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Blood Vessels of the Chicken s Uterus (Shell Gland )’

§. L. FAEEDMAN awp P D STURKIE

Ph.

Barkow (1829) in his study of the
cloacal hlood supply of several avian spe-
cles, detafled the pelvic branches of the
aorta. Kaupp ("18) and Mauger ( 41) also

Leghomn
the blood vessels was facilitated by the
fnjection of colored latex sclutlons into
the erteries and velns.
Red latex was tntroduced Into the arte-
tial circulation through the acrta, and the
venoums

syringe
attached to an appropriate catheter and
marually propelled fnto the hlood vessel.
Pressure was

the posterior portion of the oviduct. To
prevent the media from escaping cathe-
ters remaved after the vessels
wers Ligated. bmerged

Detalls of the latex in
Ptmedmm;lrmhy}'mdmxn('ﬂ)

of Pealtry Science

yriology Sectiom, Departmaat
Rutpers the Statr Unisersity New Bnouswkk, New Jersey'
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2 3 L. FYREEIDIAN AND P D STURKIE

mesentede srtery The internal fllac ar
teries course obliquely toward the tafl end

into two branches on the ven-
tral surfece of vertebra 14
The srtery that courses medlally from the

bifurcation is designated the pelvic artery

and the grtery that courses y the

Pu'l'bc dendal obliquety
artery courses

across ventral surface of the depressar

1CHM

Vantra] view of the vascular system of the region, afler smrownding tirrve hss
bc:"l 1 y The artedal syvtem b by wiite and the venoos system by black.
Abbreriatirns
Acrta G Posterior meventeric arieey K, Right coceypeal relo
:'.un-daﬂ:m B Rught internal {isc srtery L. Left petvic artery and veit
C. Pught middle renal artery and voin Af, Laft pudendal srtery snd
D Right posterior svnil artery L Lefs internal llse artery vein

iddle sxcral ezis yrin
f' J A0ddle coccygeal sarta



caundelis muscles. At its terming- otber hranch follows the contour of the
tion thhnnu-ym the cloacal mus- urostilus and supplles the rectrices.
mmﬂmmdn,

. Yo B
H T3 N Maneans

Flg 2 Lateral view of the blood versels to the wherine pariion of the hen evidoet. Th 1al
$Titem i in whits and the venoos syrtem 15 aksdel Deawn to scals.
Abbreviation
A, Aota L, Lateral uterine srtery O Left
3 Left actatic 'end vein padendsl artery snd
© Left nuiddie artery 1 Superior uterine artery P o el et
D Laft pesterior renal srtery and vein a &
E Hyporastric artery X, Laft fternal s wrery B Poatatior mesemteis arta
¥ Hrpotude vein L, Middie cterine ertery i brgianty sxtery
O Asterior uiering artery M, Laft palvio artery o, )""hm
and vein b rent) vein
H, Inferlor terton extary N Posterlor tiering artery
vein



anmIKANAN'DP D. STURKIE

mesenteric artery Tbel.mermlﬂhca.r bifurcation ts dey, ted the vic artery
teﬁucampeobllqudytmvud!bemﬂmd and the t.hag:n
artery cclmuﬁmtﬂylbe

Pu
tral surface of lumbosacral vertebra 14 The pudendal artery
Tbelrluryr.hltemmmedla]]yfmmthe aa:mutK:

obliquely

Courses
ventral murface of the depressor

HHansans
—

1CM

1 Ventral view of the vascular system of the hkr-um.nrmwn‘mmbu
te-}?‘d}uutt:dmy 'nnlrhﬂ.nlmmmhrmmr. the

. Aarta X,

, Laft aclatio artery H.mthlinhmalﬂh:n’ln—y L, Left pelvic artery and vein
, Right riddls renal artery and vein M and
Right posterior renal ertery z.h.l:’dwmmm

' Coccygromesenteric veln J Middle coccrgen! sorta
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Morphogenetic Studies of the Rabbit

XXXII. QUALITATIVE SKELETAL VARIATIONS INDUCED BY
THE AC GENE (( ACHONDROPLASIR)

D. D, CRARY axn P B BAWIN
Rascos B Jacksom Memorial Laborstory Bar Harbor Matwe

An exhaustive exemination af the pa  departure from expected equality It is
thology of the various tissues and organs axsymed therefore, that the

o letha! achamdroplada (ac) n  crepancles were due to the
the rabhit, made by Pearce and Brown in  maturdty of the specimens.

k

i

tdve lm-

OBSERVATIONS
account for the ancmaly Histo- phenotypcally normal (Ac

N

7

28 o 33 thorectc and 7 lumber} and from 15 to
phzmd“’ ymmnlda]c)(pc) 2d 8 caudal vertebrae Verlation from this
of the same race and age. ttern occurs as In increase in rib mmm-
skedetons of each were at the thotecolumbar border in omly
a dissecting scope for ossification of ele 5% of the amimals with the extra padr of
ments, relatire degres of developmment of Tib% yery poorly expressed. By contrast,
ch vertebral formula, and amy abnor  Oher may sh
malities that t exist,
Pearce and rown reported a preponder in part) by
ance of fermales in their sample. Our firm %wa%iﬁ;:du; At
cbyervations, based on Soom gt it byt the

semed to confim this. However ex  prcwsos b m&ﬂmz
amination of gonads showed no SgnIfcant  rowmeme " = U Frrstm of flecesms st
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PLATE 1
EXPLANATION OF FICUKLS

Newbumn wewc bowlng mintm m presscral osiBicatin comparable
t 21 day fetus In fgure $ and minloum tall ossiicstion. Not
propovixnately greater width of centr than in novmal fetases |
this and the following acec als.

Nenborn aroc sbowlng minkoum presacral oeslfication as In Syure 1
bat with w 1 ssslBed tall. Note gap in tafl esufication and reduced
n mbe [ presacral crtebs Compare with figqure 13,

Newborn scsc showing medlan amoumt of osslfication with some
tow uulp.nmmmm-lmma.-ymnm

fArure 6 excrpt for tall. Note bipartit on vertebras 5-20 26,

Nemborn ecec bowing of

with 23 d y fetus in figure § lehn:uﬂhuu.ﬂeddmam_hou

Note reduction in twelfth pair of ribs and slight craniad shift in

sacrs] attachment. Compare with figure 13

Range of snific tion of ponmal 21 day fetuses, Note “In tandem

centrum of vertebra 20 In figure 7 The fist palr of it
for thi fetu has mot yet ossified. The last patr 5 thirteenth palr
(on vertebra 20) pot  redoced cwelfth,

Aversgs ossification of normal 23 d y fetos.
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QUALITATIVE ec KXFLETAL VARIATIONS

D D. Cruxy snd P B. Sewin
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16-18

a1

27 28

PLATE 3
LXFLAY TION rev

Sternum [ normal (Ac) pewbern.

Varlatlon in owsific thon of termum newbormn acec antmalw
Note [ Jon of sternebrae 4 and 5 | ﬂxnn!ﬂ-hkhl.bo' the
m xm m n mber of sternelwse osdfied. Compare with  terpum
of .3 day fetus n figure 8

It nd lUmb of normal (A ) pewbomn. Not fuslon of tibla and
fituls for diual tmothird of their kenpth. Note alio that all
metat pal  nd phalaneer re ownifed, a re epiphyses of distal
femmu  and proxlmal uble

Ilnd Nmb of newborn scac show! ¢ tbia and fbula onfused.
Not  minlmal fAcation of and end b
sence  { epiphyses In this and the following three Agures.

Hind Umb of newborn ecac showing  don of tibia and Abala
beginnlng t the dntal end.

Hiod Lmb of pewborn acec showing forkm of ol nd Aba!
beginniog | the middle Both end of the bones xre sill free

Mind Lk of pewbom ecoc abowing rel tively nermal  doo of
tbia and Bbuls.

Forellrab of normal (A ) pewbom. Note shape of  ¢cromion proc
e of sc pula Noulholhlw and phalanges are well
cusified a3 are epiphyses f proxioal asd dotal bomerus and
proximal

lehnho(nt‘bcrn ocec  bowing relamn ly nmml acTombon
Note defeient
-ndbcko-tqdphn.-hm.md:bqlonoﬂn;hurn

Forelimb  f pewborn acec showing  thin scrombon rocess which
ba buckled upon feelf
rmumhdm.mmmh

h b at right dnmmmrmhwunin:
I'Ddl nduku B(wo
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20 NERBERT
Direct observation of a seminlferous cy
cle can only be achicved by continuous ol
scrvation of ane site in the testls A more
feastble method of almost cquivalent valld
ity is bated on the assumption that sper
matogenesls is an irreverulble process al
lowing the stages which are obscrved in
different parts of the testis to be arranged
In sequence. The rat simpllfics the process
further by a fascinating correlation be-
twccnlge scdag In the cycle and distance
terminationt of the tubule in the
rete testls This secondary norn al
lows successively c:uller stages of the
to be studied by following the {ndividual
tubule distally I this seminlferous wave
is complete with a total length of 17.28 mm
and {s Jocated in a rat whose seminlferous
cycle follows the findings of Clermont,
Leblond and Messler (59) In being com
pleted In 12 days each micron of distance
along the lubuf‘c will be equivalent to one
minute of Ume and our 10 uy cToss 1

ELFTMAN

formalin and hydroquinone formalln steps,
the tissuc was placed overnight in either
18% formalin or in Bouins solutlon Sgb-
scquent to sectioning and substitutton of
gold for the sflver PAS staining and
Harrls hematoxylln wero used together
or scparately

Fixation overnight in dichromate-sub-
limate (Elftman °57) foliowed by paraf
fin embedding, allowed the phospholipids
to be stalnced with Sudan black B By
ceding the application of the Sudan u’ﬁ
with the Feulgen reaction counterstaining
of the nuclef in a contrasting color was
achleved when desired and the additen
of periodic acld axidatlon after the HC
incubation added the virtues of PAS staln-
ing

General cytological prescrvation was
most adequate after fixaton in Boulns
fiuld overnight  Nuclear detall was
bmur(hx out by cither the Feulgen reaction
tron lin or Harrs }

ten minutes of history

METIIODS

A spectrum of methods was used in the
course of this investipadon ranging from
raramn embedding through ﬁunsh-u:un

ng of enrymatically dissociated tubules to
cannulation of individual tubules with re
rmoval of their contenits by suctlon or pres-
dure  Only those methods which conrd

» buted materially to the results incjuded in
this paper will be detalled here

The embedded tissue was cut

into sectlona 10 p thick a compromise be
trreen a thickness sufficlent to capture a
complete Sertoli cell and the thinness re-
quigite for good mlicroscopic observation
and photography For many of the prep-
arations the tubules were excised in piral
Jel groupe which were then attached to
flat slips of plastic to preserve Lhdr
orientatten  during  further

This resulted in n.dmbly long lenzthwha

eections and even more imy t ode-
quntenrcznufdwmngvnu ts which
are too frequently in 1
stiddtes

The most com ensdve visualization
of the Sertoll was obtained by the

direet silver mthodf(ﬂf%m) more
generally employed for g appara
tus Aftycr the completion of the silver

Combining one of these with the PAS | pm-
cedure brought out the scrosome

ture and Ily after per

oxidation the Scnou cell cytoplasm and
the cell boundaries Combining PAS stain-
ing with Iron bemataxylln according to
the method developed for the pituitary
(Elftman '60) allowed both the clamic
and the more recent criteriz of sperm
maturation to be followed on the same
slide.  Aldehydo fuchsin stalning after
permanganate oxddation as applied with
or without accompanying PAS staining

Pattern of Sertolt cell distribution

The dominant role played by the Scrtoll
cells In the :paufl“nrgnnmum of Lbe
figure 1 wh}chlhmnwuvccuoﬂcfl
tubule by the direct silver
method. The plane of scction encountered
this tubule as it was bending resulung in
a transverse scction of ane portion moda-
lating into a tangenital section further to
the left

The cross+ection of the figure
exhibity Lhaatrph:nl arrangement of -tm-
sorne-ata ‘The immature
each w-nh its Golgl apparatus m o
nb]ackdot.mﬂ]ed‘frﬂolniﬂb"“e‘be
basal s The maturing
bave taelr beads aftached to the servl
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26 HERBERT
Dircet observation of a seminlferous
cle can only be achleved by continuous
scrvation of one slte in the testis. A more
feastble method of almost equivalent valid
ity is based on the assumption that sper
matogenesis s an jrmeversible process ol
lowing the stages which are observed in
different parts of the tests to be armanged
in scquence  The rat simplifies the process
further by o fascinating correlatlon be-
twrcen 1ag in the cycie and dlistance
from the termination of the tubule tn the
rete testls This phenomenon al-
lows successively carller stages of the

to be studicd by following the indlvidual
tubule dJslnlI{ If this seminiferous wave
1s complete with a total length of 17.28 mm
and s located In a rat whose seminlferous
cycle follows the findings of Clermont
Leblond and Messler (‘589) in being com
pieted in 12 days each micron of distance
along the tubule will be equivalent to one
minute of time and our 10 ¢ cross scctions
record ten minutes of history

METHODS

A spectrum of methods was used in the
course of this investgation ranging from

raflin embedding Li:ough squashstain

§ of enzymatically dissociated tubules to
cannulaton of individual tubules with re-
moval of their contents by suction or pres-
gure. Only those methods which contr
buted matertally to the results included in
this paper will be detalled here

The paraffin embedded tissue was cut
into sections 10 u thick, a compromise be-
tween 2 thickness sufliclent to capture g
complete Sertoll cell and the thinncss re
quisite for good microscopic observation
and photography Far many of the prep-
arations the tubules were excised in paral
lel groups which were then attached to
flat slips of plastic to prescrve their
ordentation during further procedures.
This resulted in suitably long lengthwise
sections and even more lelnnrormm ade-
quate areas of the tangen cuts which
are too frequently neglected in testdcular
studies.

sive visualization

generally employed for the Golgl appera
tus A!{cr the completion of the mlver

ELITMAN

formalin and hydroquinone-formalin steps,
the tissue was placed overnight in elther
15% formalin or in Bouln s solutlon. Sub-
scquent to sectloning and substitutlon of
gold for the silver PAS stajning ond
Harrls hemstoxylin were used together
or scparately

Tixatlon overnight In dichromatesub-
limate (Elftman '57) followed by paraf
fin embedding allowed the phosphollpids
to be stalned with Sudan black B. By pre
ceding the application of the Sudan Hack
with the Feulgen reaction counterataining
of the nuclel In a contrasting color was
achieved when desired and the addition
of periedic acid oxidation after the HCl
incubation added the virtues of PAS stain-
ing.

