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CJNPRODUCTION

Tn 1958 Wétt@nb@rgﬂdeaeriﬁ@d & histochemical
wethod for demonstration of JFA-hydroxysteroid
dehydrogenase am;impar%aﬁﬁ @néym@ in gterold hormone
biﬂgymthéai@, in tissue plicey, using & tetrasolium
ﬂyé@amﬂ provided a means of cellular locallgation of
ﬁhié engyme, Methods for Jd= and 134mhyawoxy$ﬁaroiﬂ
dehydrogenages were deseribed by Pearson and Grose
in 1959 and for Qodhhyarﬂxyﬁ%ewaiﬂ dehydrogenase by
Balogh in 1964, |

Other hydroxysterold dehydrogenases have been
deseribed bilochemically and 1ittie ie kunown of the
metaboliom of the corvesponding hydroxysteroids. TI%
wag thevefore declded 4o nmderﬁmké‘in the Depariment
of Anatony at Glasgow University a seavch for other
hydroxystereid dehydrogenases using histochemical
techniques and to explore the subsirate specificity and
co=-factor reguirencnts of these enzymes.

Beetion I of this bthesgis deals with the
deseription of technigues fovr ten hyﬁraxygﬁerwid

dehydrogenanes net previously described histochemically.

‘Alcohol dehydrogenase, a gource of control difficulties

expericnced/
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experienced in locallising hydroxysterold déhydrogenases
histochenlcally in endocrine tigsues has been
chavacterised histochemically, and ig degeribed in

this section,

Sectlon IT deals with the localisatlion, and in
gome cages the age di&twihutiam both foetal and poste
natael of the hydroxysterold dehydrogenases described
in Sectlion L, Addivional informetion about the
higtochemlcal distribution of éﬂm and iZﬁmhydrmx'a%ermid
dehydrogenases ig adduced,

Bvidence of sterold synthesis and metabdlism in
the human and murine gewital ridge is presented and
gome suggestions as te the poselble mechanism of
exeretion of gteroids in the kidneys ls discussed,

Bectlon IIT consliste of cbservalbtions on
hydroxysterold dehydrogenase aeﬁiviﬁy’im normal and
abnormal (hydatidiform degeneration) human placenta
and in the human term Foetal mambraméﬁa‘

The previous literature on §£~ and 1zﬁmhyﬁrmxym
gteroid dehydvogenase activity ie veviewed and knowledge
of ﬁh@se_emwﬁmé@ ig advanced by an extensive age gevies
of novual human placentaeyg the cellular and age
distribution of the hydrozyeterold dehydrogenases
described in Section I are detalled and the biochemical

(3

glgnificance of hydroxysterolid dehydrogenage actlivity in

placenta/



placenta 1w discussed,

Conflicking views on ljﬁmhydraxyataroid
dehydrogenase in placenita ave reviewed and some of
the existing disorepancies are explaineds moreover
evidence Ffor more than one placental 1;A»hydraxyﬁﬁ@r@iﬂ
dehydrogenase 1o adduced. ‘

Yhe final paper dhows' evidence of steroid
metabolism in the yolkeasace of a 14 mm. bhuman emnbryos
bydroxysbtereid deliydrogenase aaﬁ&%&ty hag vob previously

been described ia the hwwan yoll sad.
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By

Ao He Baillie,
W, M. Ferguson
Ke Go Calman
De MeK. Hare

Department of Anatomy, University
of Glageow, Glaseow,




]

SUMMARY .

l}émﬁyerXysﬁQraid dehydrogenase can be

demongtrated histochemically by incubating tissues
with pitro blue tetrazolium (2,2'-di-~p-nitrophenyl=

5,5 wdiphenyl~3,3'=(3,3 ' wdinethoxy-4,4*diphenylene)
ditetrazolium chloride),NAD or WADP and aun appropriate
stereid, fultable steroid substrates avesw (1) %}@—
hydroxyandroste=i~enc-5, 1L7-dione (1}ﬂnhydfoxyaﬁdrost~
enedione), (2) ﬁ;l}@wﬂﬁhyﬁ%axyﬁewtraul»3,%(10)»trien~
17=one (1}4~hydwnxye@mhron$), (3) 3y }}émdihyﬂrcxyﬂ

Semandrostenmll-one, (4) 3&,L}gudihydrczymgﬂwmnafoﬁtam“
17=one and (5) 1%6mhy&roxypr,gm~4w@ﬂemﬁ, 20~dione
(1}&whyﬂr0xypwaﬁ@$ﬁ@rﬁne).

l}ﬂwﬁydraxyﬁtafnid dehydvogenase aetivity was

found in the Leydlig cells of six human testes from
subjects ranging in age from 12 to 57 yr. with all
five subsitrates.

, e Teydig cells of the mouse testia contain
demongtrable }@»hydraxys jerolid dehydrogenase
'acﬁlvnty and the volune of reactlve tissue increases
regularly between birth and the end of the 10th
week of postnatal 1ife; ‘this growth curve is

gigmold in form. Ap extremely weak histochemlcal

reaction/
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with human placenta obtained at term was observed,
1%@mhy&rcxyanaraaﬁ@m@ﬁione helng the only substrate
ntilized to any extent. A speecimen of hydatid
mole, however, showed intense l}émhyaﬁqumt@woiﬂ
dehydrogenase actlvity with all subslrates
purveyed, 1%ﬁwﬁy&rﬁxysﬁewﬁid dehydrogenase wae
algo found in the ova, granulops, theca inberna,
interatitial btissue snd corpora lutea of the mouse

OVETY o

TNTRODUCTION .

In recent years Nitré~-BT has been used Lfor the
histochemlical demonstration of steroid dehydrogenases
and methods are now avallable for the localigation
of ?ﬁﬁ, 17@ﬁ, A0ol=y and 29@~hyﬂraxyﬁﬁemaiﬁ
dohydrogenases (Wattenborg, 19%8; Pearson & Grose,
19593 Balogh, 19643 Baillie, Calman,Perguson & Hart,
1065). This paper deals with thé histochemical
localization of 1}6~hy@rmxyﬁﬁmraid dehydrogenase

and with its substrate speelficity.

MADERTI AL, AND METHODS .

Testicular biopepies were performed on six
healthy human males aged 12, 13, 28, 29, 30 and 57
yre 1In addition, testes were obtained, with 1 wmin,.

of/
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of death by decapltation, from 44 Swiss white
mice, killed in groups of four ay wéekly intervals
between blrth and the end of the 10th week of
postnatal 1ife., Pieces 06 tiesue of abmut L em.B
ware cut from a hnuman placenta at Oa@qafeaﬂ
‘section performed at GeTm for obatetric reagons
not related to placental imm@ﬁlﬁn and from one
vaginally delivered hydatid mole in the 6th

month of gestation. Mouse ovaries were also studied,
Fiach btilssue gpecimen was frozen in sollid cerbon
dioxide within 3 min, afber interruption of itg

hlood supply and sectionad atl 1i/k on & cryostat
maintained at =209, The sectlons were attached to
eleanldry glags élideﬂ by nomentary thmwiﬁg. They
were lncubated for 1 hour at 37° iu phiosphate

buffer (0.05 M) contalning 1% {w/v) magnesium
chloride and the followlng reagents 3 NAD or NADP
{final ﬁanc‘ 0.0 = 0.4 mﬂ), nicotinamide (F%nal

CoNnee o0 mmig nitro blue tetrazolivm (2,21
diwpwmitrcphemylwn, wﬁnphe N7 LBy B Vm(B g 5V LME TROK Y
4,4'§diphenylem@) ditetrazolivm chloride) (Linal
conc. Cu5 mg./mls) (8igua) together with a

qt@romd sub Lcato disgsolved in propylone glycol/
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glycol (final eone., 0.0 »~ 1,0 mil}), The steroids

ghudied werase

(1) bAndrostedecne=?, 17=dione (androgvtenedione)

(2)

(3)

(4)

(6)
(7)

(8)

(9)

55

(Btoeraloids),
l%ﬁwﬁy@@oxyaﬁaraﬂﬁu4wen@*5, 17=dione (1}@~

hydroxyandrostenedione) (Medical Research
Council)y

%uﬁyﬂwaxyaeatrmml,ﬁ,ﬁ(10)4tri@nml?mmn@
(cestrone) (Bteraloids),

ﬁ,l}é&ﬁihyﬁwﬁxymeﬁtf&wl,ﬁQ%GlO)m%rien»l?waﬂe
(1%B~hyﬂwexyoemﬁrgﬂe) (br. Ko Griffiths),

;4,1}@~ﬂ1hyﬁromyugam&ﬁdreﬁﬁmmwl7mam@ (mgaﬁaal

Research Council),

Ty L1 =DLhydros yw/émanarcﬂtan«17~&ﬁa (dteyaloidm)

1%Awﬁyﬁrmxypr@gnw4m@new5, 20=dione (1}£whydraxy~
progesterone) (Steraloids),

Ll=Hydroxypregiedmene=d, 20=dione (1Llowhydroxyw
progesterone) (Steraloids),

Progesterone (Stersloids).

In additlion the effects of varying pH Lfrom

to 8,0 were observed, To compare results for

individual egubstrates a guantitative analysls of one

human teetis was nade uwsing the polnt method of

Glagolev/
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glagolev {1934) and Chayes (1949). Secitions at

a magnification of 90 diameters were scanned

with a grid with lotersecitlons 1 ome apart on two
axes at wrighi aﬁgleﬂ to one amétm@ru The volume
of Leydig tissue exhibiting 1}é»hyﬁraxy&%mreiﬂ
dehydrogenase activity when lneubated with a glven
subgtrate wae exyx@ﬁﬁﬁﬁ as a pereentage. In the
SaRme manner thé volume of reactive leydig tissuve
in the age meries of mouse btesten alter incubation
with 1%@uhydr0xyprog@ﬁteran@ was estimalted ap a
percentage, The testicular volume at different
ages Le already known in this strain (Baillie,
1961) and from the pervcentage and the tesbticular
velume the total volume of reactive Leydig tissue

wag ealeounlated,

HBSUTES o
Teptbis
ALl the haman testes studied presented & closely
fimilar picbure when incubated with the various
sterolds. With androsteunsdione no colour was seen
in any paxt of the teatia, After lacubation with
1}5mhyﬁroxyan&wmﬁﬁenedione blue diformazan parbicles

( Plate 9/
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(Plate, fig. 1) éna pink monoformazan deposits
were geen in many of the Deydig cells, No colour
wes seen in the seminiferous tubules. After
incubation with ocestrone froces of manmfarmaman
were seen iﬂVGﬁa or two leydig cells, but the
ma30$i%§ wér@ not reagtive., Wlth 1%ﬂwhyﬁwaxy@@sﬁr0na
mone~ and diformasan depopits were seen 1in many
Leydig cells but the testisa was legs reacbtive with
this substrate than with.1}4ahyﬂraxyamdfosteﬂ@&iaﬂe.
Ineubation with 3, 1}6mﬂihydx0xy~5¢wamara&ﬁam»l?*
one produced nonow and difermﬂzéﬂ depogition in
some Leydig cells but this substraite was not as
well used as 3&;11 wﬁihyﬂ@@xya§gmamar0@tanwl?*one,
With this sterold pink monoformazan and blue
diformazan deposity wewre a@&nlim most of the Leydig
gells and its reactivity approached that of 11 -
hydroxyandrosbtenedlione, The hum%ﬁitaaﬁeﬂ failed
to react with progesierone and ildwﬁydeXypwmgast@rm
one bﬁ% most of the Leydig cells reacted strongly
with l}eﬁhydmaxypreg@st@ranaé blusg diform&zmn
predominantly being<@ay0$itﬁﬁ‘

The adult mouse testes showed ammilar pigture
with each substrate butl %h@ dehydrvogenase activity

was/
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was less than that observed in the humen
matewial;' Wittle dgifference wag noted bedween
ﬁg,1}@waihydwaxymﬁxwanﬁraﬁ%ﬁﬂml?mnne and 3%,1}6n
ﬁihyﬂroxy«@&m&ﬁdfOﬁﬁmn~17wan@.l Velng l}gmhydrexyw
progestkerons méﬂy off the Leydig vells in the
neonatal mouze festis were reactive and contalned
monow and diformazan. With advaneing age the
pleture remalned little @hangé& (Plate, fig. 2).
Phe qmamﬁitative results obiained with different
&m%str&%@svin the human testls arve sunmarisned iﬁ
Table 1, and show tha$ l%ﬂwhydwmxyamﬁrﬁﬁﬁem@aieme
and 1%ﬂmhydrmxyprogeﬁt@roﬁ@ are the bepdt utilized
of the substrates surveyed, The guantitative
results of the sludies on mouse testes (Table 2)
show that the volume of Leydig tissue with 1}Am
hydroxystereoid dehydrogenage &a%&vi%y in@weéaﬁﬁ
regularly with ages +the growth curve is sigmoid

in form (@axt#fég* 1)

Tn the placenta at terw no colouwr was obiained
after incubation with any of the steroid substvates
m&rvey&ﬁ axcepd l}ﬂwhydvexyandxaa%@m@diame. With
thin/



11B8=iivdrozvsteroid Dehvdrozenase Activity of Human Levdi

%Hmmme incubated with Various Substrates,

Reactive Leydig Tissue (%) . Substrate

<O.% Apdrostenedione
ko5 11B=Hydroxyandrostenedions
<0.1 fOestrone
1.3 “ o 1ip=fydroxysestrone
265 a3, lif-Sihydroxy-Sa=androstan=ly=-one
O h | 34, 11B=-Pihydrexy-5f=androstan=i7=one
AAG¢M Progesterone
<6.4 wwmlmﬂmﬂmM%%ﬂammwwﬁﬁmmm

L 1iB-Hydroxyprogesierone
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0 2 4 6 8 10
Age (weeks)

Text-fig. 1. The volume of mouse Leydig tissue capable of metabolizing ll/ff-hydroxyprogesterone
increases steadily with age and the growth curve is sigmoid in form.
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this substrate vewy wesk activity was geen in the
gells of the syntrophoblast conslsting almost
centirely of faint pink monoformazan deposition.
With the hydatid mole a qulte different pieture
wags obbained, Neo colour developed after incubation
with androstenedione, oestrone, progesterone or
1ld-hydroxyorogesterone, Incubation with I}AW
hydroxyandrostenedione, 1%A~hyd%@xyamﬁtr@ﬁe and 1}5*
hyﬁwmxypﬁmﬁeﬁhavaﬂﬂ paegulted in waeﬁac Bonee and
Glfarmmfaﬁ deposition in the choviomic wpmthalmum
(Plate, fig. 3)e A& $imilaw raesult was obtalned
with ety 11 mﬁ?hyﬁ@@xymﬁéwﬁn&? shan-Ll7=-one but
5&,19&mﬂ1hydr wy-Hkandrostan~l7~one was extremely
poorly ubtiliged, oniy traces of monofovmaman belng

vielble in the chorionie epitheliume

Mouse OVRry.

The ovariapn sections incubated in the coumtrol
media without stexrolds showed ne formazan
deposition. When the mouse ovary wag' ideubated
with androstenedione, no formazan was seen in the
sections.  However, with L}ﬁwhyavaxvaﬁﬁra tenedione
as substrate both monow and diformazan were observed

in/
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in the corpora lutea, interstitial tisoue, theeca
interna and the gramlosa of atvrebic and pogte
ovulatory follicless Oestrone and 1}Awhyﬂrmxy¢ﬁﬁﬁr0ﬁe
did not appear to be utilized by any ol the ovarlan
tlosuen. Using 34;11 wQLhydeoxyesdeandrogianm17-

one, mono=- and diformazen were deposited in the
eﬁrpﬂﬁﬁ lutes, interstitial tissue, theea interna

and the granulosa of atretic and posteovulabory
folliieles,s Turthermove, activity was aleo apparent

in the ova (Plato, fige 4). A gimllar piature was

et with ﬁ%%@%&“ﬁihyﬂxﬂxywégwaﬂarﬁ3“&&“17*&&@»

Repanicy
?rgg@sﬁermms produced uo farmmﬁaﬁ depogition in

the ovarian sections but wi%h:lyémhyﬁraxypxwg@ﬁteraﬂ@
an substrate mono- and ﬁifow%&xan were depositbed

in the corpora lutea, interstitial tissue, theca
interna and the graﬁmloma.af atretic postwovulatory
fqllicl@ma The wmouse ovary was not capable of

utilizing the lik=hydroxyprogesterone as a substrate,

Experimental varisbles.

WAD and NADP gave equally good hiwtochemical
resultes with all tisgsues and no benefit was obtalned
from luoecreasing the concentration of elther above

1w/
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1 pify  no reactlon cecurred if both were omitted.
Ho dwmprovement was seen after the substrate
concentration rose above 0,5 il and ﬁﬁ colouy
developed it @&a%iaﬁé were ineﬁbaﬁaﬁ in mediun
cohbaining no stereid, Nicohlnamide is not an
easential constituent of the reaction medium,

The pH ophlumom lay beltween 7 and Tel,

DELECUSETON

B 1%A«Hyaraxyaﬁ@yaiﬁ dehydrogenase carried oul
th@“impﬁrﬁéﬁﬁ cortisol-gortlisone dehydrogenatlion
but this reaction con unfortunately not he ubliized
hisbochemically beeause of the pwamen@a 0£%¥W&

- o " o . ) . N '{ “~ §
additional hydvoxyl proups. However, the

i

substrates veed in thie investigation give an
adequate pleture of the nistochemical localimatlion
and aotlvity of the enzymes |
Béhydfogﬁmaﬁimﬁ ol LlA«hydrozysteroids oveurs
mueh more readily 1n huwmen than in rodent tilsmues
and %h@é@ resulte agree well with the corvesponding
enzymic reactlon utilising cortisol in human and
rodent fissues (Koerner & Hellman, 1964). This

nay/
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may be due to the fact that yvodent tissues reduce

the & ring at a fastey rate (Metuire & Tomking,

1960) with subsequent conjugation and elimination

of cortizol and corticosterone and that l}ﬂuhyéroxyw
gteroid dehydrogenase activity is decreased to
maintain a higher concentration of the physiologically
agﬁive 1%ﬂwhydruxy derivative.

A number of biochemical studies now indieate
that dehydrogenation of the 1%pwhyéraxyl funetion
dependg on the presence of a gpecific stereochemical
Sl configuration of the A yring, or the presence
of o £§4w3 ketone grouping in both human and rodent
tissues (Hubener, Pukushina & Gallagher, 10563
Bush & Mahesh, 19593 Mahesly, 19603 Koerner & Hellman,
1964). In human tissues, however, it has been
demonstrated that steroids with the %AH coniiguration
may also be oxidized at the 1}@~po$ition (Melgs &
Bugel, 1961). Histochemiecally this problem
ig éifﬁiemlh to resolve because of the diffienlty
in obtaining suitable gterolds. However, our
results with human testis indicate that 3x,;}6mdim
hydrexyw§£uanﬂwm@ﬁanw17~one 19 used by testis more

readily/
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readily than the corrvesponding 5H compound., %The
guantitative results indlente that the activity
wa@.@&e not salaly'ﬁm the 3Fdwhydroxyl group

(Paillie, unpublished obeervations), Humen

placenta, however, in agreement with the blochemieal
vedmlts, reacted only with the 118-hydroxy A%z reto
subestrate, l%ﬁ*hyﬂrcxyanémaﬁﬁenwéiane‘ Thig finding
i1g in sgurprising contrast to the results with a
nydatid mole. With the latter tissuc, as with

hum&ﬂ t@ﬂﬁiag fhe @ﬁﬁ compound was better utiliged
thaﬁ'th@ S Be Ho obvious differences were found
between these two substrates wiﬁh mé&&@'tﬁﬁﬁiﬂ and
ovary, and this may indicate a apecies difference

in the enzyme spa&ifiaiﬁy, but the present histochemical
teehnique is not sufficlent to resolve this problem.

he pH optimum of the reaction in this histochemical

method was 7.0 ~ Te2e This contragts with biachﬁmieal
ﬁﬁm&iaﬁ in which the optinun was pH 9 - 10 (Meigs

& ﬁﬁg@lgiigﬁlg Roerner & Hellman, 1964). Phe
ravgrﬁéﬂreaﬁtion, that of wreduction of the ketone
)grmuyg takes place abt pH 7.1 (Meigs & Yngel, 1961)
which may partly explain the diffexrence in activity
of this enzyme ag compared wlth the ;Aﬁhydwaxy&%ereid

dehydrogenase/
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dehydrogenase which has been shown in this
laboravory to be much more acitlve, Hisbtochemm
ically, however, incubatiorn at pi values yrﬂater
than pHd 8 are thmauﬁht to result in camﬁlicatxen@
because of the so-ealled "nothing dehydrogenase"
(Pearse, 1960).

The 1%ﬁ~hydrmxy$t@raia dehydrogenase has been
shown o utilize both NAD and NADP in biochemical
aystems (Hurloek & Talalay, 1959) and this has been
confivmed in the preesent hlstochemleal lnvegtigation.

The progressive inerease in the volume of
Leydig tisgue im,ﬁhe growing mouse teatls which
reacts with 1}6~hvdwmwvsbem@ida resembles the
growth curves desceribed elsewhere for Yiesuve with

égﬁhyﬁrexygtewaiﬁ dehydrogenase actlivity.
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l}ﬁ*myﬁrgxyqﬂdr”Vtﬁﬂed10ne; Intenge l}gghydraxJ~$ffﬂ
sterold. dnhyﬁrogana$a aﬁtlvity ig aeen in the 5
T:Qyémgr 99115’ (x 90)‘ : T R

?ig 2 Fourwweekwalﬁ monse teatma aft&r mneubatian |
with l}dmhvdroxypro eaterone. léﬁnﬁydroxv%teromd |
dehvdro&caaa aetivity ia seam in the 1nteratitium.
(x 200.) o |

E&ggwi. Hvdmtid mola 1naubated with 3«,%}@~d1hydroxy-
?ﬂndﬂﬁ?ﬂdfdﬂ*17w0ﬂ8;‘ Intenge 1}6~hydroxy$teramd
dehydrogenas& aativmty 3s swan in thg trnphoblaat.

(x 90) « | . o

Pige Ao MOume Qvum,‘ intonse }}4whydzoxvsteroid
deﬂyﬂrog@na s a¢t1V1ty aqn b@ saen lﬂ the cytoplmsm
of the evum and 1n Lhe thecq Lnterma._ A traee of |

,actlvmty iﬂ pre%ent in the &rwnulesa. (x 500)
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NAD=dependent 294»hyﬁroxysteroiﬁ dehydrogenase
activity can be demonstrated histochemically using
Witro=-BT, 39£~ﬂyéroxysteroié dehydrogenase
activity wase found in the Leydig eells of human
and mouge teatis, lun the zona fasciculata of the
mouge adrenal and in the theca interéa of the

| mouse ovary.

INTRODUCTION .

The blosynthetic pathways of the steroid
hormones have become increasingly well underétaod
in the last few'years and technigues employing the
tetrazolium galt Nitro~DT have been developed for
the histochemical demons?ratien of ;4~, };4* and ‘
20pwhydroxysteroid dehydrogenase (Wattenberg,1958;
Péarmog & Grose, 1959; Balogh, 1964). ‘“his paper
deseribes the histochemieal localization of

another such enzyme, 298~hydroxysteroid dehydrogenm

ase.



WATERTAY, AND  METHODS,

Speeimens of testis, adfemal, ovary, lung,
heart, Liver, kidney and gut were obtained fLfrom
adult Swiss white mice within 1 minute of death
by decapi%atio&. In addition, testiculsw
biopsies were performed on two healthy boys aged
12 and 13 years. UThe tissue samples were frozen
in solid carbon dioxide and sectioned at 1%/1.an
a cxyostat maintained at -20°%, The sections were
attached to clean dry glass slides by momentary
thawing.

fhey were incubated for 1 hour at 37° in
phosphate buffer (0.05 M) containing 1% (w/v)
nagnesivm gulphate and the following reagents:

WAD ox NADP, finai cont. 0,0 « 4,0 miMy 208=hydroxy=
pregn=d=-en-3-one (Yteraloids), final cone. in
propylene glycol 0.0 - 1.0 mMs nicotinamide,

final conc, 1.0 m¥ and Nitro=BT (Sigmas 2,2V=di-p-
NLErophenyLe=>5,5 =diphenyle>3, 3 -dimethoxy=d 41 -
diphenylene ditetrazolium chloride).

| In addition, the effects of varying the pl

from 5.9 to 8,0 were observed,
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RESULTS

In the mouse testes and in both the immature
human tesgtes etudied & positive reaction was noted
- after ineubation with 296—hydraxypregﬁm4~en*3*one
‘and NAD., In the rodent testes the reasction was"
weak and pink monofornazan was seen in many Leydig
cellé. Geaﬁgmomaﬂiy interstitial cells contained
blue difermazan, No colouring was seen in the
seminiferous tubules. The human Feydig cells
rescted much moxe imh@n aly than the rodent TLeydig
cells (Plate, fig. I) and wany cells contained
abundant diformazan deposits. Again no staining of
the tubules was seen,

In the adwenal glands moderate QQénhydraxym
sterold debydrogenase activity in the presence of
NAD was seen in the outer half . of the zona fascliculata.
Wany of the clear cells contained lipid droplets
coloured pink with monoformazan (Plate, I, fig. 2)
but some &1€a¥mdzan nrv&tals were aleo q&@ﬁ No
rewetion produets could bhe detected in.the gona

glomerulosa or zona reﬁgmal&rmm..

n/



In the ovary an extremely weak veaction
was noted, mainly in the cells of the theeca intewrna,
The other tissues surveyed did not apparently react,
but since no satisfactory controls for lung, liver
and kidney could be obtained it is not possible 1o
make a definite statement about these organs,

Wo higtochemical reaction was ovserved in
teates or ovavies incubated with 29ﬁ-hydroxy~pregnm
fmwep=3-one and N.AD.P. The oplilmum concentration
of N.A,D, lay between 0.% and 2 mM; the reaction
did not proceed in the absence of N.,A,D., NWo benefit
was derived from increaglng the &mbstiat@
conecentration above 0.5 nll and sections of testis,
ovary and adrenal incubated in the mediunm containing
no steroid remain colourless. The reactlon
developed satisfactorily in & medium lacking
nicotinamide. The pH optimum lay between 7 and
To43 a weak higtochemical reaeilon was obtained
at pH 6, but not at pH H.%. The reaction deteriorated

ag the pH rose asbove T.4d.



DI SCUSSION.

Wthile Egﬁ—hydrexypregn~4~em~3uan@ hag been
isolated from bovine corpora lutea only the 20pi~
epimer appears to oceur in rodent tissuves (¥ngel
& Danger, 1961) and this may explain the very poor
histochemical reaction elicited by the Egamepimer
in rodent testis and ovary. In contrast, however,
Balogh (1964) has shown that the 20c-epimer gives
an intense histochemical reaction in the rat ovary.
The ocecurrence of both isomers in human adrenal
and ovariasn tissue has been established (Zander,
Porbes, von Munstermann & Neher, 19%8) and both
can be formed by incubation of human ovaprien hounow
genatos wilth progesterone (Sweat, Berliner, Bryson,
Kahsra,-ﬁaﬁkall & Holmetrom, 1960). UThe strong
higtochemical reactlon cbtained with the Egéﬁepimer
in human but not mouse testiculay tissue points to
g gspecles differepnce and it ise interesting to note
that the presence of egeﬁhydraxy$ﬁeroié dehydrogenase
hag heen establisghed biochemically in foetal human
testes (Aceﬁeéa; Axelrod, Ishikawa & Takeki, 1963).

The/ W
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The organ anﬁ‘agaei%é differences bhetween
our findings with the Egémapim&r and ﬁhowe éf
Balogh (1964) with the 20d-epimer underline the
subatrate specificity of the 80&& and 20/4-hydroxyw
gterold dehydkwgenaﬁes, further, the specificlty
of the two dehyﬁ?aganmses ¢or the rcdueeé pyridine
nueleotides is 1nn@r@$$iﬁt éincw “Home steroid
dehydrogenases, such as the lﬁﬁphy&ramyateraid
dshydrogenase, can use bhoth (Hurlock &S%alalay,
19%9; Osinski, 19603 Baillie, Calman, Fergu@cm &
 Hart, 1965). ¥AD diaphorase and WADP dimphovase are
both hisﬁochemﬁe&iiy demonstrable in the tissues
exhibiting 29&~hyﬂroﬁysteraiﬂ dehydrogenase activity
(unpublished obéérvatiﬁﬁs) and it therefore seems
likely that the epeceificity for BAD vesides with the
afer&id dehydrogenase and 1z not secondary %o a lack
of WADP diaphorase.

29£mﬁydroxystarmiﬁ dehydrogenane was Livst
isolated and crystalliszed from bacherinl sources
(Hubener, Sahrholtz, Schmidt-Thome, Wes emann & Junlk,

19595 Hubener & f Sahrholtz, 1960) and iq known to be
a/



a WAD-linked enzyme. Its pli optimum in this
histechemical reaction seems to lie between 7.0
and ?o@b

The difficulbty in conbrolling lung aprd liver
sectiong hag slready been noted by %aﬁtaﬁherg (L958)
in connexion with ancther sterold dehydrogenase
and work in hand in $thig laborstory suggests that
the falsely poslbtive reactlons are due to the
pregence in cortaln tissues of subsirate-gpecilic
alcohol dehydrogenases. Different steroid vehicles
have not so far proved satisfactory but suitable

inhibitors hold more promise,
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DESORIPITON OF PLATE.

Fig. I Teatis of a boy aged 12 year, 208-Hydroxye
-——fh—-‘m’ LH i
stereld dehydrogenase achivity 18 seen in

the Leydig eells. (x 100).

Figme 2, louse adrenal, adulib. zgﬁ@aydroxyskaroia
dehydrogenase activity 18 seen in the zona
fageiculata, Monoformnazan waeinly was

deposited, {(x 80).
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QUMMARY .

The histochemlcal utilization of Jde, 68~, il«—,'
126~, 160, 164=, 17~, 21~ and 24-hydroxysteroids
in human aﬁd~moﬁ$e téstis, human placénta; mouse
ovary and rat\adfenal has been investigated uéing
a coupling method and the tetramolium salt, Witro BTc
3&~Hydmpxyateroid dehydrogenase was present in the human
Leydig cells and placental syntndphobl&st, but thére |
was 1little in rat adrensl zona'faéeioulata and in | |
méuse ovéry; .the enzyme i WehoDe OF K.A.D.P. depehﬂent.ff
.§A*Hydroxystefgiﬂ dehyﬁrogenaéefwaﬂ présent in huﬁan S
Leydig cellé,-ﬁéqse Leydig cells, ova granulosa,
theca interna, corpora lutea and interstiﬁialltissue;
it is W.A.D dependent. 1&d—Hydrmiyataroié dehydrogenase
aotivity wag very poorly developed, being N.A,D, |
dependent and demonstrable only in some human Leydig
cells,. 12«—Hydfoxysteroid dehydrogenase could be
demonstrated in some human Leydig celles and slight
activity was noted in the ovarys it was both W.A,D.
and N,A,D,P, dependent, 1lOo=Hydroxysteroids were
very poorly used by all the tissues surveyed. 10a=
Hydroxysteroides gave an intense histochemical reacHion
with NoA,D. in human Leydigand Seritoli cells, in placental
trophoblast/
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tro phoblust, in adrenal. zonae clamoralosa, xaqeicuiata
and. ratieu]arns and in all ovarian tissues, 17 -,

21- and 24~HyﬁrQXyateroiﬁs were poorly utilized by -

* human Leydig cellwyibut not by the othﬁr-tissﬁeﬁ.

The Ixrst two Were N A,D. dependent; Pduhydroxysteroid
utllmyatjon was bobh W.A.D., and H.A.D.P, depemdent.

ﬁ The teehniques used are believed to demonstrate
?sﬁecific hydroxyﬁteroid d@hydroganaseé because of
vériations in pyridiﬂe nucleotide requirement and

f{n the locatmon in the tissues of different hydroxy-
,ﬁqtefoid dehvdrogenases. Moreover, stereolsomers of
fthe same hydromy toromd behave difﬂerently in this
svstem. l?hc role of steroid 5 = and 5 -dehydrogenases

diﬁéuﬂﬁeﬁ in connexion with the histochemical results,

INTRODUCTION,

In;the pmst'fewgaars‘theibiésynthetic patﬁwéys

Ef.fﬁéfs?eroid»hormnnes havﬁ~heéame better understood
vamd\téehﬁiquea have been developed fok‘the histochemical
flpoaluzaﬁlon 0f 3 «y 11 =4 17 =, 20 = and 20-=hydroxy=-
- steroid ﬁehvdfo enases, uging the tetrszolium salt:
Nl}romﬁT:(Wattenbergg 1935{ Pearson & GfOSS, 19593
Balogh%‘lé§4; Baillie, Calman, Ferguson & Hart, 1965 5,
géflLie F@%ﬂu son, Calman & Hary, 1965).

Thls paper describes the tlssue ntilization of a

further nlne hydroxystaroids.
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MATERIAL AND MRTHODS.

Tigsuess Testicdlar biopsies were performed on
three healthy men aged %1, 73 and 82y a blopsy of
a eryptorchid testis from a 49 year old man was
alsB studied. Lastly, pleces of tiasué about 1 cm,-
weré gsecured from two placentse at Caegarian section
at term for obhstetric reasons not related to placental
funetion.

In addition, testes were secured from four adult
Swiss white mice., Ovaries from four adult female
Swiss whitedmice were obtained ‘together with adrenal
glands from three adult rate of the Royal Wistar
albino gtrain. Phe mice and rmtg wged were killed
by decapitation and the gissues excised and frogen on
golid carbon dioxide within 1 min., of death. The

human tissues were similarly frogen within 2 min. of

having had their blood supply interrupted,

ITncubationss Pach tissue was sectioned at 1%/L;n a
eryostat maintained at -20°, The rections were

attached to elean dry glass slides by momentary
thawing, They were incubated for:s 30 min. at 37° in
phosphate buffer (0.05 mM), pH 7.4, containing 1%

(w/v) magnesium ghldride and with the following reagentss

NO-A-Q:DO/
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N.AuDe or H,A,D.P. (final conc, 0,0 - 0.4 mi):
siigotinamide (final conc, 1.0 mi), Nitro BY (= Signma,
é,a'mdi-pémitraphemylﬁﬁ,S*mdiphenylﬁ3,3'»(3,§'~dimeﬁhcxy~
.4,4f~ﬁiphenylene) ditetrazolium chloride) (fiﬁal Cone, :
'Q.l mg&/mla) together with a steroid subsirate
dissolved ‘in propylene glycol or ﬁimeth&l formamide
(final conce, 040 = 1.0 mM). "he sterolds studied were:
(1) 3&9Hydraxyétsroid dehydrogenase: (a) 3uhydroxye
Surandéostan~17—one (Steraloids), (b) Foe-hydroxy-58=
aﬁdrostan~17mone'(Steraloidﬁ), (2) 6A=Hydroxysterold
dehydrogenases {(e¢) @A»hydroxypreg;»4;ene«3, éOmdion@
(M.R.Cy) (Ga~Hydroxyprogesterone). (3) llu~Hydroxy-
ateroid.dehydfegeﬁase; (d).11u¢hydroxypragn«4~enem5,
20-dione (Steraloids) (llx-hydroxyprogesterone).

