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THE EFFECT OF THE DESTRUCTIOR OF THY GERMINAL ORESCENT ON
THE ORIGIN OF THE GERM CFLLS AND THE DEVELOPMENT OF THE
GONADS IN THE DOMESTIC FOWL.

+
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INTRODUCTIONR

The site of origin of the definitive sex cells of the domestic fowl
is a8 yet not definitely known. Much work of :n observational nature has
been done and several theories have steunch supporters.

A logicsl method of experimental aﬁpronch is to remove one of the
paanibla sources of definitive sex cells by destruction of the so-called
germinal crescent during its ppriad of proliferation of migratory entow
dermal cells. This has been attempted by seversl investigators with un-
satisfactory results because their operated specimens died too early to
show the necessary ‘dmlopmntal changes. .

| The present author has dmlopc& & method for overcoming this difw -
ficulty to a large extent. The results also offer a possible explanation
for the high mortality of the operdted specimens. |

. Acknowledgement is made of Dr, J. M, Easenberg's valuable assis-
taéea in times of difficulty, of Kr., 0. I. Warren's advice on the tech-
nique of ;ma;mrtng microscoplic sections, and of Mias M. E, Bakehouse's

aid in photography.
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LITERATURE

¥aldeyer presented the problem of the embryonal origin of the de-
finitive germ cells in 1870 in his work on the domestic fowl, ®"Flerstock
und Fi", He surmised that the definitive ger; cells arcose from the modw
ified peritoneal covering of the embryonal gonad, but he did mot claim to
have seen this transformation. Fy

Mussbaun (180 and '01) formulated the theory that *sexual cells do
not come from any cells that have given up their embryonal character or
have gone into building any part of the body, nor do sexual cells ever go
into body formation®,

At the close of the 19th century two opposed theories were held
regarding the origin of the definitive germ cells:

(1) The germinsl epithelium theory, in which early segre-
gation of the germ cells was denled and germ cells were believed to arise . .
from the modified peritoneal cells covering the gonad.

(2) The early segregation theory, in which the definitive
germ cells were supposed to be se£ a§art early in embryonal development,
later to migrate into and become part of the gonad.

Leater investigators supported ome or the other of these two hypo-
theses, Semon in 1887 claimed to hove seen & number of the germinal e%ith-
elium cells in the modified coelomic epithelium undergoing transition
stages in the formation of primordial germ cells, He wes the first to

publish clsims of having seen this transformation take place.
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d'Hollander in 1904 described the production of ocogonis from the
gerninal epithelium in & 10 day old chick embryo. He concluded that the
germinal epithellium gave rise to buds which grew down inte the mesenchymal
ovarian stroma and by a process of differentiétion, the epithelial cells
gave rise to the oogonia and follicular balls.

Bubaschkin in 1967 and von Bermberg-cosaler in 1812, both werking
with chick embryos, were able to find primmial germ cells in the entoderm
and splanchnic mesoderm lateral to the coelomic angle in eabryos having 22
to 123 peirs of somitea. | |

‘ The ﬁmsent status of the problem is based upon the findings of
Swift (114, '15, '18), who supports Russbaum, and Firket (114, 120) who
npholds’the tgerminel epithelium theory®.

- Swift claims that the "Entodermal Wandering Cells® of Dentschekoff

(108) which arise in the crescent area of 16 to 24 hour embryos ere pri-
mordial germ cells, HNe traces these via the blood stresm and their owmn -
anoeboid movements into the rood oz’} the developing mesentery in the region
of 'thcvgoncda'. Although he did not zctunlly see them enter the gonad he
suriiaed as much. |

Goldamith ('23) in his work corroborates the conclusions of Swift.

Pirket (%14, '20) sdmits the existence of the Swift Cells (pri-
mordial germ cells) but maintains that these degenerste upen entering the
som, and concludes that the definitive cells arise from the nodified
coelomic epithe}.im.

In some work as yet nnpubliahad; Essenberg and Gerwacki observed
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the embryo, i.e. the genital ridge region posterior to the 22nd somite,

The evidence presented in the literature warrants a study of the
effects of crescent destruction upon the development of germ cells and
goneds in embryos sufficient in development %0 have advanced differenti-~
ation of the gonads, i.e., at least six days incubation.

»
MATERTALS AND MFTHODS

The deatruction of the germinal crescent wes the basis of the
approach. Improvements ir technique and sources of fertile sggs were
aa@e a8 the work progressed, These will be described under three groups

of ?J'axperinmta.
First Group of Experiments |

rmne eggs of white and brown leghorn hena shipped from Rhom
Joﬁmn, Judson, Indim were uged, These were at least four days old
béfom incubstion was started.

