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INTRODUCTION

It iz well known that, in at least some of the vortsbrates, sex hormcnes

are elaborated by the gonads during the embryonie pericods. liowesver, the exact
time in development st which these hormones are first produced is not known
with certainty, IHistochendcal and blochemical methods should reveal their
pregsnce eariier in developuent than bloassay techniques, lowever, this ie
not the case with rezard to the chick exbrye zonad,

In the chick embryo in vivo transplantation experiments have isdicated
the initial synthesis and releass of sex hormones by the gonads st edght days
(Weniger, 1965). On the cther hand, bicchemical techniques have not disclosed
ths presence of satrogens in enmbryonic chick gonad extracts urntil the tenth
day of incubstion (Gallien and Lo Foulgoc, 1957).

Histocherdical techniques have not revealsd stercid hormone synthesie
prior to the eighth day of incubation in chick erbryos. The presence of
histochenicelly demcnsirable cholestercl hms been reported at eight days i
the gonads of both sexes (Chiefll et gl,, 1964), and at cight days in the
ovary and ter days in the testis {Narbaite and Ssbetird, 1963). A 5-3;%@_.
[droxystereid dehypdrogenase (4 g-»Bﬁ-H%‘ﬂ’)) activity has beer reporied in the
jerbryonic gonads of bolh sexes from sight days onwsrd by Chieffi (1964), while
[Sarbaitz and Roledny (i964) firet observed the presence of this engyre at
pight days in the ovary and st ten days in the testis.

The absence of histocherically demonstrable A°~3p-i8D activity in the
fponads of the chick ewbrys bsfore eight days of incubstion nay poesibly be
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aseribed to the fact thet this method is a thresheld reaction and the ensyme
zay be present befcre this time but uot available in sufficlent quantities
for reduction of the tetrazolium ssli. Also, other investigators may uot
have cut their sections thick encugh, or incubated thew long enough in the
substrate mediun,

A recently desvelopsd lLimuncflucrescent technique for the histological
visualization of androgenic steroids (Weods and Doms, 1966) is probably, like
mary irmmnological procedures, o sensitive and specific indication for this
ong class of gterclds and the exclusion of others.

Thez&§~%ﬁaﬁsa technique, demonstrating as it doss an essential step in
the gynthesis of steroid hormores, penerally can provide a brosder specﬁém of
inforczation corcerning steroid horsone synthesis than the immunofiucorescent
method. It i3 recognized, however, that the presence of a single enzyre in
a biv-synthetlc pathway does not necessarily ilnsurs successiul syntlesis nor
release of formed hormere (lobel et al., 1962). Horeover, this technique
does not provide information as to the character of the elaborsted smteroid
nornong.

Since the time of onset of sex horvons synthesis in the gonad of tle
ehilck embryo, as demonstrated histochesizally, does not precsde in time the
initial secretion of foimed horwone as detersired by bicassay, & re-sxaming—
tlenn of the histochemical aspects of this problem would seem to be indicated.
In the present study, chick embryc gonad seetlons were examined for the
presence 0f135~§ﬁmﬁﬁa in order to deternine the pericd during ecbryonie

dewslopnent when sterold hormone synthesis first ccours in thess organs.




The firet recorded hypothesis sttributing sex differertistion to horw
mones ensnating from the enbryonic ponads was that of Bouin and Ancel (1903).
These investigators observed interstitial cells of Leydig in a secretory
state in the testis of the 30 o pig exbryc.

The firet evidence in support of this hypothesis was reported by lillie
(1916, 1917) and Keller ard Tendler (1916) with regsrd to the phencmencn
of freemartiviarm in csttle. They cbeerved that the embryunic membrenes of
twins ocoasionally were so cloeely sssociated that ansstomoses of umembranss
and blood veasels ocourred, thus permitting a mixing of their blood. If the
twing were a heterosexual pair, the vale developed normally while the repro-
ductive gystan of the female wis masculinised or appsared to be an intersex.
The norual development of the ovarian cortex and of the Mullerian ducts were
inhibited and development and differentistion of the Wollffian ducts were
facilitated in the femmle. In an attexpt to explain thls condition these
investigators postulated that in such cases the mals hormons was produced in
the enbryo prior to that of the female hormone and thus exerted its influence
earlisr in developmertal time. The phentmenon did not occur in the sbeence
of vascular snastonoses of evbryonic membrancs.

A sioilar phencwenon occurs, but to a lesser axtent, in the pdg (Hughes,
1929). Petslod (1953, 1955) also noted the freeumartin phenamenon in cattle,

3




3
but did not observe it in shoup or £08tu, spparertly due to 8 cocparatively
late cotablishrent of vascular mastoncsis of arbryosic canbraswee in the
latier,

Lilile (1917) stated that it would be necessary to prove his theory
exparisentally before it could be accepted.

S Zgpericectal Vorifdcation snd Jestiry: of Thecrles

Since the present investisation has been limited to the bird, the folw
lowing litersture review is also se linited.

Proel of the presence of embryorde sex hormoue synthesis is basic to
the establisiwent of the hormonsl theory of sex differestiation, BSeveral
approsches haw beun anployed by 8 host of iowestigstors in an effort to
ostanlish thw predustion of thess horounes during the schryonic paricd,

b Irensplantetion

Conads or plecas of ponnds were grafied onto the choric-allantois
mesbrang of chick enbryas (Minoura, 1921 Greemwod, 1925; Remp, 1927;
Willder, 1927; oradiey, 194d)e Willier (1927) crafted unlliferertisted, as
well as dirfereantiated, joamds crde the ghordo-allosdolc meabranc, dnoura
was the only investigalor o roport that the gralfis exeried 3 horucaal effsct.
#e roported that like punads stimilated crp anctierts srowkh aud differertia-
tion, while urlike govads inhibitsd esch obher.