(4) 12u=Hydroxysteroid dehydrogenase; (e) l2«=hydroxy-
pregnmimene=3, 20-dione (¥teraloids) (120ehydroxy-~
progesterone). (f) liw=hydroxy-foe-pregnane=3, 20-dione
(Steraloids)., (5) léx~Hydroxysieroid dehydrogenases;
(g) Sthdroxy—eﬁtyévl,3,5(10)trien~17~one (oestrone),
(h) 3,lé~dihydroxy-estra~l,?,5(10)trien-17~one (16®k=~
hydroxyoéa%rone), (i) lﬁuphydroxypregﬂ~4keﬁe-3, 20
dione (M.R;G.}Gl@x~hydroxyprogestérbne)@-(6) 164-

Hydroxysteroid/
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(6) 168-Hydroxysteroid dehyﬂro enase; () 34-
hydroxyandrost-Seenslb-one 3-unethyl ether (Steraloids),
(1) 38y 16A«dihydroxyandrost=tmene J~methyl-ether

- (Bteraloids). (7) 1ToeHydroxysteroid dehydrogenase;
(1) 1%=-hydroxyandrostwi-en=3-one (Steralbids), (m)
17d@hydroxyp§egnm4~enem3, QOudiqne (Steraloids)
(L7o~hyadroxyprogesterone), (n) Progesterone, (8) 21=
Hydroxysteroid dehydrogenape; (o) 21l-hydroxypregnmi-
ene~%, 20-dione (S teraloids) (2l=-hydroxyprogesterocns),
(9) 24mﬁydroxyéteraid dehydrogenases (p) 24~-hydroxy=5 =

cholane (¥teraloids).

RESULES,

Goﬁdltians of Incubation.

The nyridine nucleotide specifielty of the steroid
dehydrogenases ig summarized in Pable 1. No reaction
developed with any steroid if both N.A.D, and N.4,D.P,
were omitted, The development of the histochemical -
¢olour feaetinn for all the sieroids surveyed wag
begt within the pH range 7.0 = 7.6, At pH values
outeide this rapge the solublility of Witro BT was
altered, and the results were therefore difficult to

evaluated
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evaluate. A subgtrate concentration of 0;5 mM
appeared to give the strongest colour reactiong
inereasing the substrate concentration above this
level dld not enhsnce the reaction with any of

the steroidss A colour reaction developed in the
‘absence af nicotinanide ox mgclg, but no colour

- was seen il stercid was omitted from the incubation

medium-

Tissues: Human Testis.

e

The three healthy males had testes which were
histologically normal, although the seminiferous
tubules in the 82 year old testis showed a slight
degree qf atrephy; The cryptorehid testis of 49
years duration had a histologically typical appeam<
éﬂce with atrgphied seminiferous tubules comprising
- a Sertoli syﬁcytium containing ocecasional
spermatogonia and bounded by a slightly thickened
basement membrane, The interstitium of this
_eryptorehid testis contained the prominent Leydig
cells usually described as hyperplastie, From a
histochemicai standpoint all four human testes gave

tdentical results which are summarized in Table 2,
'y '\



TABLE 1. Dyeldine nuoleobide ppeceificlity of hydroxygterold
| dehydracgenasoy | o ‘ S

Pogition of hydroxyl gPOUDess Ik 6/5 LLos 1260 LGt ;LC% /¢ Bl 2L

Nbx QI}Q ik -y L Ead ‘o - - - Y
1\}@ a&gg }3 ¥ }?n‘ Ll Lo L "5 ] L b - -

TABIE 2. Histochemlonl activity of the tesbis
Posltlon of hydyoxyl SUoupe.. 3o (/ LloC 1204 160t 16/ e 8L 2h

Hunen begtis
Laydle btlosue Lo MoMD MO OMD M OMD MD MD D

- gominiferous epithelivm M MD « M+« B M M N

Moudge tegbis
Leydig tissue M MD - M o« M) M - =

Seninifervous epithelium w M ow e w MDD o= I

TABRLE 3. Hisvochomical sobivity of the mouse gvary

Fogitlon of hydroxyl grouDe«s 2l €% 11K L2 16X 16/ L7 2L 2k

Mougeovary
Cvinn ' e Moo= - MDD s s
Granulose M OMD - M e D o= - .
Theea Lubtorne MOMD e - MR . = .
Corpora luboa M M) w M M D - & =
Tatorstitial tissue M MDD - M M D = - -
}Y“:I = Monolformanan b= Dlformazen

MO = Intense reocblon, Mono~ snd Difermazon
D = Intense reacbion, Diformezon only.



Pable b Hisbochemloal acbivity of the yat adwenal gland

Poglilon off hydroxyl groupsss 3o 6% 1l LRl 16 16/! Yo RL”

Rat adyenal
Zona glomerulosa R B

-

et
23

L

Wona faselovlate 0 M D s s M D =
Bons rebicularls w D w e e D -

g

. Medullery rosts 5 e e W e D ow &

Table 5. Histochenloal sebivity of the human plecenta

Pogition of hydrosmyl orouDe.. 3« 6/ Tl 1Rl LGl 1(3/6 L7 2L

Hunmen placenta M M e = & D & =

M = Momoformazan D =Diformazan

D = Intengse deposition of Diformesnan

o

-
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Some variability was noted in the human testes
in the intensity of reaction given by aﬁparticular |
hydroxysteroid. Pl., 1 and}ﬁﬁe first two figures
in Pl. 2 illustrate typical reactions. |

~ The results obtained with the mouse testis are

4llustrated in Pl. 2, figs, 7 and 8, and listed in

Table 23 much less variation was noted than in
fhé human testis, The results in mouse ovaries are
5h§Wn‘in-Table'3‘and Pl, 3, figs. 8 ~ 11{ Regults
omifét adrenals are summarized in Tghlé.4“and Pl. 3,
fig, 123 Pl, 4y figﬂ.i13 and 14 illustrate the
1nténaity of reactions encountered,

- The results ebtainéd with;huﬁgﬁ‘piaeentaé are

dealt with in Table 5 and Pl. 4, figs. 15 and 16,

DISCUSSLON.

Histoehem&bal SpénifiaiﬁysA

The ceﬁtral difficulty ir assessing and inter~ 
‘preting the above wesults ls the problem of the
histochenical apeeificity.of the hydvoxysterold
éehydrogemasea.\ At present most workers accept that
Wattenberg's (1958) histochemical reaction for the
d@ménstratiom of ganhydroxystoroid dehydrogenase

ig specifie, and it has even been clraimed (Baillie &
Griffiths, 1964) that in rodent testis this enzyme

shows/
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shows specific substrate @referénceé#in histochemical
systems and that tﬁése changé‘with agé, Nevertﬁaless,
Faarge (1960) hms queqtioneé th@'%pee’”’*ity of
the hiStOGthLQﬂl ?ﬁm and. 12ﬁwhydfoyy terald
»fdehydfcgendse technlqueﬁ (Wdtbanﬁerg,-1%58*\E@ﬂrson
& Cwoae, 1959) and it ﬂas hcan mugaeﬁted “that,
| partteulﬁrly in the adrenal nortaw, uhe dlmﬁrlbutien
of formazan seen afyer 1ﬂcuhnt30n of ci sEue seet&onm
with /Awhvdwoxyrber ldm may he - dunendent on the
“olublliby of . the” ﬁeaetlon=pfoduotc in tisgue ilpl@%.-
Tn this eoniewt it hw* been pointed out than 1ip1ﬂs
are fav more abundant ln the gona f&selcmlata (Curriey
Symington & Grant, 196”) and mono- 8nd diafﬂ?mazqn
seem, to be eleetlvely depobzted aftcr §6~hy§yoyyster016
dehydxagen&se 1ncubatiang¢at35;tas where 1&rgemamountm
of 1ipid are pre%en{ Tﬁi@lofiticisn viag foremeen by_
~Wattenbcre {1958) who suge ested rimuin tis$ue sections
" in acetone Lo remove 1lipide, and thlﬁ:practice is now
wide&pread.,- | | |
" Phe present Ffindings indicate a h;gh degree of
.sp001£161by of the hlqtochemiewl teehnLuues for
:demoﬂ&tvatinp hydroxysterold dehydre Qnasen. Three
‘princwpal features pnint to thls comel sion,

« Fmraﬁ/
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P—

Pivet, hydroxysteroid dehydrogenases in histo~
chemiecal gystems show marked preferences fox the two
different reduced pyriding nucleotides and éﬂ
this basiajthree_groups of hydroxysteroid dehydrog=
enaaesdean:be‘recognisede (a) ﬁ.A;D.ﬁaepepdent dehydrogm
enases, This group lncludes the 9@-.,— 1lolw, 1604-, 176(=y and
21~hydrbxystereid ﬂehydrogenases ﬁescribéé'aﬁove,
which together with the 3s-, and 20A-hydroxysteroid
aehydrogena&és {(Wattenberg, 1958§ Baillie, Calman et
al., 1.965) are specific for W.A Dot Thene histochemical
findings accord well Wifh the known biochemical
ﬂpeeifieity_of-these hydraxystercidAdenyﬁrmgenases_
for N.A.D. (Breuer, Nocke & Knuppen,_1958= Breuer & Nocke,
1959: Hurlock & Palalay, 19593 Ryan, 1960). (b) N.A.B.=-
or N.,A.D,P,-dependent ﬁehydrogen&seﬁ. This second
group of hydroxysteroid dehydrogenase utllize either
N.A,D, or W,A,D,P, higstochemically and includeg the 3¢,
12#&,.1§Aw and 24-hydroxysterold dehy&roganases*(s&e
above) togetheﬁ with 1}A~hydroxysferoid dehydrogenase
(Raillie, Férgmscn et als 1965)._ Blochemically the Zole,
and l}amhyﬂroxysteroia dehydrogenases are also known
to utilize both pyridine nucleotides (Meige & Engel,
1961). {(e) N.A.D,P.wdependent dehydrogenaseg, The
third, smallest, group of hydroxystercoid dehydrogenases
has so far only oné representative, 20«hydroxysteroid

dehydrogenase/
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-

dehydrogenase and this enzyme is known to be
gpecific for W,A,D.P. both histochemically (Balogh,

1964) and biochemically (Wiest, 1959).

The second group of features pointing to
speb@ficity of hydroxysteroid dehydrogenasges within
this histochemical system is the striking difference
in loealization of diffevent reactions in-different
tissues., Perhaps the three most ohvious examples
ares (A) The strong utilization of 1§6;hydroxysteroids
throughout thé épithelium of the human seminiferous
tubule while other hydroxysteroids so far examined
only produce little or no formazan deposition in
this tissue. (B) The deposition of formazan in the
ovam after'incubatian with 1¥£m(BaiLli@, Pérgusontet
aley 1965%:), Fole, §£- and lgﬁwhydroxysteroids but
with no other steroids yet reported and lastly: (¢)
The striking differences in human adrenal zonal distrib-
ution after incubation with %Aphydraxysteroids |
(Wattenberg, 1958) and, for‘example, 1@£¥hydroxy~
steroids, |

The last group of features pointing unmistakaﬁly

to a high degree of enzyme substrate specificity is the



remarkable differences in reactivity of ol~hydroxy and
A-hydroxy derivatives of the.same steroid., Some, such
88 20ck and-Qgﬁwhydroxysteroias require different

~ cofactors (Balogh, 1964; Baillie, Calman et al., 1965 .),

while others, such as the 1llo- and l%ﬁuhydroxyatermida
acre very different in thelr histochemlical activity.

A further polnt of importance ig that in many cases
biochemical work has shown that these enzymes are
sﬁaeific.

%he~simplest explanation of these findings is
that hydroxysteroid dehydrogenases are specific in
these’histochemical conditions and we prefer this view
to other porgible explanations, including that based
on the influence of membrane permeability factors
and on the lipid~solubility of reaction products. Ve
can therefore see no advantage in continuing to wash
sedtions in acetone before incubation. Thisg practice
has heen shown inlthe ovary (Levy, Deane & Rubin,
1959) to remove BP-hyér0xysteroid dehydrogenase from
the theca interna, and in the foetal human testis
(Baillie & Niemi, unpﬁblished cbservatidns) it consid-
erably redue@daﬁmhydrokysteroid dehydrogenase activity

with/
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with partieular reaﬁeéf 6 the steroid:éﬁlphates.
It may be sxgued that aeetone~wa~hlng Amproves the
.cytologleal location of formazan produoed in these
reao?xcns, but since the resolutaon of the light
microscope ‘doeg not permit precise eytological
localization of the site of hydroxysteroid
Gehyﬁfogenase activity it seems to us that the
pfimeipél function of these techniques at present
is to es%abliah which cells in a given organ can

| caryry out‘a‘givén eonversion§1£.ﬁhis be so mecetone=
washing, which reduces and ?ay, in certain sites,
even abolisﬂ.hydroxysteroiﬁ dééydrogenase-activity,

should be avoided,

Mistochemical Congiderationg.

Recent work in this laboratory (Baillie, Calman,
Perguson & Hart, unpublished observations) have
establishgd that stéroid Dot and Sg-dehydrogenases
can reduee-ﬂiﬁro BT in this histochemica1 system and
1t seems likely that some of the colour observed after
the incubation of tissues thh the saturabed JelehydrOoxXy
wompounds; l2a~hydroxyw5ospregnane=3, 20~dione,-and
24-hydroxy-5A-cholan-3-one is due to a steroid Yot
andtgﬁwdehydrogenase, Thisfposaiﬁility must be born

in ‘mind when interpreﬁing the histechémicalffindings‘



§B-Hydroxyst9roid dehydrogenase activity has
previously been reported in the Leydig cell of
the mouse (Hitzeman, 19623 Baillle, 1964) and of
the rat (Niemi & Ikonen, 1962) and the cytological
distribution of hydroxysteroid dehydrogenase activity
in the rodent tlsosue used in the present investigation
with Bple, Qﬁ“’ 12 and 1§4~hydrcxysteroids as
subgirates ig identical with that described for
the Qﬁ«hydroﬁystéroid dehydrogenase. 1§6*Hydrcxy~
sterdlds gave a 'stronger hisiochemical resction in
the mouse testis than did any of the 3A-hydroxyw
steroids used in this labovatory (Baillie, 1965).

The histochemical localization of ;ﬁ-hydraxy~
steroid dehydrogenase acbivity in the Leydig cells
of the human testis (Baillie, Niemi & Ikonen, 1965)
ig identical with the distribution of hydroxysteroid
dehydrogenases revealed by incubation of human testis
sectlions with DBolwy llotwy 120~y 1606, 16ﬁ~, 1Tk oy
and Elnhyﬂraxysteroids and the wide vange of hydroxy=
" steroids dehydrogenated by the human Leydig cells
is 1n marked contrast with the relatively linited
range of dehydrogenase activity in the placenta and
different zones of the édrena]. The removal of hydrogen

from/



from the 24 position by the human Leydig cells was
unexpected ané the possibility that this reaction
wae eatalya&d'by 8 non=gpecific aleohol dehydrogenase
cannot be excluded. AlternafiVely the "colour may
be due to. fhe*removal of hydrogen from the @ﬂ—position
by a dehyd;o 1ENaSe . Mevérthelesa, using purified
‘prep&rdtlonaﬂcf'alebhel déhvﬁrogenase it has been -
ghown in vitro (Nerritt & Tomkins, 1959) that

steraids such an testosterone and cortisol are not
attﬂckod by thla enzyme .

" Goldberg, Jonos & Porkowf (1964) have reported
) hiatoahemical colour reaction in human beydig
cells with‘Sﬁa, lzﬁndihydroxyqndvost~4;ene (androstene-
diol), 3drhydEOXy~5drandrortan-17~onm and the |
6ﬁpr0plana$e of andrnsteaeﬂiol 8 substrﬁtes.
While these worker qhtvibuue‘uue ”ifermazan deposition
in thelr testlcular meationq 4o a reaotman of égw
lhydraxysteroma dehydrogenase with these steroids, 1%
seems likely that part at least of the Formazan '
deposition they'ﬂeaérib@ arises from 135~hydrbxyateroidA
dehydragéﬁaée activity and part from a steroid S
ox gﬁwaehydrégenase. They failed to observe any
éQlGuT with the ZJole, L7~ and 29A~hydfaxysteroids in
‘human\testisfwhile in our experience these siteroids

"are a1l metabolised histochemically by human Leydipg cells,
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Incubation of Jules 120w, 17cke and 2lehydroxy-
Stérbids with human testicular sections results
in the deposition of small amounts of formazan in
the seminiferous tubules in relation to the |
developing spermatozoa, These reactions are
diff%balt to control séﬁisfaeteri;§;‘@ue apparently
to the presehaa in the seminiferouszegithelium
of an alﬁ@hél»dehydrogenaSQ aéting on propylene glycol
‘and very little formazan can be found in the tubules
“after incubation in media containing dimethyl
formamide as solvent £or Bae, 126w, Lbley Lol and
2l-hydroxysteroids, The twrace activity found with
these gteroids, distributed in dwoplets in wrelation o
the maﬁurimg'garm pells, contrasts with the generalized
distribution of l6f~hydroxysterold dehydrogenase
activity thrdﬁghaut the semi@iferaus tubules, The Gf=
and 16p=hydroxysteroid dehydrogenases are the first
enzymes concerned in steroid metabolism tanbé definitely
10@&liﬁed‘iﬂ the human seminiferous tubules and their
bioéhemical gignificanece hag to he‘ﬁoﬂsid@re&; »

Tkonen, Nieai; E&éanen‘® ’@immnen'(196l) first
describéd Efehydroxygtéroid éehydrcgemaa& a8 being
situated round the periphery of the cells ih the
granulosa, and this distribution was later confirmed
in the atretic mouse granulosa by Perguson (1965).

»/
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A similar ring-like distribution in the periphery
of granulosa cells was seen ﬁith both 6ﬁuhydr0xysteroid
dehydrogenase and 16p-hydroxysteroid dehydrogenase:
after incubation with the 1@B~hydrnxyeteroid this pattern
of diformazan deposition was sometimes also observed in
corpora lutea, but tended to be obscured by monoformazan
dispersed in cytoplasmic lipid. These ring'patterns of
distribution of the diformazan in the granulosa were
only evident after incubation with substrates which were
well utilized by the ovary. Other substrates may have
been used st a simllar cellular site, but this was
not obvious owing to the sparse nature of the deposits.
A further problem in the intracellular localization of
the hydroxyﬁteroid dehydrogenases is that some arve
soluble and tend to diffuse (Novikoff, 1959: Smith,
1964 ).

1@#~Hydroxysteroid dehydrogenase wasg dis%ributed in
the ovary in a similar manner %o that of qﬂ-hydroxy—
steroidy. that is,-in corpora lutea, interstitial tissue,
theca\ihﬁerna, granulosa of atretic follicles,
connective tissue stroma and theca externa, OF particular
intexest was the slight l@ﬂuhydrcxysteroid dehydrogenase

activity/ : ‘
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activity noted in the connective tissue siromar-and
theca externa, indicated by scattered fine-granules
of diformagan, While other hydraxystefoié deﬁydrogen~
aspes may oceur in these cells they could not be
histochemically demonstrated.

In recent years the histochemical loealization of
Bﬁ—hydroxysﬁeroid dehydrogenase activity has been
well studied in the adrenal cortex (Wattenberg, 19%58;
Levy et al. 1959;»ﬁavallero & Chiappino, 1961; Dawson,
Pryse-Davies & Snape, 1961) and it has been established
that the zona fasciculata of various species can
utilize the substrates Qﬁ-hydroxyandrost~5—en~1?~one
(D.H.A.)'andl?thydroxypregnwﬁmen~20~0ﬁe {pregnenolone).
A variety of other subhstrates have been shown to be
gatlefactory for the histochemical localization of this
reaction (Baillie, Ca&meron, Griffiths & Hart, 1965)
which, in normal human adfenal glands, appears to be
confined to the zona faseciculata., The 3pl-, llck~ and
2l=hydroxysteroid dehydrogenases demonstrated in the
rat adrenal have the same zonal location as the jﬂ-
hydroxysteroid dehydrogenases 6f~hydrdxysteroid
dehydrogenase activity différs from the foregoing
enzymes in that it is found in the zona reticularis
ag well as in the zona Tasciculata, lﬁﬁ-ﬁydroxysterai@

dehydrogenase/
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dehydrogenase ig peculiar in that it is particularly
well developed in the zona glomerulosa in man,
althou h present in both the other gzenes.

The distribution of hydroxyeteroid dehydrogenasa
'aétivity in the human pladenté at term as shown
by teﬁramélium‘dye'depositibniafter incubation
with the appropriéte substrates indiecates that %ol
and 16f~hydrmxyst@roid dehydrogenages, in this respect,
do not @iffer from 3f~hydroxysteroid dehydrogenase
(Lobel;'neane & Romney, 19623 Baillie, Cameron et al.
11965) and NAD-linked 1?f—hydroxysterbid dehydrogenase
(Kéllogg & Glenner, 1960).

. Bioehemleal bcnbmderatwong.

¢he majority of these en*ymes ara eoﬂeerned in
sterold metabolxsm in the w1de e sen 30 and the
hlstochommcal findings diacusaed conilrm and extend
much hioehemlcal work,

.3dgﬁyd$oxybteromd dehydragenaéeliﬁ”aﬁ important.
enzyme concerned in the detoxication and_eliminafion
of steroids from thé_organismﬁ Thus cortisol with a

[&4%3~keto grouping is reaugpd to tetrahydrocortisol,
which can be conjugated with éluduronide and excreted,
and 1t has been shown (Tomkins & Isselbacher,1954)
that the reduction of the keto group is secondary to
the/ o
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the reduction of the A% douvle bond. Theoretically,
both Sl and 5A-compounds could serve as substrates
for this_enzyme and our results with human testls
agree with those of Tomkins (1956) in rat liver,
| kiénay and testis, in that both %Sl and 5ﬁ*compoundsv
were utilized, although the %ﬁncompound with cis A/B
ring junction was better utilized. However, these
regults may in part have been due to a steroid Su(w
or 5ﬂ~dehydrogenase. By contrast, in mouse testis,
the reaction was weak and no difference in utilization
was observed, ‘ | |
Bibehemical investigations have indicated that
the 3dehydfo§ysteroid dehydrogenase may be both soluble
(Tomkins, 1956) and microsomal (Hurloeck & Talalay,l959;
Meige & Tngel, 1961), and our experience suggests that
the testicular enzyme can easily be removed by pre-
incubation of tissue sections for one minute in buffer,
If the brief washing is omitted, occasionally diformazan
particles can be seen in the ihcubation medium,
/igdicating the possibility that the enzyme has been
leached out of the tissue section, although other
interpretations of this observation are possible,
The pH optimum of this enzymg (7.2 = 7.4) is confirmed

vy/
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vy biochemical studies (Tomkins, 1956) aﬁd, agﬁin
in acecord with biochemical finﬁingé; both NAD and
WADP can be usged ag cofactors for this enzyne in
the histochemical system.

6ﬁ~Hydroxysteroids have been isolated from
urine in twe formes: (a) as a metabolite of cortisol
by Burstein & Dorfman (1955) and Ulstrom, Colle,
Burley & Gunville (1960), and these workers found
no G~keto form; (b) as Gﬁﬁhydraxymoeet‘adiol (Breuer
et ale 1958). A 6ﬁ-hydr0xystaroid dehydrogenase
has been demongtrated histochemically in most tissues
ﬁurvéyed. The exact signifieaﬁce‘mf this reaction
is not understood, but the nature of the hisgtochemical
reaction may indicate an important metabolic role
for the @F*hyﬁrcxysteroid metabolites, or for the
ﬂﬁnhydrbxysﬁeroid dehydrogenase,

fhe faet that a weak but definite histochemical
reaction in some human testes with the 1llg~hydroxy
substrate has béen demongtrated may indicate that
a separatie hydrc%yﬁtereid &ehydrogénasa is present.
It 1w possible that the llkehydroxy group is oxidised

by/




by ‘the llﬁwhydrexysteroid dehydrbgenaﬁe, and

that the reaction is weak because of the hindered'
position of the lldehydroxyl gronp. However, the
difference between the coenzyme requirements of

the two veactions 1s against this. llx-Cortico-
steroids have been isolated from human adrenal glands
(Weher & VWettstein, 1956).

Stérbiﬁs with a l2¢=grouplng belong to the
class dflbiie aclids and 8 varietsy of l2«keto
cholanic acids (Norman & Sjovall, 1958: Danielsson,
Tneroth, Hels%réh. Tindstedt & Sjovall, '1963) have
been isolated from the faecew, "These &@gradation
products lmply the existence of a 1axwhydwoxysﬁ%rdid
dehydrogenase in the intestinal flora and our |
results suggest that this type.of oxidation may also
take Place in human testis,

16y=Hydroxy progesterone has been isolated fron
adrenal tigsue ( ¥illee, Dimoline, Fagel, Villee &
fR%gkar, 1962: Ward & Grant, 1967) and a pumber of
oégtrogeﬁs with either 1log~ ox 16f*hydroxy groups
have been discovered (Breuer & Nocke, 1959: Ievitz,
Spitger & Twombly, 1958). Moreover, it ig known

that/



that these 1o6~hydroxy compounds can be‘ihtern
converted via the Llé-keto group (Levitz, Rosen &
Twombly, 1960). Liver, placehta and hydatidiform
mole have also been shown to metabolize the 16w~
hydroxy oestrogens (Breuer & Knuppen, 1958: Ryan,
19603 Klausner & Ryan, 19643 MacDonald & Siiteri,
1964) and recently a 1l6d~hydroxy oestriol conjugate
with glueuronic acid has been isolated (Slaunwhite,
Karéay & Sandberg, 19643 §launwhite, Idghtman &
Sandberg, 1964). .The histochemicalresultes obtained,
| namely high 1§P~hydroxysteroid dehydrogenase activity
and iow Loy=hydroxysteroid dehydrogenase activity in
endoerine tlssues, when inter?reted in'the_iight of
this work, would suggest that most of the 16F—hydroxy
oeptrogens wre converted by Wéy of the lo~-keto form
0 the léd~hydroxy d@T%YQLIVGS and exereted in
conjugated form as the 16¢~hyaroxy gluouronida.
Recently & ICP—hydroxyster01d dehydrogenase has
been deseribed in the Sper@ataEOQ of dogs and man
(Hathaway & Wesb, 1964)9 the substrate used by this
enzyme appears Lo be-l?fADestradiol. Our results with
e wa and the 16P»hydroxysteroid.dehyﬁrqgenasas and

other/



other hydroxyatefoidﬂ in the seminiferous tubules
suggest that other hydroxysteroid dehydropenases
- are present at these sitas;

Phe l7A-hydyoxy conlfiguration is ilmportant
since it ig found in cortisol. Howeﬁer, dehydroém
enation of the 1l7~position in the C-21 steroids is
impossible, because of the absence of available
hydrogen atoms. C-L8 and C«19 17dwhydroxys%eroids,
however, ean~be-dehyérbgenated a8 shown bj the
histochemical reactions and 1l7«~hydroxyoesitrogens
have been isolated from bcvine‘placemta (Gorski -

& Trb, 1959), liver (Breuer & Nocke, 1059) and
blood (Axelrod & Werthessen, 1960), With blood and
'1iverg interconversion with the keto-form has been
demonstrated, It 1s possible then to visualize

the intercbnversioa of the 1l7«-hydroxyl and the
1?ﬂ«hydroxy1 group by way of the 17-ketone., Both
17X and ljﬁmhydroxyﬁt@roid dehydrogenases would

then presumably be involved.

- NOTE INSERTED TN PROOE,
NADP-Llinked 164-H.S.D, has now been detected
in rat overy and NADP-linked 34-H,5.D. in certaln

ﬁi$suea,-in this laboratory. -
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fig. I. loderately strong Jo=hydroxysteroid
dehydrmy@na se aetivity in the Leydig cells of
human testis with traces of monoformazan in thé:

seminiferous tubnles. ( x 90).

Fige 2. vlfgrmuJan densely deposlted in hunan
Teydig cells and mannform&zan iﬁ semmn&iefous
tubules with“@&ahydrcxyprogesterane as'aubstraﬁé.
(x 90). |

Fige Fa ﬂumanfLeydig cells.showihg,diform&wén' |
‘deposition with a trace of colour in the 3emini~
ferou% fubules. using 1%x-hydroxyprcreat$rone as a

qublurnte. (x .90)s

fig. 4. Very Weak lok=-hydroxyesteroid &ehydrégénage.‘

~activity in hﬁmanvbeyéig cells. (x 180) .
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U PLATE 2,

'Figa 5. ﬂeavy depusib of dlformmzan in human
' Beydiwgcells and menmformaaan in the seminiferous
,tubuler 1ndicatin§ intvnﬂe 19£mhydroxysﬁercmd

"dehydrofcnuse act1v1ty, (x 90).

.F1p‘ 6‘ lecrmqvan depoq1h10n in human Leyalg cells .

"wiph iﬁneholdnnédnol. (x 90).

"?ip¢*7;_ §%«Hyawoﬁvshcvoiq dehydrogenago actlvmty
iR mouse ‘featisy intense sctivity in the. ﬁeydig
¢elle with some wmonoformazan in the m@MlﬁleroaS

tubules, (x 120).

Big. '8;' Dense. depadmt of dlformaﬁaﬁ in mouse Leydig L

ce13m thh no colcur pre“emt in the qemmnjferoua

-:Lubulea when 1nvubnted with 34, 1§ﬁmdihydroxydndrost~; f f

'a)wonewﬁwmehhyl ether asg subqtrate. (x 180)-
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PLATE S

Fige 93 Diformeman deposibed in Gra 10 sa and oL

.

or mou e ovar y vwith ﬁﬁﬁhyu? Y proses’ serone ag substralbe.

Fig. 10..04<Hydroxystorolid dehydrogensse activity in
mouse. corpus lubeum (CL), follilele (), Interstitial

bissue (IT) ‘granulosa and ovumr {0}, (x 60).

Mlee 1L Intense aoyami ion of diformezen in whe
asranloga of mouse atrau;c_follicleﬁ viiien incubated

widigh 3, 16 p-dihydroxyandrost-S-ene=-3-mothyl cther,

] {

gote the distridubion of formezen granuled in tho

~Y

periphery. oif tho’ ﬂranuloaa cells., (x 180).

fad

Tigs 12, Hono~ and di-foimezan in tho zona fodeiculata
and zona reticulavis of the wat adrenal corbex:
domongtrating gﬁéhyarcxyst@rcid dohydrogenaso aoLivjby,

(z 90). -,
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ge 13 Izri;en;fs'@ Jéj Geliydroxy *”*c:“”m. dc,hym'on'w
auhhr.ub;y in zona glomoruloga and @ona vebioul uf\*?_s ‘

& h

w'ii,zl .Lewer 9.%3&:‘&' ~in the zoua ‘:L‘asgiculasha in

the r&t@ | (;,. ‘ 90)

I“ 1ge Lhe o Diformozan hoavily deg)osi.ﬁmﬁi o groupy of -
Pagoicular sells in thoe ratb ¢ ﬂrmml medulla afber
incubation with ;3/;.,.. y ;Léﬁté~-~é%_:z._l‘;ydx?r_myanﬂmzz LD OG- 3

wehyl evhors (= 120).

Wiee 15, 3§el’?iyc1rc);1§ys'be:mi_d dohydrogenaso activisy

in the synitrophoblagt of human placenta. (k- 90),

Fie. 6 - nbenso 16 Nsmlzyaz.*ox;ymm*ﬂ.m c'?ehv‘d.ﬁo EONASe,
ste LJuJ_L :Ti;t';.fish,@ szg‘l,ul'_c;}yuubia t of ?mmz,z hj,z“.u.,@;xta..

(x 90).-
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Histochemical studies of aloohol dehydrogenases
in rodents using various alcohols (Ferguson,l965)
revealed no obviouns differences in the sites of
alecohol utilisations Primary and secondary
aleohols in general tissues were utilised at the
same sitesy the presaent inveatigaﬁion deals with
the histochemical variations in sites of utilisation
ol daﬁie:ent alcohols in steroid produemn? endogerine
wlands.‘ |

Human bern placenfa~abtaineésat,Qaesaraan‘
seetiaanﬁd rat (Ro yai5Wi-tar) adrenal Wiands3
testes -and ovaries were frozen on g0lid carbon
:dcoxxdo and the tstue% were prepured and incubated
as described by Pcm guson (1965), uging the.
following alcohols (IlnaL cong., %):u méfhanol,
ethanol,.?fbpanoig butanoi,Vﬁéﬁtanﬁl; hékanol,'
heptandl,ubcfanol,"ncnapol,?deeéncl, undecanol,
ﬂodecamol,;tbidecaﬁol, phenol, hydroquinone, Z=~ethoxy-
gthanol, Qllyf“a]cehol;ﬂ2*methyl#butqnélmol, Beit@ by Lo
-butln~1~ol, nomyl aicohoi, tertiary but%nol, tertiary
butyl carbonol, 1ﬁopropanol, secondary butanol,

yentan-2wo0l, pEﬂtan~3~ol, octan~2-0l, cyclohexanol,
ethylene glycol, prOpylene glycol, glycerol, butan-li .