The eggs were incubated in an electricslly heated and controlled
incubator at a temperature of 1020F., with a relative humidity of 65°,
fm 18 to 44 hours. After a hole approximately # om. square was cut into
‘the shell and shell membranes, the germinal crescent was destroyed with sn -

electrically heated cautery. Controls were used in which areas other than

the crescent were cauterized. The purpose of these was to deternine wheth-

er the germinal crescent cells were vital for the growth of the embryc.
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A11 factors except location of csuterization, were constant. Some eggs
were mersely opened but not cauterized. The controls were cauterized upon
the right half of the germinal crescent; lateral areas where the areas
pellucida and opaca merge; and poa%riérl,y at, the junction of the areas
opaca and pellucida. Aress are shown in di.agraaa belowi~

Rion(n)

Germinal Cregent Caderned 3. /é Gresomit_Cafereed Latersl Greseents Gwdenzs() Quda.! Geeant Guﬁnzea
After the operation was completed the m&w was replaced by the original

shell end sesled with melted paraffin. The eggs were returned to the in-
cubator and the progress of development followed by daily "ecendling". At
the end of six days incubation the eggs were opened and the embryos were -
fixed in Bouin's solution. Paraffin sections 8u thick were cut and
stained with Acid-Hematoxylin-Fosin.

The instruments used consisted of a apecially sharpened hack saw
blade (for cutting the shell), electric lamp, convex lens for focusing
the light upon the embryo, 8X hand lens for locating the embryonic

structures, and a special cauteriser. The last mentioned is diagramed

Rheostat

L e uiee et hgh chmage
e !,l.gxaus [ e ande— g

Switeh
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The results were unsatisfactory. The deformity of the operated

embryos was excessive and the mortality very high, none survived to the

age of #ix days.

Second Group of Experiments

White Leghorn eggs, cooled 24 to 43 hours, were used. These were
obtained from John Benck, Blue Island, Illhzoi:.

In this group of experiments it was desired to determine whether
the csuterization or excision of the creawént wrought destruction upon the
embryo through interference with the developing anterior vitelline veins.
Therefore, the arcs of the germinal crescent which normally carries these
structures was left intact while the right and left latax;d wings of the
‘germinel crescent were destroyed by either csuﬁarimuon or excision with
a fine palr of sterile scissora. Controls that left sll or part of the |
nigratory entodermal cella intact were mede as followsj the right half of |
the germinal crescent was excised; the caudal portion of the junotiom of
the aress pellucida and opace and corresponding in extent to the germinal
crescent was exclsed; some eggs were merely opened and resealed. The
areas opersted are disgrazed belows-

. A Opacg

Excesd

V Excised
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A Spencer binocular dissecting micrescope was used during the opera-
tion. In order to observe the progress of development of the @brye, the
hole cut into the egg was sealed with a cover glass and melted paraffin.
The results did not solve the problem.# The embryos died too early
and presented grest deformity.

Third Group of Experimgnte

. .A dosen pure-bred white leghorn hm -and two cocks were housed on
the roof of the medicai building, Their diet consisted of grain and
"shicken starter" dally, raw meat and "greens", each, once s week. ILime- .
stone was furnished for shell building., Their eﬁgs-, being collected every
hslf houx', were pleced without cooling in the incubstor for dévelo;aumt
of 18 to 50 hours. ;

" fhe results of the first two gmmpa of experiments clearly showed
that the degree of injury was too severe to allow the embryo to develop
mﬁd that the vitality of the chicks was mt }‘j‘nvmtfiai'ent, t0 overcome the
S.njuxﬁr.' Therefore, an aﬁ‘.mpft wes made to localised tﬁe lesion shile re-
mmﬁg the desired amount of destruction. )

‘ Cauterization was used and was tried with three inﬁmities. The
degree of cauterization was designated ss light, medium, or heavy. In the
1ight cauteriszation the hot cautery was delicately and quickly passed over
the area of the germinal crescemt so that the viteliina membrane and the
blastoderm were visibly charred and sosgulated. In the medium cauterisa-
tion the blastoders was charred through to the yolk, the hot cautery
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being slowly applied and lmmediately removed when this had taken place.
In the heavy cauterization the cautery waa left in the lesion for a second
so that destruction was caused to areas adjacent to the crescent. The
temperature of the cautery was the least in the light cauterization, high- |
er in the medium, (adjusted by the rheostat) and highest in the heavy. |

Then & variety of operstiona were tried‘in which the gerainal
crescent with 1ts wigratory antoéem cells was left intact but in which
an interference with the developing vitelline oirculation was produced by |
cauterisetion. These operations involved i;ight, medium, and heavy cauter-
isation .of the caudal region corresponding to the germinal crescent; light |
and m&im cauterisation of the lateral areas of junets.oix of the areas
pellucida and opaea.