Bradley, (1941}, rotised ccsasiongl Pamdnizatics of testes under Lhs
irfluence of & ovary graftsd oute the shoric-allestode mesbreve of host

wibryoss dnourals sl Dradley¥s resulis, tierefors, contrilmted svidence




for the theory that sex hormones are responsibls for sex differentiation,
while the work of Greemwood, of Keup ard of Willler doss not support this
theory.

Wolff (1947) trensplanted gonads from 6-11 day enbryos into the ccelom
of 48-52 hour ecbryos. He cbtalned feminisation of host tostes (dovelopuent
of a cortex) by transplantsd ovaries and irhibition of development of the
Mallerian ducts of fomalo hosta by transplantod tootos.

Groenendi J{ «Huijbers (1960) transplanted embryonie chick gonade from
36 day donors into the coslom of 4~8 day hoets. Since no dats was gsthered
before the sleventh day of incubation of any host, the resuits indicate that
with the youngest grafts horuone production took place at an undetermined
time before the twelfth day of incubstion. This lnvestigator alsc made
chorio-allantoic trensplants; however, only an incomplete reduction of Hulle
erian ducts vas obtained. This condition was conaidered to be dus to the
MM“WW%WWMMWG&@W
allantolc membrens to cause couplete reduction of this duct system,

2. Tissue Cuitare sod Castretion

The results of the in vitro culture of gonads side by edde, and of
gonads and target organs deconstrate strictly traditicoal ferminization by
ovarian and nesculindisation by testiculear secretions, These results are
sindler to thoss cbtained from castration experiments. Whether the sction
of sex hormones on target organs is interfered with by interrupting thelr
secretion through castrstion (Wolff and Wolff, 1949, 1951) or by removing the
target organs and cultivating them in vitre the results are the saw. Target
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erpgae recoved belore sex differerdiation aod culiared alene, as well as
those presect in castreted wdwyos, evelved in the sse way resmrdless of the
gernetic sex of thw enbrye (Wolll and Woiff, 1751-53). fThese neutys) forme
wara the noie fory of the syring and sendtal tubercls of ths duck aubrye and
the fexsde form of the lullerian ducts of the ohick enbryo. When the dack
syrirs and perdtal tubercle were cultiveted with estrogens and the ehick
Malleordian duct with androgens, the indluence of these horsorss omased
devolopsent ln the direction of the sax of the culture hormens (Wolif st gl.,
1952; Iate-Oobertag, 1954 ).

Lxperivents ware alsc porformed associating gonmis netercesmally e
assceiating sovsde of the ehdek axbewo with Mllevis dusts (Wolf? an
Halfen, 19523 Werdger, 1962} When ponads were associsted hotercsemaslily,
Lhe teotes wore feinised, wWdle Mallerios ducts wmgressed when aseccisted
with testes.

Later Weniger (1964, 15658, b) ealtured 7-12 day oid chick exbrye
evaries in vilre and alfterumed tested tho uedlun for estropous by the Allan~
Dolay metiods Estrogens were [lret detocted ix 2 pediswm in whden seven day
old ovaries had been cultuwsd for 24 bours, 1.6, oo the elghth day of

docubsiion,

3. Adebdstration of lompones

The resulis of this Lype of resesiveh aru rather coPplex and sonewhat
sontpadistory. They will be eategorized hare acsorilng to class of homsore
akainintered,

Ghilizing eglrogens, resdbs were cboainod that sire sizilar te thess of




ovarian influence in transplest gnd tissse zuliww experinents. Although
theare are suse difforences, the sizmilarity is guite evidsnt.

In goveral, estrosans whon aduinistered in carly exbryonic life fomine
iged the testos by bringing sbout the differentistion of a covbex, axl in
exbreme cases, by charging the mwepholegical cheracteristios of the testis
oo that 3% was indistinguishabls fron & ovary. In lesmles, the right
Hallerian duct, whisch norvally wderzoes invelution, is painktalned and both
Meht #ind lefb duct nay ppertrophy depending on the dosage adnindstersd
{Dardtchmkorlfs Willier, Celissner and Kothy Wolff and Gingliuper, 1935).
Noroal differentiation of the ovaries wae not alffected or changed. Bencit
{1923), Douw: (1927), Taber, (1954) sod Kormfeld (1954), stated thet estropens
seo te be responsible for bhe inhibitlon of growth and differmtistion of &he
vicht ovary. Wollf mad Wolff (1951), on tbe other hasd, reportad that the
pareingl epltheliun was nalnteised and differentistod inte an ovearis: coriex
oo the righl side wier Liwy Injected estrocens inle the whryo belore the
fourth day, lowle (1946) ad lewis and Doom (1948) treated duck wbryos of
L1 days iscubstion with catrogsns and oblaliwd a modilicsilon of the
syrire el 5{@:&&& tubarcie in the fevalo direction, Indicsting thet tiw
norval farals chavacter s detervined by eotrogsng. Singe these resmils are
asizilar to those chsarved in normal dewslopoent, they eppsar to ladlcste thet
Lhe anbryonic ponads axert an influence on sex differentistion ss & resilt of
the systhesis and roleass of sex horrenss.

The remults of experiverte in which andropens were adoinistersd are
less clesr-out s not eanily axplesined. Testosterone and androstercss ware

choorved to slimlate the Wolffian ducts of botd soses, (Damtehaielr ml.iirzr,l




Gallagher snd Koch; Wolff and Ginglinger, 1935) s well as the Mullerian
ducts in females. RAaothermors, andvosterons ves cbgerved to ceuse the inei-
plent cortex of the left testis to differentiate into & genuine cortex, thus
bringing sbout the developoent of a typical ovotestis.