3-diol, butanel: 4=-diol, pinacol and furfuryl élcohol;
| Gogtrol/ | ‘



Alcohol Substrate,

Human Placcnta

AP et sttt

TABLE I,

Rat Adrenal

ethianol - -
thanol - Fa. R
ropanel- - Ge Mo
utanol - e e
enbanol - Ge To
exanol - Ge T
eptanal - Ga o
ctanol - Po R,
onanol - -
eganol - -
ndecanol - -
odecannl - -
ridecanol - -
hienol - -
vdroguinone - -
«Bthoxyethanol - Ge Fo
11yl alcohol - Ge Po
wiigthyl=bubtan-le-nl - -
wHothyl~shutnn=l=o0l - Goe ﬁ.
onyl alcohol - -p
ertiary butanol - -
ertiary butyl carbinol - -
sopropanol - G, ¥
econdary butanol - Ge Tt
entanwe2-ol T -
entan-jeol - -
chtan=2=ol T Ge 1ty
yeclohexanol - -
thylene glycol - -
ropylene glycol - Ge '
-lycerol - -
utanels J=diol - -
utan~Lsi=diol - -
rinacol - -
’urfugyl alcohol Y Go P,
T = Trophoblast (Placenta) G =
T = Seminiferous Tubules {Testis) F =
I = Interstitial celis R =
GE = Germninal Epithelium CL =

e
R
R
R,

Re

Re

Re

ile

Re

R,

R

Re

Rat Ovary

. Ge
O. G
O Go
Q. Go
Qe Go
0. G
Qe Go

Qo 15,
Qe Go

e Ga
e Ge

0. G

GL.
TL. 1.
TI. .
TLe Ta
TI. 1.
TJ. L.
TE. I.
TL. Lo

The Lo
TLe Xo
f, ‘1: . :’:.
TLe £
TEe I,
Cl,
Tre Ao
ClL.
TE. .

TI. f.

Gl.

The Xo

sdona Glomerulosa

- Zona Fasciculata

Zona Reticularis

Gorpus Luteum

Clee

Gl

Dhee

CI-!.
ﬂ}d‘

CL.

€31

Rat Testis

Te
GI Le Te
GE, L. T.
G5, Le Te
G'E L ] IJ [ ] ‘1‘.
GiE. Le Te
G Lee To
G, -
Gl Le Te
(il e Lo T
Te
Gt L.--v‘ J‘.
£ Lie e
GIn, Te .
T
G, L. T
Gioe Lie Te
-
Cle Le T

= Leydig Cells

= Ova

= Granulosa

= Theca Interna



Gcntrol sections were concurrently incubated
Ln the buffered medium containing no alcohol.

~The resulis are summarised in Pable Ty, .

DIbCU ISTON,

Since Bonnicksen. (1951) iuolated aLoohal
dehydrogenage from horse liver the biachemical
properties and wmechanisesm of fhis enzyme have been
widely.deserlbed (Thewell & Bonnicksen, 1951;
Théﬁellv& Ghance, 19513 Thewell, Nygaard & ﬁonnidksén,
18553 TheWéll,'i?ﬁﬁ; Winer &:The&éll, 1960;vTheweil,‘
19613 Thewell &:méﬁinley ~MeKee,'1961g_Ba1ziél,‘ |

19613 flane'&'ﬁhewell, 19613 qnvdér,i?céel'&xﬁéhulman;
\41963 Pian@ & Leng, 196%y Dalziel, 1963).

TS

@hevre ctions aatalysed by aToahol dehyﬁro enase,.

panely. -

L

‘fffIm ?rimary alcﬁﬁQlﬁ.f

© RWHOE + MAD* ., R,OHO & wADH + HY

ahé ;Igﬁeeanaary Alcohols _i
‘R.OUOHLR 4 HADY R.C0.E + NADH + HY
bend ta move faﬁther %o the rmght as the pH is increased

and to the left when the p.H ig decreased., pai T4

was/
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was chosen for the mediﬁm in thig investigation due
to maxiﬁal agueous solublility of Nitro BT at this
value. At higher values Nitro BT was preferehtially
soluble in the alcohol which was immiscible with
"thé agueous medium, so that the optimal p.H for
the reaction could not be determined in this system,
Utilisation of aleohols by endocrine tissues
can bé elassified accérdiﬁg to the aleohol
structure (Ferguson, 1965).
(1) Utilisation of straight-chain aleohols (methanolw
tridecancl) impfaved with increasing chain length to
an optimum ef alx carbon atoms and thereaftexr the
1onger.ehaiﬁed«alechels were progrespively less
gatiegfactory substrates, perhaps because of their

decreaged solubility in the medium,

(2) Aromatie alcohols (phenol and hydroquinine):
thege two substrates aye‘néﬁ usually dmhydrogénated

in tissues but are instead conjugated with

glucuronic aeid prior to excretion.

(3) Cellosolve (2-ethoxy-ethanol) was moderately
need by tﬁe tissues. However, étraigh% chain
alecohols of a corresponding length appeared to be
more suitable substrates. Thus the ethereal oxygen
atom appears to exert some effect on the terminal

hydroxyl group, impeding its dehydrogenation.
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(4) The unsaturated alcohol (allyl aleohol) was
fairly well utilized but the double bond secned to
impede dehydrogenation to a slight extent in

eomparison to straight chain alcohole.

{5) qBranéhgd‘aloehalsi (iso butanol, 2-methyl butanw
1=0l, 3% methyl butan-l-ol, nonyl alcohol, tertiary
butanol, tertiary butyle~carbinol). The two tertiary
alecohols were not used and the remaining branched
alcohols were not as well utilised as were the
corresponding gtraight chain alcohols. Zwliethyle
butan-i-0l tended to be & more suitable substrate than
2-methyl butan-l-ol, presumably due to the inereaged
steric hindrance of the methyl group the nearer it is
to the hydfcxyl.greup,

Secondary aleohols (isg~pf0pam01, sscomﬂaryv
butanol, pentan-2«~0l, p@ptanwﬁwalg?aﬁtanéguol).
Alcohol dehydrozenase hat been shown to uiilise various
alcohols biochemically butb there aa nat as yet appear
to be any referenceﬁ to diiferent alaohel aehydzogenase
The present-fmndangq Puggeat that primary aleochol
dehydrogenase and secondary alcohol ﬁahydﬁc¥$naae arﬂﬁf
two separate enzymes. With the primery alcahol@,
activity was d?mensbrabl@ in all components oi t%@;
ovary approximately to an equal extent but_netfél all
in placenta. With secondary aleahqis the eorpora

intea/
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intea were axtfém&ly aetive whereas the rest of

the ovarian tissues wers only very slightly reasctive.
The placenta could also utilize some of The secondary
.&Eanheiﬁ'alﬁhéugh the primapry aleohols were now

aultable subosltyatan,

{6) Cyelohexancl was not utilised te any significant
extent by the endoerine tilsgues exanined under the

conditions of theexperiment,

{?)' PolyBydric aleohols {ethylene glycol, propylene
glyeol, glycorol, butan~l:5-dilol, buten-lid-dliol,
piﬂaéal) did not appear to be ubtilised as avidly as

were the monohydric aleohols.

(8) Turfuryl aleohol, Pentose metabolism involves the
Tormation of furlfuryl alaﬂhél ag a hy-groduct and

as the mowt€ ﬁ&ﬁabl@ metabodien of pentoses. is eonnected
with nueleie seide 1t is not surprising %ﬁat Lurfuryld
aleohol &éhyé@qg@ﬁé&@:;ﬁ&a gbagerved in-all the tissues
examined,

From this study Lt suerges that in any futurve
nistochemioal imveaﬁiga%iééaiﬁta aleohol dehydrogenases
at 1&&&% vwo  subatrates wgml& be veauiveds; Siratly
g otraight chaln primavy alecohol much &ﬁ‘héxémml,

inf



in prefevence to ethanol, which is the substrate
guobted for the demonsitration of this cnzyme
{Pearge, 1960). Secondly a secondary aleohol,

off a gimilar chain length to dewongtrate secondary

aleohol dehydroganase,
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SUMMARY o

;ﬁuﬁyﬁrexvstarcid dehydrogenase ﬁetivmty

wag studied hlataehemieally in hunan, monkey, “and
rat adrenal gimndﬁwand in human placentae. Tmsaue
seetioﬂé Wérg;inaubated ﬂapérataly Withfaaehféf
\fhe folibwing<@uhstiateé: (1)5?@mhvdﬁ0xypme¢n*5-' 
enw20mone (pregnenolono), {2) sodiunm ;6-su&phoxy-
Pregn-5-en-20=one (pregnenolonesulphwte), (3) ;@-
ac@toxypregn~5~en~20—ane (pregnenalane qcotqte);
(4) /g,1&x~d1hydﬁoxypregn~5—en~20«one (lﬁmphydroxy-
pres nenclone), (6)- ammonium /5~suiph0xya1%xnhydroxy-f
pf@gnmguen~30~0ﬂe (1prhy&raxypregnenolone | "
ammoniunm ulphq%e); (7) /A-hydroxyaﬁdrcqt~5~en~‘;
17=-one (DHA), (8):kg—gu}phsxyandroqﬁmﬁwe@fl7*one
(DA smlyhaﬁe)};(9)'§6wacetQxyandxost~59§ﬁa17*one
(DHA acetate); (10) androstebeene-34,174-diol

(androstenediol). | : | |
| 'Tha‘hietgehémical*rﬁsulﬁs.nbtain&&:with -
pﬁegnenalcné;and»ﬂﬁA asAsgﬁstrates resemble those
degcribed byvcﬁher‘warkerq; U%lnp pregnenolone
sulphate and, 17M~hydrmxypr@gnenalone ulphabe, a
strong hﬁatoehemiaal reaction with diformazan

deposition/
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~deposition was £ouné in the zona fasciculata

of the adrenals of all sepecier and in the placental

syntrophoblast. With DHA sulphate an extiremely

weék histochemical veaction was obtained with

the adrenal zona fasciculata, monoformagan only

being depositeds The syntrophoblast, however,

showed intense §6~hydraxysteroid dehydrogenase

activity when incubated with DHA sulphate. These

resulte accord with recenit findings regarding

the secretion and metabolism of §A~au1ph0xystewoids.
A strong histochemical reaction wag also

obtained in both adrenal and placental tissues

uéing 1T=hydroxypregnenolone, log=hydroxypregnenom

lone, androstenediol, prégnenelehe acetate, and

DA acetate, These steroids have not previously

been described as substrates for the histochemical

demﬁnsﬁra%ion 0£ §A~hydroxysterQid dehydrogenase

in the adrepal or placenta,

TYTRODUCTION,

In recent years the histochemical localigation
of ;3~hydr0xysteféid dehydrogenase activity has
been/ o |
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been well. studied in the adrenal cortex (Vattens
berg, 19583 levy, Doane & Rubin, 1959; favalleyo

& Chiappino, 19615 ﬁawson, Pryaeé@aviea & Snape,
1961) and placenta (@Qlﬁberg, Jdones & Turner,
1963}‘ Thié enzyme catalysea the conversion of

a wtevoid Zkﬁu%ﬁmhydraxy group to 8 £k5~§-oxagr0ug
and the reduced nicotinamide-adenine dinucleotide
(NABHQ) formed in the reaction can bhe coupled

%o the reduction of a tetrazolium salt by NADH,3
lipoanmide axidareduatase; Pregnenolone and DHA
“have been used as subm%rétes for this histochemical
rea¢tion by most workerstmx'l%xahyaroxypregnenolone
(Baillie & Griffiths, 1964a), l6o~hydroxypregneno~
1gﬁé,.pregnenediol and androstenediol (Baillie &
Griffiths, 196%) have been shown to be satislfactory
as substrates and in the foetal mouse testio engymes
substrate specificity has been sufficiently
pronounced to suggest the existence of more than
one §6mhydroxyaterqiﬁ dehydrogensgse (Baillie &
Griffiths, 1964b). The recent demonstration of
sulphokinage activity in adrenal tissﬁé (Cohn,
Mulrow & Dunne, 1963; Sneddon & Marrian, 1963%;
Wallace & Lieberman, 1963)_direetad atfentioh

- towards/
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towards ?ﬁwsulphoxysteroids, and 1% has been
shown in the Leydig cells of the testis that
pregnencioné sulphate and LiLshydroxypregnenow
lone sulphate are better utilized in the
hiétochemiaal demonstraticn~af ;ﬁ—hydruxysteroid
dehydrogenase activity than the free steroids.

A poor reactlon only was obtained with DHA
sulphate (Baillie & Griffiths, 1965).

In the light of these observations, it was
decided to invemtigate the histochemical
reactivity of the adrenal coriex and placenta
with particular respect to the sulphates of

pregnenolone, 17o-hydroxypregnenolone and DHA.

MATBRIAT, AND METHODS .

Adrenal glands were obtained from two
women operated on for mammary careinoma, and
from two rhesus monkeys and two rats; pieces

of placental tissue of about 1 0m.3

were

secured from four placentae removed at Caesarean
section at ferm for obstetric reasons not related
“to placental funetion. In addition, placental
tissue from a normally delivered woman was studied.

Bach/
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.

Bach tissue sample was immediatel& frozen
on solid carbon dioxide, seotioned at lﬁ/u;in
a eryostat maintained at wEOG, and the sections
attached to clean dry glass slidem by transient
;tMQWing. Before ineuhatinn,-fhe slides were
: brought to rvoom temperature and dried in air,
Seetions from each specimen were incnbated
sepavately at 37° with the sterelds listed below
Qfor %0 mine in the medium described by WVattene
berg (1958) bulfered at pH 7 with~either phosphate
or phthallate, The final concentration of
agteroid was 0.1 mil, Nitro~BT (2,2V«diwp-nitro= .
phenyle5,5tadiphenyl-~3, 3t =(3, 3 wdimethoxy-4,41dim-
phenyleﬂe)nditetrazolium chloride) (%. NLight and
Co.) was employed as a final electron acceptor.
The steroids, dissolved in propylene glycol,
- were: (1) pregnenolone, (2) pregnenolone sodium
- sulphate, (3) pregnenolone acetate, (4) lbok=
hydroxypregnenolone, (5) L7o~hydroxypregnenolone,
(6) 1mx»hydrexypregnenulone ammonium‘Sulphate;
(7) puA, €8) DA sodium sulphate, (9) DHA acetate,

and (10) androstenediol.
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‘Preparatian 0f 3A~sulphoXy=lTwhydLroXyPrCeNmb=enm2Qwone ,
2 vi _
ammonium salt (1

«Hyaroxypreanenoclone ammonium sulphate).

-

1TleHydroxypregnenolone ammoniun sulphate was
prEpafed'%y the éthod of Sobel & Spoerri (1941),
Solvente were removed under reduced pressure and fhe
solid residue was triturated with 15 ml, chloroform in
whieh-the gulphating reagent is insoluble, The repulting
slurry wag {iltered on a sintered glass fuﬁnel and the
residue waghed repestedly with warm chloroform. The
chloroform solution (approx. 250 ml.) was then shaken
Yigomously with L vol. of 2N~ﬁﬂ40H and after two further
extractions with 1 vol, o£'2N~NH40H the combined ammonisc-
al layers were washed with 100 ml, of chloroform. The
“lﬁxmhydraxyprégnenolon@ amnmonium sulphate was extracted
from the aqueous medium by the proceduvre of Ndwards,
Kellie & Wade, (1953%). Phe ether~ethanol extract was
evaporated to dryneses in a rotary evaporator and inorganic
salts were removed by treating the residue with warm
athanol and.filtering. The ethanolie solution was
concentrated in vacuo and the 1l7(~hydroxypregnenolone
ammonium sulphate allowed to crystallize out‘at low
temperature, A small amount (2004 g.) of the

erystalline/
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crystalline material was chromatographed on
% ge of alumina. No 1T7A-hydroxypregnenolone could
be detected in thé appropriate fraetion with the
sulphuﬁie;aeidaeth&ﬁol feagent of Oertel & Bike
Nes'(1959) in conditions which wonld normally
detect i/kg‘ A further 109;& & of‘the regidue
was chromatographed on Vhatman No. 1 paper in
the 'alkaline system' of Schneider & Lewbart
(1956), A single rather streaked spot was
éeﬁeeﬁeﬂ}by the methylene~blue test (Crepy & Judas,
1960) for eulpheate esters.

‘ Examination‘éf the sulphate ester by the
Oeftéi & Fik-Nes (1959) reaction gave an asgsay
“of 102.8%_on the bagisg of the formula 1T7d~hydroxyw=

-pregnenolone ammonium sulphate,

RESUTAS ,

(1) Adrenal Tissue,

Similar histeéhemieal results were obhtained
with the adrenal glands from the three species
gstudied, Using‘the_coﬂveﬂtional substﬁates
preghemolpﬁe and DHA, ;ﬁﬁhydrOXyat@roid dehydroge~

nage/



éehydragenase'aeﬁivity wag localized by a
heavy‘@&ue diformazan deposit in the zZona
fasciculaté oé the adrenal cortex (PL: 1, fige 1),
Only & faintly positive reaction was observed
A”in thelzena glomeruloga and no significanf
formazan deposition wag geen in the zona reticularis,
A aimiiar result was observed with 1T7o~hydroxy-
pregnemoloné.
L The results obtained with the sulphates are
of p&rticular]ihtaresﬁ. The diformazan deposition
éfter ineubéﬁion with pregnenolone sulphate (PL.
1,:fig;"2) aﬁd ﬁiﬁh i?dﬁhydraxypregnenolone
“sulphate (PL. 1, fig. 3) is very similay to that
seen with the fr&e steroide, In contrast however
(P1. 1, fig. 4) DUA sulphate wes not utilized Go
any extent and ahl& a slight pink manoformazdg
deposit could be detected in the zona fasciculata,
Heavy diformazan depoeition was.alaa ohgerved
in the =zona fasclculata after incubation with
15dyhydroxypregneﬁolona (P1. 2, fig. 5), androste
eneaiol (Pl., 2, fige 6) and the ;&~aceﬁoxy
derivatives of pregnenolone (Pl. 2, fig. 7)

and DHA (Pl.‘ﬁ,;fig. 8). -
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(2) Placental tissue.

"fhe chorionic villi of the human placenta
at term are covered with o single layer of
syntrophoblast although oecasioﬁal.eytctrOphoblaat
cells.can'be recognised after a careful search,
particularly on the placental septac.

Using pregnencloney 1lTo~-hydroxypregnenolone,
and DHA as substrates, inlenge ;Auhydroxystéroid
dehydrogenase activity was seen in the synfraphoblast.
The cytoplasm was coloured deep pink due 1o mono-
formagzan deposition and contained abundant dark
blue minunte diformazan deposite.

Pregnenolone snlghate (P1, 3, figs 9) 17-hydroxy=-
pregnenolone sulphate (Pl. 3, fig. 10) and DHA BULm
phate (Pl, 3, fig. 11) were better utilized than
the free steroids in that diformasan deposition
occurred more rapidly in the syntrophoblast. With
each steroid sulphate intense mono- and diformazan
deposition was found in theltrOPhablaat. Sinmilar
results were obbained with 16o(=hydroxypregnenolone
(Pl. 3, fig., 12). Incubation with androstenediol
resulted in little diformazan depositilon althsuéh

monoformazan/



monoformazan could be detected in the
syntrophoblast (Pl. 3, fig. 13). Use of the
;Awacetnxy derivatives of pregnenolone and DHA

(P1. 3, fig. 14) lead to heavy mono~ and diformazen

deposition in the syntrophoblast.,

DISCUSSION,

peveral groups of workers have demongtrated
histochenically that ;ﬁnhydrcxysteroid dehydrogenase
in the adrenal cortex of various animale can
utilize the substratespregnenolone and DHA
(Wattenberg, 19583 Levy et al., 19593 Cavallero &
Chiappino, 1961; Dawson et al. 1961) and the
nictochemical distribution in the adrenal cortices
of rat, monkey and nan, deseribed in the present
report iz in accord with earlier deseriptions.
Hictochemically the greatest activity of the 8-
hydroxysterold dehydrogenase is found in the zZona
faseiculata, and this hag been confirmed blochemically
with DHA as substrate (Cameron, Magrinil & Grant,
196435 Grant, 196@). Oﬁr obdervations indicate
that the same higtochemical distribution is

obtained/



obtained with LT=hydroxypregnenolone, androstene-
diol and 1loX~hydroxypregnenclone as subgstrates,
Recently evidence has been obtained that
bﬁl'isﬁﬁeergted by the human sdrenal cortex,
mainly égxthe sulphate ester (Baulieu, 19603
“Vande Wiele, HMacDonald, Bolte & Liebherman, 196%)
and sulphokinage activity has aleo been demonstrated
iﬁ huéam adrenal tisoue (Cohn et al. 1963
Wallace & Lieberman, 1963). DHA sulphaite gave
only a faintly positive histochemical reaction
when used as substrate for the enzyme ;ﬁ«hyaroxyﬂ
steroid dehydrogenase in the adrenal cortin@slof
rat, monkey and man. A strong veaction in the
zona fasciculata wasy however, obtained when the
sulphates of bregnenolane and 17d=hydroxypregnenolone
were used. This mtrong reaction wog obtained even
in a medium contalning phosphate ilons, known to
inhibit sulphatase activity (Roys 19573 Burstein &
Dorfman, 196%)., While the precise metabolic role
of the steroid sulphates in steroid hormone
biosynthesis remains unknown, several reports of
- the direet metabolism of steroid sulphates have

recently/
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recently appesred. O0OFf especial interest are the
conversions of (a) pregnenalcne~3ﬁ $ulphate*358

to 17x~hydroxypregnenolone~5H sulphate~353 in
vitro using homogenates of hyperplastic adrenals
(Gélﬁin & Tieberman, 1964), (b) pregnenolone
smlphatea358‘ta DHA aulphate~358 in vivo (Calvin,
Vande Wiele & Lieberman, 1963) and (c) cholesterole
34 sulphate=27S to DHA=SH sulphate--2S (Roberts,
Bandi, Calvin, Drucker & Lieberman,v1964). in
each inetance conversion occurred without cleavage
of the smlﬁhate egster group.

Whether the presence of a sulphate group
inTluences the binding of a ;énhydroxysteroid
dehydropenase with its éubstiate ag suggested
earlier (Baillie & CGwiffiths, 1965) renains to be
iﬂveﬁtigataés Calvin & Lieherman (1964) in |
experiments with huqam adrenal tissue did not
demonstrate ready transformation of pregnenclone
sulphate to A%a3 oxosterolds, The limited
aﬁiliﬁy of'the‘adrepal cortex to metaholize DHA
aulphate; suggested from our observations, might
- adeount for‘%he seqretiqn of this conjugate by
the adrenal gland,

An/
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An active metabolic role for DHA sulphate
wae suggested by Roberts, Vande Wiele & Lieberman
(1961) who observed that the administered conjugate
can be cleaved and further metabolized in man.
Baulieu, Wallace & Lieberman (1963) indicated
that DHA sulphate may be uwtilized by the placenta
for ocestrogen formation, and Bolte, Mancunso,
Brikeson, Wiqgviet & Diczfalusy (1L964a, b, ¢)
have confirmed that this sulphate is an oestrogen
precuraor when perfused through human placenta
in situ. Similarly, the utilization of cireulating
DHA sulphate for ocestrogen synthesis during late
pregnancy hag been established (Bauliecu & Dray,
19633 Siiteri & Maclonald, 1963). In these ciroums
gstances the faet that DHA sulphate is histochemically
well utiliged by the syntrophoblagt of the placenta,
in contrasf to the poor reaction in the adrenal
eortex, is of particular interest. It has also
“heen observed (Baillie & Griffiths, 1965) that
DHA sulphate gives o very weak reaction in the
:ﬁeydig cells of mouse testis, whereas heavy formazan
teposition oceurs in the seminiferous epithelium of
the mature gonad. I% was therefore suggested that
the seminiferous tubules wmay be a target Qrgﬁn for

cireunlating/
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~ecireulating DHA sulphate. A similar role might
be postulated in the female for the placenta,
The pregent findings accord with the
digtribution of éﬁuhygroxysieroid dehydrogenage
in human placental tissue at term desoribed by
Tobel, Deane & Ramney (1962) who used DHA as
substrote, No signifiecant differences were
obaserved in the distribubtion pattern obtained
with the other free gteroidg. ©The biochenmical
sighificance of the resulits with the ﬁénac@toxy

steroids requires further investigation.
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DESCRIPITON OF  PLAYE,

PLAVE I,

CPie. I 76~Hyd;oxys%eroid dehydrogenase in the
zona fasecleulata of the human a&yenai'eortex using

DUA as substrate, (x 130).

Pigs 2e¢ Intense diformazan deposition with prege
nenolone sulphate as substrate in the zona

faseioulata of the monkey adrenal cortex. (x 90),

Pige Je. Diformagan deposltion in the zona fasclicule
ata of the human adrenal covtex after ineubation

with 13&»hydroxypregnenalome sulphate. (x  180).

Pige 4.  Monoformaszan in the zona faseiculata
of the wmonkey adrenal cortex after incubation with

DHA sulphate (x 90).
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Figflﬁ. Depogition of diformazan in the =zona
fageiculata of the human adrenal corbex alfter

incubation ﬁith'165&hydroﬁypregmenaluﬂe, (x 90),

Bige 64 Depogition of diformazan in the zona
faseiculata of the human adrenal cortex afber

incubation with androstenediol as substrate. (x 60).

e T Diformazan deposition in the monkey
adrenal cortex after incubation with pregnenolone

acetates, (x 90).

Pig, Bs Diformazan distribution in the human
adrenal cortex after incubation with DHA acetate.

(x 130).
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Figs 9. Diformazan deposition in the myntropho=
blast after incubation of humaen placeatal tlssue

With‘pfegﬂeﬂolﬁﬁe aulphaﬁea {(x 90),

Pzﬁ. 10 )ﬁ~nydroxyabexoi@ dehydrogenase activity
in the bynhxophobiash of  humen placental tissue
after lncubation with 17&~hydruxypregneﬂolene

gulphate,. (#; 9§)9:

Pige 11, ;ﬁﬁﬁyﬂraxymteraiﬁ’dehyarogename activity
in the gpunltrophoblast of humen placental tissue

after incubation with DHA sulphate, (¥ 90).

Pige 12+ Pormazan depowition in the syntrophoblast
of human placental tlesue after incubation with

16omhydroxypregnenolones (X 90).

Pigs 15, A few diformaszan particles in the syhtropho»
blagt of humam-plwcéntalgtiaaae after incubation

wiﬁh andro$t¢neéid1Q (ﬁ¥v280)y\

?ig 14, Deposition o£ mﬁﬂoh and diformazan in the
vyn&rophchl& 3t of human placental tlssne dfter

ineubation wit St DHA acetaﬁe. (x 90)a
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- SUNMMARY,

e age dLmtrjbutlon of hydroxysteroid
denydrogenases (H.5,D.8) in the mouse adrenal
cortex and gonads, was studied histochemically
between the 9th day of intrauterine life and
the end of the 10th week of postnatal life using 53X,
5}*, f:"yi*- 110(«-51%120(-, 160t~ lﬁ@«-, L9 1/1/5-. 9/5-.
21 and ?4~hydrawysteroid° as subgtrates,.

On‘the 12th day of embryonic life lgéwﬂ.ﬁ.ﬁ.
wos demohékréﬁla in -the mouse adrenal eortexsy
;ﬁuﬂ.ﬁ.ﬁflhecmme\apparent on the 15th embryonic
day. §B~ and 1§£fﬁ.ﬁ.b.s are by far the wost
active in this tissue; 13&~H.S;D. showed weak
activity; 6Aw, lls=, 120w, 17c=, 208=, 21~ and
R4-hydroxysteroids were not utilised histochemically,
Zone diffevences in H.8,D, activity. are quantitative
rather than qualitative.

i§8~H;S.ﬁ. wag active in the genital ridge
from ithe 9th day and éﬁmﬂ.S.D. from the 11lth day
in ‘the indifferent gonad. 1}6*, S0t and 174-H.SD. 8
appeared in the testis on the 16th, 19%h and 20th
days of embryonic life respeétively. After birth
the volune of interstitial tissue wndertaking
hydroxysteroid dehydrogenation increased regulaerly
with age. §A~H.S.®. was first demonstrated 7 weeks

ostenartum.
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jﬁu And L§B—H. S.Dy activitles were seen in
the nvqry at the 12th day in utero,

At blrbh, 1/£~H. B, metivity was seen in
atretLu ova and these showed B0 5 1}69 and 1/5-
He3eD, activities by the third pu&tnmaal,wgek.'

Different patterns of granmloéa cell H.S.D.
&ﬁtiviﬁ&ﬁwere'seen; sone feliiclés,eoﬂ%&ined no
diformazan, others showed a depoelt throughout the
granulosa, while in a thivd group an ocuter,
intensely reactive zone eoﬁﬁraéteﬁ with the‘inhex,
weakly reactive region., Oorpora lutea possessed
Suhmy Gy Gfmy 1lfamy 120k, 1606, 1§/~, 174 and
29ﬂnﬂ.ui“. aativities.

The germinal epithelium showed only 16w,
Al?@n and Y7l«H.5.0, activities, first demonstrable
in the 6th week of poastnatal 1ife.

Weak %= and 1§ﬁ~ and s%rong ;ﬁn and 164~
HeSe h. activitien were presenb in ovarian
interstitial cells at birth and 1¢6~ﬂ§a.n,-activify

appeared during the 3rd week,
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INTRODUCTION,

Techniques have been described for the
higtochemlical demongtration of diverse hydroxy=
pteroid dehydrogenases (Wattenberg, 19583 Pearson
& Grose, 19594, B: Balogh, 1964; Baillie, Calman,
Perguson & Jlart, 19654, B} Baillie, Ferguson,
Calman & Hart, 196%5), fThis investigationAwas
undertaken to determine at what stage Llan the
development of the mouse adrenal cortex and gonads

these ensymes bhecome demonstrable histochemically.

MATERIAY, AND MEPHODS.

Pwo female Swise white mice weve killed by
deeépitaﬁian on each of the 9th to 21st days of
pregnanecy and the nteri removed immediately. The
younger embryos were frozen on solid carbon
dioxide in thelr containing segments of uterus, the
larger ones atfter removal from the uteri; all were
frozen within 3 minutes of interruption of their
blood supply. The adrenal glands and. gonads were
located by serial seectioning of embryonic trunks at
12 in a cryostat (~259C.) and staining every 10+th

section/
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seetlion with haematoxylin.and eosin,

The requisite sections, thus defined, were
retained for incubation,

Twenfyntwo male-and‘twegtythQ'femalé Swiss
white mice were killed by decapltation in groups
of 2 of each sex at weekly intervals from birth until
the end of the 1L0th week of post-natal life. |

The adrenal. glands and ovaries were excised
from the female miéé and the testes from the males
within 1 minute of death'and inmediately frozen on
a0lid carbon dloxide. These organs were sectioned
at 10M in a evyostat wmaintained ot -25% and the sections
attached to elean, dry plaaa covers 1ips hy mcmentary
thawing and incubated individually to demonstrate
¥.AsDo~dependent I, 8.0, aétivity using teehniqﬁes
described previously (Daillie et al, 1965b). Dimethyl
formamide wan used as the vehiele for the followinw
storoid substrates:e
(1) Buwhydroxy-So~androstan=17-one (Steraloids)
(2) 3&phydrOnygg_mndrostan~i7~one (Sferaloidé)

(3) D, H A,
;ﬁ-hvdvoxyandrost-5—ene-17—one- bteralomdm)

‘(4) Pﬁegmenolone s _
: ;A-hydroxypre n-Beene-20-ones Steraloids).

(5) 6/



(5)
(6)
(7)
v(8)
(9)
(10)
(11')
;“(12)
(13)

(14)
(15)

(16)
(17)

(18)
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/f-hydroxyprogestercne
l-hydroxypregn=d~ecne~3, 20~dione: Hteraloids)

Lﬂ»hydroxypr ogesterone .
(11d~hyarexypregn~4»ene-3, 20~dione: Hteraloids)

11A-hydroxyprogesterone
laﬂ—hvcroxypregnw4~one—3, ?Ondlﬂﬁe* Steraloids)

12d=-hydroxyprogesterone ‘
(12ol=hydroxypregneimene=3, 20~diane: Steraloids)

16dahyﬂroxyae trone '
(143:5,(10)estratrien-3, 16X~d401*17w0ne.bter3101ds)

Oestrone (as control)
(1,3, b,(10)»estratrmenu3~ol-l7—ona: Steraloids)

lécd=hydroxyprogesterone
(lﬁduhydroxypreyn-4mgne—3, 20-diones VieReCo)

7£~, léémdlhyd¢Qxyandfcut~5~ene,3~methyl ether
‘ (Steraloids)

;A-hydrcxyandrostﬂﬁ—enenlﬁnone, Sw=methyl ether
ags control) (Steraloids)

17d@hvdrcxyanﬂrowt~4~ene-3wone (Steraloids)

Testaﬁtefone
(1/4-hydroxydndro@t-4uane-3~onﬁ: Steraloids)

??ﬂwhydr@xvpragesterane
20 =hydroxypregn-4~ene~I~one: Steraloids)

2l-hydroxyprogesterone
(21=hydroxypregn-d=ene~3-ones Hteraloids)

d4~hydroxy~) -cholan (Steraloids)

Ag an additional control, gectlcns were incubated

in the complete medium including steroid solvent

(dimethyl formamide) but devoid of steroid,

Testicular/
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Testicul&rnvolume for this closely inbred strain
of mouse was ¢otablished by Baillie (1961) and is
sunmarised for convenience in Table IV ag avre the
l}ﬁnﬁ.ﬂ.ﬁ. results ﬁhich are described elgsewhere
(Baillie ,vFefguson ¢t al., 1965),

To enable dir@et-eompariqon of utilisation of
individual hydroxysteroids to be made in paatwnatal
testic a quantmtat1ve analysis of the interstitial
tigsue of each age group was made. The reactive
volume of Leyﬂmg tissue with a glvpn HeBeDe was
derived as a percenta e, from whlch, together with
the ﬁthLGuld? volume, thm total volume of TNeydig
tissue at each age with- the ability to utilise a

given steroid oubstrate was caleunlated.

RESULDS ..

The results mfAthia investigation are detailed
in Tableg I o V and DPigures 1 to 11,

Tittle monoformazan was noted in foetal seetions,
the tetrazolium dye being deposited mainly in the
form of blue dlformazan particles. In general, much-
heavier dye deposition cccourred in the adrenal coriex
than in either the testis oxr the ovary.