General cytological preservation was
most adequate after fixation In Boulns
fluld overnight  Nuclear detail was
brought out by either the Feulgen reaction
tron hematoylin or Harrls bemataxylin
Combining one of these with the PAS pro-
cedure brought out the scrosomc struc
ture and esp lly after per
oddation the Sertali cell cytoplasm and
the cell boundaries. Combining PAS stain-
ing with iron hematoxylin according to
tho method developed for the pitultary
(Elftman '60) allowed both the classic
and the more recent criteria of sperm
maturation to be followed on the mme
slide Aldehyde fuchaln staining sfter
permanganate oxidation was applied with
or without accompanying PAS staining.

Pattern of Sertoli cell distribation
The daminant role played by the Sertoll
celis in the spatial organization of ll:;
Yol Is

figure 1 whlchrsho:; @ 10 p section of 8

tubule preparcd the dircct silrer
method. The plane of section encountered
this tubule as it was bending resulting in

sectlon of one portion mode-
tangenital section further to

The crosssection of the figure
exhibits the typical arrangement of ocro-
somestage 3 The inmmature mdﬂ!
each with its Golgl apparatus g
St hager “‘Fhe turin ixrmnm::
basal la; ma g ]
have thcyiirbeld.l attached to the Sertoll

a transverse
lating into a
the left
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At seen in the cross-section of the tubule, Further detalls concerning the pattern
Sertol( appear to be spaced at  of Sertolt cell distributian, a3 seen in tam.
E&mmm Some- sectians_are fllustrated n Agurey
dmﬂrmhwﬁemx&}]mm 2.4 of plate 1 In figure 2 the tobule Is 1n
hm’“rpamaud.x,um y only two  scrosame-stage 13 with & few dlder pm.
.nﬂ’ﬁ!quemly alighdy more one tmn in showing
mﬂ::‘m“thlmdngbmWElpwr at the edge of the figare wh  the
the real, 33 mey be seen by studying  tubule was cut at a
w“?“?ddmeewmhum basal layer of
Y Here the Gertull trunks ap- o the zygotene and f

m;’d"kﬂw-rcﬂo:unmngedmn in nngs. This
;,hn:fm“l;mm When this pattern  not fortultous ecach of the
tubule, by crosesectlons of the  ganired one  Sertolt
d’eﬂ.n:mmmbﬁﬁpaldlmhrw Center recognizable through the
Al of the figure tn Teglon, slight  of & dark nucleclus in an othern
nnmum'hﬂ;:kmaﬂonuftbenc spicuous mrcleus. of

Bental Tesult in different spacing of The average number spenm
. trunks Included in the secton. 1n each ring Is ax, with varistans
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28 HEXSERT
plane of section. But this does not mean
that there are six times as many basal
prlmary spermatocytes in this layer as

ore Sertol! cells. Each spermatocyte
bdany to two rings, being shared 30 to
speak, by two nelghboring Sertoll cells
with one of which it may have cloter
affillation in a manner Mmilar to the dee
tron patrs in chemical valency

There 1s consequently ape Sertolf cell
for each three primary spermatocytes of
the basal hrr This exceeds the est
mates made Im-udf.:ﬂ Tg:lmarﬂy -
terested in lhe Ferm cell reason is
not hard 1o find. XfulUthmvridc
representing a 10 p section i3 orented
over figures 2-4 it will be found 1o be
surprisingly easy to avoid Induoding Sertoll
cells vwith the customary sections
the rrcognizable portdons of the Sertolt
cells are cven more elusive.

The arrangement of the basal layer of
primary spermatocytes around the Sertoll
cells Is a determinant for the distri
bution of the more mature germ celly. As
the primary spermatocytes grow in size

ELFTMAN

these prongs may very well tndicate a
connectlon between the Sertoli cell and
each alternate spermatid of the six which
surround it
The Sertoll cell cycle
The reiation of the Sertol] cell to the

which Include a3 much as possiiRe of the

lbenn;dco“nclln:llon belng that of the
Sertoll trunk. Only such sectlons repre-
sent prnpedythcfumﬂunal units of the
textis this arlentatlon is rarely achleved
In sections for perm cell study
Since the trunk s under no obliga
tion to be linear and its arbarizations must
reach each of the germ cells with which
it ts assoclated z\-enuwulccdanhb
capable of capturing the complete cell.

A converdent starting polnll.laﬂ'ur\:‘td
£ d

At

they have no room to move sideways but
mungalnlpnce farther rmmtbcbqu-

by g 7

8 and 11 Thhnzxepn‘cedﬂ rduse
o(tbcm:tuﬂnzmmm
be-ctnlnﬁgure that the Sertol!
tmnb {

this they
ramlnx two | with faceted bou:
23 (Rg 6) When the two
hzve btcn completed the sper

are arranged in four g zagged

bides at acrosoroeia,
figures 3 and 4 The dark
the Sertoll trunks and the maturing aper

the expected six, with soms increass when
the plane of sectfon encounters more than
one layer of spermatids.

One mimfmtum of the Sertoll cell
sections in figures 3 and 4 is the num-

ber which exhibit three g¥. Since an
equitable distribution thatpcmxmd-
among the Sertoll cells could be achiaved

by having each Sertoli cell attached to
three spermatids in each of the four layers,

figure 5 transverse branches of the
mkmm;;mm&t:dog‘hemunvd
the at Al gh re {s reason
wb:m t ph: contact fs effecto-
ared earfer (figs. 3 and 4) the emphass
here 1s on the fact that the Sertolf cell B
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PFLATE |
EXPLANMATION OF FICURLD

Photamicrogrspb  of 10 & sections of rat seminiferous | bules.

Figs. 24 Tangentfa] section (X 600) After Bouln fixation the thesue
for figure 2 was stained with Harrh bematoxylin, that for figures 3 and
Owﬂh aldehyde fuchsin PAS and hematexylin  fter permangsnare oxl

2 Secton t the vel of (he Sertoll oelel, scTosomestage 13, The

cells which have an incomspicuoin ni except for
Lstc punctate nocleolas. Note that the rings of sperma n
shared by adjacent Sertoll cells. A few primary tocytes of
the tion lying st  higher are present at the
lower edge of the 8

34 the lumen scrosomestags 3. The trunks of the

y taloed are srranged with y

#0 that each { surrounded by nlm‘l'lﬂllhw‘ddl.

prongs extend uggesting  ttachmen
alternats spermathkds in lhtrlnl.mlhrlpedlﬂy:hlxlnlh“?-
per right hend coroer of figure 4

Fige. 5-10 The Sertoll cell cyele in crosssection (> 400) The tis-
mwuﬂndinﬂouin fukd and stained with aldchyde fuckaln PAS

and Ilerrls b frer «xcept for figure B
which recetred only PAS and bemastoxylin.
5 The ud-bovmnamdxmcmhlbalmﬂlnlluunh

-hkhmndtmuunxhundonm basal membrane to-
wards the h.:ncnwbﬂ"lhallmi-ulumnmlmmﬂ

7 Th.m’cldc!lhﬂrrmﬂd.lhhmuﬂuddwwﬂ-hjdmrm-
brane and nwiocsis {s In progresa, AcTosomiedtage

the aw y from hulmeﬂ
'hhwhlthlhtyrm-llnmnmmdhlb'lcnﬂu
™ 3.
® Th-)u-od- t tbe maturing eperma again spproach the basal
mbﬂmdﬂdy mldtdlntbdrml;n!hnhlhnlmal.lmh
CTosome-stage 5.
10 The msturing spermstoma are well on their way to the Jumen with

I.htlrﬂd:l:d]nudn: following in thelr wake. AcTosome-stagr
configuration 1s followed ghortly by that of Agars &,
ip which the Bertoll cril nuclel havs regained position

%

Flgs. 11 13 The Bertoll cell as shown by the direct sitver mathod.
(X 400) W:mmmwwrumnm
bemataxylin stuning.

11 The dimensics of the Sertall cells are delbwated mors claady by
the direct nmnm.hnddmllp-m}ncu deoper staining of the
Sertoll cytoplasm. Th-Golu Praratus of the spermatkds
#3 deep black dots in the spermatids, It has just lost contact with
the scroscmbc vewcle which is gray in the P Acrosame-

stage 7
The Golgl appersins of the spenmatide hus migrated into their cyto-
spermatocytes

1
plarm peer the lumen. Large are located
lnﬂnd!hnwmhbt:lﬂy Acrosana-stags 1L

13 The staunch trunks of the Sertoll cells are rpermatide
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Histochemucal Studies on the Skn

1 THE ACTIVITY OF PHOSPHATASES DURING THE
BIS'I‘OGENBISAOFT}EECENENTEERAT‘

KFN HASHIMOTO 4wp KAZDO OGAWA
Department of Anatomy Kyoto Untwersity School of Medicine
Kyoio Jopen

There are very few practically mo
detafled histochemtcal stndies on the dis-
tribation of phosphatases in the rat skin
through it

from embryonic
stage slthough there have been several
fatrly extensive studies on the distribution
of the tases in the adult bhumsn
and amimal skins (Blomtagna, 47 Mon-
tagna snd Hamflton, 47 Flsher and Glick,

howerer a few studles on ph

was applied. The sections were incubated
in the substrate medium at 37 C for @ to
2% bours.

The effect of various pHs (8.2 9.2, and
100) on the activity of alkaline phospha-
tases was tested with 2% sodhmm Bglye
erophosphate as substrate as well as with
scveral other substrates such as 026
glucose-1-phosphate (G-1P) 02%

inemhryu-otherﬂnnnt(n{[;og 44

Johnson and Bevelander 48)
The present deals with the dis-
tdbutlon and ty of alkalpe mcld,

MATERIALS AND METHODE

Antmtals  Nine embryos (3 embryos
each at the seventh, fourteanth, and eigh-
teen day of gestation) 2 pew-barn rats
three hours after birth, 1 rat 10 days old,
1 rat 15 days dld, and 5 adult rats of the

a
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staining reaction than the middle layer
(stratum fntermedium) (g 7) In the
stratum germdnatlvum there were occx
slonal congregations of largestzed cells
which stalned strongly They seemed 0
represent the anlagen of the primary epd
thellal germ cells (fiz. 8)

In the 14-day-old embryo the epidermis
expecially the basal layer primary epltbe-
lal germs at bulbous pey stage and a
number of conpective tssue cells inclod-
ing mast cefls showed an enzymatc scthr
hy (fig 9) The advancing border of the
primary epithellal germs stalned most fn-
tensely as well as the papillae fn &
6z 10)

In the 18dayold embryo the aslagen
of the sebaceous glands and the bulge
appeared and showed enzym= reactions
(fiz 11) Other elements which showed
the enzymatic actishy in younger speck
mens continued fo be reacthe.