Although the results sre not too well defined, there are indications
that the effects of adninistering xemcoes resesble those of the assoclation
of gonads in vitro and in yivo, perticularly vith reference to estrogens
(Koseliss and Gallagher, 1934; Dentchakoff, 1935; Wolff and Ginglinger, 1935;
Willler ot ol., 1937; lewis, 1946). The fact that the results do not corree-
pond completely may indicate that the hurmonal effects seen in vitro end in
vivo are the results of sn interaction of endrogens end estrogens om the
accesamy sex choaracters. The purity of the adxinistered horucnes mey aleso
have been e critical factor.

leray (1948) extrected & substence from chick embryos of Lh-19 days
incubation which was sctive on the comb of the cepan, indiosting the presence
of sndrogens. Using biochemical methods, Stoll and Mersud (1956) analywed
the allantoic and ammiotic flulds of chick emdryos for l7-hetostercids.
Traces of thess stercid metebolism end~products vere firgt cbeerved at six
deys, the mmount incressing from seven to 13 days. Oallion end lLe Foulgoce
(1957) used colorimetry sod fluorimetry to detect and messure phenolic gier-
olds extracted fram overies of 10, 13 and 21 duy old chick emdryos. Thess
steroids wvere cboerved to increcse in smount with incressing age.




The first histochemical investigation concerning hoarmmme production by
the embryonic goned involved the idenmtification of lipids, and cholesterocl, the
prinary precurscr of all steraids.

Initially Scheib {1958a, b) investigated total lipid comtent in 8, 12,
b, 15 and 20 day old chick embryos using Sudsn B. Lipids were visualized in
the gonads at all ages exemined snd were confined largely to the medullary com-
pooent of both gonads. This investigator later (Schaid, 1959) exemined the
gomeds of embryos from seven deys of incubation to hatching by mesns of Suden
staining. le noted that lipids first sppeared in the medullary cords of the
testis on dey sevem, snd in the medullary component of the overy, "at the time
of morphological sex differentistion.”

Barbaits snd Sebatini (1963a) used the Sudan Black reecticn for lipids
and the digitonin resction for cholesterol on the goneds of chick esbryos of
7«12 days of incubation. In the ovary both substances were seen on the eighth
dsy of incubatiom, while in the testis lipids were cbeerved on day eight, but
cholestercl wvas not ssen until the tenth asy.

Nerbaite and Ssbatini (19630) removed goneds from chick emivyos et six
end seven daye end cultured them in vitro for four days. They were then
Femwmumwmmmmm. The results
differed somowhat depending on which of two culture medis vere employed.
Cholesterol gpecific precipitation was not seen on the sixth day in eny of the
gonads cultured in Wolff end Haffen's (1952) stenderd medium, but it wes seen
in 59% of the cases cultwred beginning om the seventh day. On the other hend,
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a specific precipitation was seen in 504 of the cases cultured in Stenger-
Haffen's No. 46 synthetic medium, (Stenger and Haffen 1957) beginning with
the sixth day, snd in 83% of the cases cultured begimning with the seventh
day. The positive reaction wvas generally distributed throughout the testis,
but in the overy it was limited to the medullary component. These investiga-
tors wvere not sble to determine the sex of the gonads in all instances, but
they attributed the lack of complete consistency of their results to & finding
previcusly descrided by Nerbaits end Sebatini (1963a), namely, that the ovary
shows the presence of cholesterol two days esriier than the testis. Thus it
was shown that, depending on the medium used for culture, the presence of
cholesterol can be demonstrated in six cr seven dsy old embryonic chick gonads
which have been cultured in vitro for four days. Chieffi et al., (1964) also
used the Sudan B tecimique for lipids. He tested gonads of chick emhryoe of
b to7, 74, 8, 10, 12, 15, 17 end 21 days of age and cbserved positive resc-
ticns beginning with the eighth day of incubation.

Nerbaits and Kolodny (1964), and Chiefri et al., (195h) examined gonads
of chick embryos for the presence of /°-3p-hydroxystercid dehydrogenase
(A-3p-H8D). Thls ensyne catalyses the comversion of A7-3p-hydroxy steroids
to A¥.3-ketostercids (Samuels et al., 1951). Since the active farm of all
mumaumzf-s-mm,wummrrmuma
this form, 1t 1s epperent that /°-3p-HED is m essentisl enzyme in the bio-
synthetic pathway of stercid harmoves. Therefore, it is present in all
tissues vhere steroid hormone synthesis tskes place. HNerbeitz and Xolodny
reported that the enxyme was seen in the overy at eight days of incudbation
and in the testis begimuing at ten days thus confirming previous reports




u
conoerning the presence of lipids end cholsstercl (Marbaits end S8abstind,
1963a, b)e Chieffi gt al., (1964), howsver, reported its presence ia both
overy snd testis begiuning et eight days of incubaticm.

c. Techniques Bmployed

The tecuique for histologlaslly visualising the pressnce of /\>-3p-HSD
sctivity employed in this investigetion wes that of Wsttemberg (1958) es
modiried by levy et 8l., (1959). He sectioned fromen tissuss, them incubated
them 1n & medium comtaining steroid substrate (delydrospisndrostercns, preg-
nenolone sod others), nicotine sdenine dinuclsotide (MAD), buffer (pH 8.0), a
tetresolium salt (Hitro-BI') sod solvent (scetome). The hydrogen icns removed
fros the substrate by the dshydrogensse were trwusferred to the HAD, then from
the BADH to the tetrasoliua salt which, following the reducticm, chenged its
foarm and precipitated as & grasulsr formessn, indicating cellulsr localisaticn
of the ensyme. Wattenberg described the pressnwe of & positive resction in
the calls of the adrenal cortex, interstitiml cells of leydig of the testis,
stromal cells of the ovary, snd weskly in the cells of the liver parenchyna.

levy ot al., (1959) modified Wattenberg's method by substituting pro-
pylene glycol for acetome, maintalning the medium at & lower pH (7.1-7.h), and
changing the concentrations of NAD, Nitro-BET snd substrate. Stulles were nede
o ret sdrenals, gooads and the adnexa of both sexes. These investigators
confirmed Wattenbarg's findings, but they elso cbserved a positive reaction
in the epithelisl cells of the oviduct.