Before/
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TESTIS
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did not give any colour in any zone,.

in the poste-natal female mouse adrenal,
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Zana TFaselculata
X = X Zone
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Age in Weeks
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Aoehydroxy=bamandrogtane17-one and Lla=, 1l7a=,
2le and 2h-hydroxysteroids did not give any
colour in any component of post~natal mouse

ovaryes
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Hefore the 3rd week of postnatal 1ife granulosa
in most ovarian folliclee contained an even diformazan
deposit throughout the cellsy thereafter, different
patterns of activity in granulosa emerged. The
_granulosa of some follicles contained no diformazan,
others showed a depogit of diformamen throughout,
while the third consisted of two mones of granulosa of
different activity; an outer peripheral layer of
granulosa cells some four ox five cells thick was
intengively veactive, the individual tetrazolium
particles being avranged in. the periphery of the cytoe
plasm of the granulosa; the inner part of the
grannlosa wag much more weakly reactive and pink monoe
formazan was depogited evenly throughout the cytoplasm

of ‘these granulosa cells,

DIACUSSTON,

The adrenal cortex can firet be recogniged in
the 12 day mouse ewbryo (Waring, 18%5). Attempts
have been made to establish the time of onmet of cortical
function im‘developi?ggaﬂf@ﬂal glands using hlstochenical
tests for lipids in %heichick (bawson, 195%), rat (Van
Dorp & Deane, 19503 Joaimovieh, Tadman & Deane, 19543
Lever, 1955) and mouse (Mooge, Dennett & Dean, 1954)

but interpretation of functional status in terms of
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of lipid content appears to be difficult.

;gaﬂ‘s,n§ activity was investigated in the
adrenal cortex of the mouse by Allen (1960) and in
the adrenal glands of various mammals, including
the mouse, by Rubin, Deane and Hamilton (1963). Both
papers record that the zona glomerulosa and inner
paxrt of the zoma faseieulata were active, while in the
X zone aeﬁivity was limited to the juxta-medullary
portion in the female, appearing bhetween the 135th and
16th days after birth and perslsting into adult life,
but being absent in the yound male, Allen congiders
that NLA.DH, diaphorase activity 1g¢ not & limiting
factor in the study of ;ﬁmﬂ.s.n. in developing mouse
adrenal glend (Allen, 1959) and our unpublished
ohservations agree,.

The finﬂings in the pfesent investigation of 34w
and léﬁnH.S.D.s in the 12 day embryo suggests sterolid
biosynthesis in the adrenal cortical anlage as soon
as 1t becomes recognisable, ;;Gwﬂ.B.D; was hot
detected in foetal or neonetal mnouse adrenal in
agreement with Allen's (1960) resulie.

Thé slgnificance of formazan deposition aftexr

incubation/



incubatlon with the J-hydroxysteroid substrates is
not wholly cleawr; unpuhlia@ed ohservations in
thig laboratory suggest that sleroid Soe or ggu
Gehydrogenage may be in part responsible for the colour,

he strong faseicular 34-H,8,D, activity at birth,
persisting unchanged into adult 1ifé, contraste with
the gradual ineresse from low activity at birth 4o
the adult level at 21 days reported by Allen (1960).
196~H.3;D. activity in the zona fasociculatse, strongigt
birth, becomes intense during the third week ofliife
and reémained go. In ﬁhié zone the eﬁzymefappeared to
be very soluble, with the resetion taking place maimly
in the medium on the surface of the tissue section,

Allen (19%9) and Moog et al. (1954), from
diaphorase and lipid studies believed thaﬁ the X zone
playeé an important part in the physiology of the
firsﬁ two wéeks of postnatal 1life, but the resulits of
the present investigation indicate that functional
activity is“nﬁtflimifed to such a short period.

No obvious difference in the pattern of hydroxyw
steroid ﬂehydrogenase ig noted hetween the zona fascics
ulata and the X maone, differences in activity being

gquantitdtive/
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guantitative rather thamqualitative,_and this
accords well with the observation by Vinson and
Chester Jones (1964) that the presence oxr absence of
the X zone did not appear to influence the ratio of
cestrogens to adrenoeort100$ter01d$ produced from
progesterone by mouse adrenal glands in vivd,
Chester Jones (1950) Suggestéd that the X zone
probably does not produce a steroid hormone, at
least not in the game way as other tissues producing
such hormones, but the presence of 94- and othex

M. 8.D.8 in this zone does not support this view,

The mouse ovary can be recegnised on the 12th
day of foetal life by a process of exelusion, the
testis being differentiated at this stage while the
ovary remains indifferent (Brambell, 1927). The
medulla becomes apparent on the 16th day and oocytes
surcounded by 3 or 4 flattened -epithelial cells can
be seen on the 18th day.

'?ﬂ-ﬁ.s.ﬂ. has bsen demonstrated in 8 day poste
natal’ rat overies (Pres},Jirasek, Horsky & ilenzl,
1965) 2nd in adult mouse ovaries (Ferguson, 19654),
‘The praﬁent.inveﬁtig&tion with mouse ovary reveals

extrenely/
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extremely weak ;ﬁaH.S.D. activity as early as the
12th day of foetal life, at which stage 164=H.5,D.
can also be detected,

The hilstochemical reactions observed in the
foetal ovary are very much weaker than those seen
in the foetal testis and this may reflect the
widely known fact that androgens are required to
seceure differentiation towards the male phenotype,
while ocestrogens of placental or maternal
origin suffice to produce differentiétion towards
the female phenotype (Price & Pannabecker, 19%59).
On ex&mimatian of frozen sections it was not
posaible to be sure that those ova which contained
formazan deposits after incubation with hydroxy-
steroide were not atretic although wmost appeared
to be histologlieally normals; morphélogicai altérate
iong of ova are helie#ed to be preceded by enzymic
changes ih f@e gramqioﬁa kﬁobel, Rosenbaum & Deane,
1961) when the fol;ielﬁlis uhdergoing atresia,

Some ova-aﬁ birth were seen o possess 19&-
H,8,D, activity and by the third week of postnatal
life the ova had‘furthef developeﬁ'?ﬁm, 1}A~ and
ljﬁnﬁ.s.ﬁ.s.

Many/
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Many morphologically normal follicles
exhibited no activity in the ova whereas others
.showed some formazandeposited in the ova while the
surrounding granulosa was devoid of formazan.

. In follicles which showed evidence of
atresia ova, when aseen, were invariably possessed
of H,8.D., activity.

Prom these findings it would appear that the
presence of H,5,D,e in ova is indicative of atresia.
- The utilization of such a narrow range of
hydroxysteroids (1?@~, 19ﬁ-, 16ol=y) in the germinél

epithelium points to limited metabaliaﬁﬁdﬁ
gteroids such as 1;@~o@stradiol and oestriol, but
definite proof is lacking. Despite the eammoﬁ |
origin of germinal eplthelium and wembrana
granulosa, it is interesting to ohserve the
divergence of H,8,D. patiern between these tissueg.

The ov&ﬁian interstitial cells are saild to
have a dual origin (Rennels, 19513 Dawson & MeCabe,
1951), The primary type is reputed to arise early
in life, is of uncertain Qrigin,'and exhibits
cytochemical changes suggestivé’ef secretion (Dawson

& NMeQabe,y 1951). The pecondary type is helieved

to/



to be formed at a later stage from the theca interna
of atretic follicles. HNecent histochemical invest-
igationg fox éﬁwhydroxysteroid dehydrogenase
confirm that this is probably an actlve site in
the metabolism of steroids (Levy, Deane & Rubin,
19593 Deane, Lobel, Driks & Rubin, 1961; Tkonen,
Nieml, Pesonen & Yimonen, 1961; faylor,iIQEI;
Goldberg, Jones & Turner,-1953;‘ﬂubin et al.; 19633
Ferguson, 1965) and electron microscopic studies
indicate a ﬁeorétory function (de Groodt, Lagrasse
& Sebruyns,. 1957).

This rise and decline in enzymic activitly
seen in the formation and regression of the corpus
luteum might account fLfor the corresponding blood
levels of hormoﬁesf

The mouse testis becomes recognisable on
the 11th day of embryonic life (Brambell, 1927)
and 3A-.8.0, amﬁivity has been recorded by Hitzeman
(1962) in the mouse testis on the 15th day of
embryonice life.

Histochemically trace ééwﬂﬁﬂ.b. appears to
be present in the mouse genital ridge and is
certainly present as soon as the testie 1ls recognise—

able/
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reaogniéable ag suchs HMore striking is the
unmiaﬁakahle“lééyﬂas.ﬂ. activity inﬁtheemesenchymal
cells of the genital ridge and all stages of tesbis.
Thege facts may vreflect sterold metabolism in- the
genital ridge.

;ﬁmH.:.Di haﬁ previously bheen desﬁribea in
the mouse (Hitzeman, 19623 Balllie, 19644)
interstitial cell and the cytolagical.distgibution
of Jd=hydroxysterold dehydrogenase in the mouse
Leydig‘ééll is identical with that deseribed for
the ?&uhyﬂroxysteﬁcid dehydrogenase, In a previous
report (Baillie & Griffiths, 1964) the volume of
Teydieg tissue in this strain of mouse having a
;ﬁ«H.S.B.fﬁgpahle of acting on substirates such ap
D,H.A, (éﬂwhydroxymndsostmﬁwene*l7~one) has been
establisﬁed and the growth curves . of reactive
Loydig tissue with éﬂmﬁ;ﬁiD. activity are very
similar to the gigmoid growth curve pieaemtly
observed with Leydig tissue lnving a histochemieally
denonatrable Ju«=~H.5.0. At any given age, however,
the volume of Teydig tissuea capable of dehydrogen-
ating ;Buhydroxysteroids is considerably greater
than the volume of interstitial tiseue capable of
“dehydrogenating SBo=hydroxysteroids.
Notwithstanding/
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Notwithatanding the uncertainty regarding
the biochemical significance of the 16 ~=hydroxy-
steroids, the present testicular results made it
very clear that 196~H.S.ﬁ. is an extremely active
and therefore probably iwmportant, constituent of
the testicular interstitium, Reference to Fig,.
10 indicates that almost 20% of the tesiis ecan
execute lgﬁudehydrugeﬂatian at birth and about
6% = the entire interstitiuvm (Paillie, 1961) =
in the adult testis. The overall volume of interw
stitial tissue capable of carrying out this cone
version (IMig. 11) increases steadily with age
and is far greater at any given age than the
volume of tlissue capable of acting on any of the
other hydroxysterolds surveyed in the present study.

Histochenical studies of 1}4*H.S.ﬂ. appear
not to have bheen underdtaken following Pearson &
Grose's (1959A) assertion that this engyme was
not histochemically demonstrable in testis. The

~present resulte indicate that it is not merely
/ demonstrable in adult mouse testis but that it is

present in the testicular interstitium from bilrth.
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BLATE X

Pige Lo The genmtal rlcge of a 10 day mouse embryo
afler incubdtlnn with a 19ﬂ~hjaroxyﬂte?oid. X 90.‘

Bip. 2. Tesils from a 19 day mouse embryo after
incubation with a %/6¢hydroaystoroad, Intense 1/A~
' hydroquheraid dehydrogenase activity ies seen in

ﬁhe~iﬂ§erstitial tiseue, x 200,

iz, Je The adrenal ﬂlaﬁd of a 16 day embryo after
1ncubatlon wtbh a %96~ayﬂroxyﬁtcroid. Adetivity is
pvrsent in all zones. Yhe ¥ zone at this stage is

interlocked with the medulla, i,

4. 76~Hydroxv steroid dﬁhmgrogenaseiactivity in
the .adrenal cortex of a 6 week old mouse after
incubation with D,H.A, Aetivity is seen in 211
zones of the cortex, being strangeﬁt“iﬁ'the gnna.
fascicmléta;*“in the X gZone activiﬁy is present near
fhe medﬁila. The medulla (at foot of figure) shows

no activity., =x 150,
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PuAmF II.

5., Bifcrmaéaﬁ in theameonétéiuiﬂterstitidm

an& folllolar with, 16 whydro yﬂterald¢ %  200%

P §~‘S?u. Two waek nld OVary watn ;Aa;yﬁmdlhydrexyn
angro tmgnane 3*methy1 ather whow1ng anh:vitv in
ome EB&ﬂH1OS&, Th@?d interna and in clrcumscrlbe

fvroup@ of 1m%er tltlum. x 90,

Bies 7 7o DLiOde?mﬂ in ‘the :ﬁ%ef;txtlum and
granulosa 1nd¢0a51ﬁg /Awhydroxyaboroud ﬂehvdr genase

-in the newnatal ovarys. % 50,

ilf 8+ Heavy deposmoion £ diformazan in the~
 gern3na1 epmuhelvun following 1n0uhdtﬂon of a seveﬂ

week OVdTy 1n 1}4~hydraxydndrowtoﬂewﬁ-cno. x- 90.

Pig. Q.A; l?éunyaromy tevomd dehyﬁrogamnae aet1v1ty

,1n Lhe 16 day old fcatai ovary., x B8O,



PLATE

f

. S—*- T" 4



143

DESCRIPTION of FIGURES

Fipg. 10. The proph shows the imberstitlal
bigsue reactive with 3&¥§2@£§5 164w an&_l;ev
hyarexy&t@naias»as‘a p@raaﬁﬁaga of - the testis

dupring the Civst 10 weeks of postepatal life.

Pime I1e This giraph showa bhe hyﬁf@xyﬁtgraia ‘
dohydrogenase reactive intorstitial tlgsuo for
Jodm 9@*, l§£a~anﬂ lzgn hyaﬁqﬁysﬁar@ia subgbrotes
cag an abgolube volume duwrdng tha Llrest 10 weaks

of post-nabal Life.
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INTRODUCTION,

-Ig'wecenﬁ<yearé the biosymth@%ié‘pathways of
the‘steroiﬁ hormones have beeama progfeagively
gluéidateﬂ and since the development of a vechnigue
for the histochemical demonstration of ;4*hyaroxyu
steroid ée@yﬂfog@nage in:19§8 (Vattenberg, 1958),
similars%ééhniquea have been described for the
utilisation in tigsue sections of 3~ and 174-,

(Pearson & Grose, 1959A & B), 20x=, (Balogh, 1964),
1%£w,'(Baillie, Perguson, Calman & Havt, 1965), £04-,
(Baillieg Calman, Perguson & Hart, . 1965A) and B,

9@«, Loty L20Km, 16x+,A%9£~, 17y 21~ and 24=-hydroxy= -
steroids (Baillie, Calman, Mevguson & Hart, 1965D).

| Thig paper deseribes the histaeh@mﬁcal utiligation of
B, Jamy 6=y Llkey 11B=y 1206, Loty 164-, Loty 176,
295*, 21 and 24-hydroxyeteroids in three normal

aduit human adrenal glands and in two huaman- foetal
‘advenal glands. An adrenal adenoma and adrenal
glands from three cases of Cushing's mygﬂ?omé were

also surveyed with these technigues,
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MATERTAL _AND _METHODS,

Tissuesse ‘Thre@ adrenal glands were obtained from
women undergoing advrenalectony Lfoxr breagt carcinoma
and who had not previously received any systemic
steroidas The adrenals were placed on ﬁﬁlid carbon
dioxide within two minutes of interruption of their
blood supply. Adrenal glands were also sccured from
two ‘foetuses of crown-rump lengths 12.4 cms, and 17.53g
emsQ respecﬁively, at therapeutic terminatlon of
pfegnaney performed'fer paychiatric reasons. These
Aglanaﬁ were similarly frozen on solid csrbon dioxide
lamediately on excision., The 12.4 cms. foetus was male,
the 17.8 c¢m. foetus female. @ﬁfee adrenal glands were
6bﬁgimed from patients undergoing adrenalectony fow
Cushing's syndrome; +the first patient was a female
aged 32 and only %h@-ﬁﬁ#hydrOXyﬁteroid dehydrogenase
digtribu%icn wag investlgated in this case. The sgecond
was o male patiémt aged 47 and the third a female aged
22. These glands were treated ag deseribad‘above. Phe

adrenal adenoma was from a 42 year old female.

Incubations: Bach advenal was seclbioned at 1%/L in a
cryostat maintained at -20° and the sections attached

to/
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o ¢lean dry glassg eoverﬁllpa by momanuawy thawing.
They were then incubated with steroid substraies

to demongtrate the followling hyﬂroxyetefeid
dehydirogenaseste :- |

(1) Bo=hydvoxyeleroid dehydrogenage,

using %dphydroxy-ﬁ&randrostan~17-one and 3ul=hydroxye

?ﬁw&ﬂﬂfOﬂhﬁﬂwl?nonQ (Steraloids).

/AwhydfcxythTOLd ﬂchyﬂrayonnae,
uging /6—hydToxypvcﬁm~5~0n~20~one (pfennenolome-
alelds):

qodzam.§4-su1phoxyprepnmgnenmae-ono ( pregnenolone= -
sulphates Organom), ‘ |

| jﬁ, Zx—djhydrowypfeyn~3~en~20~ane (17 -hydroxv-
pregnenolones Steraloids)s

- Ammonium §Ahsu1phoxy~17¢~hydvoxypregﬁ~5~en-20-ome
(17A=hydroxypregnenolone ammonium sulphates Dr, B.H.D,
Ganeron) s | ‘

;Awhyd:oxyandro gt-S-en-17-one (D,H,A,} btevalold%),
§£~sm]phoxyanﬂvost~5~en—17~ane (D.H.A, 3ulphate° Organon) s
(5} éﬁmhyd roxyaterold dehydrngondse,

using éduhydroxyprogeSbefone»(6‘-hyﬂfoxypregnuqmemem3,t'

| 20-dione; M.R.G.), |

{4y 1./
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(4) 1lisehydroxysteroid dehydrogenase,

uging llg=hydroxyprogesterone {1Lxghydruxypfegnn4-eﬂe«3,
20~diones Steraloids),

(5) l%Bphyéroxysteroid dehydrogenasey

uging 11F~hydroxypragesterane (1lﬁwhydraxypregn—4maﬂe~3,
20~diones ﬁteraloids),

(6) 12x¢=-hydroxysteroid dehydrogenase,

using 12dyhyaroxyproggstef0ne (1Lehydroxypregnmlmeno=3,
20~dione; Hteraloids),

(7) 16dwhydroxysteroid dehydrogenase,

using oestrone (1,555,(10) estraﬁriem~3~01—17monﬁg‘
Sﬁeraloiés)mnéfl&x—hydroﬁyaestrone (147,5,{10)=cstratvien-
By lbdmdiolmlT=0oney M.R.C,),

{8) 16ﬁﬁhydroxys%@roiﬁ dehydrogenase,.
with‘%thyaraxyamd?ostwﬁmenalﬁwcneagﬁmethyl aether
(Sberaloids) and BP,1§Bwéihydr0xyanﬁwmmtwﬁ«@me~3~methy1
ether (Steraloids),

(9) 1%l~hydroxysteroid dehydrogenase,

uging epltestosterone (17¢phydrokyandrostuéﬁeﬁe-ﬁwone;
Steraloids),

(10)‘ 17}-hydr03ysﬁeraid dehydrogenase,

naing téstosterone-(1?Pﬁhydraxyandrostwéaeﬁeuﬁmoneg
M.R.G.ﬁlamd oestradiol (153,5,(10)~eﬁ§ratfien~3, lﬁﬁadiolg
OrgaﬁOQ),

(11) 20/
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(i}) 'Qgﬁuhy@?axysgeroié dehydrogenasea, S

ﬁaing 29&-hydrpxypﬁogesteroﬂe (20'~ﬁydroxypmegﬂn4uen643;

Cwdioney Steralolds), |

(12) élshydroxyatereid dehydrogenasne,

nging 21~hydroxyprop sterone (dl-hydroxyprenn-4weno~),

20-diones Steraloids),

(13 ). 04~hyﬁx0Yy“ie@01d dehydrogenas

usmng 7@*Gh01dnm£4w01 (%tgﬁalaidu)

| | ”he ineubahlon nedium cons visted of 59/@1&. ateroid

uubstrauo dlsqalved in 0,5 ml, dimethyl formamide, % mg.
WL D., 2 mg. Nitro B.T, and 9,5 wnl. 0.I.M, Phosphate

buf er (pﬂ.7.4).A

RESULRS,
The results arve &mmmaﬁiged in Table 1%‘ the three

adult glands behaved very simllarly and their results

. éfe all grouped under one headingi The ﬁhyag'ddéhing's
ayndrome adrvenals had»ﬁhree>¢lear1y recognishble zones,
The adrenal ad&momQ"%pédimen congisted malﬁly 01
~normm adrenal Ljﬁwue with oce asi%nai Qﬁenematous
nodules in the zona fasciculata.’ Thdse nodules, 3 4 4 mm,
in diameter, were of Lascicular cell origin. Hlsﬂgehemic&

ally they could be divided into inner and outer zones.
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DISCUSSION,

The human adrenal cortex, is of the lipid wich
type and the fumetional significance of the three
morphologically distinguishable zones has been the
subjeect of intensi¥e iuvestigations., The problem has
been approached from a nuimber of viewpolntsy histo-
logically, histochemically, bPiochemically and physio-
logically. The results which have been described here
gi%e support to the recent work of Griffiths, Grant
and Symington (1963) conceraning the significance of
each zone, These aubhors, ﬁbdiﬁying their original
viQW'(Symington, 1962) suggesﬁ that the zouna glomerulosa
b the only site of aldosterone production, whereas the
mona fageiculata and zona reticularis are a gingle unii,
synthesising corticogteroids and sex hormones., The
proportional contributions of each zone are not
esbablished.

Qur vesults would secm Lo support the view that
the gona fasgeiculata ig the mogt active ﬁf the adrenal
ZONEs, butlﬁhe activity of 16ﬁ~hydroxygtereid
dehydfogenase in the zona glomerulosa is of interes:
(Pig, 1). Two additional points must be made;
firestly, the more precise localisation possible with

these/



these histochemical technigues indicates that the

ZONA faseiéulata iteelf can be divided into two pavis,
an inner and an outer. Only the latter is lun fact
active with the majority of the énzymes described,

Undexr étress conditions, howevér, both parts of the zona
fagciculata may become active., The original view of
Symington (1962) that the zona fasciculata was
principally a sbtorage zone may thus in fact be true

for the inner paft of the zone. Secondly, of the
eﬂzymeg'd@seribeﬁ only the ﬁﬂ-hydwaxyateroié dehydrogenase
which hag been previousgly descyribed in éetail-im the
human advenal (Baillie, Cameron, Griffiths, Hart, 1965),
i1g in fact concerned in a bilosynthetlc pathway. The-
r@maiﬁing enzymes have in many cases doubliful
physiological significan&e, especially regarding the
biosynthegis of sterold hormones. In the main they

are concerned with the further metabolism of steroid

in the widest sense. The inportant point is thai
whereas recent blochemical studies have been concerned
with biosywnthesls of glteroids the present study concerns
gteroid metabolism as a whole, aﬂé although it would
geem that our resulis confirm fhe blochemical ones,

they are not gtrictly equivalent, Murther work may

d

{de

gtingulish difflerences between the two approaches,
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With the Cushing's adrenal the most striking
feature of our resulis is th@'chmnge in zonation of the
%p-hydroxysteroid dehyﬁrogeﬂasa} Previous lovestigation
(Baillie et al., 1965}, confimmed in this study,

Hdltuhed §hat in normal adrenal, this enzyme could he
detected histochemieally only in the gona fapeiculata.
With the Cushing's adwepals, however, the .enzyme is
pregent in all zones, excepiing the inner poaxrt of the
-zona faselculata. . Sihce %hi“ enzyme i intimately
-eoneeymeé’w: vh the bmc&yﬂ hosiq of coxitisol, 1% is
not éu“prqun that iteg aetnvmby L increamed in this
condition. Lameomltdﬂ“ with this lacreasse in %f-hydzOyy—
pterold dehydrog@naqe there 1g a ﬂeer age in %he activity
of all Bhegouhex anyme$‘1ﬂvest1gateé, In faet only the
1§F~hyﬁroxyﬁteroididehydrogénase can be demomstrated, |
‘ﬁhé yemaimdeﬁ'ahQW-ﬂo'aqtivi%y, It ig possible then,
~ that the éétivity of these gubaadlary enzymes -ig curtailed
due to the Ef@db imcfemsé in.cortisol production,

In contrast o the: decreased activity of the
Cushingte aﬂfemal, the aérqnal adenoma shows an enzymiﬁ“
5' tern similar to normal'édfena1.  This is not
gurprising 1u view of uhe hisvojong J appearance of

the/
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the adenoma, The maily difference is the presence
of an active lod=hydroxysteroid dehydrogenase., The
reason for the inecrease in activity of this enzynme
ie obscure butb lﬁdphydregy.eompeunds are important
in oewstrogen metabolism (Brever & Noéke, 1959 |
Levits, Rosen & Twombly, 1960) as metabolites Qf
lpragewteroﬂé (Villee, Dimoline, Bngel, Villee:& Racker,
19625 VWord & Grant, 1963) and ag a.pos%ulateéfsalﬁ
losing hormpne'(wéh@r,-Desaulles, Vischer, Wieland &
Weﬁtwﬁeim,'1958g'iepe & ?afry, 1959); Any or none of
thege factorg ﬁgy be involved, but histochemical
kechﬂiqmea'de not allow ug b0 discriminate béﬁWeen
thege po&%&bilﬁfieg. @ﬁuﬁydrmxysﬁeroiﬁ eompéumds have
been isolated aa uriﬁafy metabolites from an édrenal
adenoma and also fram:aéult adrenal cortex (Ulatrom,
.Galle, Burley & Guﬁville, 1960;.Nowaezyﬁski, Koiw &
Gemesﬁ, lgﬂé)fand,aﬁ'ﬂerivatives of cestradiol (Breuer,
Wocke & Kngpgén;algﬁa). Previaas woxrk with F«-hydroxy
qupeundw im ﬁumam teétis (Eailliéjet al. 19658)
Shgwéd that-ﬁhe_?ﬁ«isomer was better utilised than the
Hixmcompound. - In the'nermal‘adrenal, no signifiaant
Cdifference wag ohserved, but with the adrenal adenoma,
not ogly is ‘the ?4»@0Mp@und déhydrogeaaﬁed 0 &4
)gwéatef extent in thé-zcna faeeiculata,'bat it ie

< aldo metabolised in the zona reticularis,



ﬁ@tavaln"'%. RUK IS e pﬁ§bah1éuﬁha§ §®m@ éfj%h@
4ﬁ@rmagan»dagésiﬁg@_im}ﬂhﬁé.eaga-e&ﬁi&~Q§@¢‘fr&m
theé ﬁdﬁ“ér“ﬁpuhydxmééﬁag ginoe thg‘qabﬁﬁéé%aq nged
For the «whyﬁrgxy&acfoié BEELY wgr@ satuEated Sterolds..
‘Thﬁ x@éadl voaﬁ of the hmm&n foetal adrenal ean
_meﬁahclaaa wost of the sterolde with which i mﬁ'TQ_
pree 1ted, wibh %h@ exeeption m£ D, Haﬂ &ﬁiphateﬂ Ll
hydx exypvg‘s *érqn&g an %a sawﬁﬁ@ and %pwahmlamm
°dn@1.. Tha d@?mﬁaﬁive am&a&x on the 0 ther hand has .
an @mxvmxe p&’ vern munh moxe: Like that. of aduld aar@halu 3’

Y

Gﬁrtékw_ ‘h@ ‘:gh %a%ivi%yicf J&mﬂyufﬂXVR evaﬁd

ooy

“ﬁehvdwawan me in the foetal ﬁaet 02 nh numdn ﬁf@ﬁdﬁ&i
~ﬁ$“ﬁuﬂ may éﬁﬁe@a&a that 14 ié» ﬁ%ivaly ﬁﬁﬂ@ﬁfﬁ u 10
iﬁh@ ﬁ@?aﬁ&?&tlﬁﬁ'ﬁf éﬁ@@&ﬁﬂa ﬁewhans @f glmeﬁnbﬁl af‘
ﬁéﬁarn&l’éwigi&;_ £he definitive - paﬂ% e ggm&law o
the aduld huﬁ%mvadfgma&‘ggrﬁﬂﬁ in ite w@amkaaﬁhyﬂxﬁxyw
Q%awaﬁd‘ﬁahvafﬁgﬁ“&ae aﬂﬁivﬁty. The aawumﬁh@mwaal
ﬁxﬂﬁyvbuwlaﬂ Qf juphydfvamtﬁrﬁid &ﬁusd?a“@ﬂ&ﬁ@ in the
"aobdl humaﬁ adven&? f@aembles hw dla Lri%un&uw of
‘%dmhyGﬂQ&VRﬁGPQLd ﬁahvdrmp@md e (BL@ﬁh,,musaQ%hnam,
Rubin & Deane, 1962 M emli & Paillle, "L“}(ﬁ) (?%’1& e 2)s
Whe relatively gmail amawmt? of . llnaxygﬁnatcd WLQraiﬁsg
in ﬁQ%ﬁ&?ES@ﬂrﬁ@-1?*9%@@%@“&15*‘i Q)ﬂ&@ﬂg h&nm&n, &iﬁé
& A&Q%ﬁf Mg ?Qsﬁg Blm@h & B@niﬁmvhl 1@3%} fﬂsegﬁ

iﬁf“



in human foétai~adrena1 may be velated to the
iéw llﬁ-hydroxysteroid,dehyﬁfogenase activity moted
histochemically, o

The reéﬁlts with the l6ﬁehydrdxy3teréid;dehydrogQ
enase 1ﬁ'the foetal definitive corﬁex; polilnt to a .
" functional and morphologieal zonation in embryos of

erown=-rump length 12,4 cem, and ovewr, The activity is

”Hﬁ,partieﬁigrily intenpe in the outermost layer, suggesb-

“‘ing:thatythése cells may. have undevrgone a considevable
degre@‘of dif%@fémtiatiom towards the posﬁnatai £0N8
élqmerulosa.  Tndeed mieMi.ngaillie (1965) have &howm
that'ﬁfmhydxoxys%eroid dehydrogenase is found mainly
in the inner half of the definitive cortex and this.
suggésﬁs that the inner half has undergone similar.
histgchemigal and biochemilcal differentiation towards
the gzona Tageiculata and zona reticularis. The view
of Tanman (1962)'ﬁﬁat “the structure of the glomerulax
mone reflects a physielcgical inactivity in the foetal
"~ adrenal", seems’ to be at variance with our histochemical
findings,

The histodhemie&l utilisation of Bo~,; Ip-~, Gﬁ—,
© Lldmy Llfm, 12¢e, L6y, L6f~y 1Toke, 178~ 20fm, 21
and 24-hydroxysteroids hy three normal adult human

. adrefial/

N e, T



adrenal glandsy two humen foetal adrenal glands,
%hxee Cughing's adrenals and one adrenal adenéma are
described,

The normal adult human advenal showed high 16ﬁn
‘hyaxoxys%efaid dehyérogenase“acﬁiviﬁy‘iﬂ the zona
~glomerulosa.s Actlivity resiricied to the outer
part of the mona fageicnlata was recorded with 3%?, 
3#;, 6F§, iiFu, Lhole lﬁFw-gﬂd»17ﬁmhy§@oxysﬁeroids.
The mona rebieulovis utilised Bk, 3F~, llfw,'lﬁﬁ-}
and I?P-hyﬁroxysteyoias-le9$ well than in the zoﬂa*
fasciculata, |

The Cushing's adrenals showed activity only fov
Bpe and 1ﬁpmhydroxysteroid‘aehyerQEnaseﬁ; activity
was noted in all three sones. The advenal sdenoma
resembled the normal aéulﬁ-human‘aﬁfenal except |
that greater ae%iviﬁy for lﬁxghyaréxyﬁﬁexoid'dehydrog~
enaRg was noted, : 1

| whe‘fpetﬁl‘ZQne of ﬁhe'hﬁmam”foeﬁal éqrﬁex wag
eﬁtremeiy5aeﬁive showing §¢p{fﬁf;,-6ﬂw§ l%ﬁs;.l? -
16ole-, 16Fu9 1?ﬁ~9u20fq and 21l<hydroxysterold
dehydrogenase activity. The definitive cortex wasg
‘similayr fo ﬁhét.of the adult and pcsaesaéd'ﬁags ﬁﬁmg
Gy 11Fh9 164~ and 17p-hydroxysteroid ﬂ@hy&rogﬁnaaeg
gome evidence of smowing of the definitive eoftex was

seen with the 1§ﬂ»hydroxyaﬁ§roids.
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The relevance of these flndings in the light
of curvent knowledge of adrenal zonation isg

discussed,
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BEPLAKATION _OF PLATES,

Pig., 1. Adulb adevenal showing 1§P~hyﬂrbxyéﬁéroid
dehydreogenase activity in the zona glomerulosa and

zona faseiculata. x  180.

Plge 2+  Advenal from 12.4 cm. male foeétus showing
prominent Jo=hydroxysteroid. dehydrogenase activity

in the feoetal cortex. x 90
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SUMMARY,

This paﬁer describes the histochemical
utilization of‘ﬁd%, gﬁn,'gs-; 11&@, ;}An, 196~,

- LTl %}é» and 29AMheroxysteroids'in the testes
of 11 humdn foetuses of erownwrumpAlengths 4,% cm
to 18.1 cm anﬂ-in the-ovaﬁies of 10 foetuses of
crown-rump lengths 4.5 cwm. to 17.5 cms The histom=
chemical technique employed a Tetrazelium Salt
(¥itro BT) as the final electron acceptor.

A1l te&%es ghowed activity with ;ﬁu and }9ﬁu
hydroxysteroids as substrates throughout the age
range utudled. 3o¢=-Hydroxyeteroids produced a weak
reaction in all tesﬁas. 1}’- and 1}6~hydroxy steroids
were ut:lzvpd only by the older tegtee. With 64« and
29@~hydroxybrerclds only weak and inaon stant
diformazan depovsition occurred. lix=Hydroxysteroid
- dehydrogenase actxvity was not dembnq%fated.

Hydr wy teromd dehydrnpenase actlvity was not
| demonﬂtrated in any human, foetal ovary hetween the
10th- and 20th weeks of gestation ﬁespxt@ “‘the preqenc

,of abundant I, AJD, H. tetraaolmum reauctase &GtLVLtyo
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INTRODUGTION

The d@vélopment'oflhydroxy&teroid dehydrogenase
aetiviﬁy-haa heen sufvéye& in mouse gonads (Hart,
Baillie, Calman and-ﬁergusaﬂ,»%gﬁﬁ) using previously
eatablished techﬁiques (vattenberg, 19583 Pearson
and Grope, 19594, B: Balllie, ﬁalman, Fefgugom and
Hart 19654, B: Baillie, Fergméon9 Galmaﬁ'éﬂﬁ H&rt,ﬁ
1965)., ganﬁyﬂroxyStexcid dehydrogenage has been
deseribed in human, foetal testis recently, (Baillie,
Niemi and Ikonen, 1965). This paper réparﬁ@“%hé
digtribution ?f-ﬁﬁm, Ry §ﬁ~§~11dw, }}6&5 1§£~,_
17(=y L7B=. and Eggwhyﬂraxysteroid dehydrogenases in
foetal ﬁuman ovarics and testes between the. LOth and

20th weeks ol gestation,

MATERIAL AND HEPHODS .,

Ovaries were obialned from 10 female luman
foetuges of crowm~vump lengths Lrom 4.3 em. t0o L7.5
ém; aﬁd ﬁesﬁeg from 11 male foetuses of crownwrrmp
lengths from 4.3 ems to 18.1 cm. at therabemﬁie
termination of pregnancy. Nach gonad was frogzen on

golid/
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. polid carbon dioxidc withim~a few-mimmt@s of
vemoval of the foelus from the uterus.

