o

sAEP U0 uaAIE HIOV Yl g pue ¢ ¢

oh
G0
Funt
Alu. ..
LhEl
O]
(e
Lo01
0 _:-

e
6Ll

Lt

(MR

|
£O8F
LOLT
tal ]
Loy
L6067
e
LE8E
&R
1¥¥
REO0F
(104

061
LIRY
09%%
it
{80
08T

DH A
"HO-91

6¢

(1
0¥ CE6T
LLET LFRT
ocl 01
¢182 072E
LOT1 0702
09T L
LY61 £678
OFL 0zET
0Ll 00T
OROG DETY
LA LEve
g6 61—
0Pze r8LL
0991 €12z
8LT 000G
2S0% 25
OvT LEOT
VHA

“HO9T  ayV-0-0T

1T~ et
LLE G60¢
"Ll eLe
.q.l e M...— m
cr 420 08
0L = Loe 08
0L (6
LI1 LOw s 04
86 £1E (L (e
¥ L0 e (¢
LE0T TIL 6l |
2TL DEF o= a2
OE— 5% 861 LI
Leg URE 011 16
a1L Ul [ 1%
01— 091
ksl vet e - (e
|6 061 (§L e e -

DHAd

fVHO oD

s(I¥V  "HO-le

poIslsuIwipe sesn HIOY
Yatlis Bulnp g puu ¢ ‘f sAUp 0§ PUB JUSWIBAI] OU 1TM IJI[ JO SATP 92aY1 1801] 211 10§ PaSelont ‘UIoquau 2} Ul (1 $3/811) U011a1aXa proans A1vui

A 9]qRL

el
(6

sl
Lel

GO

%

Huh

16e

(0 P&
atnjoa
AL
DRRIIAY

S URIUL O (0Bwinaw

UHILOY pumis)
CreeauoN e

asaur Uy
T HLOY
R | (AN o

SERATIT O

HLIOV
AR ...q_u__.us.fm. .._rmu
HERAIIUT 9%,

YO HILOV
R 14 (6N g

o4

aRwAIaUT O,

U HILOY
T AUoN

o1

BEEAN G P LN
U HLOY
Al 1

.H:A:_:._.W.PH..—L Hﬂ:u..wﬂ—.




Table VI

Different level of exeretion of pregnanediol and pregnanolone in the urine of suckled
and not suckled newborns (ug/24-hour urine)

Number Exeretion of Without mothermilk,  With mothermilk,
of deter- day of life day of life
minations _ N N
Ist 2nd  3rd 4th ath Bth
12 pregnanediol 253.8 120,00 374 91.9 1085 982 mean
pregnanolone  750.0  440.0  450.0 700.0  730.0  650.0
12 pregnaneciol with artificial milk 80.1 64.2 62.1 significant
6 with mothermilk 89.9 1058.5 937 p =005
12 pregnanolone  with artificial milk 410.0 396.0 3610 significant

6 with mothermilk 700,00 730.0 650.,0 p 0L01

Table VII

50 mg 20 mg 20 mg 25 mg
Progesterone Pregonanolone Pregnanediol Pregnanediol-
Lo, i.m., i.m. glucuronosid
i. v,
0,16 5, 0,19 % 0,55 %, 0,91 % 0,88 % 1:5:0
additional additional additional additional ndditional additional
excretion of excretion of exeretion of excretion of excretion of excretion of
Pregmanediol FPregnanolone Pregnanedicl Pregnanolone | |Pregnanediol Pregnanediol
in ¥ x 24 hours| |in 3 x 24 hours in 3 x 24 hours [fin 3 x 24 hours]jin 3 x 24 hoers| | in 3 x 24 hours
urlne uring uring uring uringe urine

no increase of pregnanediol in 2 out of 6 cases. In the other newborns an
increase up to 100%; 1s seen, which is significant at the 0,05 level (Table IV).
In 2 out of 5 cases an elevation of /1°-pregnenolone up to 3009, occurred.
A 100-400% inerease was also noted in the 16-hydroxypregnenolone frac-
tion in all cases (Table V). A part of the former may be excreted as pregnane-
diol. No increase of the pregnane and pregnane derivatives and their me-
tabolites oceurred following 3 5000 1U HCG,

Interesting enough the excretion of pregnanediol and pregnanolone was
significantly higher in newborns which had been nursed by their mothers
than in newborns fed with artificial milk {(Table VI). Pregnanediol was
found in the mothers milk on day 2, 3 and sometimes 4 in an amount of
30 55 g /100 ml.