Finaily some excision and incision experiments were undertskea. ;
These elimineted the heat factor of the cautery. The following axpemanti
were performeds excision of the entire germinal crescent with scissorsj |
incision with scissors into 3 to # the extent of the germinal crescent,
and inciajon into the lateral margins of the area pellucida. The incision |
into the ecrescent did not remove or destroy the migratory entodermal cells :
but did interrupt the future pathway of the anterior vitelline veins, hemce
this factor could be studied direstly.

Some eggs we;re opened and sesled without operation. »
The "opsrata& eggs were sxamined seversl times daily and fixed in
Bouin's solution when life had spparently ceased. The criteria of death
were the color and the heart action of the embryo. In some cases living
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embryos were killed and fixed, Some whole mounts stained with Borax-
Carmine were prepared. The aress operated are diagramed belows~

Geeminal Gresevit (auteraed Cautal Grescerit Gaiiterized Loderal Greseents Cauterized

lncision

Incision

Germinal Geseil Excieed Xt Germinal Cresoout ncised %Gzrmr'nal Gescesit Incised

Incision

Lateral Greecents Incrsed




RESBULTS

First Group of Experiments

Three hundred and fifty two embryos were severely cauterised on the
germinal crescent during the proliferation stage (18 to 24 hours incubation
Aime). Examination of these embryos at the end of the six day period of
incubstion revealed that none hed developed normslly and that most were
dead. Those that showed any signs of heving survived the operation (38
in number) wers gusll deformed masses of blister-like appearsnce. The
vitelline circulation was deficient in structure and consisted mainly of
collections of blood-iglandsj a small amount of blood being prossnt in the
entire embryonic structure, It was estimated that nome had lived more
than 3 to & days. |

Those operations other than csuterisation of the entire germinal
orescent during the prolifevation stsge were performed to determine

whether the absence of the migratory entodermal eells was responsible for
the early desth of the operated embryos. ‘

Ninsteen cmbrros were cauterized upon the entire germinal crescent
region during 25 to 44 hours incubetion, i.e., after the sctive prolifer-
ation of the ulgratory entodermal cells. At thie age, the migratory ento-
derass), cells have left the germinal crescent and a:ée in the process of
pigration. The cells are not affected in this operetion end the results
must _be attributed to other couses. Seventeen of ﬁheae moa did not
1ive beyond 5 to 4% days. One opsrated at 52 hours incubstion and one st




vl B

&

Eighteen eggs were opened at 13 hours and resealed without opera-
tion. Tﬁl\m had normal living chicks a@ € days, € had dead and degener-
ated embryos, A mortality of 33% resulted from }the mechapical disturbance
of entering the shell. s

Twelve were cauterized on the caudal margin of the ares pellucide
at 26 to 44 hours, Of these one was alive and seemingly normal at the
end of six days incubation. This operation h:si no direct effect upon the
gerainal orescent or‘ upon 1ts cells. It gave some indidﬂtxon ag to the
ability of the embryos to witastand injury with increased age. The re-
sults were comparable to those operated in the earlier stages,

¥oxr the purpose of microscopic study 37 of the embryos cauterised
upon tha‘ whole germinel crescent at 18 hours incubation time and fixed at
the end of € days incubation time were sectioned, These specimens were
tsken at random from the large number operated. 7Two a&ri.ea showed gonads,
four showed & germinal epithelium, and thirty-one series proved worthless "_‘
because of t0o extensive nmalformation. Whemever a gonsd could be demon=
strated it was found to contain definitive sex cells ard "tranasitional -
cell types®. Those specimems containing a germinal epithelium showed it
to be rudimentary in character, It is one cell layer in thickness and
composed of cells suffering from the dngénémuon exhibited by the entire
embryo. |

In one series a gonad structure is attached to a mesentery, (Fig~
ure 1.) Definitive germ cells appear in the gonad. These cells are large
with & round to elliptiocsl nucleus. The nucleus contains sharply defined
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chromatin musses, The cytoplasm stains lightly basophilic and is lighter
in intensity than the other cells so that once reéomiscd these cells are
essily distinguished from others., (Mgure 2.)