In the new-born rats the distdbution
and reaction intemsity of the enzyme did
not show any significant change from
those of the younger specimens

In the 5day-old rats the staining char
acteristics mere same as in youn~er spe-

Fig € Adult 1t ALP swain pif 92 Cel
or cell remnant of medullas of hatry are tained f‘m' w;’hn om!-::muy m;g
tla k due to metallic ulbde 130, m““”'d’d“ ﬁhﬂ‘ammm‘ arreciar

_ & r |
S8l P ]
Iy .“s"ﬂ""\‘i‘:i"' & e
p“d" *ll ‘}’-\( " .3 ; ’ ‘)

< -~ Pl __Q\(o s PP
e s "e ed% s

N -t ® T Traw
t- LT “ae e
L LA L ¥ e et
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Tig 7 Sevendayold embryo. ACP gtaln pH 52 5trwﬂ1r'ﬂ:ﬂ"ﬂh:r)ﬂﬂ(;tl+

dnm)mdmmhm(mmﬂmmmlmm)lnd:‘nmmﬂym-ﬂd&mv
dirm0) of the rmmis are €00,

{ ratum
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In the 10-day-old and adult rats arrector
Pl muscles became more strongly reac
dve, while the cther staining character

opd paplilee upper por
tion of the fallicles and in the epldermis
although the reaction intensity was de

in these elements (8g 12)
Tripolyphosphatase (TPP) and hexo
distriby-

tive. Advancing border of primary spithailal perrm
{30) which are just emerpng, are stroagly Tesctive. X 150.
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Alkaline phosphate In
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I alf

content was

pid

phost to its ially the ph
role in hydrolysis of phosphatase mono- high Aooyman (32) found that the bass)
esters in the dipestive tract probably plays  layer of the epidermis had a
#n important part fn the of su-

gar from the Intcstine and the rea

of glucose tn the kidney tubules (Cantarow
and Schepartz, '54) Burstone (58) dem-
onstrated AL P in the Golgl apparatus
which §3 sald to be assoclated with the
functions of absorption and excretton
(Palay 38) Recently Opawa et sl (60
‘61) cbserved in the astrocytes and fibro-
blayts cultured fn vitro using the kitten
cerebellum that the Golgd apparatus of
these oclls was positive for ALP  Egar
('33) observed the Increased permeability
of capillaries of the adrenals after
administraton of sodium to the pregnant
rats,

From the above it fs possible to surmise
that the AL.P intervenes in the adjust
ment of the permeability of the cell mem-
trane ard also the exchange of substances
through Jt. \f3lbert et al (60) could

the exact localiration of AL.P in the cells

Melczer and Deme (43) observed the
Golgt apparatus in the peripheral cells of
the sebaceous gland acin: to diminish and
finally disappear as they became mature
in the center and it is of great interest
that ip cur study the ALP in its highest
concentration in the penipheral cells di-
mirdshed towards the center of the acini

In ¢ell cultures. ALP {s found in
Golgl apparatus but also (n the Iysosomes
(de Dave 56) which take neutral red in
supravital stain (Ogawa et al. 60) The
Iysosomes are known to consist of phos-
pholipoprotein and in this connection 1t
i3 possible to discuss the role which ALP
might pl.li'< in phospholipd metabolism,
but mare ed studies are expected It
is aysumed that AL P plm:panm!be
transphosphonylation in tssue espe
cially in the young metabollcally active
parts but there has been no pertinent
study on this subject.

Acid phosphatase (ACP ) Asfor ACP
it was found that the enzyme was distrd
buted in the organs such as sebaceous
gland and epidermis tn which the lipid

cantent comparable with that of the gland-
ular organs of the body and jt decreased
appredlably during Leratintzatlon, Moo
tagna ('56) found an abundant amoant
of phospholipid In the seb cells at
all stapes of maturation fn the rat.

The plasmal reaction performed by us
revealed a positive reaction in the sebace-
ous gland epidermis marix, and papla
and this distribution fs In conformity to
that of AC.P  These findings suggest same
intimate correlationshlp between ACP

Ogawa et 2l 60 61) which s phospho-
I

Ancther possible role which AC P might
play Is found in the metabalism of phos-
phate attached 10 nucleie acid (Morert et
al ‘56) but this point can not be taken
without further elucidation of the subject.

Tripolyphosphatase (TPP) ard hexame
taphosphatase (HMP) Berg et al 1'60)
found the distnbution of TPP to be sumflar
to that of ALP In the small intestines
and attributed the same functional roles
to it absorption and excretion through
the intestnal epithellum  In our study
TPP showned a similar distribution to ALP.
and it is asstmed that this enzyme should
hare simflar functjons to those of ALP fn
the skin. The metabolic role of HVIP iy
not clear but must have gimilsr functons
to those of TPP and ALP

Enzymatic activittes during histogrnesis.
The essendal distribution of all
tases studied in the present imestrzadon
wras pot different betneen embrvonic snd
adult stages in the rat skin 29 scon 23
the particular organ which is reactine for

cular

peared in the course
of histogenesis 1t posithe r action
for that enzyme or enzymes Honeser In

peared first in the 18-day-eld embrio and
contnued to be reactive unnl st disapr
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The Structure of Intermediate Vascular
Pathways m the Spleen of Rabbits'
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It is Hikely the ma)or functions of

26 Snook, 5B) Splenic cords aro vas-
cular spaces in the red pulp proper lying
between splemic snuses and

T
(Knisely "38)
Ithlﬂmlymatmnm%dm
lation of the sploen, inclnding mar
o sirmuses, splenic cords

wrark
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..E"b...:m_.zmthm
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cells. These cytoplasmic processes
be designated as cellular reticulum and
the argyrophilic fibers as e.umcellalar or
fibrous reticulum or reticulum alone.

Dy electron microscopy each of the
argyrophilic fibers in red pulp may have
two components: true fibers and a ground
materfal in which thess fibers are em-
bedded. It Is possible that the ground
matedal masks many more flbers than
appear present (sce observations below)
or that like soluble collagen, it may be
fibrous or amorphous depending upon
such factors as pH and tonicity (Gross
‘68) Moreover the of the
reticulum consisting primarily of ground
substance is one finding which suggests
that ground materal and not flbers {s re-
spansible for binding silver (sce Welss 39
and '62, and Coben Weiss and Calkins
*60 far further discusaion

The extracellular re um of red pulp
may be divided into several scctions: the

and
reticulum of arterial vessels

may

the
of cords the reticulum associated with
velns of the pulp and with trabeculae.
These components are portions of a con
tinuous system of extracelluler connective

tasuen.

7 That reticulum surrounding rplenicd.u
uses poascsses major transverse

pents Jjoined by alighter luugimdh:ml
strands  On surface vicw this retteulum
gives the appearance of a net investing the
ginus. The fibers of this net are in fact,
not fibers at all but a continuous sheet of

LEON WElSS

lie on the reverse surface Icumid.arthh

elements In splenia sinuses,
splenic cords and it and
58 described a charac

MATERIALE AND METHODS

The spleen was obtained from 16 adult
male alblno New Zealand rabbits sreigh-

g
&
g
2
E‘
!
:}

was re-

%
]
£

extracellular ground sub ensheath
ing the sinus containing fibers and per-
forated by larpe regularly spaced fene-
stratfons.  These fenesirations reduce the
sheath of extracellular connective tssus to
slender continuous strands Uke Lha llne-

outlining the squares of a ch
Therefore this portien of the splenic retic
ulum 4 best degdgnated os 2 fene-
strated baserment membrane a designation
ployed by Bennott, Hampion and Luft
('60) ~ Since reticular cells lm!:ng a slous

tmdedforr.h!clcer-u:ﬂumtnbenwikd
by light mi membeddtdm

necdmﬂ.ngwﬂhAmedh

mond knife (48 nng!a) in a Pcma'BI::m
d on

membrane and reticular cells lining a cord

the
mmmwﬂwﬂmﬂm
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In many places in both cords and
plasma

ing cells sep 3

able distance (figs. 2, 3 5 9 and 11)
Reticular cells lining sipuses generally
contain moderate cancentrations of RNP




56 LEON
Large clear vacudles bounded by mem
brane continuous with the cell membrane
and with the outer mxiear membrane
whils not restricted to reticular cells were
highly ch istlc of them. O

ally these vacuoles contained thorlum di-
oxide or other phagocytized materlal. Of
interest in Tefernce to the recent report
of cartflage matrx In vacuoles of chon
drocytes (Sheldon and Rimball ‘62) is
the presence of material resembling the
ground substance of basement membrane
within some of these vacuoles. Particles of

A highly distinettve characteristc of
reticular cells in the red pulp of rabbit
spiten are concentrotions of gramvlar
material faintly stained with lead hydrox
tde or osTnium tetroxide buot deeply statned
with oranyl acetate  These concentrations
may contain several cunL:Ponen?. They

cuntain materfal r

t and often f les which ap-
pear to be ANP In some in
stances a flamentons component was

present stmilar to the cytoplasmic fila
ments sompetimes observed in reticular
cells and In arterial endothelhum (Welss
%63) The disposition of thds material with-
in o cel it stfdng. In reticular cells
Uning sinuses they account for the basal
surdations of light microscopy (Molller 11
Jally arnd Chevaller 09) They;ﬁarm-
related to the cytoplasmic web cd;iy
successive treaument with tannic a

amido black as

mont ('60) The aggrega
ma however and that from human
spleen fixed In osmlom tetroxide and em-
bedded in methacrylate are staiped in the

ent in close physical relation to the reticu
Jum A component of the material can re-
ense layer of basement mrem-
brane as seen in other organs but rarely
present in the red pulp of spleen It is of
interest that in his study of rat lymph
nodes Han ('61) noted the rough ER moat
highly developed within attepuated ccll
processes surrounding fibers

red pulp from the white pulp (Congdon
and M. an ‘61) Reticular cells con-
sidered multlp 1, may underyo trans-

and account for same of those In cords and

sinuses.
It 1s difficult to evaluate the capacity of
reticular cells to become

cladon with reticular fibers their posses-
sion of gramular concentrations (vide
gupra) and their Jocation few phagocytic
vacuoles were discovered and

ymall or moderate in size
however that some cordal

free cells uge they ma;
free i the sinal lumen (eee figy. 6 and 13
of an earller paper — Welss '59) Such
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cytic. Yet it s diffcult to establish any

given cordal as free and not They may open by a slitlfke

a pbagocytic cell fixed to reticu- of besemen associated with
\um since only o small portion of a reticu  microvilll, or opening may be broad
lar cell's aco may be fixed to extrs- The height of the termina

cellular reticotum and, o0 large are theso uzgfu.ﬂyhizhbutumbjecuuv:mﬂm

son ( "81) observed mi- trated basement
cells which had phago-  the reticular cells lining the sinus  Yet as
colloddal gold. glmr:%{s)oumh‘ andpll:mamrlon (27) and
T1.00] ve em| it ts posaihle
Organization of the {ntermediate that the circulation into the sinuses may
achisve the directess 2l

Cordal ceils & small arterial orifice 1
branch. Those lylng upon the reverse sur ying in a cord di

:
5
g

conformation my h that cords by sinal lining cells whict

represent collapsed sinuses (Weiss '57) m(mhhmtmﬁmmN?w
no longer tenable. ATo vAS-  Dassage across the wall of a slmwm from
cuhrrd‘uhcm?(vtdamfm)!hﬂr cordal lunen into sinal lumen offers no
close onship demanatrahble more resistan

mentally (Welss, 59) ce to the passage of hlood

cells than
e i pacrvations of Mills  artertal vede oo rough # termina

g

k]
g
4
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Large clear vacuoles bounded

by mem
brane contlnuous with the cell b

WEISS

Phogocytes and free cells
M h Ivmoh

and with the outer nuclear membrane
while not restricted to reticular cells, were
highly characteristic of them. Occaslon
ally these vacuoles contained thorium d!
axide or other phagocytized materfal. Of
Interest in refernce to the recent repart
of cartilage matrix in vacuoles of chon-
drocytes (Sheldon and Kimball '62) f»
the presence of materis] resembling the
ground substance of basernent membrane
within some of these vacuckes. Particles of
RNP :ir:'e - ly qbsen'cd dded

nndphlxrnnceﬂlmmﬁyw'
cords and sinuses. It is notewort

temic circulatlon. Maer-
cells and other cell tyr
sidered blood cells
lumen of mnuses Th

in the blood of the spl ¢
likely filtered from the blo
latlon of the Uver and the Iu
cords free cells are nesiled |

upon
A highly distinctive charucteristic of
reticular cells in the red pulp of rabbit
spleen are concentratlons of granular
material faintly stained with lead hydrox
1de or oamniuan tetroxide but deeply stained
with uranyl acetate  Theso concentrations
may contaln several m‘:omml They
contain materlal bl L

of reticular cells. Lym
snd monocytes tn cords and sinu
be sequestered from the cfreulation
the Wood Is not their only lkely sou
There I3 evidence from studies of ru:
discase that lymphocytes migrate to the
red pulp from the white pulp (Congdon
nndhhh.n?dm,‘al) Reticular cells, con-

membrane and often, particles which ap-
pear to be RNP particles. In same in-
stances a fllamentous component was

present simflar (o the cytoplasmic fila

ments somethmes observed In

cells and in grterial endothellum (Welss

‘63) The dispasition aof this material with

“n a cell 18 strikdng. In reteulsr cells
_ snuses they account for the basal

Y strtations of light mf (Mallier 11
~Jolly and Chevaller 09) H}cy appear re-
related to the cytoplazmic web stained by

succestive n-;;’um;é with mmxfu'cm

phosphamolybdic acdd and amido black as

described by’LzBde Puchiler and Cler

p I, may updergo trans-
formation into lymph

and manocytes
and accgunt for some of those in cords and
afruses.