Intramuscular injection of 50 mg of progesterone caused an additional
excretion of 0.16°, of pregnanediol and 0.19°; of pregnanolone in the urine
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of the newborns. 20 mg pregnanolone 1.m. effected an additional excretion
of 0.55%, pregnanediol and 0.91%, pregnanoclone. Intravenous injection of
256 mg of pregnanediol glueuronosid resulted mm an additional excretion of
1.5%, of pregnanediol. The rate of excretion is much less than in the adult
(Table V1I).

Summary

The investigations have shown that the newborn produces and excretes
small amounnts of pregnenolone, 16a-hydroxy-pregnenolone, progesterone,
progesterol-20a and -203, pregnanolone and pregnanediol. In the first days
of life, part of these steroids is supplied from the placenta or through the
mother’s milk. A basal excretion is, however, maintained by the newborns
own endoerine glands. The exeretion of the pregnene and pregnane derivatives
can sometimes be stimulated by administration of ACTH and is not in-
fluenced by HCG. It 1s therefore probable that the steroids excreted in the
urine of the newborn are produced by the adrenals. The metabolism,
especially the rate of excretion in the urine, is different in the newborn from
the conditions in the adult in as much as less than 19, of the substance ad-
ministered 1s excreted.
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Diseussion

JoSraesmmner: Wie erkliren Sie, dass Neugeborene, die mit Muttermileh ernithrt
wortlen sind, eine hithere Ausscheidung an Pregnandiol hatten als die, die mit kiinst-
licher Milch ernithrt worden sind ?

Cu. Laveerzen: Teh wiirde meinen, dass das dadurch bedingt sein kann, dass die
Kinder mit der Muttermileh Steroide zugefithrt bekommen, zumindest in den ersten
Tagen. s ist ja bekannt, dass in der Muttermileh 3e-208- und auch 3u-200-Pregnandiol
vorhanden ist. Das wurde mehrfach untersucht, und wir haben das selber auch nach-
weigen konnen, In der Muttermileh sind Steroide vorhanden, die moglicherweise von
Neugeborenen enteral resorbiert wurden,

J.Sraemmier: Die Werte sind hoch, die Sie da angegeben haben.

Ui, Lavrirzex: Sehr hoch nicht, aber die Differenzen sind gerade signifikant:
1o 005 pg fitr Pregnandiol und =2 0,01 pg fiir Pregnanolon,

J. Havier: 1 have learnt from your first Table that progesterone is excreted by the
newborn to an extent which in adults, aceording to my information, is not excreted in
that quantity but in a smaller one. Those figures which vou gave are not higher in
newborns compared with adualts?

. Lavrrrzey: This quantity is coming from the placenta T think.

J. Harnenr: There must therefore be a difference between the exeretion mechanism
of the progesterone produced in the placenta and that which mayv be endogenous, for
vou also demonstrated with your 15 myg injection that the pregnanediol excretion was
increased but you did not say anything about the progesterone excretion,

Cu. Lavrrezes: Maybe theve is a difference after the administration of progesterone
as compared to the exeretion of endogenous progesterone, We have, however, not
stucdied the excretion of progesterone in the injection studies.

B. Luxesrenp: Did vou find any correlation between the intensity of the icterus of
the newhorn and the pregnanediol excretion ?

Cu, Laverezes: We have not investigated this, but someone has. | do not remember
his name, but he has told me that he had found a correlation.

H. Brever: As far as the excretion of free progesterone is concerned T think that
the values in the newborn are hicher than in adults. The latest news from Edinbureh
is that the exeretion of progesterone varies between 1 and 10 ug/24 hours. Now I think
there is a different exeretion mechanism between the newborn and the adult as far as
progesterone is concerned. T wonder whether vou have any idea about the form of
conjugates in which progesterone may be exereted in the urine of the newborn ; whether
this could be an enol glucuronide. The second guestion is what happens to the injected
material in the newborn if you find only 19, in the urine ? Have vou any idea about the
route of exerction of the metabolites of progesterone in the newborn

Ch. Lavrirzex: No. But 1 would like very much to know, and I think we should
investigate this. Perhaps a great amount goes away with the feces. The function of the
kidneys is very, very low in the newborn beeause the glomerular filtration and the
tubular excretion are very low, [ think a lot of the substance may go away with the
feces or the meconium, However, T do not know exactly,
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H. Brever: [ would suspect — and this i3 only a hypothesis - that much of the
material is excereted through the gkin. You know that in the newborn an excess of fluid
is excreted to a great extent through the skin, and not through the kidney. This could
also apply to progesterone. As far as the metabolism is concerned, probably the low
activity of the glucuronosyl transferuse in the newborn may be one of the factors

which contributes to the high excretion of progesterone in the newborn.

Cir. Lavwerzen: This is very interesting because there may be different conjugated
Formes.
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