The other series gshowing gonads is markedly degenerate in its entire-
ty» The gonada are small and loosely structured. The germinel epithelium
contains transitional type cells. The gonad contsins definitive germ |

. *
cells. (Figures 3 and 4.)

Results of Second Group of Fxperiments

In a series of excision experiments, 18 embryos of 18 to 24 hours
incubation time were operated for the remowvel of the right aﬁd left late
eral wings of the germinal crescent. 7The heat effects of the cautery were
eliminated and the most cephalic portion of the -em-ezm was left intact
for the purpose of providing some migratory mtéde;mal cells and & path _
for the anterior vitelline veins. All were dead by 2% to 4 daye of incu- -
bation time. The embryos appeared as indefinite masses of tissue, The |
vitelline wessels did not enter t}xmgﬁ thavmtact portion of the germinal
orescent and those that had formed clsewhers were thin and defiolent in -
structure, 8ix embryos were operated on this manner st ages ranging from
82 o 40 hours incubation time. None 1ived more than B to 4 days.

. Cauterisation was employed in a modification of the same operation,
Twenty-eight uixryos wore oauterized in the leteral wings of the ;&Mnal
erescent during the 18 to 25 hour stage., None survived the 4th day, Pive |
were operated at ages ranging from 26 to 32 hours, All died before the
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4th deye The anterior vitelline veins did not enter the uninjured part
of the germinal crescent but attempted to form laterslly to the qp;;.-am
ares.

Four embryos of 18 hours incubation hag thelr right helf germinal
crescent excised. None reached the 4th day‘ ‘

Seven embryos rmgipg fu age from 18 to 38 hours were excised in
the tail region of the embrye at the junction ﬁ&f the areas pellucida and
opace. The size of this area was made to correspond to the germinal crese |
cent in extent. 411 died on or before the 3rd day of incubation,

ﬁenmrrmuy & oserles of controls were run in which tha shell was
openad and seuled with a glass windows Fortyethree were opened during
16 to 24 houra, two at 28 to 48 hours, Thirty~five died on or before
the 5rd dey and eppesred similar to those suffering from the effccts of
cauterization. Eigut survived from 4 to 18 daya,

Third Group of Experiments

The wse of egge not older than one hour efter laying snd mot cooled -
sppreciably from the incubsting tempersturs in conjunction with "Light®
ssuterization of the entire germinal crescent enabled the operated chickas
to survive for verying lengths of time from s few bours to hatching, .

Sixty-five embryos were couterised *1ightly" upon the entire ger
minal crescent during the proliferation stage of the migratory cntodermal
oells, S.e.y 18 to 24 hours incubation. Five died a few hours after the

;

operation, 12 on the second day of incubation, 17 on the third day, 5 on




L

o
the fourth day, 4 on the sixth, 4 on the seventh, one each on the tenth,
eleventh, twelfth, thirtesnth, fifteenth, seventeenth days, and on three
daya after hatehing, Rine were fixed in Bouin's sclution while alive 6
 to 24 hours after the operation. @

The purpose of the last experiment was to detarmine the injury to
the proliferating gersinal crescemnt by "light® cauterizatiom. Altbough
the area passed over by the csutery was vis&b;.y coagulated and remained
avaseulsr, serisl cross sections of this area were studied in order to
deteraine the actusl injury. The operstien was performed at 18 hours and
the chick was fixed at 40 hours incubations The lesion penetrates the 7
vitelline sembrane and blastederm down to the yolk and consiets of an avea
devaid of the blsstoderm and bordered by ‘m zbpermal. preliferation of
cells, These fors a compact mass which appears to arise from the three
germ laycu. ﬁa-a cells are large and stain lightly. 7They have round to
e:mmm ouocled, Typical migratory mﬂem cells were not seen. -
(Mmu 5and 8.) .