It 1s difficult to evaluate the capacity of
reticular cells to become phagocytic. After
the moderate stmulus provided by Thoro-
trast phagocytes loaded with thortum di
axide were quickly evident. But in cells
identifiable os reticular cells by thelr aas0-
clation with reticular Abers their posses-
tton of gramular concentrations (vide
supra) and thelr location few phagocytic
vacuoles were and these were
small or moderate in size. It is lkely
)] that same cordal retfcular cells,

mont (80) The in thic
material however and that from human

fixed in oxmium tetroxide and em
‘bedded in methacrylate are stained in the
petiodic acid-Schiff reaction Even in winal
reticular cefls and more markedly In car
dal reticular cells, this mateal 18 pres-
ent {n closs physical relation to the reticu
lum A eom, t of the material can re
semble the dense layer of basement mem-
brane as seen in other organs but rarely
present in the red pulp of spleen It i3 of
interest that in his wudy of rat humph
nodes, Han ('81) noted the rough ER most
eveloped vm.htg attenuated cell

highly d
processcs

notably those deep in the cords rather
thean those {mmediately subjacent to &
sinus, became ph This conclu-
xion is supported by the close assoclation

free cells because they may be obsesved
free in the sinal lumen (see figs. 6 and 13
of an eadier paper — Welss ‘B9)

free macrophages in sinuses or {n cords,
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derived from monocytes ar per Y constitutes
pbocytes cleared from blood o a vadation in blood fow Further termf.
from white pulp Ot they may be mﬂn;ntu:hlvtud.xmay differ

cells become freed
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conformation my hypotbesis that cords
represent collapsed sinuses (Welss '57) g
s 0o longer temable The cords are vas-

to encounter bl
cdhln'.bnwn]]n!ndnut_mmym
one. Many end In'the cords, some few transit through the
end in with sinuses. Among the diffe consequent on
HmmruSnookhulhownandImn diff the ch of ter
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PLATI &
PXPLANATIIN OF FIQUNK

-] Thl D 14 includes portlons of
tlavou s and  ord The
Hnln(rll of ihe Inu  re cul prer
1o wctlon  t o attached to the
bavement membrane lut are free

Ik dy the tperd g end of ¢ It
These lind 1 1 diply mrest
del 1 afc mtirily nd ihelr

oncent Hon of numlldﬂ'rlr
tied witha 3l cett

the cord ) | men, flere tom, b

mat it Uy clowe & 30t the extrac Ualar conmective tiau
Jum subdividl g the ord 1] me  re loihed by  thin | yer of rrikcula cell b‘
lup!unmnfﬂv-&v:‘dllnfnln&mb\nmxﬂhlmlrdbvvhm!l"""

and otler free
Thort m diaakde h present ext acell 1 1§ th tnrdllw and tewee  inat lalag
¢« I Boms | present within retkcalar 1) o Uy Lou ded by h,nr":lhyln"

cwoles cont tning thorl m dioxlde re prese t In ph gacytes Nons |
membrane
> 27,000



INTEAMEDIATE VASCULAR PATHWAYS IN THE SPLEFN PLATE, ©
Lacm Welss

CIEELLT vt vy
'{}«ai" AR
1

- PR




PLATE &
XXFLANATION OF FIOURE

6 This preparancn which includes part of the wall of  xf s and
cord 11 stumed with lesd The 1 th

membrancus sys
worthy Mitchondris duplsy conuderable pleomorphbsm. Tho nature of
the nuclear membranes  well shown,
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PLATE 7

EXFLAN TION OF FIGURL

Here two reticula cells n the wall of  alous are cut
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PLATE 8
IXFLAN TIOW OF FICURE

e
mm thmmmmW

mm.md mth

to the
may

sl
Hi wawmm
NHOTHE AT



FLATE 10

INTERMEIIATE YASCULAR PATHWAYS IN THE fPLEEN




i S
wmwwwwmwm



INTERMIDIATE YASCULAR PATHWATS IN THE spLERN
Leen Welse

-‘W‘ _._\ _"5

Pt “ #

3% -.-ﬁ:z__- Iogl
RV A

Aty ol
BRI

%

%
0

*\_n_“k

1 &0



13 This feld i cord, Most of the plate is eccupmd by
termmal arterial vinecl The vessel is oatlmed along much of its
etar by well-developed basersent membrane conttnuous with that exirs-

oler connrctive surrounding {ts rather alight adventitial o
Tty is defectrve 0 one place and bare a
slender luminal slit may be followed to the catdds of the vese] A

of an cell presents 10 the cord. The endothelium {s
and effeces the lumen. 1 closely surrounded by cells










Hects of Respiratory Intubitors on Development

o the Down Feather’

€. WARD KISCHER asp HOWARD L. HAMILTON?
Department of Zoology and Extomoloyy Ioua Statr University Arus Ioxa

& and differentfation. Later they fornd
ut when the tase was nactivated
7 beryltium, with mag-
s for a the male-
&, the of RNA in the epi-
emis was

of RNA in tissues treated with 8-azagua-
nine at cancentrations which increased the

that
phosphatase and RNA are interrelated in
of the feather
with nutdents from
pulp to epidermis RNA functioning as

Tited am in Ikaltne phos-

batese and o d of £ Do work had been done an
NA 1n the e that m:ﬂeaxdmmxud—yﬂl'n on the
* effect on ANA Jtmited the synthesis of of the feather The
Weeiny and, hence curtailed present study way undertaken, therefare
tx. B9-thieny was used as & Spe- (o test what effects the

8 inhibtior of the tary poisons sodlum flvoride 2.4-dinttro-

Cnt the release of RNA from the nucleolus
3 the cytoplasmy, or (b) antagonize the
Mzation of ANA during syntbesis of pep-

chick embryos
stages 20 and 33 (6-8 dsys Hamburger
™
—“areh

i iy
-

ey
7,
l-rv’i't-.udhm C
Lasticuse of fawa
Preent sddree
Hisete $m HNermal Cateeroty

LTt sty ot Kiskogy Crives.
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and Hamtil '51) One ber of eack

was plwcd in a tissue culture of the

& op type ining an aliquot
of test solution while the other plece was
placed in a contrad culture contalning an
equivalent amount of eftber Pannett-Com
ton saline or 0 8% NaCl solution (Hnt-
ton and Kaning '56)

The test chemical was weighed in a
clean dry test tube  Sodium fluaride was
sterilized In the autoclave before dissolving
in sterile Pannett-Compton solution 2.4

and fodoacetate were dis
solved in Pannett-Compton salution, while
sodium_cyanide was dissolved tn 0.9%
NaCl Each non-sterfle solution was then
passed through a Settz filter into o pre-
viousl test tube. In each case,
with excepton of sodium cyanide the
original solution constituted the stock from
rations were d

C WARD KISCITER AND JIOWARD L IAMILTON

ber of feathers respectively Values for
overll growth were calculated from the
atio of (total diameter of treated culture

control cultures (column 5) In eftber
case & T/C value groater than 10 indk
cates stinniladon, and Jess than 1.0 fndt

cates

sphosphatese

Other pairs were fixed In cold absolute
elcohal conteining 5% glacial scetic acid,
embedded sectioned at 7 v, and stained
with 005% toluldine blue In 5% ethyl
alcohol. Some sections were incubated in
2 1 mg/ml solution of ribonuclease in dis-
dﬂedmerfarﬂr.mhomntﬁQthﬂs

for ph
was lacking (figs. 1 and 2) In othery
small accumulations of tase indl-
cated parilal organtzation of feathers (8.
3-4) Normally ribonucleic schd ocours
in heavy concentration within the cyto-
plasm of epidermal cells especially in
those which lis next to the phosphatate-
active pulp and particularly against the
basement membrane In sections stained
for BNA, the cultures treated with 140
ug/mllhawedlmh_‘e_rbelu:l with less RNA

in the ¢ dermis appeared
separated from the lateral to the
main bulk of the pulp (Age. 16-18)

3 4-dinitrophencl, at comcentrations
8% pg/ml, 16% ug/ml and 33% wg/mb

pletely (figs. 8-10) Growth of the treated
il )]
(

sumed to have ined r Ic a amount of phosphatase
development of the
RESULTS st mnddmmrmw,«w(ﬂﬂ

ions of the chemicals differental t of the dermis
mT;:lfmmIWu;/mlmtb:a;iﬁ :;318) Tb:ue%lmxi:dwwi
Jtroph ﬂ' Tlmewal ug/n}l’}rmi. lowu{levclfdmhibmmi.me 5
living cultures are given in table 1 Col Be evlopment
umns four and six sunTmarize data  of feathers at ww.ﬁ‘gsm’u/ml. Sy

2 'ml
E{t’u;lh ‘{;uw)?h/u!\heﬂmmcmdnuei At
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TABLE 1
Effects of ] on the devek of feathers
" < Average comber TT
-:dm: = Themoe ;ﬂrd Treated 1;. = for
Embrros calture  cultere Erowth Comtrd T, memberct
it - -
Sodae: fimocide
10 1 s 428 255 ou 430 ars
n 10 4 43 am 084 245 o3
B 10 = 43 393 a9 407 a 109
1750 1 10 as3 1A 05s 210 0%
[ PR a7z ass 108 4 Ay aes
- drartropbaenol
= 1 ? 103 147 [ 4
nn s s an 154 040 4% 3; g$
w67 5w 4 318 oxo an  1m as¢
m « 9w 413 34 054 LY TRy
41 8 50 388 3.78 008 415 453 ons
n T 1 3@ 168 o8t ™ 13 a9
200 T 400 411 104 PR v 057
104 1 s 4 401 002 80 700 104
050 ° ) am am 0.80 A agp sz
a3 F I 41 a4 118 a1 4x; 1s8
015 2 13 47 473 0.90 3 an 105
217 4 18 M ass 1.08 Fry 1 1o4
210 " s 250 s 1.00 13 ug a.g;
Todescetate
b 3 17 4 101 000
i 0B Aem 112 ca e a0
(1] 7 50 309 243 o8 13 034 007
312 3 1 357 as ot 2 07 o
158 1 5 374 am osa vl 418 o8
100
cyuide
T R T - - ST
4
an 3w 461 310 on 49 o o
1 F BoE o8 g W
ERNt oes a7
_ 5 my 1.04
anl levels reaction for Sectlang
Phatase was light or absent (fgs. 5-8)  along th“hwmw reduction of ANA
secitons of feathers from m)nemummcmbnm(ﬂpm—
that RNA was reduced ot the locyy . of the mesench
lu;:m at the bucm:fnt‘h even E Prominent,
the thickness J cam- Uidencey
favorably with the controls (Bps.  Orieyypy of"fﬂcld ama%
1820 The reaction for alka “%mm!h‘” _Q'dwn-d
Sodium cyamde ot culturey s the control ! el
phasp we of the tissue all ated Abeoblg gy of pase 2
trl.undl.txnl;rﬂ""_'-h - rere :,ua) The ut.bafwihﬂfm-rf"‘
] with Pattern wag gften mor® [ioel
of cyanide (table 1) At Jower levely, the u(mmd@lhnunlowcrf“’a:‘;'ﬂ'
Phosphatase was active (451 11-12) pog m:‘:mlc-h because the nﬁ,d- o
higher concentrations (623125 g/ 2% deeply stained than i a"‘f;:dbﬂﬂ

ﬁ) phosphatase was reduced and f
loct

were pooly organized (figs. 13-14)



explant f skin from the back of an of stags 20 Nots

the intense rescton for in the of sach feather
y below the cpldermal tp. X 60

Thke ¢ bilateral half of the plecw of thrvne sbown in Agure 1

in fncride (140 xg/ml of mixed culture

Control explant of skin from an embryo of stage 39
fosthers and an intemse phosphatase reaction
X 60.

hilateral half of the piece of tissus shown tn Sgure 3,

Control explant of skin from the back of
abowing the strong rescHon for phosphatass within the feather pams.
x 80,
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the intense reaction for phosphatass in the pulp festher
Immsediately below the growing tip. X 60,
Th- hﬂ.nznl piecs of tesua shown in Agure 1,

x
Cmuulqhmo{uh.nﬁmmmbryoc{
featbers &nd an intemse phosphatase
oo X 00

The bilateral half of the phece of tistue shown in figure 3,
mh:ﬁmdwdlmﬂmd-(uu 'ml) Nots the gmall
cuncsntrations of phosphatass reaction and of feathar outgrowthe.
x 80,

Control explant of skin from the beck of an embryo of stage ¥2
showing the strang resction for phosphataso within the feather germs.