These tlasues were seciloned at 1?/uqin 8
- eryostat maintained at-mﬁeog:the sectlong were
atfached @@g@l@an, dry glasé.ﬁlidea‘by maméntafy
thawing, then dried in airv. Tncubatlon wag

£,

carried out &t %79 for two hours in the following
MedLums m
0.1.4, Phosphate bnffer (pH 7.4) 10 ml,

Stevoid substrate (dissolved in 0,5 ml. DJMF) 0.9 mgs

Witro Bele V _ , 5 mg.
N.A.D. 3 mz%’o

The ﬂ%efoid substrates employed wercse
(1) 3&rhydwoxyﬁ§¢;§§dro&taﬂol7wone {(androsterone)
- Stveralolds,
: {8) 'Bdwhyﬁraxym%ﬁwanﬁ@QSﬁan~17wone‘(meti@eholamelome)

Steraloids,

§ﬁmhyﬁrexyamdresﬁﬁﬁwem~17mcme (DAY Steraloids,

TR NG
ESRY
LT G W

. @ﬁwhyﬁrpxypregﬂwémen»3, 20=dione (@suhyﬁraxy-

progesterone) Steraloids,

o,
5
R N

llxehydrvoxypregn=d=cn~3, 20=dione (1lg=hydroxy-
progesterone) ' Steraloids,

(6) 1%5ﬁ/-
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(6) E}Bnhydrdxypregnmﬁnen—ﬁg,EO*diane (1}ﬂ~hy&faxy-
progesterone) Steraloids,
{7 %ﬁ, 396wﬂihydwoxyamdrost—ﬁﬁenmﬁﬁme%hyl ether
| vteraloids, - '
{(8) %ﬁahydraxyaméras%a5wen416»0n@~§ methyl ether
Steraloida, |
(9)- IT&hhydgquﬁnéremﬁaﬂﬁémvﬁwome (epitestogterone)
o Organon. ‘ | »
{10) 3, l?éwﬂihydrbxymée@ﬁfaml,ﬁ;ﬁ,(lOJutri@h‘“
| t(ﬂaﬁtfﬁdiﬁij OrEanon.
(11) Egﬂéhyﬂ% KYDFE L=l m@llwBebne (29ﬁhhyﬂrQXyprogesﬁu

erone) Steraloido.

RESULDS

The reﬂultS“Wiﬁh $@é%§1 hman ﬁes%és éreu
summ&riaeﬁ~i&-%§ble I, It will be meen vhat the
Leydig e@llgzofwﬁll huftan testes studied exhibited
§6m and lgﬂuhydroxyé%erei&‘dehyaregenaéa activity.
3u@ﬂyér03ystereid dehydrogenase activity was also
pregent in all testes ghudied but the aétivit&fﬁaa

much/
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much weaker ‘than that;of.gﬁf or léﬁwhy&roxysteroid
dehydrogenases. l%ﬂwﬂﬁnd‘1?6ahydrnxysteraid
dehydrogenases were present constantly in the older
foetuses dbut nat'in’fha younger ones. éﬁn and 296-
hydroxysterold dehydrogenase activities were weak,
inconstant and difficult to demonstrate. On two
- occasions when the I7x=hydroxysteroid was employed
ag substrate & weak reaction was obtained. After
incubation with the léﬁm or: 13ﬁﬁhyﬁrnxystereias
some diformagan was seen in the sarea of the seminie
ferausltubuleﬁ. |

Human foetsl ovaries in the age speries studied
did not show any significant hydroxyatéraid

dehydrogenase activity, The human foetal ovaries

of - all ages studied showed strong N,A.D.H.g diaphorase

activity.

 DLSCUSSION,
The results of the present invegtigation
indicate the existence of 3&», 1§6~, 1§5a-and 1;@“
hydroxysteroid dehydrogenases in humsn foetal testis

in addition to_the.ﬁgwhyﬂroxyateréid dehydrogenase

already desoribed there (Baillie, Niemi et al., 1965).

Phe/
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The pnssiblefaignificanee'dflthese hydroxye
steroid dehydrogenases has already-beén-6130ussed
with regard to general biochemical conﬁidefatians
(Baillie et al., 1965B: Baillie, Ferguson, Calman
& Hart, 1965) and with special referencé to‘éteroid
metabolism in-hﬁman'testié (Baillie & Mack, 1966),

Comparison bétwéen the pattern of qevelopment
of hydroxysterpid dehydrogenase aotivifyvin‘fdetal
mou;e-testis (Hért'et‘al.,-IQQB) and infhuﬁan foetal
testis shdws.qonSiderable similarity;.-ln ééntrast
- to this a markéd d;screpancy is‘noted-be£Wéeﬁ the-
foetal ovaries of théée épeeies; Whé&éas in the
mouse 34~ and lgﬁnhydroxysteroidAdehyd?ogehase
activities are.preggnt’in the ovary when first it
becomes differentiaﬁ&d and 3¢phyerX§gﬁéipid
dehydrogenase appgars’several days befd?e'birtht
no hydroxygt@roid,ﬁéhydrogegése activity could be
demonstrated i@mh@mah,.foetél ovafiéslbefween the
_10th amﬁ;?ﬂttheeks of'gééfétion;‘ ThisAfaiiure,to
demonst&aﬁ%mhydrokystefaidE@ehy&rbgénase:aé%ivity' ,
histochemiéallyfwagfﬁéi.séqondafy fo é lack‘bfﬁﬁ.A.D. -
tetrazolium reduetéséréiﬁcﬁ;fhis enzyme was pﬁgsent in
all %iﬁsues76f all ovaries studied.. - Hydroxya%eroid

dehydrogenase/
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dehydrogenase activity may, of course, develop

in the human ovary between the 20th week of
gestation and term§ but niezfalusy; Cassmer, Alonso
& Delliguel (1961) found no evidence to suggest that
human foetal or neonatal ovaries were capable of
oestrogen metabolism, With human, foetal testis
changes in the activity of the enzymes studied may
oceur outwith the age radge investigated.

While the factors determining the differentiation
and development of male and female reproductive tracts
are ilmperfectly understood at present, it appears to
be widely acvecepted (Price & Pannabecker, 1959) that
in the absence of androgenic stimulation the embryo
will differentiate into the female phepotype. Our
resultes suggest that the testis may be able to fulfil

a steroldogenic funetion at an early date in: utero,
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DESORIPITON OF PEATE

Pig. L. ZLeydig ¢olls in the testls of a footus of
crowneruwnp length V.3 dine showving weak 3owhydeoxy-
ptepold dehydrogenase activity,

(x 300) |

Fia, 2¢ Thils section from the bestly of a foetus
of erownerunp lengbh l4.5 ome shows gbrong
1§ﬁwhyaﬁexystarai& dehydrogenage achivity in thoe
Laydig cells and brace sebtivibty in the seminiforouns
epitheliun.

(xx 250)
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gﬁm, 1§A~ and 13ﬁuhydroxy$teroia‘dehydrog@na&es
'haVe heen dampnstra%ed in genital ridge nesenchyme
in a 14 mm, human foetué{ Trace Jp-hydroxyeteroid
dehydfogenaﬁe:aetiVity wag also noted, bub l%ﬁn,
16K, énd»?Qémhydfaxyatereids gave no reactlon. These
finding& point to possible steroid metabolism in +the
genital ridge memenchyme. The relevance of this to
ﬁhe control of primordial germ cell wmigrdtion to the
genital ridge, and;proliﬁewationﬁof the primordial
germ cells and coelomic eéithelium of the genital

ridge, 'is discussed.

INTRODUCTTON

There is increasing evidence t0 suggest an
early agsunption of hormonal aetivity by the testis
(1,2 and 3%). This paper adduces information pointing

to steroid metabolism in the. mesenchyme of the

genital ridge in a 14 mm. human foetus,

MATERIAL - AND METHODS ,

A 14 wmm. human embryo was secured in its membranes
at therapeutic termination of pregnancy for psychiatric

reagong/
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féaaoms. fhe embryo was lmmediately frozen in pulveriszed
solid carbon dioxide and 1Q/».harix03%a1 -~ serial sections
were cut in a cryostat madntained ab -259%, Sections

at the level of genital ridge were attached to cover-
alips byvmemeﬁtary thawing and dried in alv, -~ Incubations
wexe conducted seﬁarately at pH 7.4 in phosphate buffer

ta which N,A.D, and the following é%eroid‘sqhsﬁfates
dissolved in dimethyl formamide were addedse

(1) 3dphyéﬁoxy»ﬁmbanﬁreétan-lT-ome

(2) 3&-hyﬂroxy—§eaandr09ﬁan~17~0na

(3) 3p=hydroxy-pregn-5~ene-20~one (pregnenolone)

(4) %ﬁ-hyﬁvoxy-amdrest*5~9ﬂ8~17-9m@ (D.HJALY

(5) %ﬁ, 1?£~ﬁihydraxyuandfostmﬁmene (androstenediol)

(6) 1}£-hyﬂr Ky=-onQrogt=d-cne=%, 17=dione (1}5-hydroxy—
aﬂdrosﬁem@ﬂiones '

(7) 6dphyﬁvoxynpwepﬂ~4wene-§, 20mitione (1lOod=hydroxy=
progesterone)

(8) éﬁ, lgﬂnﬁihydroxy-anaEO$t~4~ene Fmmethyl ether
(2) éﬂ-hy&roxy—andrmsﬁn4meﬁe~16~one w-methyl ether
(10) l,),),(io)-ew&rabrleno-; ' 1/4-d101 (estradiol) .

(1) Qgﬁ-hydrgxy-pfegnnémouewgmmne (20 -hjdﬁomypxogewt-
erone) .

The final concentration of aterold subsitvate inm
the incubation medium wap 0,5 mil, Nitre BP (Sigma)

was/
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was employed as the final elec¢tron aecceptor. Conitrol
ituncubations lacking sterold substrate were carvyied .
out, .The presence of W,A.D.-diaphorase was routinely
checked in the genital rldge by incubating with
N:A.D.ﬁ; On Qompl@%iom of the 4 h¥, incudbation the
sections were washed in buffer and. mountsdd with
“an agueous mountant, |

In addition to the above reaetions sections were
ineubated to demonstrate alkaline phosphatase in the
germ cellg (@); Haehatoxylin and eesin stained

sectlions were also prepaved,

¢
RESULES

General Histolosy. The haematoxylin and eodin

preparations disclosed that the coelomic epithelium
covering the medial aide of the genital vidpge consieted
“in a mass of oval ox rounded cells whose nembrancs

‘were difficult to discern. In the subjacent

nesenchyme lavge primordial sex cells could berecognised
and theee gave an intensge alkaline phosphatase r@aeﬁion
(5), Reference to Migure I indicates that germ cell
migration from the gut endoderm and mesenﬁery into the
geniltal ridge is dincomplete in this embryo. The genital

ridge/



183

idee is dincomplete in this embryo. The genital
ridge itpeld wasg not yet demarvcated by folds and
a mesogenliale from the mesonephros.

Uydroxysterolid dehydrogenagses, ITrace 3xw-, moderate

%ﬂ& and 196~ and intense l?@ghydraxysﬁeroid dehydrog=
enagse activity was seen in the mesenchyme of the

genital ridge (Plgs. 2 = 4). The reaction product was
deposwted as minube blue difowmazgan granules. The
diformagan wag resitricted to the genital ridge wesenchymes
no reaction wag observed in mesonephric mesenchyme, |
ﬁhé primordial germ celle or the ouber part of the
coelonic epithelium,

1%@-, 16¢~ and 29ﬁ~hydroxyéteroids weré not
wtilized histochemically by any constituent of the
genital fidge;

{(The above nobed reactions were carvied out
:mmeﬁiately on obtaining the foetum. IT 18 of gencral
histochemlcal iwnterest to note that the N,A,.D., and
N.A.D, P, diaphorase in all the tissues 6f this foetus
A1d not survive more than 6 days storage at -2000.

Thig ié unique in our expevience and places a time limit
on storage of early Loetal material for dehydrogenase

histochenistry at =20°0).
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DISCUSHTON,

Phese regults lndicate the existence oFf Hdw,

}A-, 1§ﬁ- and 1}A»hydr0xy storoid dehydrogenases in

a functional state in the nesenchyme of a very
primitive human genital ridge and Conversions 1 - 6

in iaxt Tig. 1 can clearly be undertaken, provided

that the appropriate isomevase (6, 7) and other
apprapriaté enzymég are present. | N

Tt will be seen from Text fig. 1 that the
genital ridgé,mgagnehyme apparently has the potential
to produce o variety o of androgens ineluding probably
anﬂroqbcn@diol, 1naroavoasdiona ﬁeétna%uréﬁe and
~andﬁostarone, bmt mh1a~w0uLd1de®end Gn the avallability
of D, ﬁ.A., pPThdpb Jfam maternal or placental sources,
or on the ea~exlstcﬂce of plbhway of . cholesterol
h:cﬁynthegws in the Qunltml ridge togethew wmth a L A=
hydroxylase anﬂ a demmoldso. In thig eonmvetlom it is
int«z gting to neue Lhab Lm the younae % hunan foetal
teabea yet studied. bTOGthIGdlly, preg menoiome~1?d~ﬁ5
can be nonvewt@d +to DL, A., testashoronc and androstence
fd%oﬂe (8) and there i$ no evidence in that study o
gewt that tho 1?m~hyéf33y1qqe or wldﬁﬂhﬁlﬂ gplitting

em?yhvm/
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enzymes lag behind %ﬂ» and 13&~hydr0xysteroié dehydroge
~enases in their activity. It geems reasonable 1o
suggeat that the hunan genital ridge mesenchyme can
synthesiseandrogens, and possibly ovestrogens, from
placental or maternal D,H.A., or perhaps even fron
locally synthesised cholesterol, Such & state of
affairs de clearly of profound imporitance in early
gouadal embyryogenesis.

In fishes (9 - 12), amphibia (13 - 18), reptiles,
birds (19 « 21), mamuals and man (22 « 24), the primordial
germ cells are known 0o migrate from eiﬁher.imﬁra- ox
extra-embryonic endoderm ox iﬁs‘%nfirans (Fig. 1) %o
the genital ridge. This migraticﬂ iggpﬁrtly achieved by
differential tissue growth, partly Bj active ameboid -
movements of the germ cells and partly by intravascular
transport in some species, and ig widely belicved to
be under humoral control., (For a veview, see Balllie
(25) 1966), Our results raige the possibility that the
chemotactic agents ave sitervoidal in nature. On avvival
in the genital ridge the primordisl germ cells undergo
rapld and extensive multiplication (26) and it is
tenpting Yo epeculate that this mitotic activity,
together with that known to occur in the coelonic
epithellium at this time, may be due to prevailing high
local concentrations of steroid hovmones in the genital

ridge,
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HEPLANATION OF PLATE,

Pig. L Alkeline phosphatagse in germ cells in
megentery ( M ) and genival widge ( G ).

(x 90).

Flge 2. Jeg-Hydrvoxysiterold dehydrogeunase in
gendbal ridge mesenchyne,

{x 100).:

Plg. 3. Lo4-Hydroxysterold dehydrogonase in
nesenchynal colls of genital ridge.

{x 100}.

Pleg. b lZﬁﬂHyd?Qxyst@roi& dehydrogonagse in
tal ridgoe.

(X 180 ) v
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SUMMARY,

Mouge, ratl, hausten, gﬁin@a pig and'sheéy
”kiﬂneyﬁ and footal numan,"a&nlﬁ male and Fomale
- human, nouwse, rat, hanster and guinen pig livers
were oxanined for hydromyytewrald &éhydfcgén&se
acblvly.

AsHydroxysterolds were ubllised by all tlssues,
ineluding noonabal mouse Eiﬁnéyg.but the S¢s
configuration wasg o more sultable substrate than
the corvegponding fgesteroid. Both H.A.D. and N.A,.D.P.
Were suitaﬁla-éanfactvwaﬁ

Only trace %g&hyﬂrexysteroid dehydrogenase
acbivity was demongtrable in remal blssue, bub Liver
poagessed a higher level of astivity and lenosterol,.
'a.preeumsoﬁ.uf gholesterol, was an especially
guitable substrate possibly indicating cholestérol
gynbheslging ebillty in the liver,

é@umydwaxy@rOgaﬁﬁeﬁoue was‘pgwflyiuﬁiliﬂed_by
ranal and h&@&hi@ tlggues and N.AD. was founﬁ'ﬁa
be the only co-faector sulbtable for thiS'rédgtiam in
our histochemlcal sysbton.

ALL the tissues poasessed 1%&%hyawaxya%eroid
dehydrogenase agbivity. In kidney, while activity
.mf the other hydroxysterold dehydrogenases was confined
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to convoruted?tﬁbﬁies«and*Hénie'suloop,.thenl%ﬁé ehzyme'was
dnly'acti#e.imLcollecﬁiﬁg tubules. It was further
noted that in mouse kidney 11 ~hydroxysteroid
dehyéragemage wag absent at bivth but»appeared within
the flvs: fourtesn days, JAetivity with J}A«hydroxy—
steroids was observed to be wore promlunent in the
livaruof,male gpecies aﬂd_this patitern wag also found
Withugxﬁ;.éﬁfg 16¢~ and l6”~hyﬂrdxysteroiﬂs all of
which are confirmed by pfevimus biochemical findings

Renal tissue was nob ca@gbla of utiliging $ho
16 ~hydroxysteroid in cantréﬁt t0 liver which could
use]ﬁhi$ sub&traﬁe.fﬁirly‘weil; 1§g~ andfl}&—
'hvﬂraayvtei01d dehvdfogenaqeﬂ were demonﬁbfable in the
lnvor of aL] specics qnd Ln all Lidneyﬂ except those
of mouse.. The /guhydLaxyshev01d was only poorly
'mlelzed by hegaume tissue and noiy at ﬂij by xenal

! i

tiqau@. |

ml:whu aeLLVLmy was demonstrable with Sof= and
Andro%banq ﬂs subegtrates in liver and the dilormazan

depo itwon Wa s pregumably due to. Lhe action of a gleroid

raﬁuqbaae.

ANTRODUCTTON .

M@thoés havefbaem described for the higtoch@mical'
domo&atrau:on of 7&« (Wabtcnbew g, 1958), 1/5w (Peargon
and- Grose, 1939), 200~y (Balogh, 1964)," 1/5- (3%1?119,

Pcrguseqf
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1%6n (ﬂmlll&@ Perguson, Calman and Haxrt, 1965),
?gém (Baillic, Calman, Fe U BoN and Hart, 1965:),
- Bgle=y §ngvildwg LoY= I%ﬁ»g 17k y 21 and 24-
hydroxysterolid 6ehydrogéna (Boaillie, Calman,
Ferguscn and Hapt, L9663), The distribution of
thege enzymes has been extensively investigated in
gterold-producing endocrine tissues and, more recently,
in duodenal epithelium (Balllie, Calman and MacKay,
1966) sehaccous glands (Balliie, Calman and Milne,
196%) and extra-placental chorion (Haxt, 1966).

The kidmey and liver iﬂ'mag are widely dccepted

vt

0 be extensively inveolved in ateroid synthesis
mebabolism and excretliong +hls paper describes the
- histochemical utilisation of various hydroxysteroids
by human (foetal and adult), mouse, rat, hanster,
gulnea pig, sheep and bullock kidney and 1liver.
Previous histochemical literature does not report
the demonsgtration of hydroxysteroid dehydrogenase
activity in the kidney bui Wattenberg (1958) observed
?@mhydrexy sterold dehydrogenase in\%he.liverg of mouvse,
rat and rabblt and Peargon and Grose (1959) detected

lpﬁmhydﬁowymu vold dehydrogenase in wvat liver,
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MATERTAL AD_ METEODS.

Kidﬁéys were thained from Swiss white mice,
Royal Wistar rats, hamsters, gulnea pigsg gsheep
and bullocks. An_ag@‘series of mouse kiduey was
eatablished by killing three animals at Weekly inteyvals
‘between birth and thé end Qf the tenth week of pogie
~nagal Life inclusive, _ |
ﬂiepéies'ﬁf two adult wale and female human livers
émd %he livers of three human~f0etueeg of CTroOwWn=Xump
1ength'4,5 em, 0 19 cm. were studied., - Tivers. of.
male and female Swiss white mice, Royal Wistar rats,
namaters and guinea pigs were also surveyed.

In @abh instance the tissue Qa& rrozen on solild
carbon dloxide wilthin two minutes of intervuption of
ite blood SUPPLY aegﬁiomed at 1%/¢.in a cryostat
maintained at 42506 and the sections atbtached to clean,
dry glags coverslips by momentary thawing. These
seetions waré incubated at 37°C in pﬁcsPhat@ buffew
medium (pH T.4) containing N.A;D. or N;A.ﬁ.ﬁ. and
Hitro BT, (Sigmas 2,2'=Di-p-nitrophenyls5, 5'wdiphenyl-
3y B'w(S,S'wdime%hy1~4,4 dipheﬁyleme}mﬂitétrazolium
¢hloride) %ogeﬁher wiﬁh\ﬁﬁe following stoerold

asubstrates/
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substrates dissolved in dimethyl formamide (final

conc. 0.5 wify:

(1)
(2)
(3)
(4
(5)
(7)
(8)
(9)
(10)
(11)

(12)

(1%)

Bh-llydrory~bo=androstan-17-one. Steraloids,

Sok-Hydrosy-G8~androstan-17-one, Steraloids,
ééwﬁydroxy«4,4,l4xwtfimethyl-8; 24, (5«)=Cholest
adien (Lanosterol). Steraloids.

;3»Hyaroxypregmmﬁuene~20mnme (pregnenolone). Boots.

?ﬁ, 1%{»Dihy&roxypr@gﬂmﬁmenemEO~Gne (LTx=hydroxy

" pregnenolone). Boots.

(6)

;@uﬁydroxyamdroﬁﬁ—ﬁgeneal?«one (D;H.A.),‘Steraloids.
§A~Su1phoxypregnm5~ene-2050ne ( pregnenolone
sulphate). M.R.C.
§A~Su1phoxyw17x-hyéroxypregnw5mene~20«ﬂne (1T~
, hyﬁraﬁypregﬁenolome‘sulphate). . Cameron,.
éﬁwﬁulphoxyaadroatu5meneu1?»one (D.H.A. sulphate).
MJE.C,
9ﬁéﬂydrnxypregm;4ueﬂe»3, 20=-dione (?ﬁ-hydroxym
progesterone)., Steraloids.
llo=Hydroxypregn=j-cne~3, 20-dione (llo=hydroxy=
progesterone). Steraloids.
%}Aaﬂfarexyahdrosﬁ»4~ene~3, 17-dione (%}5~hydroxy~

androaterone). Steraloids.

%}ﬂ/
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- (15)

(16)

an

(18)
(:Lé)

(20)

(21).

(22) :

(23)
o (2a)
- (25)

- (26)
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1}& ﬁydfaxypregn-ﬂwememgg 20=-dione (1}6mhydroxym
pfope:iormne). Steraloids o
1@&&Hyﬁr0xypregme4ﬁene»5; QOwdioné (l2oA=hydroxy=

progesterone), Steraloids.
16dpﬁydrgxypfégmw4sehe~§, 20-dione (léol-~hydroxyw

x|

progesterone). - Steraloids.,

;ﬁwﬂydr@xyanérosﬁ~5~eneél6»0ne Bemathyl eﬁher.“
Steraloide. ”. | |

3 /ﬁ Dihydroxyundres‘wamene-ﬁnmethyl ether.,
Steraloids. )

17&~ﬁydxaayanﬁrcst~4menem§-ome (epwte&tmuchoﬁ@).

%teraleld

By 11x-thyéroxyoesmw1,g,5 (70) trien (epceathadtal

QT@&RQﬂ.J
1/&~Hyﬁronyanéromtm4monemgmane (testostes sn@)

Organon,

By 1?@~Dihyéraxyoasﬁwa-l,355,(10)5%?ien'(oﬁétxﬁ&ial)

Organon, ,
3wH¥@f0X¥@ﬂﬁf&wl,3,5y(10)wﬁrﬁﬁnfl7wcﬂé (cﬁstréﬁe)i

Organon.

.1? amyﬂroxy-§xpamdroaﬁan—3~one. Qreanon.

1pémﬂydxaxv—?ﬁ«&nd&o&tanwpwam@ Qrganodn,
lyén Sulphoxyandrost=4mcne~Jmone {testosterone

sulphate). Organon.

éw
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(26) ;Qeﬁ;ﬁydroxypreg-4-@me»3-0me (296-hydroxy-

| progesberonc), Steraloids,

(27) 2l=Hydroxypregneimcne=>3=on¢ (2l-hydvoxyprogeste
e%o&e) Steraloide,

(28) 4-Hydf xy—@ﬂ-eho)an-gnone. Steraloids.

(EQ)V Sd=fndrostan~3, l7=-dlone. Koch Light,

(50) %A»Andro stan=3, 17-dione, Koch Lighi,

In oxder to ascertain the pyridine nucleotide
specificity of the various hydvoxysterold dehydrogenases,
sectlona ol réach: tissue were incubated sepavately in
HodoDgm and Noh, D, P~ containing media with each sheroid
substrate. GOﬂtgbl sections were iﬁeubatedTim media
containing W,A.D. oF N.A.n,P., but mb.stewoiﬂ.

HF“U
Kidney: The resul¥s ave summaiised in Tables 1 and 2,
Hydroxysteroid dehydrorenape petivity was strongest
in the eollecting tubules and the pﬁOXiMdl and distal
convoluted tubules, being legs marked in lHeunle's loop
(Pigee L and 2). The Se=Hydroxysterold with the 5o
configurationvas better whilised histochemically than
the corresponding ?ﬂ—gﬁaroid, 1¥A-Hydroxysteroid

dehydrogenase was present in the colleceting tubules

of the mouse and to a legsger exbtent in vat (PFige 3). The

5o
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Hydroxystereid Dehvdroscnase Activity in Xidne

Ho colour was obtained in any kidney when Pregnenolone Sulphate, 170~lydroxyw
pregnenolone Sulphate, D.H.As Sulphate, llo-Hydroxyprogesterone, l2a-liydroxyprogest-
erone, lba-~Hydroxyprogesterone, :3f-Hydroxyandrost=5-ene-16-one~3 methyl ether,
Epitestosterone, Eplocestradiol, Oestrone, Testosterone Sulphate, 20p-Hydroxyprogest—
erone, 2l=Hydroxyprogesiterone, Zi«lydroxy=5B=-cholan~3=one, S5a-indrostan=-3,l17~dione
or 53f~Androstan-3, l17~dione was used as steroid substrate.
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PABLE 2,

Mouge Ridney Age Series.
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y~factor
FehePe + + + + + + + -+ -~ + & + + + + + + +
JeHhaDaPa + +* - - - - - + + - - + * +* 4 - + +

. Bydroxvwrsteroid waw<&&mmmﬁﬂu¢ Sefivity in Liver

Ho colour was obtained in any liver when Pregnenolone Sulphate, 17u~hydroxypregnencione
2lrhiate, D.i.b. muwmﬁwﬁan\HPn¥m%mHoM%WHmmawwmﬁaﬁhr 12cmliydroxyprogesterone, 38-iydroxyandrost
~eng=16=one-3 methyl cther, Epitestosterone, Epiostradiol, Oestrone, Testosteroze, Sulphate,
l=itydroxyprogesterone or Zh-ilvdroxy=53=-cholan~3-one was euaployed as stercid substrate.



202

J§dr.and‘§@;aﬁdrbs$mns were not utilised to any

hsignif lcant extent. |

j‘ggg The'liVerAwesulfs,are ﬁummarised-in Table S

Ag with ki&ney? %heﬂﬁdaaydyoxysteroid havimq‘the DX
configuration was betben whilised in this hi s orhemlc L1
.Sysﬁ@m than the Gprrempamdimg §6wsterdiﬁ; of paﬁ ticulay
interest was the. development of a colﬁur in 1iver cells
jncubated with the andy rostans Incubaolnw with the .
?ﬂmhvéroﬁys%eroidé lano aterol gave a ﬁood his LGCh@mLGa7
re aec*nn and pfe n@mOWOﬁe,1%x~hydvoxyprevnonaloﬂo and -
Do A, were less weTI used. A1L: the 17$hydvagy@b oids
Wer&-W@ll uﬁeigf,t .*osbefom& zave a slightly stvongew
,Teaotibn=than éestr&dibl iﬂpone.ﬂf the féetal livers,

A

hut Ln the remainder both ﬁubﬂt%ates were equally well
used. W1Lh B g - &ﬁmg 6f=y: Log= and })dwhydroyJSbovemas
there was. a narked wex differencey +the male livers

o

'iil sed these- hvdxoxvﬁteveﬁds better than female livers,

DT HOUSST Ol ,

§dmnycvoxy terold dehydrogenase is thought to be
eonCQ”nca with the detoxicalion. of steroids and their
elimination from the circulation (Dorfwman and Ungar

1953): compounds such as cortisol, with a A% 3uketo
grouping, can be reduced prior o conjugation and
asubgequent exeretion., A transhydrogenase function has

also been aseribed to ﬁumhydraxysteroid dehydrogenase

(Rurlook/
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Hurloek and Télalay}ilgﬁagrﬁareng ftore, Pletrusszko
and Williamsa, 196%) which'with ite dual nﬁelao%ide
gpecificity, ie capable of hydrogen transfer hetween
di- and %fiphosphcpyri@ing nucleotides, Ip=Hydroxy-
gteroid dehyﬂf ogenas 3¢ hao been isolated from ﬁoetal and
adult hwman liver, as well as from mouse, rat, guinea
pig, rabbit and dog livers énﬂ kidneys (Hurloék and
Talalay, 19583 KGiQe,-lQGB; Baron, Gore, Pietruszko
and Williams, 196%s Villee and Toring, 1963;-A0éhima,'
Kochakian and Jadrijéwit, 1964}, and, as in aur,histo—
chemleal sys tom, they are N.A.,D., or N.A.D,P. linked,
So-lydroxysteroids are belleved to be interconverted
by this spéeifie“enzyme or enzymes with the corresponding
3~keto sterolds and biochemical examples known %o oceur
ineclude the ebﬂvergipna of androstenedione and test0~..
sterone to androsﬁéfﬂmeiand aetiocholanolone (Vende
Wieley maﬁﬁonaldgﬂﬁurpide and.Lieberman; 1965)'. “
regpectively énd it has been shown that this sﬁép igs a
prelude to Flucu“onide conjugation and excre%ion of
the steroid concernced (Tomking amd'IsselbaeherA'l954).
Thearetl0ﬂl1y both ”d* -and yﬁwﬂompcumds can serve
an subs hvatew for this cnzyme and our res u?Bs agree
with those of ﬂmmkmns (1956) in thab both are used,
but 1% is interesting to note ithat 3¢=hydroxy-DSo(-
androstan~1lT~one gives a good reaction in kidney and

Livexr/
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1iva£ Whi1e the GOTrGSpOﬂding ?ﬂmsﬁeroid is'poorly
usédz ﬂlinieallv. aeLzoohoL&mo]oae (Jdrhyﬁfﬂﬁy*
9ﬁudﬂﬁ“0q$&ﬂm 7~0ne) gives rmse to ?V!OK&& on
injection (Kappas, Hellman; Bukumhlma and- Gallagher,
19563 Shulman, Herrman and Peteredorfg-1964) and this
would appear to be function’ ‘of the eis A/B ring
’junctioﬂg 3d&hyuroxyster01ds with a S~configuration,
such as amdraskerone;‘do not appear to cause pyrexia,.
Kappas, Soybel,.ﬁukughima and Gallaghér,(lQﬁB) fouuéﬂ
that injécﬁed aeﬁioéhelaﬁslo&é 18 exare{ed moéﬁly
-unchaggedvin the urine and not converted to the diketone
.fovm.“-The 1nantLtude of the liver to metqbollse Sl
hydr Xy=Sd-androstan-17-one to a ﬁommidewable extent

tal

hisvochemlcally may rationallise the clinieal effeets of
this steroid, o |

The DOQf 7 —hydroxyaterﬁad dehydrogenaae dctwvahy
noted in deney and 1ivew eomparvd with the ﬁreﬂpe% )QQ
hydroyysteroiﬁ dehydrogenase forme 8 marked'eontravt with
gh@f@ﬁd wYﬂbhOS‘ﬂg endmcrlnc ijau@@ whereafgmhydfoxym
steroids are’ the much better utilized and this observate
ion may be add@diﬁo ﬁhéﬂréasoms (Baiilie et al. 1965C)
for supposing thatb fhe his%oﬁﬁémiéai techniques are
specific, The presence of /6~hydwmxy_hewoiﬂ dehydrogenase
in renal (Aoshima et a].; 196ﬂ) and lepatic tissue

(Hamm,/
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(ﬁamm, Kochakian ana‘darroll,'1956g Klempion, Voigts
and Tamm, 1961 z;gm;m, Strecker and Koff, 1963)
well known end Hubin and Strecker (1961) and Rubin
et al, (196%) reported & much higher 1@%@1 of activity
o in the wale than ixm the female rate, ap@aremtly é
fune tLon of cireulating testogberones our hisbom
ehemlcal fix ndings are in accoxrd with the biochemical
resulis 0x~Rubig et al, (1961 and 1963) in that 2 sex

_Qiffevence was noted in the abllity bf male rat liver -
"j,to utilise ;ﬁ«hyﬁra steroidy betver ﬁhén-the'femala‘
liver. Tanosterol was armore. suitable substrate than
pﬁegﬂenclane, 1TdeRydrogypy egnﬁnoiﬁne or D.JI.A, for the

denongtration of ;ﬁwhyd?bxysﬁe?oid dehydrogeﬁase in

-,the 1ivaf and in conjunciion wunh the finding of

des moﬂ,er91 the immedliate pxecursef_cf ‘choleste 01
'R (B10hm, Karuja &ﬂé‘L%u@hliﬂg 19593 Stakeé-and Fishg.
1960) and of ohﬁle“tewol in the liver parenchyma (Clementl
and Fumﬁgwlli 1962),=promably-1ndlcabms cholesterol -
\biogymthesis‘in the liver (Goédwin, 1963). |

Oof= and §£whyd? oxylation has been e;tablisﬁea in
rad (&xe?“oﬂ and Miller, 19544 Breuer and Knmppcn, 19593
*ﬂrauer, Noeke and Pangels, 1¢ 60é'Bremer Knuppen and
Pangels, 1962) and human liver (Cohn, Upton and Bondy,
1961 Lipman, Katz and Jailew, 1962) and the furthex

matabolisn/
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metabolism of such sterolds may involve a %B-hydroxyn
steroid dehydrogenase (Breuer et al. 3962) so it is
not surprising o find an W,A,D. dependent éﬁnhydrnxye
steroid dehydrogenase histochemieally in liver. 6-Keto
and §6-hydroxy1 groups are reverglhly ianterconveried
by gﬂuhydroxysteraid dehydrogenase (Doriman, 1957).