A4 dv specimen in which tha gmmal erescent had been destroyed
by "light® cauterisstion shows a well devaloped germinal epithelium cope
tamng stages of transitionsl cell types and seversl large precocious
sex cells, These precocious cells possess a large to elliptical mucleus
and faintly acidophilic oytoplasa. Degeneration is noted in the teri of
vacuolisation and shrunken margins, (Figure 7.) |

In another specimen that lived 6 days, we find gonads, the left of
ihidx 1a larger than t&e right. The germinal spithelium is fairly orgen-




. K

4ged, It conteins transitiomal cell types and degenerating pmwr:ﬁ.oul ‘
pex cells, The interior of the gonad ia composed of transitionel cell
types, and degenersating precocious cells, (Figures 6 and 8,) Another
chick, a 7 day specimen, having equally sised,gonsds presents a similar
picture. (Pigure 10.) 8till another, a 10 day chick, shows an ovary
containing primitive eggs, (Figures 11, 12, and 135,)

Continuing the study to determine the :ﬁmty of injury necessary
to destroy the germinal crescent without muaing esrly deeth of the en-
tire embryonic structure, 28 embryos were cauterised with "medium® inten-
sity in the entire crsscent during the proliferating atage (18 to 24 ,
hours)s The infury was much more severe and extensive than in the "Light® |
cauterisation, The erescent with some sdjsvent aves wes destroyeds Mine
died shortly as s result of the prosedurs, & died un the second day of
incubation, 10 on the third, % on the fourth, one on each of the f4fth,
snd ninth days. Two Of the § day speoimens, one of the feur day, and
the five day shiok were uaﬁanod.. The nine day specimen was losts These '
specinens sll suffered extreme degeneration, sad only the Cive day spee
cimen showed a rudimentary germinal eplthelivm of deganerated cells.

| Hineteen eabryos were cauterived “heavily® upom the entire gesrw

e

ninal crescent during Abe 13 to 2A bour stage of incubstion. The injury
was wery sevare and involved the sreas adjacent to the crescent, Four
died shortly after the operation, two.on the second day of mmum
eleven on the third day, mm&ctmth; one on the aixth, BRight of
these were sectioned for microscopic study.
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8ix of the 3 day embryos were sectioneds Three were retarded in
development so that no germinel epithelium had as yet developed. They
had the structure of smbryos of about 3§ houre incubation, . Twe were de=
generste to the extemt that structures oould:mot be definitely identified.
One showed a germinal epithelimm composed of various sised cells. The
mt»m enbryo was composed of degenersted cells and the cells of the
germinal epithelium wers no exceptions

The four day embryo eshowed a germinal epithelium composed of cells
of varicus sisea (transitional stages). (Flgure 14,) The six day em~
bryo was 80 abnormally comstructed that no structures could be positively
ldentified,

In order to deterwmine whether a lack of sigratory entodermsl cells
was rosponaibls for the high mortality of the operated chicks, s variety
of control experiments were performed, Hobryos older then the 18 to 24
hour proliferation stage when the primordis]l cells are supposed to have

L

alresdy left the crescent were used in some inotances, In other cases
operations in areus other than‘tha eregcsnt were made,

~ Thirteen embryos were ocsuterised "lightly® upon the entire gerw
ainal crescent at agea ranging from 26 to 48 hours. In these oasea the
aigratory entodermsl cells escaped injury, but the vitelline circulstion
wan interferrved with, JYour died the same day, one on the second day of
incubation, three on the third, one on the fourth, one on the aixth, one
on the seventh, one on the tenth, one on the fourteenth, It was noted
that when an embryo sufficiently sdvanced to have the apterior vitelline
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veins formed was ceuterised, e serious hemorrhage took place in this ares,
Those that survived for any length of time established efficient collaterw
al ciroulatdon around the injured area. (Pigures 15 and 16.)

Twalve eabryos were treated similarly-with "sediun® intensity.
mqmgdrmaaw‘whmm;m Here tho results were very sime
flar, Thres died the ssms day, four disd on the third day of insubstion,
one on the fourth day, ome on the sim,'m:nthatanth,gmmthg 1.
t.'elfth, two on the fifteenth day.

MMammnotmsmmmeswumwammw _

- 1:6:1 "hgavl.}.y" upon the entire germinal crescemt, Two died shortly, four
on the uveond day of mcuhm:ton, eleven on the third, two on the fifth,
one on the m one on mxm. It was noted that for no apparent
resson some occasionel cabryo could withstand the severe injury snd
praaﬁqd“to advenced development, This could not be nttrihwhgd} to exper
imental error since “heavy" canterisstion slways definitely produced
severe injury, ' |

Bineteen embryos ranging in age from 18 to 43 hours in incubationm.
ages were "lightly® ceuterised upon the caudal aspect of the embryos at
the line of Junetion of the arsas opsca and pellucida, The extent was
of approxiustely the sise of the gerntnal ‘emacuexvzt. This operation could
have no immediate offect upon the migratory entodersal oells, It inwp- :
ferred with the posterior aspect of the vitalline clrculation, Yet the

eabryos falled to dsvelop normally and showed high mortality, (Figure 17.)