X 60,
Th.cu-n-wmdin; of tasne shown inﬂ;mﬁ.:rwn
in the presence of hdmnh(ﬂ%p;/ml)Ahho\uh phospbatese
Tesction is present, the feathers are pot well formed. X 60.
The edge of contrdl tiseue showing adjacent

t the boder of the epldermis. Nots the Intemss
rhosphatase within the nuclel X 800,
The edge tha bilaterul half of the plecs of tissoe

in grown in the presence



A Study of Bone Resorption and the Ostecclast
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of Ottawa Ottzws, Camade

the tmproved

Interest to discuss
af end to report

osteoclast (Wﬁmdcg"'goxmﬂ; fine grain emulsiom, (d) histalogical
McLean, '556 H "86) a few aof the same

authars (Howell, 1891 Arey '20; Jaffe disembedding) and (e) the al
‘30) admit the ternate study y

from bane through some other and its historadt

3 yet uncertain. huk  ('60) d on the same slide juxtaposed or
showed that the calcium impove d some cases anly the
of notmal aging bones can proceed with- first three stages (Le. ogra) ar
out destruction of the matrix (s0- phy) were used. The tech-
called halisterexis) and he found only & nigoe of historadiography

few  osteoclast like cells In aress many anthors (Cosalett et al., ‘57 ‘60

Since the data cited above (Bohatir
obtained

chuk, '60) were by & new method
(Bohatirchuk, '57) for the study of un-
decaletfied bone it s thought to be of

after

elsewbere (Bohatir
chuk, 57 "81) Embedding in plastic re
quires yarous

Tt ok was surpenied AN o
AR

aad the James Prcher Feands.
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BONE RESORFTION STAIN HISTORATIOCRAPHY

fdentical conditdons. It should be men-
tioned that the intenrsity of radiatton from
the xray target was Dot always uniform:
one part of the field belng somstimes more

{Muminated than another It was peces-

of bene to the of
fusing trabeculse and within bane canals
and intrmossecus Such an area
in a case of camplete

former intr lacunaes (fign. 3 4 6
6) In cases of

the shows an area of de-
creased xrHy betwreen
fusing trabeculae. In a few cases it 1s pos-
sthle to rem-

Disappearance of calcizwm from
the organic matrix — bone
atrophy — hallstereds
The general calclum impovershment {n
bones of the affected extremity is con
splcuous betwreen the elghth and tenth
day after the start of either type of experd
mtofpmp&mnfawmmm
enrﬂcr(ﬂp 2) Auhhﬂmomlc-cnl

eimm:hahumr.diomphmccﬂedrpo.
cimen within the limits of

used, Le. a true hallsteresls is observed in
this initial stage Local histological and
historodiographical changes similar to
those fmthcdxthurlevcmh
ades of lUfe appear in experimental
bone-n(thnthl.rdwcek. Then. besides
the general halisteresis mentdoned abore
the much more pronounced local calclum

of group A it is ob-
Iefvedtunumléllllmlmxhs fibera
appear 1t se
even with 120 X or 180 X le.Tl:u:kpp
and caldum Im parts ed
fiber (fig 11) mmm
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PLATE 1

AD tbe af b found in this work present
the colory of
whits color to the amout of cslclem,
the muxtrrom black to fts absence,
12 AL
10 kv both at 15 x L. Claft foot) conol. R. (dyht foot) wath

Compare only
have prreximatdly the sams

ground. These ss wall as other results sre veriBed
historndiographs.

in serial






FLATE £
EXPLAN TION OF FICURLS
Cologed specimen, rabbit tibla, thres weeks after saevering the Achulles
tendon 10 & thionine-eosine, 180 X

Hhstorsdiograph of section 5 10 kv 180 X Arrows paint out &
band of completely decalcified timne on the yurface of fra
[$ ) Fihrillar strocture of de-

bleck tn
memhmmmmmm

Colored spechman bbucnhmn,ﬂﬂw-bmzh-wuanm
of plaster of Parls east 10 », Schmorl, 320
Hitorstwograph of section 7 10 ky 120 X A large decalcified xone
s evident betwern fming ends of two trabeculss. A wmall bane rest
(arrow) fs scen within the decalcified tesoe.
Histaradiograph, rabtat calcanavs five weaks after the application of
plaster of Parha cast, 10 1, 10 kv  Arrow points cat the sree of
powdered bone 180 >
Wtuhmmﬁnnd:lﬂalhupﬂh&nd
ster of Parks cast, 10 a, 10 ky Beveral enlaped ntracsssous
u'uhlnefuhrm:ﬂ.h:ﬂ ars typical for “bone eeving. 0 X






PLATE 2
IXPLANATION OF FIGURES

ored spectmen, rabhit this Lhruw!e_hlﬂn’lt'ﬂiﬂl'.blAchﬂ}c-
mndan,]Dﬁ thianine-scsine

Historadlograph of section 3 10 kv 180 x Anw-pdntm-lnp
hndnltﬂlnrletﬂydeuld.ﬂuddm- the sarface of
[¢ bisck in ';g’ |h:lllarmuctm'lnfdo-
cxlctﬂ-dlhmc-.ndmnllm oatrocytes are peen within

Colored specirnen, rabbit nh:mx.ﬂnw-huﬂuth-wplhﬂm

of plaster f Parls cast, 10 x, Schmar], 320

Historadiogreph n!ncﬁnn7 lokv 130 % A Lo decaldfied moos

s evident between fusing two trabeculse. A small bane et
lhcdtcnlctﬂodd.ltoe_

Histersdjograph r-hbit:dcurm.ﬂnmhdhthtpﬂmumol
plaster of Parls cast, 10 x, 10 kv Arrow points out srva of
powdered booe 180 X
Histaradiograph rabbit calcanwus, five weeks after the  pplication af
Plader of Parts cest, 10 a, 10 kv  Several enlarged intraoessous
larunass with nregular outimes are typical for “bone sleving.  ¥43 X






of of Parts cast 10 x, 10 kv Arrow Indicates seversl bone
fibers of which calmom im, ted parts (whity dots) alternate
with ¢ ores (black gaps) Bimiar Abers are sem in

12 Histora homan vertebra male 79 10 & 10 kv Newiy or
tral in Pagst’s discass (late stage) are covered with
e anall trabeculee with irregular
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('58) state that such fibery terminate hi.
laterally in both the venwromedial and
dorsomedial nuclel. N\auta ('81) however
states that none of the fibers in the stda
terrminalis reach these areas. In additdon,
all the studles of the amygdala In the
monkey descarfbe degenerated fAbers ex
tepding to the thalamic nuclel These have
ot been seen In &ther the cat or rabbit.
Such differences can be explained In
the

spedd
It was felt that there was still moch to
be learned concerning the efferent path-
ways of the amypdalz and thelr sfies of
termination. Thus ap experimental
of the basal and lateral nudel of the
amvgdala In eat was undertaken.

\ATERIALS AND METHODS

Forty-three adult cats ranging in weight
fram 2.5 to 5 kg were used in this serhes

ILIZANETH 4. HALL

The lestons in brans no. 1 § 21 axd
25 are MMustrated in figures 1 0 4 In
pos. 1 and 23 the leston is confined to the

inferiar to the ansx lenticolans (Bg 9+
I}?;nbathnmﬂnnﬁmmmfamed’-ﬂ
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EFFERENTS OF THE AMYGCDAYA IM CAT
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EFFEAENTE OF THE AMYGDALA IN CAT
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PLATE 8
IXFLAMATION OF YIXGURES

Photomicrographs of seottons stained by the N uta-Gygax technique.

9 Cat no, 8. Degeneruted fibers of mﬁmth-hmllmmddd
roclens ocursing just fnfedor to the ansa lenticularis X 900.

10 cums. Degrnirated preterminals in the lateral hypothalamus,

11 Cat no. 1 Degsnarsted Abema ruruiﬂﬂylndm.dhﬂyﬁnm
the haxion to emter the loogitudinal swociation bundle. X 90C.
18 Cat bo. 35 A bundle of degencrated fibers lm?crhdytajdn

the longitodmal assoctation bundls. Bagittal seothon. X 573,
13 Cat no. 7 Degwnerated pretenminals in the lateral preoptio region.
X 900,

14 Cat no. 37 Bundie of depencrated fibary coursing superiarly from
the lssion. X 57B.



FLATE 2

EXTEAENTS OF THE AMYCDALA I CAT
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Seasonal Changes in Body Weight, Reproductive
Organs Pitwitary Adrenal Glands Thyroid
Gland, and Spleen of the Belding Ground

relaton to dh and ses  termin of sctl: 13 correlated
cycles have been reported for several the time when foo'duy}:hnn mwﬂh
such studies have been Iuyunufhmvymuwinﬂ,'.haminﬁ{l

Preciston
e e
sctive untll late July or esdy s compated a3 the

1
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ratlo of dssue weight in milHgrams per
gram body welight. Stomach weight was
subtracted from body weight before these

sexually active if they (1) were pregnant,
(2) were lactsting, (3) bad an enlarged
uterus (4) had Tecent placents! scars or

(5) had enlarged mammae

Animnh edfmmlBBa-mm
included in computatians of the varation
lnmhdnwd;htofghmhfmmlanﬂu
of different clsazes. Only
those antmals collected In 1960-61 from
lmlofnppomldyﬂ:mnm:fdm

vadation in size.
Pltuitaries were sectioned at 5 ¢ and
with

tissucs wrere

with elther Padird s statn or hematoxylin

and eosin.
Acﬁvﬂyufthcpim:ltarywumbjecdvdy

determined on the basis of size, abundance

STURGIS McKEEVER

Males fought vigeromly during the
hreedlngsanob,mdanrﬂ(y)iuft:eam-
mals had cuts on the head and shoulders.
Many of the cuts were infected, but prac
tically all healed within three weeks.

The earliest that were observed
above ground was May 25 By late July
most adults and juvenfles had estivated

and mid-August less than 1% of the
rero active. Tbedungelnmnn—
the

bers was

ock,

Body welght. Adult males nnd fernales
maintained approximately the same body
weight throngh June but in July makes
avers, heavier than

males collected in Avngust sversged 60
gm lighter than July

In contrast to the in weight by
belding ground during May the
C undulatus Jost

welght at this ime (Hock, 60} Hovrerer
arctic ground squirrels from hiber
natton in mid-Aprfl, when no food wss
avaflable,

Weights of juvenile males and females
ed each other with males anly
lllghtxheavter than females. The graphic
decresase in the rate of gain

were

100 gm in six weeks, they entered estiva-
tion approximately 100 gm lighter then

aduolts.
Stomsch weight tncrezsed In both sexcs
animals

vesicles
madmum sire in April when 70% of the
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WLdvmaLVAﬂc.'wArhu.ubak.nifm

Fug 1 Awmﬁyhdyvdﬁihmdc&ﬂbw Mot waight aquals
uo--:gx-mmwddndd-mn’r_hmmmu. Flgures at each paint rupreeent

TANLE 1
Ammﬂh.#((xnmvfmkl stomach contemts of Chellus bellingt.
of spectmens s shown in

Momih e femaie = =

Apdl 23(33) 114(48) - —_
My luéﬂ) 175(29) —_
Jane 14.2(18) 183(23) 79(x) 10.9(39)
Ialy 7y 20.8(38) 11.1(37)
Angurt 30 0(4) 1) 20.2(4) x78(8)
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Average monthly weight of
milligrams per

1
the laft graph are in
in Figures at

weights
) t took place during hiberna
tion opment took plece just prior to
entering hibernation and trmmediately after
emergence.
In four adult male belding ground
squirrels collected during August, testes
decreased In groas t but increased in

to decrease alightly in both relattve and
gross sze during July but increased
slightly in August.