A great deal of A’~35-HSD vork has been dons by & number of investigators
(Baillle and Griffiths, 1964; Chieffi gt al., 1954; Herbaits end Kolodny, 1964;
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Prenl gt al., 1965; Rubin gt al., 1965; Ballllic et 8., 1965-1966; Golduan
et 8l., 1966). Of special interest iz the study of Baillie and Griffiths
(196k), in which both dshydrospiendrosterons (DHA) snd pregnenclone were used
as substrates for the higtochemical demonstratiom of Asasp-m activity in the
interstitial cells of leydig of fetal mouse testes. When pregnenclone wag
erployed as a substrate, a positive histochemical resction was cbserved four
days earlier in developmental time (11 days) than when DHA was used es the
substrate (15 days). Thus, it sppesrs that either pregnenclone is & move
specific substrate for /9-3p-HSD, or that there are actuslly two ensymes
involved, the one which utilizes pregnenclone belng present at a younger
emhryonic age, st which time the enzyme which utilises DHA as substrate i
absent.




MATERIALS ARD METHODS

A1 embryos were cbtalned from single coub, light-brown leghorn eggs
incubated st a temperature of 38,3 %0.3°C. in a forced draft incubstor. The
age of the embryos at the time of sacrifice represents the actual time the
eggs remained in the incubstor. Embryos were sacrificed from day three
through batching. The ages of the esrliest emlryos were verified by use of
the steging technigue of Hamburger and Hamiltem (1951). Sacrifices were per-
formed within four hours of the specified mmber of days. All staging end
bandling of tissues used for experimental purposes vas carried out as repidly
as possible, and, in fact, an effort wes made to carry cut this menipulation
vithin five minutes of time of sacrifice.

Gonads were prepered in three ways: (1) The firet of these was by
freezing the entire embryo in an extended position on the freezing stage of a
cryostat. (2) Gonads were recovered sttached to the dorsal body wall. A
rectangular section of the dorsal body wall, with the viscera ventral to the
gonads and the skin of the dorsal murface removed to cbtain better liquid
contact for freesing, was frogen immediately dorsal side down on the freezing
stage of & cryostat. These tissue blocks were then wrepped with multiple
layers of flexible plastic wrep snd stored in sealed bottles st - 20°C, for
subgequent sectioning. (3) The gonads were dissected, being cereful to
separate them from adjacent tissues. The first goned removed was plsced au a
stainless steel weighing spetula and flooded with a drop of cold isotomlc
saline. The second one was removed and placed in the same drop of saline.

13
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The epatuls was then placed in the cryostat, viere sxcess molsture woe
wvith sbsorbent peper. The gomads were trsnsferred to the freexing stage,
either by 1ifting thenm from the spetuls with the corper of o plsce of dry
peper towel o on the points of a pair of “watch nalvers” foroeps. In certain
henging by cepillary sdhwsion fran the spatuls. In all cases safter being
transferred to the freesing stage the goneds were frosen within ebout one
second's time.

Sinco the iscleted gouads were too seall (o mount directly o & oryo-
stat chuck, o nothod of support that would allov for repid sod easy handling
of the tissue was devised. The use of large pieces of tissues ves considered
but digcarded because of 8 lack of wifoarmity of the mount and esss of
handling. Oelstin ar gelatin-related meterials, malded and froszsn to shepe
directly ower the gooads on the stage, were utilized. These mubstances
possess the charecteristics of both uniforwmity and unlinited evallsbility.
Several euch materials vere used for this purpose. A 5% sclution of gelatin
in vater iz recommnded by workere using gelatin block methods. Howover,
when this concentration wves esployed, the sections were elitber compressed or
could not be cteined in serial order. Since the problem semmed to be awm of
too great a Dlexibility of the dlock, the concentretion of gelatin was reduced
t0 2.5%. This provided sanswhat mowe eatisfectory properties when blocked,
but these blocks melted too esslly end were more fraglils.

A comaercial embedding medium made Ly lLab-Tek Corporetion for frosen
sectioning (“0.C.7.") was found to give the best results. Thie medius is
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avallable iv three gredes: I, nmm,mmmmusm\mﬁ
recormended for ite uss. In ow vk both 0.C.T. I (for tenperatures of 0°
t0-15%. ) and 0.C.2. II (for temperatures of -15 to -30°C.) vere used and
proved very satisfectory when used within the recoxmnded temperature reuge.
The 0,C.%. I mediun was somevhat nore satisfectory then the 0.C.7. II for
thres resscns: (1) the tespersture range of 0° to -15%C. gave cptimal cutting
results with gonedal meterial, (2) thess blocks 4id not melt es reedily vien
handled, end (3) the higher tesperature wss nore easily maintalned by the
vammm To prepare the blocks, & wold mede
fron & strip of polyethylens wae placed around the gmads an the freesing
ostage snd the eabedding medium poured into the mold. A heat extractor
sttached to the wall of the cryostal wos then lowered oato the top of the
mold. After the molded block hed frosen, it was tecken loose fras the stage,
the mold stripped swsy and the block wepped ia multiple layers of plastic
wep, It vas then labeled end stared in o sealsd bottle at -20°C, for future
sectioning,

Frosen blocks wre initially cut an a Lipshaw freesing microtome. How-
ever, an Anerican (ptical "Cryocut” wes used for the major porticm of owr
investigation. Sections of 2 to 40 micra thiciness were cut singly ar, vhen
possible, in ridbons. These sections were either lifted onto a pre-chilled
#2lide or coversllp, which wes then removed from the checthber ond the sectiom
alloved to dry oo the slide, or & vrm slide was brought into comtect with
the cut tiseue adbering to the knife. The tissue sllice adhered 10 snd meited
oo the slide. All sections were aiv-dried for at least fifteen minutes.