Five dled on the same day, six on the second day of incubation, five on

E
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the third day, one on each of the fourth, fifth, and sixth daye. Those
operated havi.ng the development of the posterior vitelline veins, suf-
fered hemorrhage in this ares, |

Twenty-three embryos renging in age fyom 18 to 50 hours were
treated in a gw.m manner with "nedium® intensity. 8ix died on the
same day, four on the second dey of incubutiom, ten on the third &v,
two on the fourth, one on the sighteenth,

Seventean chicks were eauﬁeﬁsoﬁ on the caudal aspect: a5 het‘m
but with Fheavy® &m‘&ty at ages m@.ng from 18 to 44 hours, ﬁine
died soon after the operation, thres on the second day, three on the
third, two on the fourth.

Sixtesn enbryos of ages from 18 to 40 hours Lucubation were
csuterised "lighitly" st the lateral mergins of the area pellucide where
the vitelline arteries and veins later make their course., These blood
chamnels ave the largest and most luportant of the vitellime ciroulatiome
The m:’uit# were 28 might be expected. None survived longer thun 5} to
4 deys., The chicks mm the same lack of nutrition as those suffering
the érfoctl of heavy ceuterisstion of the crescents /

~ Twelve chicks wore treated in a similar manner with "medivn® cautere
ization, Thelr ages at the time of operation were from 18 to 29 hours.
A1l except one died on or before the third day of incubation, one died on
the rm dsy, |

Exeision experimenta that eliminated the heat of the ocsutery were
made to determine the effect of the heat factor. Nine embryos of 18 to
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28 hours incubation hed their entire orescent ares removed, Four died
the same day, 5 on the second day, £ on the third day, The hest factor
appears of little significence from these results,

If the line of the geminal crescent were simply incised instesd
of bodily removed we would have the crescent cells left in the organism
and the heet of cauterization eliminzted. W¥e would have just the mechanw
ical Mtémpticn of the future vasculer paﬂxﬁyug The most anterior
portion of the germinal crescent was incised with fine Qcia_aursv from
to 3 of the extent of the whole crescent, ‘Tem chicks 18 to 24 hours old
were incleed to ¢ the extent of the crescemt, Three died on ﬁw second
day, tro on the third, memmefm,mmweam,monwa
ninth, one on the twelfth and one on the sighteenth. Eight chiocks 18
o 24 howrs old were inclsed to } the extent of the cresoemt, Two died
on the second day, three ou the third, two on the fourth, one on the
seventh, A

Four embryos werc incised et the lateral marging of the area
pellncida ot 20 hours. The interference with the developing vitelline
veing was too great tcbewm. 411 were dead on er before the third
days

Conourrently with all tbe above procedures eggs were simply open~
ed snd pecled with & glass window. Forty-five were thua treated at sges
ranging from 18 to 46 hours incubstion, Four hatched into normel chicks,
the rest survived anywhere from one to twenty days incubstion before

dyling.




Digcussron

Previous workers with "crescent castrated® chicks (Reagan '18,
Dantschakoff '51, Goldsmith '35) described materisl of § to § days ine
cubstion. Thias is too young to allow the differentiation of sex celis,
especially, since general development of the chick 18 retarded by sxperw
imentel manipulation, *

Our experiments were directed toward growing “erescent ocastrated®
chicks of at least aix days incubation. This length of time would allow
differentiation of the sex cells,

Earlier rorkers observed that cauterisation or exoision of the
entire germinal crescent produced sterile m&dl,_ in some csses & lack
of posterior development in the prospective gonad region, and a detri-
mental affect upon the formatlon of the vitelline airmlnﬁiau; These
effects wore atiributed 83 most likely due to a lack of migratory ento~
dermel cells, while the operative injury as thc csusstive agent was not
given the considerstion it deserved,

| In our work it wes found that whenever & gonad could be demon-
strated it contained definitive sex cells, Those specimens that had
failed to produce demonstrable gonads and definitive sex cells fulled not
only in this respect, but also in the formstion of other orgsns to a
proportionate degres. There wes no demonstrable selective action on the
gonads, mmn&m&uunﬁwwm@m‘m.‘meanade
appearsnce of the ares wvasculoss and the stunted development of the




o
vitelline plexuses was charscteristic of all the degepsrated specimens.
The fuulty mutrition resulting thereby accounts for the degeneration,
In contrast, those embryos that overcame the shock of the operation showed
vigorous development of the vitelline veaaelif’md veary 1little avascular-
1sation of the vitelline ares. | 4