Testes and seminal vexicles of juveniles
vaded in both relative and gross weight in
a pattern simflar to that exhibited by

glands except that In Aun; the
of juventles increased whj‘:’iduh
wze

e
Welghts ca

e wly oo sy

reproductive argans of Ciiellxs beldingl
gram body weight; thoss an the right graph are sctual
«uch point represent ssmple sire,

in that tubules of adults had a
lumina and Jess densely packed epl

Ovarles  Ovarles of adults were largest
in Aprdl than decreased rapidly in sho
through June to less than half their maxi-

B

nent. Seven per cent of the 46 females
collected during
in May failed to any dgn of sexual

testes
of adults differed from those of juveniles



SEASONAL CHANGES IN CITELLUS

of sexually active antmals collected in May

active snimals, 63% were

lactating, 12% had enlarged uter] and
L] mammse and hed

hcuﬂn;.Tbnonlu{mﬂylcﬂm

female collected during July was lactating.

aize frum 3 to 10 and aver

157
follicles and a progressive dectease in «dze
of corpora lutea cells (fige. 32-24)

Ovarles of decreased in rela

ﬁwmﬁm]mﬂnmghAquN}

groes sire d in July and
in August. Although wred of Ju-
venile ovaries wus to two-

thirds that of adult ovaries collected at the
gﬁmﬂ relative welght was anly dtightly

Adrenal  glands Aﬂrmnllnfld&l:

5 renals females were approximatdy
Lactation and post-lactation periods. 20% larger than those of males. Male
Logically the decrease was correlsted with  adrenals were, therefore, largest orw mxmth
2 sharp decressa In size of many atretic  after the breeding season the same relz
s FruaLes
ADULTS
24— AVENILES ;\
d 46 /\
\
- w !
!
4 /
;u » \
HRaa\Y \
1
! ' *
S
u N " \
13
Y(‘\ L ﬁ‘»\‘\
0
S N
of
b Wy owee oy ade arme wdy e oauy oade

Fit. 3 Averay monthly weght of patred sdrenal tlands of Citellus beldingt, Walghts
% e Latt gaph me in milliprenn per frem body welght; thees o the right graph are
octual wefghts in mulllgrame. Figures at each point represmnt ssnple wre.
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tonship was found in the California

squirrel C bercheyi (Tomich 59)
Adrengls of both sexes the belding
puu.ndnauknldecruledlhamlympw
and relative weight during June and fe-
male glands continued to decrease at ap-
praximately the same rats during July and
August. The reladve welght of adult male

adrensls
ing July but increased in Au
vrelght declined only slightly
manths.

Al to Deans and Lyman (54)
the a are larger tn males than tn

STURGIS McKEEVER

fig 4)
m;&&nm

ted be-
ﬂ.nnin of fat don and
all (!58) famddﬂldmul welght de-




creased as the amount of fat I

SEASONAL CHANGES IN CITFLLUS

din g 1 was i

the deer (Odocolleus hertorus columbl- in the various age and

anas)
mr:g::ducdvd ctive fo- fasciculata Jeast in

clamses y active

Adrenals of Iactat
y larger (P <
other class

of lads was greatest and width of the zonz

trnm bhed
oot areas 5 the slomsernloas andor fas

the ad 11 -'"*-(ﬁg;.lO-ndll).Suchnﬂ:md.l
thowed that the relative width of the zona  was not observed In antmals which

TARLE 2

had no

Wewhts in miligrams per grem body weight of endocring glands and rplern of serwally

[= T

Mamber examined
Moen waight = B¥.

Extrems weighty

Number examatmed
Mea weight > $.E.

Extreme welghts

Nember exsmtwed
Hem wright = S.E

Extreme waights

Nursber otemined
Mean woight =S £
Extreme weighes

active female Citellns beldingl

CoraTithe of scxmal actrety
Darns
Pregaaat Lactating Plotpril
Pituitary
» 2 13
00123 ool €.0197
= 0.0008 =0.0008 =0.0015
a.011 o010 0.008
oprr oo
Advenal glands
- 3 1
o.1701 0. 01853
= =0 010 =0014
0.007 0125 aiot
o263 033y axr7
Thyrod gland
10 14 7
01411 [:8E - aisy
=0.010 =000 =0014
ao70 00m 01m
0209 a1ss oa3
Splecn
ol L 11
37T s 42557
=0.1809 =020 =03418
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7 Regresdon of Y ao X for X rangs from 006 to 013 for 363 sperimams of Chiellus

tins of the regression Hoe.
wedght every month except August, when Thyrold gl The
male glands were alightly lerger in rela-  in relative size from the tme the antmals
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THYROID WEISHT,

SEABONAL CHANCES IN CITELLUS 163

e N S T

ur sk sy A
n:;l Aversge mocthly weight of the thyrald of Citellws beldingl Weaights on the left

ary n milligrame per gram body welght; those on the right graph arw sctual weights
12 milligrame. Figares at each paint represent semphs size.

oificandy from glands of pregnant ani-  height wers similar to changes In relative
mals. wreight of the thyrold, except that, in gdult
Groas glze of thyroids from adult fo- females oell belght imcreased to & maxi-
Tales decreased alightly tn May and then  mom during May (table 4) whersas thy
increased adul that

gl, sessonal changes thyretd y after the di
scason then atrophied (fig @)
TANLE 4 Splesns af juveniles decreased during July;

Leescal henges in Mright of epithelial crils of was much grester in

e thyreid glamd of Crisilus than fn males. In the

Moy Adeb Jerenie  Jwrscile  during August, spleens from males were
i A S TS lager and those from females maller
Api a1e 711 - —  than in Jnly spechmens. There was no
May X ors — — significant difference in spleen xhzs of
Yoy g w 083 TH four classes of sexually sctive females
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PLATE 1
IXFTANATION OF FIOURKS

Adremal glands
Gland of a sexually active mals. Necrotho are in the
ﬁ-und:-fudmhummmam-

glomaruloss. Transiton
distinct. H & E. X 180,
Gland of a sexmlly sctive male with pecrotio aress in the {nner
fasciculata. Pasinl X 280,

Gland of mﬂwmmhmrm
vacoolated cells in the outer fascioulsta and some commpectian of
calls in the reticularis are cheractsristic. Pasinl. X 280,

Ghndufl.xul]]yqﬁh.cm male collected in July A rwtio-

ulsrls camposed of which h ve little cytoplasm, end sharp
and a8

slands of edult males st thie seeson. H & E X 280,

Adxmnldml"mhmﬂnm-hcdl-chdmhuwy Th-

dumtm.\lmhdhﬁnﬂhnmly Colls af the f,

xrs small and tha {from to in indls-

tnet. H & E X 380,

734m juwnile mals collectsd o late June, Compared
wn:hcbcﬂ—mlmmaLdrﬂmulnuhhﬁndﬂw.lndda
fram mexws distinct, Pasinl
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FLATE 3
IXFLANATION OF FIGURIS
22-24 Ov.ﬂadmmt (22) hmmu(n) and post lactating (24)
showing in wrs of tretic folliches and
Mceﬂlnlthltm-pa-ll.nin. m
fol-






callbrated reticle in a 156 X compensating
eyepiece and with a 67 X fluodte objec
tve
OBSERVATIONS
Normal cells In mature normal faclal
motor peurons the mitochondria (stained

tculady well in the dendrite bases where
the mitochandris tend to be orlented paral
lel to the cell membrane (figs. B-10) Oc
casional forked or brapched farms are
seen (fig 10) More centrally in the soma
a greater diversity of form exists that in-
cludes more amall es and short
rods. N 1

In general within the animal serfes and
methods used for this study there are no
overt differences in mitochondrial form ar
sire thet can be attributed to normal dif
ferences in age (figs 6-6 10 13 and 16)
This excludes any possible differences
based on average segment length or thick-
ness which u:fa—wlm might be dertved

1

£0 days postnatal age, mitochondral

ing is observed in about 15 — 25% of
neurons on the affected dde four
after the operation as well as at
of all the Jonger tive periods
fed (table 1) The tely swallen
cles throughout the series range from
0.5 u to 15 u in dlameter representing

g
2ix

g1t

evertheless final
gained fs that most of the mitochandrls
are actuzlly fllamentous in form, for ex
amination at varying focal levels indicates

alices through longer filaments (figs. 8 and

15) The range in apparent length (ca.

05-50 p) therefore is partly an
thinness

related to the and plane of seo-
tlen. This e assesament of mito-
chondrial len; extremely difficult. In

most cases it is next to impossible to dis-

tinguith a true end from a cut end of &

given mitochandrion or to identfy with
the di ity of two

many fald fncrease in volume over the
norn  The tho lapee of time after
mare pronounced is the
g ( fign. 11 and 12) Maoy

of the swollen cles in a cell
single while 4] to involve 2
purﬁnnofamkochunnp.:]l);:mﬂﬂnlm'

“balloon effect with an attached “tafl” of
normal thickn

e85,
Total cell sywelling is evident a few deys
after operation (cf also LaVelle
LaVelle ‘58a, B8b) This decreases with

certainty

filaments which may bo criented end to

end. On the other hand, the thickness of

the a]

an of

(ca. 0.3-05 p) Varations in this are at
1k ocular

were detected in the unopersted nuckear
fields of the opposite side throughout e

the margin of oo In
ments with the light microscope (Le 03
v Gage. 47)

days alter the operation. It does become
evident when the postoperative animsls

1
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TANLE 1
Eack postoperaiive age reprevants oms i thres aximals,

O refens to antmals in which no mitochandral refars to animals
n which re wc the sffectsd side. A in paentheses
bicw 4 rufers to the pavwtags of cells in affactod
M%ﬁmﬁ:mmwmmmmd-w at each

of tme of s betwean ¥ and 39 deyr of agw.
Age af Age at Kilhng
peration I 13 1519 20 21 22 2425 26 29 30 31 32 39 46 50 56
e + + +
7 0O 00O0O0OO %) 6%)
-_— + +
s 0000 g 26%)
+ + + + +
2 (22%) (37%)
a + + + +
13%) (23%)
Teach the respective postnatal ages of 24 d d ion is ob d

furmm:x].lluhaopcndonntnﬂlgu,
while cell degeneration in the
operatives ts limited to a fevr inftisl

i

whi
are simflar to those induced in the
dder bat are not d
by cell swelling. No migns of a retrograde  vive the post
Teaction were detected on the unoperated

In postoperative animals killed befare viving cells therefare continue to develop
the appearance of mitochondrial swelling, and do not show the definite xigns of
the affected show de signs hondrd fling untll after they
such as eccentrc mucel with folded or pams through the late of matura
thickened membranes but without somal ton. In 1 are indicated the approxi-
swelltng. This i3 in sharp contrast to the mats percentages of these cells showing
eslts found in the 23 or 20 day opera  swollen ondria at different postop-
tires, where four days after operation the  erative
affected cells show both mitochondrial Effects of

addl
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studied or In adjecent regions of the sec

ARTHUR LaVELLE

dria a) y clumped or con-
dmhmwemmm
narmally di: in others, with

cells were found
which alec contained swallen mitochon- (cf Cowdry "18 and Andrew '3§) Nerer
M g wasobserved  theless, the whale plcture of normsl de-
however only in the cells of the affected } is i 1
which hed reached an age g:::rmgwa{nmbﬂ.ltydw
when such swelling was elicited as a re- trnal d ages
sult of exon section. This i3 as d to diffe )]

P

dures

cussed later In this paper
In earlfer studies (LaVelle and LaVele,
"58a, '38b ‘58 LaV. cn:gds;.:gkr 60)
using dyes for nockic

T iy of Bremteis s
in a diffuss of ysis in tho
neuronal gccompenled by po-
cleglar nuclear and somal swelling; after
section at 15 days cr earlfer a focal typ?
of chromatalysls resulted which was pever
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scommpanied by somal swelling. From the
standpoint of troe, the transh
tion period for differentiating theso effects
appears to span the five-day interval ex
tending from 15 to 20 days of age The

somal develops latently after op-
entim at the early ages. Of interest is
our recent the period
from emset to near of myelina
tem in the muclear and geno of the

turathon.
It has (Bodisn, "30;
Flexner '50) that retrograde
nxy represent in somme respects a

Egg
g
EE
A
i
.

8
i
£
|
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according to the relative differentlation
af thetr nucleal and

Diff ctis
tern of adnlt newrons might thus
efficlency of blosynthetic

section

Luma (’13) and to some degree
rat by Hartmarm (48 48) and far the
rabbit by Hudson et al. (61) As with
the band
Nisxl substance snd & highly developed
mdm!flthltmm Accard-
ing to ("17) the ratio of mito-
chondrial number to urme

ol
varies with neuronal types. Varatioms {n
mitochondda! form in different mature
neurons have also been (Nichol-
zon, 18 Andrew '58) but it ix uncertain

as to their Televant to cell type
within e given Certainly more
tzl and pormal dats are needed

i

It ahould




PLATE 1
XXFLANATION OF FIIUAES

Faclal motor nerve cells of the golden hanwter Baslo fochsinaniline
hive stain for mitochonds (which stain red) Flgures oos to four ame
X 643

1 3 days postnatal ape. Contral side.