WMWWWWWWNAS~MQ
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activity., Slides with adherort sections were placed in & wem: (379C.)
buffer solution (pH 7.2 40.1) for 15 to 30 cdmutes in order to remove endo-
genous substrates (Wattenberg, 1958) and to dissolve the material used as s
support for the tissue while outtings Following this, sections were incubge
ted in the substrate mediun for periods of one-hslf to twenty-eight hours.
In the majority of cases the incubation time was one hour. Prolonged incue
baticn pariods ware used for gonads frowm younger cubryos in order to COPOI~
sste for the mualler quantity of engyme present. Dehydroepiandrostercne (DHA)
was the substrete exployed with most gonads exenined. However, pregnenclone
was used as an alternate substrate for scww of the goneds. The incubation
mediun wes prepsred according to the method of levy gt al., (1959), as
followss

CORSTITUENT AMOUNT

MWW (nfm) 0e2 g 0.1t

Micotine-adenine dinuclectide 244 ng Ou Sl
(%AD)

Mtro-BT 1.0 mg 0o 2éga]

Phosphate buffer (p 7.2) 4eC 1l 0.0571

Acetone Ue5 ml

then incubstions were complete, sections were fixed for 15 to 30 wine
utes in 8 wixture consisting of 108 foruslin, 57 glacial acetic acid and £5%
of 0% otiyl alcohol, (F.AsAe), rinsed in tap water to rosove residual fixg-
tive ad stained for 5-10 minutes in Crenacher's Alun Camine. After a
sacond tap water rinse, tiseus sections were dehydrated in a greded series of
aloohols, cleared in xylene and mounted with Harleco synthetic regine
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Overies and testes vere also embedded ir pareffin and stained with Harrig'
Hematoxylin and Eosin for purposes of general histological identificstion.
Histological examination apd photography were csaried out by meens of on
Americean Qptical Microstar microscope st 40, 100, 450, and 1000 X magmifics.
tims. Fhotoslorogrephs vere made using 35 mm. Kodechrome and Kodecolar £ilm
and exposmre times of e £ifth to one twenty-fifth of & second.




OBSERVATIONS

Amcfﬁgmmwclﬁckmmwemmmm‘ They
ranged in age fram three to 2U days of incubation, Eight of these were tested
13 ovaries, and 27 of gonmis prior to sex differentiation,

For ilw exmsinstion of chick embryos younger than ten days, cross pac-
tions of the entire embryo were found to be the most convenient forma of pre-
paration, in terms of orientation of the gonade as well as tiwir sascciastion
with other tissues in the esbryo,

The tines found to be optimal for fixation in F.A.A. were 15 minutes for
ssctions up to 15 u and 30 mimtes for those thicker than 15 ndcra,

Sex differentistion is sald to begin on the fifth or sixth dey of incu-
bation (Swift, 1916; Essenberg and Garwacki, 1938), the seventh day (Laulanie,
18863 Firket, 1914), or the eighth day (Firket, 1920), In this study it was
first found to be noticeable grossly toward the end of the seventh dey and
microscopically st about nine days. The criteria found most useful in
distinguishing the sex of the embryos exsuined were: (1) The presence in
ovaries of a cortex which was absent or greatly reduced in testes, and a two
layered medulls, the inner layer of which has many large lacunae, giving it a
locse appearance, the outer layer consisting of compact tissue. After nine
days the cortex shows a secondary proliferstion of cords which have invaging
ted from the germingl epithelium, (2) The testes pressnt & considerably more
howgeneous picture., They consist entirely of a cormeotive tismue stroana ine
to which pricary (medullary) cords have invaginated fram the germinal epithe-

is8
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liun prior to the eighth day. Theee medullary cords beccnme wavy by day
eight, convoluted by day 11, end finally brench, anastomose, sud form & reti-
culum by the 13th day. (3) The surface of testes is asocoth and covered by a
souewhat thickened tunics albugines, which becomes incressingly prasinent
with advancing age, while the surface of the ovary is uneven, giving it a

The results following the use of this method are wost msaningful when
divided into three periods according to incubation age: (1) the period prior
to sex differentiastion, (2) the period firon sex differentistion to day 13 and
(3) the period from day 13 to hatohing. The time of sex differentistion
thig period the gonads are different frow one snother, as well as fram their
pre-differentiation fora. Thirtesn days of incubstion is a significant
second point of division because it divides the inoubation period, from the
time of sex differentiation to hatehing, into two equal time intervals and
also 18 the age st whieh interstitial tissue, often sald to be involved in

steroid hormone synthesis, is believed to sppear (Swift, 1916).