The losation of the injury within the g@m of our experiments wae
not the deciding factor im the survival of the chicks The germinsl crese
mtmwtwmmmmmgrmuuﬁwmwme
embryo, in fact, the latersl arens were the most senaitive, The method
of injury was not importast. The intensity and extent of injury decided
the fate of the specimens IEmbryos eperated at advanced ages showed somew
what greater viability after operetion than the younger omes did, In
some cases the mere sealing and opening of the shell with no other oper- |
stion was sufficient to cause early desth, Thess cbservations led to the
mmmmtamwmterymmmmmumam /
rsmnihh for the great mortality of "erescent caatreted® chicks. Tables -'
1 and 2 show the chences of the embryos to live six days under the veri-
ous conditions of the experinments, |

Those embryos that preceeded to advanced stages of development
{8 days or more) mmmwucfﬁemmmmumw
regardless of the operstion performed. The deweloping vitelline plexuses
swung around the site of the injury so that very little of the vitelline
ares was loft avesouler.

It was found that eggs of the third group of experiments withstood




.
injury to & much greater extent without fatal consequences than those
used in the first two groups, This appears to be due to the uninterrupted
incubstion of the third group so that the highest possible vitality was
preserved, Gemersl resistance of the embryo o the shock of the operation
and mentipulstion was therefore a very important factor in the survival

of the opsrated speocinmen. N

SUNMNARY

1. HNine hundred and f£ifty two embryos were opersted in various pro-
cedures, and of thess, 101 were sectioned.

2. Male and femsle gonads containing germinal epithelium, transitiomal
cell steges, and definitive germ cells were obteined in chicks
huving their entire germingl crescent emuterized during the migra-
tory entodermal cell proliferation stage (18 to 24 hours incubation).

S. TWhenever a gonad could be demonstrated, it was found to contain
definitive sex cells.

4, Those that fsiled o produce demonstrable gonads failed in the
formation of every organ to a proportionate degroe.

5+ The operative factors respongible for the early desth of the experi-
ments) embryos were the extent and intemsity of the injury.

8+ The experiments perforsed tend toward the conelusion that the abnorw
mality produced by cauterdsation or other injury to _thu erescent
is due to interference with the developing vitelline ecireulation,




TABLE 1

Chick Enbryos Surviving 8ix or More Deys of Incubation
Group I Experiments

Cauterisation of cephalic crescent at 18-24 hrs. None survived
Cauterization of cephalic crescent at 26-48 hrs. 1 out of every 19
Canterization of Rt. & cephalic crescent at 18- - “

- | % nrs. 1 out of every 19
Cauterisation of caudal crescent at 18-24 hrss 1 out of every 9
Geuterisstion of caudal crescent at £26-48 hre. 1 cui ot svery 12
G&ateﬂmﬂoa of lateral m-ementn at 18-84 hrs, Nome auﬂived
mmh - - ) atlﬂ-whrt.' 29ute!’mxy !

Group II Experiments
Excision of parts of cepbalie crescent st 185-24 hre

Cauterisation of parts of cephalic crescent st 18
24 hra,
Merhatian of parts of cephalic orsscent at £6-
48 hrs.
mam of Rt. § cephalic crescent at 18«24 hrs,
Exelaion of caudsl orescent at 1888 hrs,
Controls | ; : . 1 out of every 9




TABLE 1

Group IIXI Experizents
Light cauterisetion of cephalic crescent 8t 18-24 hes, 138 1 out of
Light cauterizetion of cephalic crescent at 26-48 hrs, 118~ every B
ledium cauterization of cephalic cmeant:t 18-24 hra, 1128\ 1 cut of
MHedium cauterization of cephalic crescent at 2648 hrs, 118 every 7
: ﬂeuv ceuterization of cephalic crescent at 18-24 hrs, 1& 1 out of
Heavy cauterization of cephalio c.mce# st 2W ma.,:,;:"> every 10
Light ceuterizetion of candal crescent at 18-24 hrs, 1 out of every 19
Medium csuterisation of ceudsl crescent at 16-48 hray 1 out of every 28
Hoavy csuterizetion of caudal crescent at 15-48 hrs. ' Nome survived
Light cauterization of latersl crescents at 18-24 hrs, Nane survived
wm canterization of lateral crescents at 18-24
“ o | " bra, Home survived
~ Inoision into } extent of cephsalic crescent at 18a
' 24 hrs, £ out of every 6
Inciston into % extent of cephalic cruscent at 18- o
- 24 hrss 1 out of every 8
Incision into latersl crezcents | | Hene survived
Controls ’ & out of every §