7 18 days postnatal age. Normal call
8 20 days postpatal cell. dbposition of mitochondria
o bodses (lightly stained with anfline biue) otn bo seen
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Differentiation of First and Second-set Grafts of
Neonatal Tests Ovary Intestne and Spleen
Implanted Beneath the Kidney Capsule of

Adult Albino Rat Hosts'

ANNYE CANNADY BUCK

Department of Zoology The University of Mickipan,
Axm Arber Mickigen

gy:u;uimdtmunlry theory sup-
the work of Schéne ("12) Hdl-
4) Stone (42) and Gibson apd

mwmmﬁm

which are genetl different from
act as andgens and elicit
loglc resp by the host, The
Medawar (44 43) gave condu-
for actvely {immu-

i

o
o
il
o

E
i
:
A 1
i
:

i
il
b
i
i
i

thsues (Snell, Cloudman, Faflor and t, Brown, and Medawar
Dow 46 Kalles, -ssm)suen. Wi, (5) have expressed opinion that
Stumpfing, and Parker What are rescton against tssne

Enkm o grafts is a cell-medlated frmune mechs

mu (1) the "blood o [,g,_,
Davlg, *17; Masson "18) <%m "{%‘l

(
cellular™ theory (Lock 45) and (3) the o e ey
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DIFFERENTIATION OF DOUBLE GEAYTE
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caronally there was an indication of
white pulp developing sround an artery
There was no differentistion of red pulp.
Myelold edements in the rats spleen reach
thetr maximum three weeks
after birth and then gradually begin to
dissppear (Maximow and Bloam, 57)

Fate of single grafts

Testls Single grafts of testls recovered
after two weeks had tncreased in sdze and
differentlated to the extent that most of
the seminiferous tubules had lumina or
were in the process of forming them.
Spermatogonia had ted and three
to five layers of could be counted
fram the basement membrane of the tu
buls to the humen  Many cells were flxed
in the process of diviston In some tubules
many spermatogonia with tic nucled
were detached from the and appar
ently were being sloughed into the lumnen.
In several cs spermatocytes
some showing « of degeneration had
differentated. grafts were well vas-
cularized but there was a variation in the
amount of connective tsyue presont.

Growth and differentlation in grafts of
our weeks were more advanced than after
g{m weeks Degeneradon and sloughing

cells into seminiferous tubules appar
ently had contineed, but there were still
three to five Ia of cells. According to
Hargitt ("28) degeneration and sloughin
oftx]llaeemtobeupartoh.hepmcwni
lumen formation Although most primary
spermatocytes were massed in the lumen
and appeared to be degenerate some ap-
peared normal in tubules with little or no
cavitadon. Occasionally primary

tocyes in the first metotlc divislon (fig &)
were observed ob-

in the testls of a normal rat of comparable
age. A few Sertoll cells wers {dentified in
the peripheral Iayer of cells next to the
basernent membrane.

ANNYE CANNADY RUCK

weeks cell proliferation had decreased and
many cells had degenerated and sloughed
thereby leaving tubules with wide lumina,
Normal testls at a comparshle age hsd
seminiferous tubules with complete sper
mato
Ovary Single grafts of ovary after
two weeks contained many enlarged pri-
mary oocytes {nvested with several layers
of follicde cells

grafted ovary
sixe as those of o narmal ovary at this age.
In grafts of four weeks (fig. 6) several
ovardan fallicles with numerous follicular
cells, vrere vesicular Thecal cells had sur
rounded the follicle but the thecs externa
was not easlly dlistin, from the
theca interna. Follicular atresia was pro-
nounced and accompanied by extensive In-
terstitlal gland formation, These changes
occurred in the normal ovary of tha same
age, but not so frequontly  Some grafts
recovered efter four weeks had undergone

nizahle as ovardan. They were esse
& mass of connectlve tssue heavily i
fAltrated with lymphocytes.

By six weeks all ovarian grafts had un-

lymphocytes and reticular cells a ty
had been tranaformed into fat Sev-
eral cysts varying from large to

wera obeerved

Intestine  Single grafts of intestine at
two weeks exhibited epithellal era
ton. Many cells were in the process of
dividing and goblet cells were promipent.
VIl were pronounced. The lamina pro-
pria contoined many lymphocytes but ¥p-
tly pot argenized into distinct podu-
]u. Samcly-mpbocytuint}wﬁp"h'-““;'}
appeared to be fixed In thelm’c“'d
migreting through 1t Into the lumen
the intestine. Submucosa and muscularis
vrere thicker than notmal Canpectivo tis-
sus betwesn the graft and host often i
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vaded the kidney cactex, and parts of the
winiferous toboles In this secton ap-

peared degeperate.
In sarpe four week single grafts villi were

fibers. phocy
Plasma cells were present within this ring
of connective tissue. Fragments of various
Enlﬂntntuﬂmlwnﬂwuldbe}dm—

Spleen. No twoweek mngle grafis of
spleen e recovered.  Four-meek grafts

phatlc nodules but re-
pufmmtznpcmd with many
and macrophages. Thmu;b-
graft and also in the arex where
tng

primary spermatocyes
ever had a few pycnotic md:lmxghed
;ﬁ:mtocym in a few of the tubules.

wrere two to five layers of cells bard-
ering the lumina of seminifercus tubules.

weeks, still had prdmary spermat
lthough they were and tso-
lated in the lumina of tubnles. These
grafts of testts did not appear to be any
different from eingle grafts of the same
age.
Grafts of testls preceded by All
secondset grafts of testis by
ovary the one which had under
gone a very scvere homograft reaction
eTous tubules some
(fig. 10) These
cells y were to and less nu-

mﬂ.;uulthmtuv.hefmnmkdnglemfu
(fig. 5)

Flrst-set grafts of ovary vared. Six of
Ehgmmgf‘-m-bawedbdt&puwthnpd

Testis as second graft
Grafts of testis by testis Al
second grafia which had been implanted
for four weeks sppeared healthy and had

any
ovary recovered at six weeks. Some large
vesicular fallicles were slightly com-

y 28 a result of some
sure e rensl capsule. One mal
lare {. ras observed.

Grafts of testls precedsd by intestine
Slxcf(hen!negnhxoftwhnpuﬂmmd
They

4 very severe reaction.

consisted af @ mass of connective tssue
highly infiltrated with 1 and
were hardly recognizable as trsts (fig.
11) y most of the tubules had been

If ind tubuales d

Mhlﬂmmnmlhmmorm!nmn-
lthdun.unm;chelmorm
tubule, No primary spermatocyies were

cbserved in any of these slx grafts. Both

—



.

o]

grafty which had experienced a very mild
hamograft reaction had seminifervus tu
primary

hules with speTmatocytes present.
Thess did not vary greatly from single
grafts of & age. The ans

comparabls
graft which hed undergone a reaction of
slightly greater tntensity showed evidence
of the on of interstitlal tissue.
Tubules were intact bot spermatocytes

the graft.
Flrst-set of fntestine recovered
were damaged but they Jooked

primary spermatocytes.
qumdycﬂnnecdwﬂuuewﬂhmuz‘lym
phocytes had fovaded the bost kidpey

coritx
With one exception,

all firstaet grafts
of were deterlarated.  Grafted tis-
“xue besn campletely replaced con~
~ye e that was y
th phoid cells and ma og, A
‘slightly less severe reaction only cated
that some i
no signs of

Ovary as second graft

Grafts of ovary preceded by ovary In
the seven sccond-set cansidered to

ANNYE CANNADY BUCK

than in sngle grafts of comparable age
and fallicular atresis was less. Prolifers-

less connective tszue prolif
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Five additfonal hosts which recetved
wmilar grafts wers autopsled twvo weeks

ANNYE CANNADY BUCK

graft of testls inhibits differentation of

primary

To explain this result, Larkin postulated
that “the host produces antibodies to pro-
teins of diff cells of

ous tubules but not to the undifferentiated
cells.” Her theary is difficult to test experi
mentally but it seerns ressonable when

mumhﬂucrfcg

fes (Freund, Lipton and Thompson, 53
Kntshmchhap 58) Po:dblyv.hcpm-
teins of seminiferons tubules first becomes
antigenic when spermatocytes be-
gintod.evelo-p. First grafts of peonatal
testis produce pumerons primary sperma
tocytes, but Lhupmtdmmmldngtmm

testls and hence provoks a specific
ATy spermatocytes wers resent if semt against primary o]
piferous tubules were not too & of I testls grevr well but dif
Grafts of spleen preceded by gvary  Sec erentiation of primary tocytes in
ond grafts of (fig. 23) developed  1peir gemintferois tubales may have been
slightly better single grafis of the mmhmm
same age The number of grafts exhibit
gz only a mild regction s in this

4

pattern of the inten-
sitles of the reactions of first and second
grafts. established t of ovary

P

Sceund gafts of testls

ovary generally grew m
wdln]t.houg;hpﬂmnry
lexs numervus than in single
same age. Ovary seemed to have elcited
only a weak immme response if any
Levwis ( 41) found a relationship among
alcohal-soluble antigens of beef corpar
lutea testis and braln. Since po corport

in these

lar grafts ovarlan grafts de-
veloped tvely few spermat, g
gests the t even ovary
with

vely young fallicles may FIO-
duce an antigen similar to the testicular
antgen hypothesized by

First grafts of intestine or spleen pre-
ccdmztatild.ldnotdidtuhathnmﬂm

gane a severe v'%wv:m ft

reaction (fig. 24) e nine recovered

first-set intestinal ts were no different
than six wrek single grafts.
DISCUSSION

Host reactions against testis
The results reported in thix thesis con-
firm Larkins ('60) report that an inital

reaction d d specifically against dif

ferentiation of When testis

was preceded by efther intestine or spleen

t.aﬂculnr tissue in the secand was

severely demaged (table 1) the e

maining tubules were not too severely
however

d.u:m primary 'P‘Tm‘ tocytes
ound It appaan that the strongly
andgc:nh: tissues of spleen or intestine,
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TARLE 1
Hoet reactions with teatls a3 second graft

Sratt ot 8 whe Number Number Y .
P ) Trahed  reoowrwl eve et Mg pkind
1st praft tostis 10 10 0 [ [ 0
Ind graft tesths 10 10 o o [} 10
1nt graft ovary 9 9 1 1 2 4]

Frft teatls [ ] 1 1 4 1
1st graft intestine ® [:] 3 a3 o 4]
2nd graft tesths 9 2 [:] [} 1 2
1st graft epleen 7 8 4 1 1 0
20d graft teetls 7 8 4 2 0 ]
Socond rrafts of tewtis well ot o primary

TANLE 2
Hout reactions with testis as second graft

3 . Nuber  Number Vi v
= ik Tited  reorerd  sevele  Wes w4 T
1ut graft every 10 ° 1 2 2 [
2nd graft ovary 10 2 o 1 1 0
1xt graft tentis 10 10 1 [ [ 2
2nd graft ovary 10 10 0 1 0 0
1st graft Intestine ° $ 7 1 1 0
tad graft ovary ° ) 3 H H 0
1st graft splsen 10 ] 3 1 2 [
nd graft ovary 10 ° 4 3 1 1

EOO o0 W OE }g

o0 we wx a1

both af which contain lymphotd cells, have ('58) obeerved that the acceptance and

immune reaction survival of Interstrain

@ non-specific
the host. Although a second graft of h
became

degenerate the im- with suspensions of hmilar ovadan ds-
seemed

of tumor enhancement,
;‘:cl’glhatuhfbidouufrpcnnnmcympm- certain that the mechamiam

on. Becond grafts of
Host reaction against ovary

grew
erated (table 2) Ope wonders whether

the apparently better development of sec  tion of testis aher #t has once

defudunbaexphlntdby'-bf‘% estahltahed

as
ar spleen
Zuckermon (49) in their study on the graft of ovary resul
reaction of the to pruldple ovadan  which damaged
grafts in normal adult female rats, found  of these organs
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an indication that they elicit a non-spectfic
regction.