Koerner and Hellman (1964) notbed the presence of an’
l%ﬁuhydroxysterniﬁ dehydrogenase in rat liver, more
active in ‘the male than in the female and hoth B A D~
and W,A.D.P,~1linked, The present histochemical Ffindings
suppoxrt these blochemical observationg with sei
differences especially noteable in w»at and guinea pig
Livers., Renal 1}5«hydr0xystereid dehyérdgenaﬁe has
been shown to cowmvert coritisol o cortisone (Mahesh,
19603 Koerner and Hellman, 1964) and, asg with liver,
both N.A.D, and W, A D, P, could be used as cofactors,
The occuxrrence of strong 1}6~hydroxyg%eraid dehydrcgénaae
in the collecting tubules of the mouse hkidney was unexpect
These cells show no 1}6—hy6roxystexoid dehydrogenase
activity at birth and the vreactivity gyaduallyabecoﬁes
established oveyr the next fourteen days.

The pwegsence of a 16dyhydréxyst@roid dehydrogenase
has previously been vecorded in rat liver (Corrveale and

Balestreri/
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(Correale and-ﬁaleﬁtr@ri, 1962) and. the present
results bath3mﬁppor% and extend this work to
include several other specics. 16u=ilydroxysteroid
:'&ehydyogenaée could not be demonstrated histochemically
in foe jal human liver although it was apparent in adult
human liver, Paradoxically, 1l6x-hydroxylase .occurs
in foetal human liver (Engel, Baggett and Halla, 1962)
but not in adulb human liver (Lngel, Baggett and Halla,
1958), On the other hand, Breuer, Nocke and Pangels
(1L960) and Colas (1962) founﬁ 16x=hydroxylase in the
liver of adult rates and similarly Axelrod, Willer and
Herling (1956) noted activity in adult dog livewrs.
Wale vats have heen shown to poub 88 & much higher
level of 1lO6«~hydroxylase fhan do females (Rubin, 1957
Povchielli, Brown-Grant and Dorfman, 19583 Colas, 1962)
and the pregsent results indicate that the livers of
male mice, ra%s'and guinea pigs have a higher level of
16drhydroxy teroid de hyurogenaqe than do bhoga of
females, |

An enz 3me mth@m whaeh re adlly oomvafbm OE“L?lﬂl
%o 16~Leto oestradiol hag haem des Lllb&d in the
kidneya of mature female-raﬁs (Rymﬂ, Melgs, Petro
and Moovison, 1963)3; fullenzymic activity also
cccurred in immature rats of either gex ov ;m male

rate after admfnlwtraLLan of oestradiol, 16~ And
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and lgﬂmhydrnxysteroiﬁs o¢Cur ag progesterone (Villee,
Dimoline, Engel, Villee and Racker, 1962) and
oesﬁrdgemldﬁrivativea (Tevitz, Splitzer and Pwombly,
19583 Breuer and Nocke, 1959) and it would appear that
these 16*hyaraxy’aampouﬂds can be interconverted via
ﬁhé‘lﬁthtO group (Levitz, Rosen and Twombly, (1960).
A 1bol=hydroxy Qesﬁriol gluourdnide eanjugaﬁe has
&eeenﬁly-beeﬁ igolated (S;auﬂwhiﬁe,“Karﬁay and Sandberg,
19645 Slaumﬁhi%eg Tichtman and Sandberg, 1964) and
our finding loB-hydroxysteroid dehydrogenase in the
renal tubules might indicate thatv ;96~hydroxy oestrogens
are converted via th&*léukéte form o Lock=hydroxy
derivatives, subsequently %o be excreted conjugated
with glucuronic acid, |

Steroid Lfk-hydroxylase activity has been detected
biochemlically in.rat (Breuer and Kauppen, 1961) and
rabbit liver (gehneider and Mason, 1948; Breuer and
Pangels, 1960). Our failure %o demopstrate 17mhhydf0xym
s%eréid dehyﬁrog@nase activity may. be.velated to Breuer
and Pangels' (1960) observabion that oestrone ig
preferentially metabolised to aeﬁﬁ$adimlnlj6.

Boluble énd insoluble N.A.ﬁ. and N.A.ﬁ.?. linked
I}Gmhydwexysteroid dehydrogenases have been degeribed

in/
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in foetal and adult human liver (Stylianou,

Porchielli, Tummillo and Dorfman, 1961 Nbcke, Breuer
and Knuppeﬂ, 1961 Engel, RBaggett and Halla, 1962) as
well as in ¥at, rabblt, guinea pig, mouse, hamster and

dog livery (Bndanl, Kochakian and Hammy 19603 Villee

and Spencer, 19603 Breuer and Pangels, 1960; Breuer,

Kﬂupyéﬂ and Pangels, 19623 Indahl and Knvhakian, 19623

Aoghima and Kochakian, i96%* Bl Attar, Mosebach and

ey

Dirvecherl, 1964) and the hxstaohemicailobgervaﬁioms
accord weil with the biochemical findingsg.

176»HVﬁroxyhtmfo1d dchgdﬁapend @ hag been demomatraﬁéi
hmoohcmmoally in kidney (Velle and Brichsen, 19603
Aoshlwme and Kochakian, 1963) and may now be anatomically
asgigned mainly to the convoluted tubules. Oes stradiole
1?ﬁand oestrone ave intereconvertible in bovine kiduey
cells (Ville and Erichsen, 1960) and L7f-oestradiol

is the excretion product., Our demongtration of 17K~

Jydroxysterold dehydragenase and nmt of Li{~hydroxy-

sterold dehydrogenasge in the tubul@ﬁ of kmdneyn examined,
oﬁhef than the mons mupncrt the blUBHGMiLml ‘evidence
that Iyé»hydvcxy eeqtvognn$ are converte@ via the 17w
keto. Lorm to be excreted as Lhc 17dbhydroxy foxim,

298—Hydroxyaaewoid dehydrogenase has been demonstrated

- biochemically/
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'biochemically {Acevedo, Axelrod, Ishikawa and
Takaki, 196%) and Edi]]lc et al, (19654) described
1%& his Lochemxcal lOO&lLZ%ﬁlOﬂ in andocwlne tigsues

wherelﬁ ?9B~hyaroxy 3GfOLd dehydvopenaao was found in

}_E‘humﬂﬂ t1 ssues but not to any:- si.g nlflcﬂnb PkLent in -

'rodenu tis sue. The presemt reﬁaltﬁ, however, showed
_“235-hydx0vy L@?OLG aohydrcﬁ‘maqe aotlvity exlqtcd in
'hath humﬁn dnd rodemm live r.. 

'.21mﬁydgaxy r@ro1d dehydrogenase . (N A.D. Jlinked).
‘foccuTe in ovineg, bevmnu and porclno 1Jverﬁ (ﬂdna@w and
White, 196)) and hh@ cqullmbrium appea ru to very >tromg1&
favour reﬁuctzan~ this might account £0f_$he abscnce
'of 21~hyd30xysteroid dehydrogeﬁa$e-in ﬁhe tissue
sections. Taylor (1959) using rabbit liver homogenate
could not demomstrate any obvious 2Ll-hydroxysterold

dehydrogenase either,
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DUSCRIPRLON OR PLATE: ,

Mige Lo  Bo=Hydroxyeteroid dehydrogenase activity
in mouse kidney, showing a Fairly intense depogition

s ok

of diformaszan in the repal tubules. x 200,

Fige 2o Bullock kidney incubated in Sd=hydrogy=Hol=
androgtan=lT-one demonstrating enzymic ae@iviﬁy in
the tubnles and loop of Henle but not in the collecting

tubules, x 100,

Pig. F. Diformazan deposited in the collecting tubules
of mouse kidnéy when incubated with 1}£~hydroxyprogeaterone

Mg. 4o lj@nﬂydroxys%@roid dehydrogenase in cirrhotic

hunan Liver with iptense activity in the parenchymal cells

and no gignificant activity in the Tibrous tissue. »x 200,
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| Ontorenctic Pistribution of Hydroxysieroid
Dehydrogenage in Human Pro-, Heso= and
métahéphric Kidneysgs Phylogenetic
Distribution of Hydroxysteroid
Dehydrogenases in the Vertebrate Kidney.

BY

Ao Ho Baillie,
M. M. Perguson,

Do MeK. Hart.

Department of Anatomy, The University,
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SUP A HY.

The human pronephyros exhibited no RYATOX Foe
ateroid dehydrogenase activity. The human meso-
nephrosg, Lilke the amphibian and piscine"meﬂon@ph$03
exh1b1 G 3 13ﬁw and i}é-hydvoxym%er01d dohydvovenage
aotlvluy and on this basis possible human MEs50w
nephric fuanciion is suggeated, mGﬁan@phrie'kidméya
exhibit 3M~,.§ﬁ-, ?ﬁm, Lo, 19Gm and lzﬁahydroxy-
gteroild dehydfogenaéé and 1}6mhydroxygt9roid -
dehydvogenage 1lg present in all adult mommalian
metanephric kidneys. 3Iud=Hydroxysterolid dohydfn ena gé”
occury selectively and 1s very active in the proximal
and distal couvoluted tubules particularly of “the |
juxta-medullary glomerull, and this 1g ﬁhough% to be
related to the excretion of 3-hydroxy and 3=ketoxy
stevoids. }A-Hydroquﬁethd dehydrogenage ig
confined to @ predomipant cell type in the colie
tubules and ite possible involvement with cory sisol
or androgen metabolism is noted, 1}6~Hydv0Ly&ter0id
dehydrogenase wmay be eomcgfnad in the exeretion of
the sex sterolds and it occurs througheut‘the:‘
nephron, exeluding the collecting tubules, §3~,
§A~9 16e(= and 1§a-hyﬁr03ysﬁeroid dehydrogenaées are mnt;
as active histochemleally. in the kidney as the Hol=,

:n/s-/
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l}ﬂ» and 1;ﬁhhydvexy5ﬁergi& dehydrogenases,

TNERODUCTLON.

Iin a preliminary imvegtigation of monse, ralb,
hamgter, guinea plg, sheep and bullock kiduney Baillie
et al.t(lgﬁﬁ)iﬁoteﬁ SETONE Jolmy 1%&-'amd 1jé—hydr0xy-
sterold dehydrogenase actlvity and weak or modevate
?ﬁ*, @ﬁw, 16x= 5nd 19ﬁﬁheroxysteroid‘dehyarogena@e
actvlivity. The 3~ and 1Z£nhydraxy$terﬁid dehydrogenasen
were mainly located in the proximal and diatal
convoluted tubules of the kidney while the 1%ﬁuhydroxy-
eterold dehydrogenase was confined o the collecting
tubuleg, In view of the relevance of +these obscervations
to the metabolism and exeretion of gieroids by the
kidney, 1t was decided to examine the three generations
of human kidney higlochemically for hyﬁroxysternid
dehydrogenases; in addition it was Telt that a
phylogenetiec study of the veriebrate kidney might

prove rewardlag.

MATERT AL, AND —METHODS,

The pro- and mesonephrol of a 14 mm. human foetus
together with the metanephric kidneys of four foectuses
ranging in length from 45 mm. to 190 mm. weve gstudied,

Pour/
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Pour adult human kidneys from ?pdividﬁélﬁv?angiﬂg
Cin age from 453 £ TO were obtained as ﬁephn?ec'tsomy.
Two of the aéulﬁ_human~kidneyélﬁﬁ renalfeareincmata,
one was pyel oneph ‘otic amﬁlﬁhe'faufuh was aevovoly
hV@VOHGﬁhVOtiO.A““hiS comstitﬂtéd the material
studied in uhe human ontogenetic. qusGy.

In the phylogenetic sy v@y vepreaentamive
| exémpiesﬁof fi%h; aﬁphiblan,.xeptlllan,“av1an and
éammmliaﬁ,kidheyé were chosen and théggpeei@s detalls
are'sammarised'iﬂ Pable 1. -

\‘iﬂ each case the kidney or part thereof was Irozen
© dn carbon dioxiéw.wmhhln four minutes oi interruption
of blood’ upply and seetioned at 10M, in a. cryostat
"milmha1ned at ~90 °C. The 14 1. human'lﬁebuﬁ wag
frogen intact on remnval anﬂ gerially $eétidﬂed. The
Cpro- and. mesone phiic areas were ildent 1fevd by higto=-
10@1@&1 examination and the appropriate secilons
gseleeted for incubatipons Incubations were conducted
for four hours at 35°C in wmedia deseribed clsewhere
(Baillie, Calman et al., 1968) %o demonsirate
'hyerWJ terold dehydrogenase activitys. -The following
sterold substrates, dissolved in dimethyl formanide,
were usedie~ (1) Sx-ilydroxy=Si-androstan=17=one,

(2) 5/
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{2) 3xaﬂyﬂ§oxv*§6*amérﬁaﬁanmlTéQne,'{5) Pregnenolone,
(4) DiHo Ay (5) §/»ﬁydv0qyprawc3%eram@, (6) illo-Hydrozy-
pTﬁ zestevone, (7) T}Bwﬂydrﬁ cyandrostenedione, (8) Proge
esterone, (9) 12d-Hydroxyprogesterone, (10) Le-Hydroxy-
@mageaﬁ@rég@, (11% ?ﬁ 196~D¢hydrﬁxyandﬁ0%umjneﬂo-s-
methyl ether, (12) /ﬁuﬁydwOXy@adrastmgucncnz6u0m9m§~
methyl ether, (lﬁ} E@iﬁ@w'OSﬁGﬁQQQ,w(M4} festosterone,
- {15) Qaﬁﬁﬁadiélﬂlyﬂ, {15) Qgﬁwﬂydrgxy?rog@aﬁefon@. |

Quieﬂg of every kiﬁney were woutinely ezamimed
-hL Lolog&@aily and the @E@m@ﬁ?@ of N.A.,D. and X, A DePo
"aiaphmrasa in all parts of thv nephron: and colWGc cing
dueth gy&ham coufivmed his tachpmleullv. Lmhlbiﬁzen of
l%ﬁwhyﬂroxys%@?alﬁ dehyérggenaﬁe with equim@léﬁ

spironolactone (Searle) was attenpted, without suecess.

RESULDS o

‘the results ave %umm&piae&'in Pables 1 and 2,
and in Plates 1 and 2. One or two additional remarke
are neaa&saxv. _

W:%h regard do the gdﬁlt hamaﬂ,kidneyeg,ﬁa-

gign i ticant hyd %ysteﬁgld d@hydrogema se acbivity wae

noted in the specimen from the grosaly nydronephrotie
kidney.

The-tws kidn@y@-fﬂ&ﬂ iﬁﬁivﬁﬂualg with clear cell
functlional state on account of enevogohmenb of the
%mmouw oy the rensl palv:a althaufh the Laagu@ hléeks

- surveyed



0 D) TABLE I,
gAY
a4 Human Xidney = Ontorenetic Study,
3G 38= 65- 113= 160~ 168 173= 208
mimﬂu. mim.un MMOm.ﬁl m.m.w‘ m.mﬁmﬂ W..Mbmhw. m.m’wb Wm.m’w.
Pronephros, WW@MMM » - - - - - - - -
Mesonephros, WM@MM“ - trace - - - *AHV *{1) -
mm.m [ile
Metanephros, 110 Trn, - - - T - : - - - -
foetuses
HYetanephros, mnmwﬂt ) . trace - | - + - E +* trace

poor i {1}y . {3) . ~ poor poor
(2) | . (1) (1)
fAHV Hydroxysterold dehydrogenase activity noted in the entire nephron,

ynmv Hydroxysteroid dehydrogenase activity mainly loecated in the proximal and
distal conveluted tubules,

muw Hydroxysteroid dehydrogenase activity confined to the collecting tubules,
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(1) EHydroxysteroid dchydrogenase activity noted in entire nephron.

nmw M%mﬂcmﬁmwmﬂawm,ﬁ@ﬁ%@%ﬁ@mﬁﬂm@ activity located mainly in the proxkmal and distal ¢
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DARLE 2 {contldj.

Yertebraoie Tidacy = Chylosonebic Studye
i * b+ =
< k-l = wi - -
] - i - o o
& o9 29 RO R Mo
5 5¢ sz Br 2 iz 3B
Am &g 55 e - Y- o
%G9 SRS o & ~g oo o]
-t = 8 e 8 § 82 ® Y # =
] ¥ 4 %o 29 o9 T g
3 " ce  fE E5 zp &R &3
£ ° 52 22 k2 22 EFr  zx
= 3 &5 o &0 = 8 o mue [
-} o Mv.d nﬁwd an w.ﬂ Gd fmaw&
mw # iy o wt ~ i
RAT - Ratius Rattus Metanephros *(2) frace - #(3) - trace
HOUSE - Hus Nuris Hetanephros +mmw trace  trace %Awu - tracs
CAT = Telis Catus Hetanephros *mmw trace  frace *(2) trace {1}
DOG = OCaznis Fanilioris Hetanephros *(p) traee  frace *{3) *(1) *{x)
GUIEBR.A PIG = Cavia Porcellus Hetanephros *(2) trace  trace *(3} - 1)
0¥ e Bos Taurns Hetanephros *mmw trace trace +mww - trace
\
PI& = Sus Scrofa Hetanephros trace - - @mww - -
HAUSTER ﬁnmaaﬂwmm&nw suratus  Hetanephros +mww trace trace %mWw - *mww
HCNEEY = Rhesus Macacus Hetanephros trace - - ¢mww trace trace

Hydroxysteroid dehydrogenase aebivity notked in entire nephron.

Eydroxysteroid dehydregenase activity located moldnly

tubules,

Hydroxysteroid dehydrogenase zcetiviity confined toihe colleeting tubulss.

17 Pebiydroxysterold
dohydrogenase
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ymww
1)
ey
(1)
1)
*(1)

*(1)
&H&nmmww

in the prozdmal and distel convolunited

toroid

dehydrogenags
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surveyed hiatochemically'wéfQ-hiaﬁclog cally normal.
.Thg pyeiﬂﬂéph&étic kidney Wag u_fergly danaged ,
- framfa.hiﬁﬁbi@gieal point Qf‘ﬁiéw;f_mhese iast three
 kL&ney9 b@hd ed Lmilnfly'hi Loehom cally (Tah?é i)
bus in ouL Op?ﬂLGH &hw auheflal Nd fay L“OM optimal
vamﬂ 16 q@emq kaelv ohau th& wea@%ian thainea wiﬁh_
“Lthe p&thJGFLP%L &ﬁuML numan mldﬂoy uwveywd ey notj
»“repweﬂengutmealmll r&ngé‘@f_hydroxyﬁtgﬁoid dehydfogemaga
Y aetivity édﬁoﬂsﬁ$ahie~iﬂ ﬁorm&i fum¢ﬁi0ma1 hﬁmam |
kidney. o o
| The re&ulﬁ%-ataﬁe& iﬂ’mablﬁ‘g Trom amphibian
kidney spoeifically exglﬁde Bhe Fodmy s 1@5 and 174~

hydroxysberoid dehydrogenapes demonstrable 4in the advenal
tissue'whieh is elaﬁely dggoclated with the amnphibian
kidney. |

Whlie 3N~hyﬁﬂwﬂy%bﬁ“016 dohydwo eRAge activity
WES demonsﬁﬁable with both ﬁubﬁﬁra%eg.uﬁga in the
present inveghig gation, the Ha-configuration was
invariably much botﬁuv utilised than the corrvesponding
BA-gherold 1n the metaﬁephric kidney.

In collecting tubulen of mammalian kidneys ineubats
- ed thh Eﬁ-hydroxysEuroldwgfwhiie the ﬁagaxéﬁy of célls

"eﬂhlbLﬂ/
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@xhibi% 1%Awhydraxyﬁternid dehydrbgaﬁase activity,

a s@cond rarer cell type exists (Pl. 2, Tig. 7)

which has no demonstrable 1}@»h§dﬁﬁfy sterold
d@hydrogémaﬂa. $eetx0a$ laneubated in control solutiouns
devolid aﬁ‘ﬁﬁﬁrafﬁ of containing progesterone ov ;8»
Eydrcxyamdrdst»ﬁmemeﬂlﬁmuﬂewﬁume%hyl ether remained
colourless, -

ISCUSSION,

@hé failure to demonstrate any hydroxysterold
déﬁydra&emqﬂe activity in the exﬁreﬁely rudinentayry
‘hmman pfﬂﬂ@phf@‘ is not surprising.

Wha human mesonephros and bh@ figh and frog

ﬁﬁauephva are very similar in Lha they p jgss a
moderate 1Zg~ and 1§@$hyﬂroxysge$@1d dehydrogenase 1in
ﬁheim.me@hﬁéns. -To our knowloﬁpo this is the {first
hi$t¢chemical evidence Of onmoweny repeating phylogeﬂy.
The functlonal status of the mammallan mesonephros
1va$ié$ enormouslyg the rat mesonephros {lovrey, 1961)
:is rudimentary while the pif mesonephros exhibits both
glumerul&r<an& %ubmlaw~aetivityt i olovﬁeally
ﬂﬁe human‘embryanie~me$on@phros falls hetween thege
%wo ﬁtfem039 but our histochemlcal observations ralse
the possibility that the human mesonephros, from the

gtand-point of steroid excretion at least, is funcilonal,

Phe/
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'The most ﬁwimitive (tortoise) metanephric
'kidneyﬁ\stndied pmgséss Bk 16&,,~1§B» aﬂd 1z5-
hydroxy terold dehydrogenases whjie all the aduld
mammalian metanephric kidneys havw, intaddition,
a strong 1§Ayhydrcxystefoid dehydrogenase in their
collecting tubules. In the neonatal mouse kidney
(Baillie et 8le, 1966) Fu= and 1/6uhydLovysberozd
dehydrogenases ave histochemlcally demonstrables
cthel/ﬁmhydtexyste rold dehydrogenase activity does
not develop wuntil the animal isg 14 ox 2] days old. It
is thus clear %ha%, in the metanephrie kidney, 133—
hydvgxysboraad dehydfopemaso 1& the last steroid
dehydrogenase 4o appear, both phylegenetically and onto-
ge&eyieally. Thms appearsg to be another examplelof
ontogeny repeating phylog seny hxsuoehumlcQITy.
SX=Hydroxyeterold dehydrogenase hag heen igolated
ﬁrdh'mmu$e9 raty guinea pig, rabblt agd éagilivefé ahﬂ
wwdm@ys (Rurlaek & T alalay, 1958 Koida, 196%s Baron
et al., 19639~V11Lee.& Toring, 19633 Aoshima et al. i
1964) and with its dval nucleotide specificity hoﬁm
binehem;owlly (Hu&lovk &. Tﬂﬁalay, 19583 Barvon ot 8ley
1963) and his tochemicdlly (Baillie e% al., 1966) h@
 heen aseribed a u£dﬂBhyd?0gGi&SG Tunetion. .dwﬂyﬁroxy

steroids/
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3apﬁydroxystqroids and vhe cnffespandimg Bemleto
- gteroids ave imtefﬁdn&ert@d“by thig enzyme and 1%
thQLOfQ geems reasonable to sugees L that suoh
'm%ev01ds are metaboliged and OKGTObQﬂ mainly by “the
‘ praxmmal and -distal convoluted tubulos.-
The @arﬁiéular strength of the Jol~hy drswysueL01d
dehydrogenase reaction in the convolubed fubules of
the Juxta-medullary glomeruli suggests the poesibility
that the inner and ouﬁef cortical nephfcné*béhave
1ﬁh05 differently with regpect to steroid éxe?etian,
but Ffurther work is required %o elueidate‘%his'ppimt.7
The massive W,4.D, and ¥, A, D,P.~Linked l%ﬁ-hydroxy-
pterold dehydrogenase in the collecting tubulea of all
memmalian and primate kidneys studied is the most
sbriking feature of the present resulits. Although the
’@hysiniégicéi sigﬂifieamee is not ecleawr, bialogieally
acgtive Ltﬂnhydfnxyaue¢alds include aldos nerono, corti 01'
amd the 1%ﬁ-h§ﬁroxyraﬂﬁr0gens. ﬂt the present time
1t iu mot poaw ble %o differe nti abe histo ochemically
" between these passibilitles,‘hut further experimental
WOrk-is il hand, | |
jyawﬁydraxygberoxﬁ dphydwowenas 2y known biochemicall;
t0 exist in the kidney (Velle & Brichs én;f19603
Aogshima & Kochakiang 196%) can now he asgs igned to the

convoluted/
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eénvgluﬁed‘tubuleS; and, to a lesser extent, to the
thick loops of Henle. I% seems re donable, in the
Llight of +these Qbsefvatiaﬂs, to aﬂﬂﬁm@ the iﬁ%erm.-
conversion aoneatfaaiol and-aegtrone,;%estcsﬁeféne
and amﬂrbs%eaedicne-amd andrn&t@hediol and D, A,

in these gites in thelkidhey and iﬁ wdﬁld’thas seem
thaﬁ the axeré%ion of L7=steroida inciuding the sex
steroids, can oceuw througheub‘“he nepmron, although
pr@demimantly in the eonvminteﬁ ﬁmhui@s.

The 9&~, /Rnp lGdr amﬂ lgﬂmhydr xysbeﬁotd
dohvdrogam %ew are .pre qeﬂt, but ag a ruie poow1y
aetive in the kldn@yw %ufvoyed hlmioohemleqily. 'Theja
are known %0 exhibit sex diwxerenaas h@atcﬂhemxgally
in fh@ kidneyn(ﬁaillie e% alg, 1966) and the present
anrvey haa discloged species -variations as well,
Binehemiea] pweeedents ror theif exisﬁ@hce in renal
tigsues exist (Aoshima et ale, 19643 Brener et al.,
1962 Ryan et al.,»lﬁéﬁ)a Their physielogical role

n ‘the kidheyfwithnréspeot tgléﬁ$raid excretion has

not been clarified,
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,)Imq gﬁlljmi{}:ﬁ o B.JIJ!\-‘-Q Wi

PLATE L.

13a~nyauuxvsﬁoru1d d@hyd?og&ﬁ&sm acbivity
&n tha mﬁdbﬂ@ﬂhrﬂﬁ Gf o 1l e human fOGLHd-

(x 300)

Mﬂséﬁé@ﬁfﬂﬁ of ﬁhé frog, shﬁwing lg@#”
nydyaxygﬁeréiﬁ ﬂahy@hcgenm&e acbivity in the tubules.

(x 280) -

- Fiﬁ 3. T@ftolgs mgbﬂncpnrap, exhibliting sirong k
l@gwhy&fcxyﬁﬁercidrﬁahyﬂrmgenaﬂe activity in the tubuleM;
{x.130) | |

Lo
,__1n bhe . nophvmn aff - the dog,
= :wo) *

Fim

Bmﬁﬁyaraxysherald dehydro yenase activity
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PLE. ." ﬁL deney w1Lh Jap} Sele aetlvzby ln bha
neanvnluted uubulos O?ljuxﬁﬂwmcdulldfy glommvula .
(X 350y e B

‘,“.:"

i

_mﬂg;'ﬁ;e Golleching tubules in mou&o Fldﬁuy thWWﬂg
L%ﬁmﬂ.ﬁ D, acuxvxby. (x 80). |

Dige T Partof a colleching tubule in & nouse kiduney,
mhowimw 1%ﬁ-ﬁ.$.ﬁ. activity.

Note the inactive cells
(\i AO())O |

L rf.{ Nou% k¢daev.' 1ZA"H.Q.D. actLVJty L8 8 seen 1m?l 
the nephﬂam. ( 80).,_ \
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k)Uf" '\ R Y.

‘Fifty-one’ﬁormal human placentae from the 6%h
%o the 42nd week of pregﬂamcv were murve?ed.for Fokm
5o (/m, Lholery *11./5-9 120ker g 160k 168=y L7d=, 1‘? -
29ﬁ~, glm and 24-hydroxysterold dehyﬂvcg TR (ﬂ.n.ﬂ )
activity, | .

»Strohg NeAD,=Linked ;4-, 168=y and 176=1 5, D
agt1VLty and wodeiate N.AD.P,=Linked }ﬁ-, 19£~ and
11/6-H.$.D. activity were found in the villous tropho-
blagt at all éges. Waalk Bcke aﬁd wealk oy trace O/4=-
and 1%&—&,&.@. activity was nataé‘in the trophoblast
of some placentac using N.A.D, as cofactor, with no
obvious age distribution. Moderatve 178=H. 5.0,
activity, N.A.D.=linked only, was found in the villous

stromsa and vasculature,

INTRODUCTION,

Interconversions of hydroxy- and ketosteroids
are catalysed by a class of Widely-distribaﬁedb
pyridine nucleotide dependent hydrbxygtgroiﬁ
dehydrogenanes (.%.D.8), which are specific Wiipf7”
.f.“pect to the position and a%erief&nmfigu?atién off'
ﬁhe ELOUPS unae*walnﬁ reactions (Talalay, 1957)

Higtochenical/
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Histochenical methods fcf»the demonstration of
kg 3o @g;lh@,iy%,laé,1&@,19&,1%@,
tl;éf,ZEOd’ii?9$'; 21 and 24~H,3.D.$ in tissue
sections have been deaeribed'(Watt@mb@rg, 1958;
Peﬁraan & Grone, 1959A & B Bélngh,~1964= Baillie,l
Gaimén, Ferguson & Hart, 1965A‘& B: Baillie, Perguson,
Calwman & Hart, i965), uging a tetlrazolium salt as
 fihé11hydwogen.acéepﬁcf.ﬁ |

- The histmc&emieal distribution of 34=-.H.D. haé
been deacribed:im term, human placenta and membrancs
apd in hydatidiforn mole (Waktenberg,il9583 Puhrman,
19613 Naillie, Cameron, Griffithe & Uart, 1065%
Koiﬂé'& Miteudo, 19065¢ Hart, 1966A &,Bjﬂan& in a
sevies of 9 human placentae from the 6th week of
Eg@sﬁaticmytdqﬁeﬁm (Lobel, Deane & Romgey;;1962). Dk o
"éﬂ;; 13&;; 1§5_‘(Bailiie et-al., 1965B: Baillie,
“Berguson, Calmnan & Havi, 1965)\aﬂd V4=, 8.D.8

(Kellogg & Glenner, 1960: Koide & Mitsudo, 1965)

pAx
o

“hiave also ‘been noted in ﬁerm,-human"glagenﬁa, bdt a1
{Aﬁhe presen%*time there 18 no information fegaréimg
:%hé‘age distribution of these enzymeé?iﬁ placenta.
.”This paper @éscrihea the histoeheﬁical'uﬁilisaté 
lxion 0f By §£~,”§£-,'1}xr, 1}&7, 123w,‘16d55'195-,
" 1key 174y 204m, 21w and 24-hydroxysteroids im 51

'gcrmalf
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normal, human placentae from the 6th to the 42nd
weeks of pregnancy and discusses the significance

of the enzymes demonsirated in plecenia,

MATERT AL  AND BUCHNE(IVEN

vortions of placental material measuring
'approximately 1 cm.g'were obtained at legal
‘therap@uﬁic termination of pregnancy Lrowm 31 patients
at 6 - 25 weeks oﬁ'gestation and similar spﬁcimené
were obtained from 20 patients undergoing Caesarsean
secetion for reasons not connected with placental
malfunction at maturities of from 34 weeks to 42 weeks,

All specimens were frozen on solid carbon
digxide within a few minutes of removel from the
uterus and sectioned at 1§/uniﬂ a eryogtat maintalned
a% ~2506. The sectionsg were attached to clean, dry
glass coverslips and incubated at 37°C. in the

followlng mediums e

DT .00, Tris or phosphate buffer pH. Ted 10 ml.
NoA.D, o N.4.D,P. | 3 ng.
Nitro Plue Tetrazolium 3 M

Steroid substrate, 50 M g. to 5 ng.
dissolved in 0.9 nl, dimethyl formamide,

As a contiol, sections were incnbated in medium

containing/
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PABLE T {conbinued).