Al




PLATE I -

Dorzal Aorta

Hesonephric
Tubules

Figure 1. Section through the gonad reglon of an embryo
that was cauterized on the entire germinal cres-
cent at 18 hours incubation and fixed at the end

of € days incubation. X26

Figure 2. High power micro~photograph of the gonad
. structure in figure 1. X13588




PLATE 1

BTpansitional®
Cell

Definitive Gernm
Cell

avity

. HMgure 8. &ctionthmdxthegomdafm embryo that was
cauterised on the entire germinal crescent at 18
hours incubation and fixed at the end of & days
incubation. nm

R N

s .‘-“ "" -
18 -
-

"Transitional® Cell ary;m'\s--l

"rransitional” Cell Typetr_ &

"Transitional® Cell Type #@_. T

*Transitional” Cell Type™—

ﬂ'rmnaitionar' Cell Type '-t',»

T .

"Iransitional® Cell Type"f" 1
(Definitive Germ Cell)\

0

]

Figure 4. Cemera lucida studies of cell types found in the
‘ gonad of figure 5. X2550




PLATE IIX

Blastoderm Blastodern
Boundary of o - : Boundary of
Lesion— & o - SRS % Lesion

Figure 8. Section through lesion Mm by "light* caut-
erization. This embryo was cauterized "1ightly" -
on the entire gerzinsl crescent at 18 hours in-
cubation and fixed at 40 hours incubation. X25

Type of Cell
Bordering Lesion™

Figure 6. Hi;h magnification of the area mdicatad in figure
b. X15%6




PLATE IV

*Teransitional®
Iype Cells

Figure 7. Section through the germinal epithelium of a 4 day
‘ cMck enbryo in which the entire germinal crescent
was "lightly® cauterised at 22 bours of inocubstion.

X1356 :

Pigure 8, Section through the gonad region of a 6 day chick ]
embryo in which the entire germinal crescent was
"1ightly® cauterised at 24 hours of incubetion. X25




PLATE ¥

—Precoclous Gers Cell

—Mransitional® Stage
' Cells

Pefinitive Germ

Cell
Precocious Germ Cell

Iransitional® Stage|

- Cells
" Plgure 9, High megnification of the left gonad shown in
-
Precoclous Germ =]
*Transitional®
Stages

Figure 10. Section through the gonad nf a 7 day chick embryo
in vhich the entire germinal crescent was "lightly®
cauterized at 24 hours of incubation. X1536




PLATE VX

Mesonephros

Germinal
Fpithelium

Figure 11, Section through the ovary of a 10 day chick embryo
in which the entire germinal orescent was "lightly"
oauterised ot 18 bours of incubation. X40

Figure 12, High magnification of ovary shown in figure 11, X1952




PLATE VII

—uan

Figure 135, Camera lucida studiea of"Transitional cell types
found in the ovary of figure 11, X2550

Figure 14. Section through the germinal epithelium of & 4
day chick embryo in which the entire germinal
orescent was "heavily® cauterized at 24 hours
incubation time, Y1556




PLATE VIII

F&nﬁerior Vitelline Vein

"FMgure 15. Reproduction of whole mount of 90 hour chick embryo.

Anterior Vitelline Vein-

Operated Area

The germinal crescent was cauterized with "mediunm"
intensity at 18 hours of incubation. This embryo
showed the retarded developament and falling vitelline
circulation caused by destruction of the germinal
crescent, X4

H

MW—— Heart
j1—— Marginal Sinus
- Omphalomesenteric
) Vessels

+

Mgure 18, Reproduction of whole mount of 50 hour chick embrye. '

The germinal crescent was "lightly® cauterized at . |
18 hours of incubation. This embryo established
efficient vitelline circulation and proceeded to '
develop in a fairly normal manner, X4 i




PLATE IX

[ Area Pellucida
—Area Opace

=Blood Islands K
—garginal Sinus |

Area {Caudal Orescent)

Figure 17. Reproduction of 14fe-sketch of 48 hour chick embryo ‘a\

in which the cands]l aspect of the junction of the

areas pellucida and opaca was "lightly" cauterized, %

-

Development was retarded and the vitelline circula- -
tion was aeffectel in 2 menner similar to that pro-
duced by cauterization of the geruinal crescent. X6
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