1. The Period of Three Days to Sex Differentistior

This pericd was characterized by an unexpected findinge A somewhat
genuralized pattern of formazan gramule deposition was seen throughout most
of the tissucs in cross-sections of threo day exbrycs, becondng less general-




ized in distribution on the following days of incubation up through the
period of sex differentiaticn. Tissuss other than the genital ridges exhibit-
ing formazan gramiles were the gut, notochord, neural tube, spleen primordiun,
and the gensral mesenchymal tissue ({ige. 1 and 2). The genital ridgws showed
formazan deposition to a lesser extent than the other tissues menticned and tol
the same oxtent as the surrounding mesenchynsl tissue and the clossly adjacent
dorsal mesentery (fiz. 1)e The contrel slides showed an absence of foruasan
deposition in all cases (figse 3 and 4)e The iutensity of reaction in the
soctiens exmidred was rated according to & O to ++++ scals, (table 1), The
gonads and adjecent reactive tissues exhibited an intenslty of ++, while the
strongly reacting duct epithelis showsd a +++ degree of reackivity. These
tissue cocpariecns were made con whols ocbryo sctions which were cut at a
thickness of 30 m and incubated for spproxizately six hours in the histochen-
ical medium.

n day five, the resction had beccme more localized and was seen with
@ intensity of ++ in the gonads (fig. 5), epithelial lining of the stammch,
spendyaal layer of the reural tube, Lolffian duct and diffusely in the neson~
ephros, & with an intensity of ++ in the adrenals, Again, the control
sectiong showed a couplete sbeence of grarmle deposition. Sections of day
four aubrycs had an appesrance inmtermediate between those of daye three and
Live.

After day fiwe, the mesonsphros, including the gonade, was usaally
dissected fyee of othor tissues in preparstion for examination. It comtimed
tc show & fine and very diffuse formasar deposition. This resctivencss was
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also cccasionally seen in the vescnephros of contrel slides, thus minimisdng
its significance in this study. Adrenal tissue often acconpanied sacral seg-
monte and usually showed an intense graxmlation. Sections of gonads of aix
through nine days of incubation showed a ++ reactivensss when cut at ten u
and incubated in the histochendeal mediws for three hours, Ho gramles were
seen in the dorsal mesentery, rneursl tube or mesenchyme st these ages (fige.
6 ad 7)e

in ovaries gramle depositica showed 8 terdency, with sdvancing age, to
becose locallzed in patches, presuusbly in the cords, within the wmedullas of
the overy. Tostes exhibited & gramile deposition of + to ++, limited largely
to the wedullary corde. lo substantial increasse in the sncunt of setivity in
ovaries axxi testes was seen during this age range. The control aslides showed
no reaction. Tiume, it seens that a relatively stable suount of ensyue is
present in the ovary between the period of sex differentiation end 13 days.

The overy shouws 2 steady increase in the ascunt of resctivity throughout
this period (table 1), (figs. 8 and 15), The reactivity was seen almost ex-
clusively in the medullsry couponent of the ovary, although there also were
sone fomuasan deposits in the cortex. The deposition wes extremely heavy in
the cuter, core coxpact portion of the medullary ccmponent in the 14 day ovaryy
but it was also eson in mall groups of cells within the priuary cords of the
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inner lecge porticr of the medulls (figs. € @ $),

A gereralised reaclivensss was man throughout the stroma of the testis
with the greatest intensity in the cords, This generalized reaction had an
intensity judged at ++e An especially intense deposit of formasan gramles
was seen in cocaslonal cells within the sex cords of testes. This corres-
ponds to cbservations in the female, which could perhape be anticipated
since the testis and the overian medulla are homologous structures. This
deposit was seen ab about +++ intensity in a 16 day testis (fige. 10 and 11),
17 day ovary and testis (figs. 12 and 13), and in a 20 day ovary and testis
(figse 14 and 15)s The 16 day testis was cut at 4 u and incubated for one
hour shile the 17 and 20 day gonads were cut at 10 mdors arxd incubated for
three hours.

Pregrenclons vas used 82 a substrate for A7-3B-iiSD with the hope that
the eactivity of this ensyme could be traced to a younger incubation sge than
that cbserved when DHA wes used, thue extending to snother epecies the cbser-
vations reported by Saillie and Griffiths (1964) on the testis of the mouse
enbryo. The resulis, howover, were not as anticipated. A reactive gramle
dopositicn was seon only in certain expavinental glidee, whereas an extresely
intenss reaction (++++) was observed when DA was suployed as the substrate.
An exmple of this is the case of an adrenal from a 19 day fexgls embryoc
which revealed a + reaction with prognenclone, while with DHA the section

appearod almost ompletely opague &s a result of foxmazan deposits. The
controls for both the pregrenclone and DHA experdnents were negative,




DISCUESTOR

This investigation was underteken for the purpose of determining, by
histochemicol meens, the time of initial stercid hormone synthesis in the
soueds of the chick emdryo.

The resulte dbtained with gonads between three dsys of incubetion end
the pericd of sex differertistion (epprocimetely 6-7 days) were not as
expocted. A\%-3p-HSD ectivity, emplaying DEA as o substrate, vee not limited
to those tissues which ere known to contain this enxyme i.e.,gonads, sdrenals,
mescneplaos sod Liver (levy ot el., 1959). Formesen granules ware also seen
troughout: the gut, neural tube, a2 vell as in the notochord, spleen primoe-
dlun end megenchyme from tiwee to five days of incubstion. The deposita
decreased in intemsity with edvencing age until during the fifth day they had

od from the notochord, eplsen parimaedium, the neural tube, except for
the epeniymal layer, end the mesenchyme. These depasits had lso dissppeared
by this time in the gut, emcept for the epithelial lining, This grenulation
in these tissues is sn vnusual finding and two posaible explenstions mey be
considered. First, theve 1s the possitility that this could be & phencmencn
of enzyme induction. The fact thet the tissues ore less differentisted in
introduced substrate. A second possibility is thet the A =3B-HED is nomally
fond in more generalized locatlons in very young embryos, agoln B
the less specialized nature of their tissues. This vould imply & generalized

3
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potentiality of the tissue to syntheslize sterold hormones, many of which no
doubt. lose this potential as they become specialized, Stercid horsone syn—
thegis in the gonads alone probebly takes place gradually and may be indica-
ted by the incresse in granule deposition in the gonads seen in cur investi-
gation shortly befcre the onset of sex differentiation, that ias, at about six
days.