3,196~Bihydr0xyaemtra-l,3,5,(10)~%ri@n
‘(1§6~hyﬂfoxyoestrone) - Steraloids

'5 ,1§ﬁ~Dihydroxyandr0stnﬁuenenﬁ-me%hyl ether =~ JSteraloids
%ﬂgﬁyéroxyandrost-ﬁneme-l6wonem§~methyl ether « Steraloids

By LTd=Dihydroxyoestramsl,5,5,{(10)=trien
{epioegtradiol) - Qvganon

1;6—Hydroxyandrostn4~eﬂem3uom@
. (testosberone) ‘ - Qrganon

3,1}e~mihydraxyoegtrau1,3,5,(10)-ﬁrien

{ oestradiol) - Qrganon
Fellydroxyoeatraml, 3,5, (10)~trien

{oestrone) -  Qrganon
20A=Hydroxypregiewb=ena=3~01¢

(29@~ﬂydroxypregestereﬁa) - Steraloids
21=lydr oxXypregnmdeenewS=0ne

(21-hydroxyprogesterone) - Bteralolds
24~Hydroxy-?éneholan—ﬁﬂon@ -~ Steraloids

Steraid Bubstrates employved for bthe demonstration

of bhydroxysterold dehydrosenase aetivily,
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ooht&jﬂin@&mlv%he veagents other than steroiﬂ
uub trate and in addition oegtrone, 5¢ranéwos biin=3
.l7-ﬁ10ne, %ﬁaamdrosﬁannﬁ, 17-dione and aa—hydroxy-
audfomten—17maﬁc~3~mothy1 ether were employed as
'?ocmLTQTQ for 1&%—hydroxy0@str0ﬂe, andros tarone
eu;pehnlamolomelaﬁﬂ éﬁ, 1)6~dihydr0xyandre%%ésmen*_'
L7=one punethyi éﬁhe?. t
m__' Th terald Sub trates empldyed &ré 1isﬁéd in
fable I, | ' R
| RESULLS.
| Né-siéﬁif&camt evidence of 1lode, 12d=, L6y
N T £9ﬁ¢, 2l 0n 24=-H.8.D. ae%ivity was dedvected
in sny component of humam placenta - at any age
gbudied. Sections ineubated in conirol aﬁlutions
did not show activity, |
| Table I mmdlfigures-l 40 B.ﬁétaillthe_powvtlve
results;
‘ sorong 9 )Au, lgﬂm apnd oewl Wld101~1z5«H.ue
ae%iV1ﬁles, NodeDa=linked-and moderate N.A&D,P,mlinked
/A~, 196- and OO&%ﬁﬂdLOlvl@gﬂﬁGhycfo Fﬂﬁ&@ acvivity
were found in the {rophoblagiic eplbhelium.in all
placentae examineds the'&ctivityfoﬁ / ;, and 196-H,S.ﬁ.s
declined slightly towards term.l In immature placentae
where ecytotrophoblagt and syncytiotrophoblast were

distinguishable both types of trophoblastic eplthelium
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TRGEND _POR MABLE  II,

HeSeDe: activity after 2 hrs.. incubation, using
N,A D, a8 cowfactor except where indieated
(“OE’? 17% HaAcDoPuNBQ

A blank space indicates that. the corresponding

substrate was not cmployed,

0e, = Oegtradiol

Dy = . Trace betivity

4+ g AJWeak Aotivity”

g =  lModeraie Act iVl‘by

efed o mm "3'{;1"01’10‘ Aet .L'V'l'ty
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were scoen to be active (WMlge 2), Oeatradioivl7 -
dehydrogenase activity was evident in styroma and
hlood vessels with N.A.D. but not with N.A.D.P,

as cofactor and 1}6~H.S.D; éeti?ity of modexvate
intensity was observed in the small foetal blood
vegsels in the chorionic villi of mature placentae
(Mge 4) using testosterone as substrate wiﬁh N.A;D.,
but not N.A.D,P. as cofactory weaker activity was
present in the blood vessels of immature placentae.
Wealk Jole=ll,5.D. activity was noted in the trophoblasgt
aﬁd to a legser extent in the villous stroma of 60%
of placentae and weak or %race 94~ and 118~H, 5,1,
activities in 504 of plée@ntae with no obvious age

distribution, N.A.D,<linked only.

RILSCUSBTON,

Phe reduction of o(/S ~ungaturated 3I-ketosteroids
to thelr corresponding saturated 3-alcohols comprises
a major pathway of metaboliem of .19 and (.21 steroids
(Dorfman & Ungar, 1953) and a cell~free preﬁaration of
raf liver capable of catalysing the two-step reduciion
of cortisone to teltrahydro~cortisone with reduced
pyridine mucléotides as hydrogen donors has.beeﬂ
described (Pomkins & Isselbacher, 1954). 'The

significance of the weak 3d-H.:8.D, activity demonsirated

in/



in human plaoemha is HBQCLEAJH. The present findings
agree with those of Baillie et al., (1965®) in fern
placenta and Hart (1966&, H) in human extroe
plpcenuat chorion at Lo "m and hydatidiform molesg
K@lde“&'ﬂaﬁgﬁﬁa,(19ﬁg} did ‘not obtain a positive
reaﬁtiOﬂ‘iﬂfﬁerm placenf& ueing Sxe=androstan=>5c-ole=
17-one in a similaru3ystem, bt thelr sections vere
washed in 800 aleohol, fow 10 mins ,‘afﬁer incubation
and pink monoformaxzan ign ored, conditions which wounld
abolish evidence»of ﬁraee;aetiviﬁy.A

D;H.A. has heen shown to be an oestrogen
precurgar~in the hunan placenta in vivo (BDolte,
Maneus 09 Brikagson, Wigviet and Diczfalusy (1964A; B)
and ‘Bolte et al., (1964A) have suggested that the
biosynﬁhe%ie scquenee D;H.Ac sulphate~—~;~¥ILILﬁ4--—~>
aﬂdﬁosﬁenedxnno Qr'teqtosuerome-—-—e»eesm radiol oi
oestrone is vesponsible for plmcental Fformation of
oestradiol and O@Q%rone. %ﬂ-H.S.D. ig involved in
the step DA —» androstenedione or tegstosterone,

Placental 38~i.8.D. activity was first described
histochemically by Wattenberg, (1958) &8 the tropho-
blastic ¢ytoplasm of human, term placenta using D.H.A.
ag the steroid substrates PTuhrman (1961) obitained

ginilar
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milar vesults using pregnenolone and D.H,A,

-y

5
hebel, Deane & Romney (1961) examined a series of 9
normal placentae from 6 weeks of gestation Ho term
using D,H.A, and found @AuH.S.D. activity in both
cyto- and syncytiotrophoblasty +this activity &ecliﬁeé'
slightly towards terms The resulis of the present
age series ave in agreement.

In an investigation of substrate speecificity
of éﬁ»ﬂ.S.D. Baillie, Cameron, Grilfiths & Hart (1965%)
demonstrated actlvity 1ln human, term placental tropho-
blast using pregnenolone, pregnenolone sulphate,
pregnenolone acetate, D.H.ld., D.H.4, sulphate, D.H. 4,
acetate, 16&»hydroxypregn@n610ﬁe, LT e=Nydroxypregnene-
olone and 1l7d&-hydroxypregnenolone sulphate., Palkkinen
(1961) described steroid sulphatase in human placenta
and this has been confirmed by Warven & Timberlake
(1962), whe showed that a 22 week placenta was asg
active as ternm placehta, and Wag&éu & Prench (1965).
Baulieu & Dray (1963), Siiteri & Macdonald (1963)
and Bolte, Mancuso, Erikeson, Wiquist & Diczfalusy
(19644, B, G) have shown that D,H.A., sulphate is an
oestrogen precursor in the human placenta. The
lemonstration of 3M«,8,D. activity at 18, 14, 17, 25
and 40 weeks - -in human placental trophoblast using

DI, A, sulphate ag subeirate iaplying the removal

ot/
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o

of ﬁheféulphate group is in agreement with these
fupoﬁbs. | |

ALL the foregoing weports are of N.A.D.-linked
l%g;ﬁ.séﬁ.‘aetivity, but Koide & i taudo (1965)
&eﬁerihed the histoehémical.damonaﬁ?mtimm_of égwﬁ.ﬁ.ﬁ
activity both WehoDyw and NeAoD.Po=linked in human,
*térm“placEﬂﬁa using D, 4., §£~androstaﬁmﬁﬂuoln17-
eﬁe; 5&;&36@0sﬁan~§é~01~17-one, andrestq4wen-§£aﬁln
1?»3@@, pregﬁ-ﬁ-eﬂw/ﬁnolwl7~one dﬂﬁ Bl m P GgﬂuﬂW/@"Ql-
30«0ne, formazan beling deposited oniy in the trophoblagth
in ail cases. I ha; now proved possible to vepeut

. ;N _
the demonstration of éng.S.D. uainglNaA.D,P, as com

factor in this laboratory
Baillie‘@t al. (19653) described weakt6 e el
activity in the trophoblasgt of two torm, human
placentae using 94»hyﬂ$0xyproge$tercme as substrate.
In the present Lnvestig ahlon only trace evidence of
“OLEVLby of this enzynme coulﬂ he deteeted.
| » @cwm cxmvaplacenual eharxﬂm did not dlsplay
evxdenec oxf 9Ann.n.D. (Hart, 19664) and activity wag
wcea L Only 1 of 5 hydauldliorm moles (HQ?%, 10668).
nufloek & an1ay (1959) desciribed a rat liver

microsomnal/



microgsomal 1%ﬁ£ﬁ.S.D. which catalyses a freely
rveversgible iwuterconversion of coriisol and cortisone,
Pollowing the observation thaﬁ termn, human,placental
homcwmnatoa transform 13A~hydvoxybte*016% into 1lle
keto compounds, Osingki (1960) investigated the aection
and properties of the corresponding euzyme and found
that placental 1%6—H.S.D. wag both W A, D, Pew and
NeAd.Dewlinked and had low substrate specificity,
transforming both 019 and le'steroids with or without
afi7rhydfOXy group in the side-chain. The enzyme wag
sensitive to.freezimg ané this may be in parid regponsible
for the pocr‘hisﬁobhémical<§emonatration‘in placenta,
Hart (1966A) likewilsé found poor evidence. of 1§ﬁ-H.S.D.
activity in term extra»plaoontal chorion. 7The physiole
ogical vole of the p]acentaL enzyme is uncertain, butb
1ts presence may explain the ‘crigin of the cortisone
found in pormal human liguor amnii (Balrd % Bush,1960).
An intensely strong hlatouhemlcal reaction

for TOAnﬁ ‘B reported by Baillie et al. (1965B)

in human, term placenta has been confirmed by thisg
gtudy and extended to immanmre placentae wh@re the
retivity is as strong, or onger.

The/
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The~bi§chemica1;aignifiaaﬁee-of this engyme
in plaeenﬁé ig umeertaiﬁgkthoagh a mumber'of'éegfrogens
;with‘gi%her 1§MA ﬁ$‘1§£~hyéroxy1groups have -been
igoia%ed (Breuer & Nbeké, 19593 Levitz, Spitzer &
\mwombly 1958) and 1% is known that these Lé=-hydroxy
,GOMpaunds can: be 1niercaﬂvefbod via the lé-keto group
'(LLVLGﬁ, Rosen & Twoinhly, 1960). Tdver, placenta -
”amd.hyéqt1dlio%m mole have.heéﬁ=$hown O metabelisef
“the 16-hydroxy cestrogens (Breuer & Lnuppen, 1@58,
_hyun, 19605 Klausner & Ryan, 1964; Macdonald & Siiteri,
1964).

The féilu?g to demongtrate lﬂx-ﬁ.ﬁ;ﬂ.iin %ﬁia
:serieézaﬁ-plaaentae is in.keeping with the findings of
 :&91103¢ & Glenner (1960) and Baillie e a?. (19658)
in %erm piﬂventa and Hart (JQGGA, B) in-ﬁhe extra—
-??pT cemtn} QhGTlOﬂ at term &nﬁ 1n hyﬁmbic, arm'molear
Ryamu& Inp@l (1 5%) Levita, {Oﬂdon 8. Danvls (1956)
~and Troen (1061) nave described Lhe 1mtureomvexmlon
vdf*OFQLronc and oes t?deOj by humaﬂ L1$bue h]lﬁﬁ
and in the perfused human u]aocnua, and the existence
.an& 17 -H.Sﬂb.-iﬁ BOW‘WGll emtnbli&heﬂ.l
h Biochomlcally and hisg maohcmlcilly piac@ntql
LA, 5.0, hasg been the hubdevt of: dxqpube and
, di?érsiﬁy of cplnlaﬁ, ubagge & Eingel (19)8)1partia11y

- purified/
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‘pufifieé {50 fold) &ﬁd-charaeteyised a 17A=H.8.D.
both WA Dy= and W.A.D, P.—anh@d with a Rh value
oompaktble with transhydyogenase funciion under
_phy iOlOéLG&T conditions and possessing high

S

specils LQEL} for aromatic 13ﬂ—hydroxystefoi§g; Hagerman
& Tillee (1939)5 using coptinuous f£flow euf'ajn ciochxo-
';Dho%ewi 'Oﬂ pape?; descrlhed hree dis crete f acmien
WThh m.a D.mlLﬂkeﬂ oeqn@adlol-l/é-d@hyafog enas e,

‘ N & D, P,ullnkﬁd Qen*wddwol dehvdrogen&ﬁe qnd oestrogen
sensitive vyrldlne mue%e@tude a?anshydra qﬁsse\iunculoﬂsg
;erabﬂk, Adams, Wi 11i m&~Ath&ﬂ m'TaﬂaLaV (1961)'
purified (2 00 fola) a. @nlubie l/émn.g.ﬁ. from human
ypl&ﬁ@ﬂﬁﬁ and Found thah thlﬁ SNZYMe ©e acted W;mh both

# A.D;'and W.AoD, P dnd appeared to be responsible for
~‘mest, if not all, of the 1;£moeﬁt11dipl mediated
~hydrogen transfer between pyrldlne nuelaotideé."xéllogg
<& Glonncx (19b0) ane tigated the histochemieal 100&1?3—
Cation of human, bteril, plneenﬁal 1zﬂ-oeatr8ﬁ101 dehy@rop-
eﬁa&e in an attempt to determine whether one ar wevefwl
Lnﬁymew existed, fOhey Gewcflh@d N,A.D,=linked ]/6-

.o adldl dehydrnﬂemase im Lhn B ophnbla&b and decidua
ana to g lesser extent in uhe‘ 1110uq gtromna, while
E.A.D,P.~linkedylﬁﬁuoestradiol dehydrogenase wag found

only in the perivascular stroma., Preferential binding

of/
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of the tetragolium salt and differencesy in N.A.D.H.p

and N,A,D.P.H,, diaphorases were declared to have been
- : Lt

excluded and it wag concluded that abt least two distinet
174=0cgtradiol=gensitive enzymes were being demonstrated.
Koide & Mitsudo (1965) oxamined 178=H.8.,D., in
human texrmn, placeﬁt{ by the method of Kellogg & Glenner
(1960) using 17s=0estradiol, oestriol, testosterone,
beatr-&-enem176_olus~one, Se=a07085a0~17=01~3-0n0
and Se=androstan-3o, L74=d10k. With 1?&-oestradiml and
N.A;D; thege workers found moderate gitaining of tropho-
blast, vessels and stromsa, while with lZAuoestraaiol .
and W, A,D.P. a positive reaction was limited to the
vessel walls (endothelial cells and perivascular stromm);
activity with testosterone, oestr—4-ene~l}6-01~3~one,
Exfanﬁrbstan-l}ﬁ~ol~5~one and Smyanﬁrostan-Ea,;yéwdiol
with both W.A.,D, and N, AD.P. was Llimited to the vessel
walls,

The findings in the present series of H1 placentac
are in agreement with previons workers with regard to
Noh,D,-linked oestraﬁiml-ljﬁ»dehydfagenase-amd NeAoDy=
11@&3& 17B=11.8.D, ueing testosterone. Using N.AD.P,
as,co~factor, however, a . quite different distribution
of liﬁgoestradio; dahydfogéﬁése was obgerved, Moderate

diformazan/



diformazan deposition occurred in the trophoblastic
eﬁithelium and no activity whatsoever was seen in
vessel walls or pevivascular stroma, cven alter
gixteen hours incubatlon (Figs,_& & 5)e

Pestosterone did not cause formazan deposition
with N.,A.D.P., as co=factor,

The difference bhetween the pregeﬁﬁ findings and
fhose of Kellogg & @1&nner'(1960) and Koide & Mitbtsudo
(1965) does not appear to be due to their use of
bovine serum albumen in the medium ox the use of
propylene glycol as sterold solvent.

Tavritzen (1963) has shown that 29ﬁﬁhydﬁOXy-
progesterone ls a true progestogen in women, though
only half ag effective ag progestervone iltself, with
respect o Ltg effects on uterus and vagina. Using
this steroid as subetrate it was not ponpible to
produce convincing evidence of Qgémﬁ.ﬂ.b. aetlvity
in human placenta from 6 to 24 weeks of gestation,
Similay findings have bheen reported elsewhere in teym,
extra=placental .chovion and vesicular mole (Haxt,
19664, B),.

The endocrine functions of the human placenta
have been reviewed by Diczfalusy (1960); +there is
adegquate evidence foxy the production of chorionic

gonadotrophin/
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gonadotrophin and oegitrogens and gtrong evidence

foyr progesterone secretion, though no progesberone
produciion hew so far been demonstrated in im@lmn%ation
or tissue culbture studies.

The results of this invegtigation indicate that
steroid synthesis and metabélism in human placenia, in
as far'aé fthese activities are demounstrable by hydroxy-
ateroid dehydrégenase activity, are wellvgdfanéed by
the sixth week 6f éestation and confirms that the
trophoblast is the principal active placental component,

The problem of 3.;5@1-1.53.13. nueleotide specifielty,
.1uaa11$ation and transhydrogenase funetlon reguives

further study.
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DESCRIPTION OF PLATRS,

Flate L.
Pilge Lo Ned,De=linked L96mﬁ.b De activity in the
trophoblast of lwmature plecenta (Foebtal Crown-Ruwmd
Tength L5 cite )

Fige #e WeloDeelinked LC%»IT 8D activity is
presend in'bac cybo- and syncytic-vrophoblast.
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Fig. 54 N.A.D;P.alimkeﬁ oegtradiol-l78~dehydiropones

in Gorm n?uﬁuﬂba‘ The agbx Loy dis Limited to the
txaphoblast.j'

{x 300)

ige 64 WeAWDe~Linked oosbradiol~L7 /3mc¥z.,11\f‘c1"r*u genase |

Activity is

gitrome and blood vessels as well as in the

in tewm placenta,

present in villous

wrophoblasth,

{x 350)

Tige 7e  NaAJDoP,=linked oe&tradimlwlzgmdohydrmgenﬂﬂa

ty 11 the brophoblastile eplthelium of

(Foetal C.R. Longbth 8

lmpature placonba 3¢5 Ola )
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Hlge 8, Uﬁingvtestosterone ag sberoid substrdto and =
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INTRODUCTI O

Since the developmnent, iﬁ 1958, of a
teshmgﬁue_fnr the histochemical demonstration of
?ﬁahyd&gxysteroid ﬂehyﬂrégemage uﬁiﬁg.a POt
conpling me thod wimh a tetrazolium dye as final
elegwrem ac&a?ﬁ&r (Waﬁ%enberg,a19b@) smm;i&r_

teehn%que@ have been described for the demonstration

Gy Llolmy 10 8my

,,a»

sO{"‘, 1&(“"9 1/@"" 170‘(“'§ 17/“, 2(%"‘" 3{)0{*"' 21*" ﬁﬂd

1';°4~ﬁvdﬁ {vm%eﬂaaﬁ dehy@ran@maﬁeg (Pequon & Grose,

{

-19%9 Fy & B3 Balogh, 19643 Bailliec, cdlmam,'F@rgmaom

—

& Haws; 196bA & By Balulve, Fefguﬂcn, Calman &.

Hart, 1965). ‘

Osinaki (1960) ﬁéﬁn& that, %iaenemiaally;-tnef
human nonplacental chorion was o rich source of 11 w
hydvoxysterold aehyéwég@éés@, Poetal membranes were
ﬁheﬁ@fofe Sm?veyed ﬁaﬁﬂf the above teahnlqueg and |

thisg papew des Gflbeu the hlstoehémiaal usilnsatleﬁ

’aﬁgéq:/«,@wfzhw,iy%,law 1@@,;/-,Lmu,
,‘1/Am, {/Au, 20w -and &mhyarawys teroids in the human

~£oetal membranes at berm.
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WATERIAL _AND _ METHODS .

Portions of the eonoepmlon gac, mneasuring 6
cime by 6 Cilly werefpb%alned at 12 eleciive Caesarean
ﬁectioﬂﬁg'inelmdi@g one ecape of dichoriel twin
pregmampy; performed at term for reasons not
conﬂeetéa_wi%h placental malfuncilon, Polded
gevéral fimes to preﬁgat.the amuiotic epithelium
and pﬁdﬂueéla more eaglly handled specimen, these
porEions wééé_ﬁrozen on solid carhon dioxide within
2 minutes of removal fWém ¥he nterus. Each
gpecimen was seetioned atb ?%/L in ‘a cryosiat maintained

b -25?& and the gee%iana aut&ched to clean, &ry
coverslips by momentary thawing then dried in alwy
at room temperatura,.

'Iﬂeubaticm wag cavrried oult for 30 to 60 mlnutea
a% ;? % in a medium consisting of .10 ml. Pris or
pho pha @ buffer (pH. T.4) containing 3 mg. N.A.D,

» W;A,D,P.,‘3 e Witreo Blue Tetrazolium and 5 mg.
mterqiéﬁﬁubéﬁra?gfdisgglvadih.oiﬁ ml. propylenc
glycol Qr,dimétﬁyi formamide, - The.étevoid subsitrates
émplcyed Weres— | - h
{(androsterone) 5M~hyéroxj~5m~andrcs%ahﬁi7~0n@.

Steralolde.
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(Aebieehol&nolome) )dmhydﬁakyn/ﬁuﬁﬂﬂfﬂbLﬁﬁm17~0ﬂ0.
;Sbafﬂlﬂ?ﬂﬁu _
{D. n.ﬁ. , ;ﬂwhyﬁroxyandrasﬁaﬁnﬁméug?eone., Organon.
'_(Pfegnenslan@) §éghydrgﬁypregn¢5m@héa2Gﬁﬂﬂea
‘S&efa101d$. |
(%ﬁnﬁyéfaxyprﬂ agterone) .gﬁaﬂydfaxyyr@gné4ueﬂen3,
20~dione, t@ralo&d%. - |
‘(11dmnyﬁw@xyprag ”i@fﬂnh) Llkehydroxypregi=deenc=3, -
20=dione, %t@raloidm. N ' |
(l%ﬂ»ﬁydrexyaﬂﬂwasuanedleno) 1}A—hyﬁfaxydmﬂf0$uwﬂmena—
‘,llf~610$@, ’KOGh Lxght._
‘A(iéxuﬁydréxypfégeéterane) 124=hydroxypregi=i=-ecneg=3,
20-dione. Steraloid,
(1deﬂy&rﬁxya@ ﬁwoﬂe) ﬁ, L6c=dihydroxyoestra~1,;%,5,
!(ﬁ@) Lrian~l7mane. 3t?f&39$ﬁ$. A o ”
‘f %g;léﬂuaihyd a$yandramt&5~mne~3—methy1 erhur Steraloids
'»(1ﬂx—Hydrowﬁpragasteﬁ@ne) 1Toshydroxypregn-d=cne=>5,
20-dione. thWWfalda.
(Bploestradiol) 3, l?uuaihydvayycasuraal,;,),(iﬁ)n
ﬁriaﬁa Organon.,
_ (Epiteatoatewéﬁ@) 17m-hyaroxyandrasﬁ~4»@m@5§~6me.
'fﬁﬁgamon.“ o

(Oestradiols/
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(OewLwad101d13ﬁ) 34 1?&«d4hyo?oxyoe 6@3»1;395,(10)-
Cbrlens Orgwngn. |
(Wc§uoqtevone) l/ﬁshyﬁﬁoxyamafe;t~4~eme~;~one.
Ogganaﬂ, . :
(2//Lhyd omjpwaﬁesmefone) g/duhyaﬁaxypregnméwene~)~
one, - Bteraloids, ‘ |
(Eiqﬂyﬂroxypragegtewahﬁ) 1mhydr0xyp*9gﬂndmune»3,
Pomdlﬁﬂe. o
/ﬁudhnian«Zﬂuol. Steraloids.
' Ag a control, gections were inaubated-im medium
containing all reagenis, ﬁnelud g sterold. seﬂvonbw,
except sterold subgﬁrgae.- In addition, Smnandrosuamm
5, 17-dione, 94~androstén»3;‘17wﬂiome, (Koch Tight),
?ﬁuhydrgxy&mdfesteﬁ-emeélﬁuomefﬁ*methyl @th@f,
pregami-cnes3, 20-dione-and S-hydroxyoestra~L,5,5,
(10)~triemml7f¢ne,_hueralolds, were wed as controls
for related hydroxysieroldd.

Beetions of each specimen were stalned with
heematoxylin and cosin, |

' RESTLTS,

The structure of the human, foetal membranes

hag been fully described by Bourne (1962). 1In the

higtochemical/
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histoeh@micél prepavations described in this papew,
the ampiotic epithelium fibwroblast and spongy

layers of amniotie‘eanﬁecﬁive tlasue, chorionie
cemnéeﬁive tigsue and trophoblastic layew could
be defined and Table I and Figuweé 1 %0 4 show the
ﬂL tﬁlbubmon of hyﬁfoxyahomoid dehydrog@nago activity
in thm“e co mpenenta of humem, termvm@mbfanes.

| All hydfaxyqteT01d dphydru@enﬁso aetﬁV¢uy
monsurawd was NoA.De-Llinked, -

’ NO fcfma?andapc ition occurred {nfaeﬁﬁiaﬂs
iﬂeubat@d in ste?aadwfrﬁe meﬂlum or ?ithlﬁémt?cl
mtero¢du. ‘

Dot Ao was a b@t%é? suhst?aﬁe fhah pvégnenﬂ30ﬁe
for the demonnbfatwon QC ;6~hydwoxyah0fold dchydvopen~
éae acuivity.

0f the 1?@mhydroxysboxoids Gmp10y$d, only
OGSLP&dlﬂlw%/gWQS well uqad, with moderate dlfowmazan
-'aagom tlon i the amniodic epithelium and iophobla&uLe

— S : A

&tpnirieank evmdeﬂco of /Au, 11xy, 120l 16d;
Eggw, 2w and ?4~throwysﬁgrOLd éehydvcronagc aetﬁvity
was not obtained in any eomponenu ol term foetal

membrnnos.

The/
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TABLE I,

Pogition Amntobie  Awmiotiec  Choriohle Trophoblegth

ot ' Gonnestlve Connectlve Deeldua
- OH~ Group Eplthelluwn  Tissue Tiasue Layer
30 D weok D weak = D wesk D weal M tmcé_
.3/3, D woeak D weak D woalk D o -
6 /3 L - - - -
11.0< - o " o ' e -
1is - - | - D weak -
1.2 . - ' - - ' .
16 - - - v -

1w “ - - “ -
Yy ol L] ) -

173 D+ D 4+

gm J/B - Lo -y -; —
r

:‘31 A L b vt "

fu:‘.}. - - - - -

‘Digitribubion of Hydroxysberoid

Dehydrogenase Activity.

B Monofopmazan D & Diforihwan
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The dividing membrane of the dichorionic twin
éregnamcy ghowed the same pattern of activity as
the other specimens but was quantitatively wmuch less
?E&ptiVQ;f‘ |

Dimethyl Lformamide was a more satisfactory

sterold solvent Hhan propylene glycol.

DISCUSSTLON,

Interconversions of hydroxy- and ketosteroids
are catalysed by a clags of widely distribuied,
pyridine auclootide dependent hydroxysteroid
dehydrogenases which arve gpeeific with respect to
the position and steric configuration of the groups
undergoing reactions, (Talalay, 1957).

The human placental trophoblast from 6 weeks of
gestation to term has been shown higtochemieally o
be the gite 0f T, §ﬂ~, 9@~; 1}&«, 19&» and 178
hydroxysterold dehydrogenases and’ the literature on
~this subject has been veviewed by Hart (1966). In
the present investigation %Ke, §£~; 1%}4, léz- and
L7p~0egtradiol hydroxysteroid dehydraéemasea have
been demonstyated in human foetal menmbranes at term,
prineipmlly‘in-the extra~placental trophoblagts <his
pattern of activity is similar to, but weaker than,
that in the placental trophoblast,

The/
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ifﬁ?ézﬁﬁss

The Fﬂﬁuﬁtiﬁﬂ Of f&ﬁ U1 atuv&bod 3*&@&@SLG“®1G
&0 uhELﬁ eofr@spﬁmﬂing wa%ufn ted ;u%leahalq COMprises

a majmr pathway of metahalism’@¢ ng and G,q sterolds

“(Earfmaﬁ &% Ungar, 19%3); /dmhydraxym& roid ﬂ@hydiag~>
enase is f@n important ensyme in the detoxication of

L-stewaiﬂhgqné-ﬁheif‘éjﬁmimaﬁiaa f“em'th@.ﬁrgﬁnism.

ﬁﬁwﬂvﬁﬁexy%tcra?d d@hygr@ Gﬂﬂﬁé ia duﬂeetly
1mv0Lvaﬂ in atenexﬂ Syﬁhhﬁﬁiﬁg by uﬁe conversion of
}ualk 'ﬁ}AWHVdFQ£§1 group o uhL4£§} wm@xa Eroup.
o : H%ﬁuﬁyﬁeavya amd ﬁﬁhydymgeﬁaﬁe carried out the
important cortisoel -covtisone dehydrogenationg 1%
hag been shown blochemically to be present in human
placenta and m@mhﬁaﬂés {Osinski, 1960) and may be
Qdf& @'th@ foeto-maternal endocrine regulatory
meahaﬂiwm. its prﬁﬁéﬂﬁﬁ in placenta and membranes
mﬂy egplﬂ1m uh@ origin of the aaytzsano found in
na“malwhumdn 1iguoy. amnd 14 (Baird & Emsh, 1966).
Pl%ccﬁia and hydat 3i form mole have been shown
ta m@ﬁ&hﬁllﬁe Lo=hydroxy ,uircg@ma (Ryan, 1960:
K&ausmﬁf & “Ryan, 19643 MacDonald & $iliteri, 1964)
bm% ha rale of W/gnhydrewvs roid ﬂehyéfagen@&@ iéA
uﬂceruain mm pLaeenha dmd membranesc

he abanﬁae of 1%xmhyd?oxymteﬁoiﬂ @ehya*mgen&se
activity from the mwmbraﬂes ig in agfe@meﬂu~w1%h the
Aiﬂﬂiﬂb\ of Baillie el &1. (19653}, Hax s (1966) ana

Kelloge & @ 1ennef (1960) in tern pl&@@ﬂﬁ&.
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hevitz, Condon & Daneis (1956) and Troen (1961)
“havg &esgriﬁed the interconversion of oestrone and
oestradiol in the perfused humam placenta and there
has béen-same»ﬂiéﬁute as to whether ohe or several
pegtradiol-~gensitive enzyme sysﬁéms exiat in placenta
(Hagermag'& Vilie@, 19593 Jarabak, Adams, Williamse
Ashnag &gmalﬁlay, 1962)+ The absence from the
m@mbraﬁea of N.A;B.P,~linked oestradiol dahy&rogﬁmage,
whjch i spregent in the placenmta, would tend 1o
support the exlsgtence of more than one enzyme though
the alternative possibility that the histochemical
'teehniqme was inwuffmelemt-y sensitive to ﬁet@e%
wealk N.A.ﬂ.ﬁ.mllﬂkbd activilty cannot be eamﬁLeLely
excluded. Whem masbaauofaﬂe is employed as St@TOLd
‘ﬁﬁbm rate‘ Zﬁmhy&rﬂyyqte$036 dehydrogenase activity
in term Qlﬂ&@ﬁgg,&- demonstrable ﬁpp&f@ﬂtly only in
blodd vessel %aflé* hlaeé vessels are ﬂQL pxeqmne in
the membranes and uh@‘dbﬁ@ﬁﬁ@ of activity with
teaﬁbgt@roﬁe as ambéﬁwatefin‘%ﬁe membfaﬂés ié
coﬁfirmﬁﬁcry e§iﬁemce for ﬁhié vascular distribution
(Ksiéevf Miteudo, 19653 Hart, 1966), of testosierone
174=dehydrogonase in ﬁ@rm'plaeenﬁa.

mne/
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‘ng foetal membrancs have been showd to he
metabolically active and there ig adequate evidence
that. the amnicn ean transport both fluwid and electro-
1ytes (Bourne & Lacy, 19603 Garby, 1957), The wesulis
J0¢ the present an&stha iom indicate that the none
‘plaocmbaT trophoblagt is- patcﬁhLaEE capable of
-ﬂbﬂf id horwone gynthesis and metabolism, possessing

o pattern of hydroxysierold dehydrogenase activity
'-@1&sely reaamhliﬂg that of the villous trophoblast,
‘whe gigﬁl’i@éﬁ@@ of the weaker yreactlons in ampiotie
epithelium and in conngetive fissue layers. is lesa
elear. o | | _

ﬁimethyl fe?m%mid@'wa@ a ﬁoweuséﬁﬁﬁfacﬁary
sher fotd molﬁent thaﬁ pf&@yibmﬂ n3y801° some MORQ-
and dwf@wmammn ﬁ@ﬂﬁstblcﬂ in the 8mntm vie eplthelium
amd the @ﬁmmeeélve tigone layers @f&@v prolonged
~_1ﬂaubm%Lﬂn u&:mw bhe 1&&%0? saivan was probably
a%tﬁibuuab?u aa a‘eqhaj dehydrog enasa a@m1V¢Sy

(@@rguﬁﬂm3!i95y},

e ﬂiétaéhemiea}'di&ﬁrihu%iom of various
nydroxysteroid &ehy&?ﬁgenases in human, term, foelbal
'm@mbraﬁas'ka$ heen iﬂ%@sﬁigated using the tetrazolium
dye, Nitro-B.T.

Fhe/



261

'j;"hg_-?.,.'33?017}'10b1a§;“tic layexr wasg the méf..é"is o
1?;1@'&11?&3 showing ?ﬁo(»m fﬁ/e«»'- 11/%,"'16/&- éand iLVh-hy(‘i?O::;f-.—
.m, 2101d. dchvdragona&e qc-{-;":-‘w@' tleg, a pabt@ms of aﬁmvi”‘uy
jqimtjar 40 Lhau of the plac@nhwﬁ Viliﬁu “woohohjdﬁu.
Jh amniotic eﬁ l eliu s owtd wea j&@ 95-
“ilﬁ[}tand i/ﬁ«hydﬂnxywt@ﬁ '*dphyds SONAL achivwﬁy,
l wéaETB&m and aﬂnhydxﬁxy Jd @ehydr@gomxﬁe ﬂEu7V7Ly
_Was note d in the cannuctmve tiﬁsu ldyUéﬁ- | |

&lL met¢vnhy demen brﬂ%eﬂ was V.m.b.»ilnkod.~
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DESCRIPIION OF RLATE,

T, L Waak diformazen deposition in amnlotle epithelium,
in admeé*biﬁm tlusue and in trophoblast after

incubation with a 3pehydroxysteroid.

{x 70)

;g‘i “ .2-‘.

. Toro apposed layers of nenbraneg showing
i?;,ee»:nydmzsﬁysmm 1d dehydrogenssae activlity in amndotic
epithelivn, in conncctive btlgsue and in traphoblasth,

(x 180)

Dip. D lﬂf-»liydfauxsra*t@r@i& dehydrogenage achbivity
is limited to the btrophoblagtic layer of chorion.
(x  360)

Hige b, Slrong: 198 «hydrozyaberoid dehydrogenase
activity is seen in bthe trophoblagtie layer of
chorioi.