The remilts with embryonic gonads at ages between sex differentistion
and hatching are straightforward in nature., An apparently steadily increas-
ing concentration of engyme was observed in the gonads with advancing age.

The fact that the sex hormones seem to be synthesized mostly by the
medullary cmaﬁt of the ovary or testis appears to confirn the results of
in vitre studies in which chick gonade were cultured in heterosexual ccmbine-
tion and gonads and accessory sex organs were associated (Wolff and Haffen,
19523 Weniger, 1962). It was found that the principal hormones involved in
differentiation of the reproductive system in the chick are the androgens.
The Mullerian duct grew and differentisted normally in the ebsence of hor-
mones, while the presence of androgens caused degeneration, as normally
occurs when differentiastion takes place in the male direction. Thus, the
direction of differentiation can be determined by the presence or absence of
male hormones. The fact that the testis is feminized by female hormones is
probably not as important as the Mullerian duct phenocmenon, since a high
concentration of estrogens is not normally encountered in the nale.

Our results, then, confirm the findings of Chieffi et al., (1964), and
Narbaits and Kolodny (1964) who obssrved the presence of A’-3B-HSD in the
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embryonic gonads inmediately after gonad differentiation and thus shortly prioxn
to differentiation of the Mullerian ducts, However, we have alao observed
A%-3p-HSD activity in the undifferentisted gonad, which would appear to indi-
cate that the ensymatic mechanisns for stercid hormone synthesis are present
in these organs some time in advance of secretion of the sex hormones. This
is a particularly important point in thet it is & verification of the timing
of one event in a sequence of everts. Before the hormones can be released
they must first be synthesised by the gonads &l before they can by synthesiz-
od, the snzynes involved in their synthesis must be present, All of these
events should preceds in time the actual secretion of formed hormone as deter-
mined by bloassay techniques,

The significance of this work, then, lies in the fact that, while up to
the present the above considerations were apparent, the actual sequence of
events had not been experimentally demonstrated, i.e., the results of biochem-
{cal and histochemdcal techniques on the one hand and bloassay results on the
other, did not reveal a proper time sequence. It now appears that the synthe-
tic mechanimus for stercid hormone formation are present prior to differentia-
tion of the gonads.

Regarding the fallure of the substrate pregnenclone to yleld the
axpected results, it is to be noted that the sclvent used in our investigation
was different fram that used on fetal mouse gonads by Baillie ard Griffiths
(196L). These workers used propylene glycol in both thelr pregnenclone and
dehydrospiandrosterone (DHA) experiments, enploying the modification of Levy
gt Bles (1959) of Wattenberg's (1958) original wedlus. Ve used acetone, as
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did wWattenberg in his investigation. Ia the acetone-pregnenclone medium a
moderate muount of precipltats was seen on the bottom of the staining Jar,
which was not sean in the DHA jar. It ls concsiveble that this precipitste
cculd be pregrsnolons eince the medium contained e high percentags ‘of wator,
Progranclons and DHA are both weter inscluble; however, pregnenclone 1s
probebly less soluble in the medlun used, than is DHA, possibly to the point
where it is not avallabls in sufficient concentretion for utllization as a
substrate, It mdght be svallabls in greater concontration if a different
solvert ware used thareby pemuitting camplets solubilisation,
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SUMMARY ARD CONCLUSIOHS

Forty-nine subryonde gonads of the single coub, light-brown, leghorn
fowl froo thres days of incubation to hatehing were oxmained by the tech-
nique of Wattenberg (1958) for the presence of A °-3p-hydraxystercid
debpdro onane, an enzyms necessary for the synthesls of stercid hormonss.
Two cubstrates wore employed, dehydrospla one il pregnenclone.
Virtually no ensyme specific gramulation was seen in the tissue incubated
with prognenclone probably due to ite relative insclubility in the aco-
tone sediuws eployeds Propylens glycol was the solvent used in previcus
investigations (Baillie and Griffiths, 1964).

Results obteined in three dey esbryos, with the use of dehydroepidandr
sterone a8 the substrate, showed formasen granulation in the gut and
Wolffian ductes, ae well as the ependymal layer of the neural tube, dor-
sal mesentery, epleen prisordiun, surrcanding sbdoodnal resenchymal
tissue, and the genital ridges.

Betwacn days three and five the penerelized reactiveress becaue nore

restricted to the epithelia of the Wollflan ducts, reural tube, gut ad
to the penital ridpes,

Subsoguent to day five, formasan deposits becamw more intense in localw
ized patches of cells arcund lscunse in the vedullary conponent of the
ovary and weakly gereralised in the ovarian cortex and the nedullary
cords of the testls.

It is assuwed that the sereralized tissue reactivensss, which is seen in
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the embryo frow day three to five, 1s due to the relatively undifferentia-
ted nature of embryonic etructures during this period of development be-
causs of which all tissues mays (1) possess the potentisl for steroid
synthesis by virtue of the presence of certain enzymes involved in the
biogenesis of steroid hormones including A -3p-HSD or (2) respond to
the test substrate by producing & A%-3B-HSD.

It is tentatively concluded that the results of this investigstion indi-
cate a capacity for steroid hormone synthesis in the gonad of the chick
enbryo beginning on sbout the sixth day of incubation. At this time the
generally distributed reactiveness, seen in most of the tismues during
the early embryonic period, begins to disappear and reactiveness in the
gonads begins to increase, After the sixth day, reactivensss in the
gonads appsared to show & steady incresse up to the time of hatehing.
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TABLE 1

THE THTENSITY OF FORMAZAN DEPOSITION I8 A -3B-iiSD PREPARATIONS
DAYS 3 to 6

3 1 +G2 30 6
1 +2 10 R 3/4
A 1 +G2 30 18 1/2
1 +G2 10 31/2
5 [A G2 2040 iy
1 Gonad not gesnGl 10 4 1f2
1 +Gl 10 3
& L et 12 13
(one 17)
1 + W 28
1 - 10 3 3/4
2 0 40 2 1/2-i

fornazan deposition
arely matm; but definits deposition

mwww&mmmmmumsawmm,
mesonephros or adrenal
%@o@m generaliced thaough rmost tissues
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TABLE 2
T TNTEUSTTY OF PORMAZAN DEPOSITION IN A’~30-HSD PREPARATIONS
DAYS 7 to 9
Incubstion
Days of  Hos of  Undifforenti- Thickness  Period
7 4 i 30 1
1 . 10 2 1/2
1 0 % 1
i “* 10 4
1 0 20 1
i + 2 i
8 2 + - 2 i
1 ++ 10 3
9 3 A 6230 1

Extronely mm&m {tissue opague)
Gligneralived

deposdition sont in several tissues other then gonad,

pesonephros or
C2pepouition generelized through wost tissues
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TABLE 3
T TNENSTTY OF FORMAZAN DEPOSITION IN A\°-3p-iSD PREPARATIONS
DAYS 11 to 20
Incubation
Thickness  Period
Sdicra) (Houre)
u b + 6 i
1 ++ 10 3
12 1 + 6 1
L 1 bbby 2010 i
1 +i+ 10 3
1 + 28, 1
i b eeded 40 2 3/4
15 1 + 10 11/3
16 i ++ 264 1
17 1 b 10 11/3
2 g -+ 10 3
B 1 it 2 1
19 1 + 10 11/3
20 2 ) b 10 3
One rormasan tion
Tarely detec , but definite deposition
“iioderate deposition

heavy deposdtion (tissue cpagus)

Clgeneralised deposition present in several tissues other than gonad,
neacnephros or airenal

Soeneralised deposition through most tissues




PIATE 1

EXPLANATION OF FIGURES

1 Experimental cross-section of a 3 day exbryo cut gt. 30 micra and
incubated for 6§ hours showing +++ reaction of A’- in genital
ridge (G), Wolffian duct (W), adjacent mesenchynal tissue (1), coelo-
mic epithelium (C), and dorsal mesentery (D). X 450.

2 Experimental cross-section of & 3 day embryo shown in figure 1 showlng
++ reaction throughout neural tube, (Ht), notochord (M), and lining
of gut (G)c X &59-
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PLATE 2

3 A eontrol witon of 3 day embayo shown in
; pr s R Hrery ; nmxmzu
ship to the gut {G).!M{ﬂ). udmﬁ%m{n). x.’lm

& A Mgher magnification of upper genital ridge shom
’ / o ; in 3t
MMW}MMMW(B}&W:W.Q)‘ )







PLATE 3

EXPLANATION OF FIGURES

5 Experimental cross-section of & gonad (G) of a 5 day embryo cut at
10 micrs and incubated at 43 hours showing scattered formazan gramiles
throughout the genital ridge and gut epithelium (E) at ++ intensity.
X 450,







PLATE 4
EXPLANATION OF FIGURES

6 Experimental cross-section of & 7 day gonad cut at 12 micra and
incubated 1 hour showing diffuse but definite grarmlation judged at
++ intensity. X 450.

7 Bxperimental cross-section of & 9 day gonad cut at é micra ani incubated
1 hour showing rcaction (R) in whet may be the medullary component of
an ovary. X 100.
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PLAIE 5

EXPLANATION OF FIGURES

Experimental cross-section of a 1. day ovary cut at 40 micra and
incubsted 2 3/L hours showing a patchy reaction in loose portion

of medullary component (Ml), and a very dense reaction in ths compact
portion (ﬁ. There is & small smount of reaction in the cortex (C).
X 100.

Hgher maguification of a cross-section of loose medullary portion
shown in figure 8 showing medullary lacuna (L), and the reaction (R)
in the interstices between medullary lscunse and cords. X 450.
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FIGURE 8




dneubated 1 hour showing & ++ resstion
as several reastive +++ patshes (R). X 450,

intenss formasan deposition (D) in same tissue seotion as
shosm in figuve 10, The intrecailular losalisation of the deposits
my be semn, 041 fwmsrsion X 1000,
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FIGURE 11




PLATE 7

EXPLANATION OF FIGURES

12 Experizental cross-sectlon of the sacral portion of & 17 eubryo

13

cut at 10 micra and incubated 1} hours showing the ovary (0) with
deposits (D) in patches in the medulls and the adrenals (A)s X 100,

Highsr magnification of section of ovary shown in figure 12 showing
cortex ?gis ard medulla (M) with patches of gramle dsposition (D)
X 450,







PLATE 8

EXPLARATION OF PIGURES

1i Experimental cross-section of & 20 day testis cut at 10 micra and
incubated 3 hours showing gramilation (G) mostly in center of this
organ. X 100,

15 Experimental cross-section of & 20 day overy cut at 10 micrs and
incubsted 3 hours relatively campact cortex (C) and loo
umiggad nedulls (M) with a patchy formazan gramile deposition (D)
X .
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