(x 150)
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Histochemical Demonstvabion of Hydrozysterold

Dehydrogenases in Hydatidiform Moles.

BY

D ﬁeﬁéy Hart, PF.R.C.8, {(Glasg.), MR.C.0.G,

Depardtnent of Anatomy,
University of Glasgow,
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INTRODUGTION

The histochemical distribution of 3xe, §ﬂ~,
6 4y l%ﬁm, 1§£», anﬁ-l@ﬁ~hydroxyateroi&
dehydrogenase (H,8.D0.) activities has bheen

deseribed in immsature and adult human placenta €33y
4y 10, 11, 14, 15, 16, 22

chorion at term 12@

and in the extra~placental

Thig paper describes the histochemical
utilization of B, 3o s §ﬂ~, 11#@, ;}6w, 12Kw,
L6otmy 168y LTokmy LThmy 205w, Lote and 24-hydroxy-
_stewoias in five hydatidifowm moles and gé«hyerwa

steroids in one further mole.

MATERIAL AND MBTHODS .

Portiong of tigsue from“ﬁﬁtm hydatidiform
moles expelled spontaneounsly at 12; 1%, 16, 19,
20 and 26 weeks of gestation respectively were
frozen on solid carbon dlioxide within a few minutes
of expulsion from the uterus. Portions of the 15
week and 20 week moleg were alseo obbained at
subseguent curettage, perfoxmed to complete the
evacuation of the uterua, and were similarly treated,

The/
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The specimens were sectioned at 19u in a
cryostat maintained at «25% and the sections
attached to clean, dry glass coverslips by
momentary thawing. Ineubstion was then carried
ont at 37° for two hours in 10 ml. 0,I.M, Dris
oxr phosphate. buffer (pH 7.4) containing the
following reagentgte
-N;A.D. or W, A:D. P, 2 mge
Nitro Blue. Tetrazolium. 3 mge

Steroid Substrate (dissolved in 0.5 ml, 5 mg.
propylene glycol or dimethyl formamide)

The stevoid subsitrates employed are listed in
Table I, |

At the time of examination of the 20 week mole
only the method for ;£~H.S.D. was available,

As a control, sections were incubated in
medium eontaining all r&agenta, inelmding steroid
'301vent, except the sterold substratey; in addition,
estrone, 5¢§aﬁdrastana3, 17ﬁaiane, éénanarostan—S,
17-dione and ;Auhydrcxy&andrastenwl?—aneuﬁwmethyl
ether were used as controls for léo=hydroxyestrone,
amdraaterone, etiocholanolone and 34, 196-dmhyéroxy- f
androat»§~en~l7~0ne, Jemethyl ether,
| Histologleally/
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i3
Ry
kS

TABLE _T.

BolwHydroxyeSomandrostonel7~one
(androsterone) |

So=Androstan=3, 17-dione

Boe-Hydroxy-gA-androatan~17-one
(setiocholanolone)

%ﬁw&nﬂras%an¢5,17mﬁiane-
;Amﬁydroxypregnhﬁwéne~20~aﬂe
{pregnenolone)
HR=lydroxyandrost-S~eng«1lT~one
.(D.H;A; )
éauSnlghaxyandramtaﬁwene~17~0na
(D, 4,4, sulphate)
§£;Hydroxypregnn4~ene¢5,'Eondiﬁne
' (94whyﬂroxyprogeﬁtérvne)
11dnﬁydraxypregn~4~éne~§; 20~dione
' (Llp~hydroxyprogesterone)
11A-Hydroxyandrost-d-ene«3, 17-dione
(lyé*hydruxyamdrogterona)
I%Awﬁyﬁroxygregnaéﬁaneu3, 20-dione
| Q%ﬁbhydfnxygrcgesterane)
12p(=lydroxypregnej~-ene=~3, 20~dions
(L2o~hydroxyprogesterone)

Steraloids

Koch Light

Steraloids

Koch Light

Boots
Steralolds
Qrganon
dteralolds
Steraloids
Koch Night
Steriloids

Steralolds
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5y 16ceDihydroxyocstraml,3,5,(10)-trien
(1L6oehydroxyoestrone)

3;1§&~Hihydroxyoes%raﬁ1,3,5,(lO)ﬁtrien
(1§6mhyﬁraxyoestwane)

;ﬁ.lB ~DihydroxyandronsteGmeno=3=-nethyl
' gthey

/ﬂmnyéfoxyaﬂawawt~§~en9~16~0nc~3wmethyl
ethey

3, 170=Dihydrozyoeatrawl, 5,5, (10)=trien
( Gymestr-;sd iol)

1/6mﬂydroxyam§v0%tuéwenewﬁmone (tegtom
asterone)

3,1}@~ﬁlﬂyﬁrog39esbraml 395, (10)=trien
(oestradiel)

Swilydroxyocstramly,5,(10)~trien
{oestrone)

20/ =Hydroxypregn-i=cne=3«one
(QQA“HydrexyprogE$terQne)

2l=Hydroxypregi~dwaeng-3=-one
{21l-hydroxyprogeasterone)

24mﬂyéraxyf?6ﬁcﬁolanm3~ona

é‘“l}!} T A AP ST R S

7 ateroid Subgtrotes Bmployed.

Ste?algids'
S%eralcids
Steraloids
Steraloids
Organon
Organon
Organon
Organon

Steraloids

Steralolds

Steralolde
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Histologiecally and elinically all Sixe moles
appear to be henign.

RESUINS

Wo colour was obtained in control seetions.

No significant evidence of 1ldw, 12¢l~, 16,
LTk 295-, 21l= or 24-H,5.D. activity was detected
in any component of any of the five moles examined
for the full range of engymes.

Pable 2 and figures 1 « 4 detall the positive
results.

It will bhe seen that D.H,A., sulphate was much
less well used than free D,H,A, and that léﬁhhydroxy—
estrone was a less sultable substrate than‘gg, 164w
dihydroxyandrogteb~en-3=-methyl ether for 1§A~H.S.D.

Testosterone was very poorly used ag compared
with e&tradiol&l?&.

ﬁiatological demonstration of ;ﬂg, 9&~‘ana»l}ﬁ-
H.e 8.0y activities was only possible using W.A.D,
as pyridine nucleotide co-factor, whereas ;AL, 19ﬁ~

/ and oestradicl*lzg-ﬂ.s.ﬁ. activities were demonstrdble -
using either N,A.D, .or N,A.D.P; in all cases the
activity was present in the trophoblastic epithelium
and wag greatest in areas of cellular proliferation.

There/
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wmﬁwomwmmmmewomm_ T H.EDe | + + + +
Vmewmnawcbm 3 N, 4,8, or N A,D.P. ++ = 44 e
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(M. 4D B ) | .
Distributicn of &. eu. activity in hydatidiform mole irophoblast,

Tr = TPrace Activity,
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There was no aifference in the range of
gteroids ntilised—by the gspontaneously expelled and
the curetted speeimens of the 15 and 20 week |
moles, nor any ohvious difference between moloe

of different ages.

DISCUSSION,

. Hydatidiform mole is characterised by
trophoblasgtic prbiifaration, hydropie degencration
of the villous stroma and scantiness of blood
vesselgis and there is more epithelial
pxolifefatiOﬂ.ih that paft of the mole which is
attached to the dﬁerin& wall than in expelled vesicles,
The Langhgﬁﬁsféells are cuboidal or polyhedral and
well differentisted, with large, round, heavily
atained nuclei while the syncytium consists of
fenestrated sheets éi amorphous cytonlasm which
take a reddishspink colour with H & By +the ‘two
layers sre thus almost identical histologically with
those in nofmal'ﬁlaeenta;

Bur,. Hertig, McKay and Adamsg made & histochenical
study of ribonucleepfofein, glycogen, glycoprotein,
inorganic iron, alkalinejpﬁosphatase, S5-nucleotidase
and non=gpecific esterase in fifteen cases of NONe

invasive mole, two invasive moles and three. chorio-

carcinonas/
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choriocarcinomas., None of their findings pointed
obviously to disordered steroid mcetabolism.

13 sonsidered hydatidiform

Hertig and Mansell
mole to be a degenerafive_proca&s, resulting from
agenegis of foetal vasculature in congunction
with funectioning maternal vasculayr apparatus and
many expelled vesicles show atrophie rather than

hypertrophie frophoblast; . MuebDonald énﬁ siiteril’
have shown that estriol secretion by three patients
with hydatidiform moles was much less than that in
normal pregnant women. These factors might lead
oﬁ@ to expect decreased evidence of sterold synthesis
and metebelism in mole trophoblast but the IH,8.D.
aétiviﬁy of the moles in this méries closely
resenbles ﬁhét'in'fiftymane normal human placentae
from 6 weeks to 42 weekg of gestation aﬁd\in the
extra~placental chorion at term as desaribéd.by
ﬂartll’ 12 both with regard to the range of hydroxy=-
gteroids utilised and the relative intensities of
the reactions: In partiéulér, the utilisation of
estradiola1;£ both with ﬁ;ﬁ¢nb and wi%h NeheDePe 88
» gco=factors mirrors .that in normal placenta,

Do:ﬁ..ﬁ../
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D, A, is aromatised by normal placenta in

6 20

7, Sijiteri and MacDonald 5

aitu s Baulieu and Dray”,
and Bolte et 31.7' 8y showed that circulating D.H.A,
sulphate is aleso an egtrogen precursor in human
placenta while Pulkkinent® deseribed steroid
aulphatage in normal,'humaﬂ placenta., Warren and

l’}
ﬂreneh“l

demonstrated that hydatidiform moles also
possess sterold sulphatase activity and the
uitligation of D,H.4&, sulphate by mole tIOphoblasﬁ%

in the histochemical system deseribed in thig.report
il Y

5

tay

accords well with the above data. ;
The possible blochemical significance of 1.8,D,
setivity in human trophoblast has been discuseed

elsewhefeII

and ag far as the histochemical distribution
of such activity is conecerned hydatidiforiz mole
Fformation does not involve & major upset in tropho=-

blastic steroid biogynthesis or metabolism.
SUNMARY
Pive hydatidiform moles were surveyed Lfoxr Hol-,
éﬁ“n Of =y 1loky 1}5*9 12ciwy 100kwy L1OAmy 1oy %}4*v
294g, dl= and 24-hydroxysteroeld dehydrogenase activity

and/
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Zéﬁhydraxygteroid
and one hydmﬁLd1icrm mole for ?A#hydfoxysteramd
ﬁehydf@genzse aetiv1ty alone,
., §trong 3/5*, 164~y and 174~H.5.D. activity,
N, A D.-lznkcﬁ, was found in the frophoblast when
bthe agprapr:ste gteroid substrates were employed,
Poor 3de and 1%/%H.bﬁﬁa aetivzty, NedsDemwlinked, -~
wag detected. in three out of four moles examined and
hp@cr BAmI, 3.05 aeﬁiviﬁy in only one out of four,
WehoDoPowlinked 3 s 1 /-. and estradiol-ls~
&@hydfegena§es were caﬁﬁtantly present in the
trophoblast. _ “
Other hydroxysteroids were not utilised bj nole
traphob;ésﬁy
H,8,D. acbivity in hydatidiform moles closely

resembles that in normal, human placenta.
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DESCRILPIION OF PLATE,

- Big. 1, ;ﬁéﬁydraxysteraid dehydrogenase aeti#ity
in the trophoblast of a 20 weeke hydatidiform mole.

w90,

: Fig..g. 19£~ﬂyércxy%ﬁeroid”ﬁéhydrog@m&se aetiéity‘
in a proliferative area of the %rephablast of a 15

- weeks moles X 3550.

Fige 3o WA D,Pe=linked 1?4*0G$ﬁf&ﬁ101 dehydrogenase
activity in the trophoblast of a 19 weeks hydatidiform
mele. x 300, | ;

Mge 40 N,AD,=linked %;8~9e3ﬁraéial dehydrogenase

agtivity in 8 19 weeks hydatidiform mole. x 90,
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“ama N D P deybndegtimashraﬂlalwlzﬁ aahyaragenaﬁa
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uastestﬁrona a@ subsﬁfata wwa Wkﬁ Deslinked only

and wag&ra ﬁriaﬁa& ta %ﬂé VQS%Q&% and parlwvascular

- sbroma., |

R umﬂﬁiﬁdaﬁ tha% fhe ﬂxabvzbamlan 0f Ny AsD,

'{x;and . AvDL Py ﬁepsnﬁenL ﬁehydragan&tiau of oestradiol- i;ﬁ
3 Ad ammp&%ibla'W¢th hath fuﬂﬁﬁiﬂﬁﬁ h@mﬂy perfarm@d by

ong enmyme thh &u&l nuclam tide upe&ifmumﬁyg vhile

Eb&ﬁﬂﬁb@f&ﬂ@¢¢$ dehy&roga&a%aﬂ by @ separate enzyme.
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INTRODUGTLON

Statemnents wegarding the pyridine muolsotide
gpeclficity of placental 0@&%raﬂi@1~l@ﬁ' dehydrogenass
ond ite transhydrogenasge function have been numerous
and confileting,

falalay and his co~workers (Talalsay & Williamge

’Ashpam;A19§8g Talalay, Hurlock & Williams=Aghman, 1958)
showed ¥that soluble enzyme prépaﬁatiem& Lrom human
<:placenta promoted. reversible transhydrogenation betwesn
pyTidimé nueleobides in the presence of low concenbrations
ot ”;ﬁ"h draxy yvberolds or ketosteroids, eepecially M/A-
ogetradiol and ocegtrone. These preparations contained
a 1?&«hydroxg sterold déehydrogenase which anuOfeonve?ted
ZA-O@@%W@@LOL and oestrone using WiAiD, ox W.4.D,P, as
co=factor {Longer & Bug elg 19583 Tangew, Alexander &
Bngel, 1959) and there was close correlatlon betweon
; eeroldn that undevgo dehydrogenation and those uhat
mediate the traushydrogenation funcitlon,

Jarabak, Adams, Williame-Aghnan & Palalay (10061
-9 ]

{-’g

purifiled a seluble 12ﬂ-hydrexya%eroiﬂ dehydrogenase Irom
human Elaﬁeﬂbd by an. OJWhm gtep procedure vesulting in an
approximately ?,900m¢old purification with an over=all .
yield of 29% and wowe unahle o separate the dehydrogenase
from the tranmhy@ragemase funections, They concluded

that/
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that & goluble lyg-hydrexystefaid dehydrogenase in

human placenta reacted with both N.A.D. and N,A.D.P.

and that this enzyme wag responsible for most, 1f nowd
ally, of the 17@-0@3%&&&101 mediated transfer of hydrogen
between pyridine nucleotides.

On the othex hand, Villee and his co-workers
(Hagerman, Villce & Wellington, 1959 Hagerman & Villee,
19593 Villee, 1961) have c¢laimed %o have sepavated
NeAeDemw and W.A.D,P,=linked ocotradiol dehydrogenases
and an oestradiolwljguaemsi%ivel%Tamshyﬂragenase,

~Prom biochemieal repovits (Langer & Engel, 19583
adang et al. 1962) it scems prob&bi& that oxidation of
0@$ﬁf&di@1-13@ and of tesiosierone may he mediated by
different 176~hydroxystaxeid dehydrogenases.

Histochemical reports of 1?g~hydroxysﬁ@roid dehydroge
enage in human placenis have Yikewise been conflicting.,

Kellogg and Glenner (1960) described different
cellular localization for N.A.D.= and N.A.D,P,~Llinked
173~Qesﬁgaﬂiol dehydrogenase reactlions in ven human,
tern placentaey N.A.D,-linked activity was most
prominent in the cellg of the twrophoblast and deeidua
and less intense in the stroma, while N.A.DP-linked
activity wae intense in the perivageular gstroma and only
minimal in the trophoblast after three hours incubation.

Thesc/
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These workers found no diffevence in the
fdiﬁfribuﬁioh or intensity of N.,AD., and N.4.D.0,
aiaphoﬁaSGS'aa aemonstratea with the reduced nucleotides
and no profereéntial binding off tetrazolium salt (Witro
BeTy) in decidua or trophoblaat,. They concluded thal
their observations gﬁromgly suggested that at least two
different 136waestradielmseﬂsitive enzymes were bheling
demonstrat@dw’~Dehyd?agenaﬁioﬁ of" testosterone was not
investipated.

Roide and Mitsudo (1965), in a histochemical study
oL éﬁm and 1jﬁwhydrax;steroid dehydrag@ﬁases in human,
term placenta found moderate ﬁ.A.D,wlinked oegtradiol
lzﬁndehydrogeﬂase activity 1n both 4rophoblasts and
'%asculature and stroma, while NiA.D,Pe=linked oegtradiok=
:1zﬁwdéhy&fégehase was demonstrated only in the vessel walls.
With testosterone, eatrnémenwljﬁ-olmﬁwomé and S=androstar-
136»01»3®0ne.hydxoxysteyoid dehydrogenage activity, hoth
WeA,Dyw and N.A.D.?.mliﬂkeﬂ wag Limited to the vessel
wéilg. Tt was concluded that séparaﬁe N.A.D.é.amd VWeAiD Py
linked eestradiGlalzﬁmdehydrogenages had been demonstrated
and that N.A.D,=linked testosterond dehydrogenase was a

: ' SR

separate entliy from th@,N;A.Drmiimked oegtradiol
denydrogenase, while the N,&.B.P,uliﬁked dehydrogenases
for oeshradiol and testosterone were not differentiated

by their results,
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A large number of normal human placentac obtained
at Caesarcan section or therapeutic termination of
pregnancy have been examined in this 1aboratofy,
ineluding an age sevies of fifty=-two placentae (Hext,
1966). While the distribution of W.AD.-linked Oestradiol
l@ﬂ Aehydrogenase and 1§A~hyar0xyateroid dehydroéena%e
using testosterome veporited by these previous authors
were confirmed N.A.D,P.-linked oegiradiol dehydrdgenaae
was Tound in the -trophoblast butvt not in the stroma or
vageulature and no V,A,D,P.=linked dehydrogenation of
testosﬁeromé was obgerved,.

Iin an attempt to explain the "discrepancies veferred
to above, the histochemical distributions of W,A,D, and
N.d DR dlaphorases and of dehydrogenation of oesitradiol-
13& and ﬁestegﬁersmé with N,A.D. and NeAeDePo ag co-factoxn

were examined,

MATERTAT,  AND . METHODS,

Portions of placents measuvring approximately l«cm.ﬁ

2

were obtnined at therapeutic termination of two pregnancies
{foctal ﬂrpwnmfmmp%léhgﬁhﬁ 1e4d cme and 7.5 ém.) and at
fiv@‘Cageéfeaﬂiéeétions performéd at verm fov reasong

not eonnected with placental malfunetion‘ These porsions
were frozen om.sélid carbon dioxide within two minutes of
removal . from th@-uteruﬁsaéeﬁimned ath 1%fk.in a eryostatb

maintained/
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mainteined at =252 and attached %o eleangidry COVE -
glips by wnomentary thawlng then dried in aix,

Po exciude prefereniial tissue binding of Nitro
B.Te sections were incubated in 0.I.M. Tvis or phosphatie
buffer (pH T.4) containing 0.3 mg. Vitro B.7. PFT mle
Lor 1 hﬁuvs then washed in buffer and treated wxﬂh 0.4
ammonium sulphide or Ascorbie aclid (Pe varsdh & Hewsa, 1961).

To denonstrate W.A,D, and N,A.D.H, diaphorase
activitien, sections were ineubated in 0.T.M, Teis oy
phosphatve bufiew pH T.4, 10 ml. containing '3 mg. Nitro
BeTe and 3 mg. veduced WA, D, or N,A.D,P, (Signa) per
mil. TInpcubation was carried out for 1angth$'0£ sime
varying from 5.miﬂuﬁﬁﬁ to 24 hourssy the sectlong were
then waghed in bulffer and mognted with an dunOU“ ROV -
A1E o

For the demongtwation of hydv xysterold dohydfoaenaae
activity sectlons were incubated at 379 in O.L.m. Wl
o¥ phosphate buffer (pH 7.4) 10 ml. containing N.A.D, 0&
WA DPo 5 ey Nitwo BoTey 7 nge and with and wi%ﬁﬁa$ 
2§.mg.-bnvin@ Serum Albumen and oemtradi 3~1/6 A{Qrganon)
or tepbosterone (Organcon) 5 mg. dissolved in 0.5 ml.
dimethyl formamide. Inecubations were carvied out fox
wo hours and for 24 houirs,

A8
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Ag o conbrol, secbiong wevre incubated in media

x

containing all reagoents other thon steroid substroite.
On removal from the media,; scetlons ware washed in
huffer and mounted with an aqueous novebany (Hydramountd)
{Gure)s
Prefevontinl binding of Nitro B.T. was nch
demonstrateds all compononts of immoture and mature
plagentae wore hmavily stalned with diformanan albew
breatument with Nitro B.T. and tha‘reﬂueing sgenbd.
Diffeoronces in th@.iﬂt@n vy and digtribution of
FehaDe and NJADRGP, Glophorases wore infact demongtiratod
in human placenta, After a ghopbt incubatlon in the nedia
for the demonstration of diapliovege acbivivy (5 - 15 alns,)
heavy diformazen depositlion was geen in the brophoblaat
with both redused nueleotides, but evidence of aetlvity

in the stroma qmﬁ vagoulature wag seen wilth N.A.D.H,

2

only {(Fige 1 & 2)e Afver lncubation for 24 hours o ensure
the development of maxinun formeszen deposition, Inltensc
dilformazan deposlition was seon in vhe trophoblast with

*

hoth reduceld nucleotlides Lhouﬁa less intense with N.AJD.P.H.
whan with ng.ﬁ.nig }  in bhe stroma and vauQULaLUFQ, the?gﬁ

wag/
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wag evidence of intonge ﬁkﬂ,ﬁ;ﬂ;a diaphovase astivity,
bub onky woul N.AaDuPH,, 8cbivity (Fig. 3)e fho
findings with waﬁﬁee@ to vestradiold and %@ﬁﬁﬂsﬁeroné
dehydrogenase antiviﬁi@s‘aw@ summarised in Table le
| Thers Wes no fundeamental dilferonte between the
imoature end toum placentos, though the former possessed
wueh less sbromal connectlive bigssue and vasculaturo.
‘Tha presense oY ébsanaé of baviﬁe sepun albunen
in the medilum did not arPect the rosulis.
Afver incubation for 24 houwrs ln media contalning
tegshosberons and ﬁzA¢§¢’$@@%imu& of herm plaa@nﬁé showed

g trace of monofowmazal in the trophoblast.

0 DISOURSTION:

It has been shown that selective binding of Nitvo
Bels 1u not a problem in human placente. Contrary bHo
the findings of Kellogy and Glemier (L960) Alfforences
heve been Tound bobtwoen the acbtivities of N;Aiﬁgﬁ.g and
NplaDaPulle, diaphornses ln humon placenta; parbiculerly
after o shovrt incvbation (produsing an inteonsity of
fopnzan deposition similar to thot produced in the
dewongtration of aéﬁtr&&iel@lgé dehpdrogenase activity)
bub oven atber 24 Houwrs incubation, NADPHen &@ﬁiﬁiﬁy
is weakey in the ﬁrap&ebl&s% and muech weaker in the

veasels and stromd than is HebaBole, activity (ﬁig; 3)e
' )

These/
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These differences in diaphorasc aectivity
rationalise the different patterns of oegtradiolm174
dehydrogenase activity veporied by Hart (1966). with
W.AD, and N.ADP, as co=fachors. Ebiquitom% NeADy=
linked Q@ﬂﬁ?&diﬁlwl?ﬁ dehydrogenase activity and
N.A.D.P.«link@ﬂ aetivity limited to the trophoblast

are compatible with demonstration of one enmyme with

dual nucleotide specificity, formazan deposition being

*

gimilar Yo, bubt weaker than that obsoerved on demongiration
of the reaspective diaphorages,

Tt has been suggested blochemically that -testosterone

" may be dehydrogenated by a separate enzyme from oesitradiole

l?ﬁ dehydrogenase (Langer & Bngel, 1958; Adams et al.
1962), Histoehemically, the distribution. of dehydrogenase
activity is different when ﬂ@sﬁr&&iolwlzﬁ and teatostoeronc

are employed as substrates, testosteroné dehydrogenase

-aotivity being W.AD.-linked and limited %o the vessels

P

and stroma, ouly a fxactlon of the distribution of Oe,
1@$~dehydrogénasd;.i

Trace activity seen in the trophoblast after 24 hours
incubation with testosterone as subsirate and N.A,D. as
co=factor is explicable as dehydrogenation of testosterone
by oesﬁrm&ialw233 dehydrogenase in the trophoblast as
this ensyme hasg been éh@ﬁﬂ to dehydrogenate teshosterone

at/
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at less than 5% of the extent of oestradiol (Tanger
& TEngel, 1958).

It is thus concluded that the histochemical
dissribution of N.A:.D, and N,AD,P.-Llinked dehydrogenaiion
of nﬁaﬁradimlw1@£ s compatible with bolth {these Lfunciious
being performed by the same engyne, while testoslevone

is dehvdrogenated hHy o geparate engvne .
£ K
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BXPLANATION OF PLATES,

PLATIE .

Tipe de WeAWDe dilaphorase acbivlty in trophoblass end

gtroms of @ slx weoks placenta. (m 300).

Tige 2a NeADWPe Glaphorase actlvity ls seen only in

ol

the trophoblast of the six weeks placenbas (x  300),

Tige 3« Two serial seotlons of dewmm placenta after

twenty-four nours incubation to danongtrate diaphorase
actlvity, N.A.De diaphovase activity (abuve) is sireng

in trophoblest, vessels aﬁ@;villﬁuﬁ stroma, while NefleDeP. (below
disphoprase igﬁvary weak in the vessels and stroma {(x  £0).

ies bhe ‘Togtogterone ig dehydrogeneted in the vesssls

KN

Conly (x 200)4
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Fics v. N.Aqm.wxinkad 17@*060 wadiml a@h?drog@nage 4*~:
acL&v:LV LN trophoblast and the suunty ﬂuvamm aL x

8ix waa&&;glgg@nua {x 180},

Tigs Ge .m5ﬁgﬂ5§gﬁlink@¢v1?ggmaa§rad§&@ aehyﬁw§geuas@

activity in ihq

some: ik weeks plodente in the

T,

trophoblast wﬂly {x 200) .

Q

e M,A¢Q.~1¢nked cegtradiol17 &ehyﬁmsgen&me

aeiivity in trephohlogt, vessels and stiroma of a

tbenn Plﬁﬁﬁnﬁﬁw.(%A l0Q)@

dq
}:Fh v «ﬂ

-;Qg N;A B.H “lLinked oos Lﬂ&éiﬂial? ﬂbhy&*e jenase
3n tamu Qinbmﬂ&ﬂ. &nﬁivi%y ig seen in the t@bpmablast_
{}Q}l“u y ( l)Q) b | |



PIATE, I



vl
oo
o

Tvidence of Steroid Metabolism -

in o Humen Yolls Soc.

BY

Dy NMoKay Hart

Department ofdnabony,

University of Glasgow.



3292

SUMMARY,

The yolk sae of & 14 wm, crown-runp longth humen
foetus was surveyed foy NJ/AMH. and N.AD.P. dlaphorase
aobivities using the reduced nueleobtides and Nitro-B.T.
and Por Btk s Bfiery 6/3&-, :‘Lf.,lfﬁw, lé}am and 1‘%~hy-d?oxysﬁex~am
dehydrogeneses uging the moddficatlon of Wattenbergts (1958)
technique employed by Hars (1966).

NehoDe and N,A.D.P, dliaphorages were detected in
the mesenchymal end endodermal cells of the yolk sae; NoAoD.-
and N, A, DaPoEldnked @@stya&ialwlzﬁ dehydrogonase actlvity

wag found also in both mesenchymel and endolermal cells.

INTRODUGTION.,

Botte, Chieffi and Maperazzi (1966) descrilbed 176
cegtradiol dehydrogenase and begtepterone dehydrogenase
in the yolk sac endodermal eells and btrophoblastic
glant cells of the vat placenta, bobh N.AWD., and N,AD.P,
-afg};mnc‘iemm

It hos been sugsested bthab nigration of bhe germ
colls into bhe genitol ridee mdy be due to the chemo-
trople influsnce of locol concentrabtions of steroids

there (Baillie, Ferguson & Hart, 1966), on the besis of
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of nistochemical evidence ol sterold hormone metabolisu
and @assibla hlogynthesis in_%he humen genital ridge.
Hnman gem e@lia have been noted ag far afield ag the
yalk gae epitheliuvn (Flowian, 1931 bebeyre, 19334
'?@liz@r? ;933) and ag the yolk smeo of & 14 mus human
embnyo wag available Por gtudy 1t was ﬂ@ﬁiﬁé& that
lnrestigation of the gterold metabolice potentialities

of this bissue should bé garried out using histochemioal
technigues Lo the demonstration of hydroxystercid
dehydrogenase activity (Wattenberg, 19883 Pearson & Grose,
1959 A, By Baillie, Calmen, Ferguson & Harh, 1965, 19663
Bailllle, Porguson, Calman & Hart, 1965).

MAIBRTAL, AND METHODS,

The yolk saoe of a hﬂﬁ&n fegtgs of crwwnﬁrumgzleﬂgth
1h mm. was abﬁaineﬁ at bysbereotomy performed bto berminote
bhe pregnancy For psyehiatric reasons, and wag Lrozen
'on @ﬁk?@ﬁia@ﬁ‘ﬁﬁlid~ﬁaﬁﬁﬁn dioxide within 10 minubeg of
romoval Tron the uvherus. |

| Using a cryostat meintalned ab 259, 1?}xseeﬁians
were cut and weye aﬁt&ghe@ to clean, dry, glass coverslips
Iy mowenbary thewlng then dried in airv,

To demongtrave dlaphorage activity, geetions were
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In order to confirm the presence of gorm cells in
the yolk sac @@i%hﬁii&m;éééﬁians”W&ﬂe incubated by the
method of MeKay, Hertig, Adans end Denziger (1953) for

the demongtration of alkaline phosphatase.

CITELTYT tcw
RESYLIS,

The presence of germ cells was conilemed,

WedDe. ond NgA a—:i);@;P\?_ ﬁi&}jhﬂl‘&ﬁﬁ% gativities were
pregsent in the ﬁﬂganehymﬂl,&ndhﬂﬁ@ﬁ&@wmal cells of the
yolk gace; both being more pronounded in the endodermal
B@llsg.ﬁs-&@piﬁﬁma'in Plgures 1,2 and 3, W.A.D, dlaphorase
viag the wmore active, | |

Mbﬁﬁﬁaﬁﬁ Neda Dy =1inked G@Sﬁrﬁﬂi&lﬁlzﬁ dehydrogenase
and waak NyA«DPeelinked @egtﬁadimi&lﬁﬁ?&Ghyﬁrogenasa
activitios wers noved in both nesenehynal and endodermal
eallﬁ} the latteér eoxbibiting the gbtronmer aobiviby (fig.lk).
Wealk 1@@*hyﬁrgxygte@aiﬁ &ﬁhﬁﬁ?é@ﬁnﬁsﬁg HeAe s dependens
ouly, wag apyaﬁénﬁ wﬁaﬁ testogtorone was thgustexaid
gubstrate, { o

Si@n&ﬁiﬁanﬁle?iﬁénﬁ& af_ﬁﬁﬁer hyer$§gt&rai&
dehy&xag&nas@é was n&t‘@bﬁaiﬂeﬂ¢ |

Gections incubated in %he,éanﬁrml nmedis rewained

colounlags.
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DIBOUSSION.

By bhe 14 wny stage in tha‘hum&n the plecentald
hrophtbladt hag already assuned an acbive gterold
blogynthobic end mﬁtahélia role (Hart, 1966}, In
compariason, %hﬁ7jalk gag of g_l& mie human embryo . hag
boen ghown Lo pogagess Little hydroxyaberold dehydrogonase
a@hiviﬁyq T4 hes moreover boen demonstrated that bthis
poor exhibivion of nydfaa'sterqia-dehy@rag@nase acbivity
ig not due to & lack of N.AWD. oxp N.ADP, dlaphovase
activity,

Oestradlol~178 dehydrogenase, which wag present,
interconverts. cestrone and oestradiol end has a {raus-
hydrogenase funetion (Japabak, Adems, Williens-Aghmon
& Talalay. l?@@)\gn&Atha Linding of thig7@ﬁzyma together

with dehydrogenstion of ﬁasﬁaaﬁdium@_aac@xﬂénwell'Wiﬁh
the Findings of Baﬁﬁ% el al. in the yollk sac endodermal
cells of thé et “&e‘abg@nca of @ﬁﬁhydﬁaxyﬁﬁarai@ |
dehydrogenese ig also ln &gf@ﬁmﬁht%WiﬁhAﬁhé gituabion
ﬁ@@Dﬁﬁ@d\in'ﬁhﬁlﬁﬂﬁ hy\ﬂﬁ&ﬂégfﬂgkié@ Driks, Lobel and
~Lﬁiygﬁﬁr@€19é2)fand Botte eb: al, tlé@élg

| :m gomparlson with the genital | ridge of the 14 wm.

human embryo (Baillie, F@rgusﬁﬁﬂﬁ‘ﬂart, 1966} the yolk sac

shows 1ibble evidente of gteroid blosyunthesisy 40, in fact
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ge&mveell.migwa%ian o the genibal widege is conbdrolled
by sterold hommone produced in that strueture it ls

clear that the yollk sec is not a serious compebitor ag
an ai%@ﬁnaﬁiw@ attracbor of geym cells ot bhe gtage of

davelopmeut gtudied, i at sll.
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EXPLANATION OF PLATHRS.

CRig, e Secbion of entire yolk sac, showlung lutense
© MedaBe=diaphorage activity in the yollwsae endodermal
cells. The wenker mesenchymal resctlon ls not weadily

yvigibles (x  50).

Fig& 3¢ m;£.D*P, diaphorage in the wall of the yolk

sac, more intense in bthe endodermal oslles {x  400).

{
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Tige 3

in the ondodermel cellge (x  300)y

Nahay disphorage agtivity v lntense

Bige be  NedaD,-linked 1%%&@@&&1@3 dehydrogenase
setlvity is_mﬁdh less intansé¢ﬁh&m Nedally diaphorase
acbivity. The @nﬂ@ﬂ@ﬁmai“aails Shﬁw4ﬁh§ abrongor
reagtioms (x 300)s

ki
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