The observation of multiovnlar follicles

ANNYE CANNADY BUCK

Host reactions against spleen
and intestine
Both spleen and intestine provoked se-
vere immune reactons even as single
grafts, When s graft of intestine was
preceded by intestine or when spleen was
preceded by spleen, typical immume re-

sponses Second  grafis were
usually y destroyed within a
pedod of four weeks ar less first grafts

Sy-mswlt.htba pdan of preceded
ovary Grafdng experiments now un-
investigation y

TARLE 3

Yery
serere

i
b

AR mu me oW E
a4
oo o~ ©0 oo

AN aw OB oW
oW KW oA oW
00 oW wu oa
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TANLE 4
Host reactions with spleen as second graft

mm.&.‘ m Number Ve g ama Yox hak]

18t graft spleen ] 3 1 2 [} [} 0

tnd graft spleen -] 0 0 [} o ] 0

1ot graft tevtie 10 10 [ 1 3 0 0

araft eplean 10 ] 3 2 H 0 [

1nt graft evary 10 10 -1 2 1 1 1

$nd graft spleen 10 10 s 3 B ) o

18t graft intestine 10 ° [ [ 1 [} 0

#nd slesn 10 4 2 2 0 0 0
affects the less antigenic grafts of ovary tissues of the host other than renal dssue

establivhed. It 18 ¢ graft antibodies against
Influence of graft antigens would affect host tissues far
mu:lfmoﬂhm removed from the site of transplantation.
tmvaded the y Aother explanation is that stroma of
howt ronal cortex adjacent fo the grafr, L fdney was s proliferate
in degeneration of uriniferous exteanslvely epithellum of renal
tobules. This was assoc- tubules was crowded out ar
tted pith grafts which themsalves wero Cropo (59) hat patnted out dut if »
degenerating One explanation for this is F‘nhm i

L -versus-host reaction in the man- properties

et reviewed by Bilingham Dermpster the host roust be the source of praliferating
(w)m}ﬂedt.hntgm)ﬁommm stromal cells. The host tissue at the site
planted Kdney the reticalo-endotbellal sys.  ©f ¢ jon must, in tam be re-

t the graft. He envisaged stroma endty than
mcdlmuimum dteation of host by
m‘tﬂemtﬂ:ody formation against the tseues, could explatn invs-
On the other band, Porter and Calne  &lon of conmective tasue replaced
(80) have used an Hographic tech- tubular at the
ﬂtﬂahlcunjuncdunvdthmd\nn;gded site of fmplantation.
tymidine to trace the orgin of et
ing cdhtunﬂnalnxidhd- s SOMBIARY
of these have of
been y shown to be of host origin. In  intestine mm lour—dz;.-;z:l
grafts were fn-  newborn rats were the
planted at an age when lymphotd cells Kdney ca af the edult male alhino
¢ither not or ratand to far ods of two,
by’ T Fnd tod  imvelring, one “
& reaction (Howard g possihle pairing of grafrs
Michie '62) Grufts of cumnmiln;g from the foor orgams
phoid cells, e.g spleen stmilard grafts
ve regression. two after first grafts and hosts were
It seems kely that an tmmuone after four weeks. The extent of
by on before growth and differentiation n grafos
tent cells of the served a3 a control g the
start to produce dffe frst
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Tm-H,PLJA.CmmdePIm Wmdruﬂ.l!.l“.lnd Q. Simpeon
mire, Jr. 1980 Anﬂhdyxupcns of ta skin
mwmdm nubytnj-cﬂmdcuﬂ.ltrunth
glutinins fn partially t antmats, T damr after birth. Bdt. J P,
Bull, 7 (25): 413-518. M

PLATE 1

1

-~

Sectlon through ovary Secondary cortex

tubss comtaining cogonts devold of follicle cells. The definitive
medulla in the lower right of pbotograph i devold of primardial goem
calls, X 410.

Portim of cross sectiom through intestine. X 96,

Eection through spleen. Splemic nodulss ars Dot yet pronounced. X 06,

Fick
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PLATE 3
XXFLAMATION OF FIGUALS

Four-wesk aingle grafts

&tﬁmmrmlhmﬁm!mmhhdmlldm Anv'pdnu
to primary spermatocytes in firt medotic dividon, > 492,

Bection throogh grafted ovary showing developing folliclss. Host
remal theme t Lh-ldtufmlr. x 98

Sectlon trough graft of intestine sbowing Paneth calls writh aecre-
tory granules (arrow) at bottom of glands of Lisberkbhn. Host renal
tseuw is present t Iower barder of graft. X 410.
Domenumﬂufrphm. Arrow points to

necrotic spkenke tissuo
in of connective tisyus. Howt renal tissus fs present
mlowukﬂ:ancufpboﬁonlph. > o8
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PLATE 4
EXFLANATION OF FIGUALS

Ovary as second graft

Four meck, second graft of ovary which was preceded by ovary Tw
largo follicles show antra. Menal timus [ host is present below

eraft. x o8

Four nesk, second graft of ovary which wa precedsd by testis,
Arr\;:pumum double ovular follikc]  Host ranal tisspe is balow
“«

Four wesk, second graft of ovary which was preceded by intestine.
Overuap ossue has bem replaced connecttve tusoe T bola

Very savers bost reaction.

Fmﬂ!hmdm!lvlmry'hkhwwwtdldbyrphln. An
muunloﬂxd remams in gr fied timos which has been largedy

replaced by conpective tissoe H.nulth:wlnlu‘“fdlhtmﬂrn{
photograph. Very sniers bost resction. < 98,
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PFLATE §

DOFERENTIATION OF DOURLE GRAFTS

Anayy Canmsdy Bock







A Mapping of the Distnbution of Lachc Dehydrogenase
m the Braan of the Rhesus Monkey'

HEINHAAD L. FAIEDE awp LADONA M. FLEMING
Mrntal Hoalth Research Institats University of Michipun,
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the regions of the brain however scme
exceptional moclel showed defintte diff

ences in gross distribution. In additton,
sone finer differences in ological dis-
tdbution were found throughout the brain.
lbﬂdﬂ're.'.hcmtm:ddiﬂ

the comparison and the erences of
Rtterns of LDH and SD with extensive
rderence made to tbe articles quoted
above.

ncubation ares were as those de-
ectbed for tisque in a recent publica
ton (Friede g, Knoller "83a)

studies and the other for quantitative

were avaflable for comparison

RESULTS
A. Distribution of LDH in the
monkey

meaguTements oAy Iepresent
only a fraction of the trus enzyme activity
a

B,;‘E'&_ -‘:Mho;m
os N '-H
o

118
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TARLE 1
wctiorty tn the muclel  2d regions of moukey bratn

218
, of laectic oy
Medulla ypinelis
ventralis 5223
Columna lateralls 43
Lateral tracts 21x5
Dorsal trects 18x1
Madulle oblongata

N cunestus medists 55=6
N cunesros lateralis B3=5

N tractus desc. n. tdgemind
{penars] region ) 4“6
N. nervl b 4958
N tractus 3s=11
reticularhy 383
N reticularis lateralls 52=6
N vestitralarh 55=6
N vestibulads Ja 46=5
N prepositu hypoglosad 47=7
161
Testiforme 0=2
N npearl faclaln 504
N. reticularls gigantocelinlsrls 41=3
Nervus 14=2

Cerebellum

The s sarements boducer

ot e T moermremcty B (e baias of

(thalemus)

Diencephalon (subthal. centres)
T ber cinersum

Zoua {ncerta
Pedunenlar xone of n. friercalatus

Corpus callosum

Basal telencephalio centres
N caodatus (capat)
Putamen

Fermazan /0111 mat tsoe Th

99
71=8
17x2

1924
n=x3

=3
182
43=5
as=12

LR A, ST e T
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LACTIC DERYDROGENASE IN MONKEY BRAIN
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Trast salit [fr2) cumeat lat

~f T rucl alivaris
l 7 - t/
L -
Tragt pyranid

from

article because these features were ex was more varlation of enxyme patterns

;ﬁnﬂydmﬂumv.boudesa{bcdiudo— :munﬂrpe::ic'whﬂtmﬂzcdnhmu!lnd
aT 1 o

for DP\-dapharase in the humsan marked rere
brain (Frede and Fleming, '62) observed between guines pig. momkey
Hunecumpncdzh:hmdaucnufeu- (figs 11 lﬂ)mdmm.'ﬂg;wudemm-
zyme activity e regions of the sirated &
brain the gradations of SD DPN-dfaphor  graphs publfshed in this artfcle with such
ase and LDH among the nudel of the in tlons (Foede 59 b
medulls oblongata of vanous ‘60 ab ) it was substantla quantita

mmﬂmmﬂhn o

spectes were practically tical (figs tive of

1-8) except for the few particular nuclel reaction. The detafled yesults of this com
below Com of the measure mlwnnﬂluppeulunfmhcanmlwb'

ments of the of DPN-dlaphor ton




LACTIC DENYDROGENASE IN MONKEY BRAIN 219

¢

s
ey
i

Rl AP ME VTR 3
st AL D
i

%
T
A

b
%

Fr4 Medulle cblongats, crenial poatiey

The enzyme terns in the areas of strong LD
the. crrebeal comex resembled those de- the 16 H‘m"“k'-baeen
scribed 1n & histochemical mapping of the  diffuse. (8g. 14) were more

Sensory cortex (posteen auditory B Differemce

visaal) shoved stron, IDH.Tbavl?ull dhrlb-ua.:f's%"mlwﬂ
g

15) simflar to that of DPN-diaphorase in  LDH of

@
terminated the borders Pattern wyy 1y "l in
area 17 Parletal, frontal (fig. 13) and ever H keyeryy repon
temperal corex (g 14) 1n decliniog ot snmgnmml’f;d e 100 N
showed wealer activity glant  difference of reglon,
cells (Ag. 13) were sharply cutlined by hwh%mg
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Fig. 5 Foos.

LDH than SD In the perikarya and more
SD than LDH in the peuropll A ghmilar
but less distinct difference in cytological
pattern was observed when comparing SD
and DPN.diaphorase (Frede 61a) A
few where this df
ference in cytol distribution of the

mﬁ;pﬂiﬂﬂnﬂywﬂmmd‘

The second or third lanedmas of the
cerebral meocortex (figs. 13-15) had very
Uttle perfkaryal SD but the activity was
strong in the neuropil where nerve cells
were often discernfble as optically empty
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LACTIC DEHYDROGENASE IN MONKEY HRAIM

N e
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portion of the layer.

was marked LDH actly
and the activity appeared to be

tn the perikarya of the pyrandal cells

g 18)

abundance of perve  creased In the distal
more sctivity in the In contrast, there
the adjacent neuropdl
(
fascla dentata the pyramidal equal

s xhowed no SD reaction; in the adja

On the other hand LDH permitted was a strong reaction that distinctly in-
cent neuropdl of the molecular layer there proximal portion of the layer (2 18)
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LACTIC DEHYDROGEMASE IN MONKEY RRAIN

Fig. 10 Basal telencephalio centers,
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but the amount of activity in it apparently
was subject to individual varlatons. The
amygdala and part H of the hippocampus
(fig 18) lkewise had nally

more LDH than SD activity bu:!.bed.lf
ference was not as marked as in the other

exceptional nuclel.

D Distribution of LDH
in white matter

The distribution of LDH i whits mattor
of the mankey brain was quits stmilar to
that of DPN-diaphorase in humsn hrain
(Friede, 61b) white matter in com-
parison with gray matter had relatively
stronger LDH than SD dus to the much
stronger LDH reaction in the coligodendro-
&:dhand to some extent, {n the capll-

d axons.
pxrﬂculuintcmtwmregianald.l.f

ferences of the number of ol oglla

BREINHARD L. FRIEDE AND LADONA M FLEMING

resembling Schwann cells. The latter was
observed particularly frequently in the
mnmlnmmBythuafmtmu the
cells were fdentified as Hartegas olf

dendroglia types I and I (Fdede ‘61b)

Enryme histochemical tons,
therefare supported dis-
tinction of types of oll cells.

systems
keeping with Hortega s (28) orginal notes
as to where theso types of oligodendrogila
cells can be found.

Throughout the white matter astro-
cytes did not show activity of LDH how
cvcr the malecular layer at the surface of

the cerebral cortex showed numerous as
trocytes with strong activity of LDH

DISCUSSION
ping of LDH marks a new

cells and the amount ul’ LDH ncdvity in

them  Numerous
we:eobtervedi.ntbewhltamaucroflbe
cerebral and cerebellar and

di their mucled
l.n el ochemical preparations
with chrome alum-gallocyanin. celly

rgin of cytopd
mederate reaction for LDH (fig. 21) These
cells were identified as being Hortegzs
olipodendrogha of types DI and IV
(Friede '61b)

A different morphology of cells was ob-

had markedly stronger LDH
ip the white matter of the hend-
20) Representative for this

10 use 1t represents an
enzyme involved In the lytle break
down as compared with SD which repre-

sents the e acld cyce. Certatn con-
clusions as to the relative significance of
these two pathways of glucose hreakdown
can be drawn from the data. The vast
ty of nuclel in the brain have amar
similar gradations of LDH SD and
tlon this indicates that these

energy
nmervous The over<ll differential
gradation of these enzymes E"'

neuropil suggests the working
h that depend rela
tively more on gl ¢ metabalism than
the tes in the neuropdl do dendrites,
ar seem to depend trely

Hmd SD It ca‘mlnlf
colncidence tha

represents mare than a o
thempﬂhﬂudondtbeunudd mn-d
their D

tlon to

nerve fibers (Ag ﬂo)wdnslhlpeﬂ
karya intimately attached to

|m:lvity “(Friede 'Blns Strong LDH ac
tivity in itself does not mmtmh
enzyme is really being al up to &
radty However the very weak 5D actlv

does prove that the nuclel cannot utl-
umtheduklddcydemtbaumeexten!
as other nucle! If these nuclel utllize
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could be observed in certain nuclel and
distribution
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uconate deh er than succinle mn
All the data we have strongly suggests giﬂend.mﬂhmﬂl of several
that this group of nudel with particularly types could be distinguished
strang LDH is metabolically ex: as  ically
more on glucose shunt wnd A system of histochemically
than other nuck! was described they were charac

of

aystesn. T Atlas of the midbeatn of the yuines
pig including pons and cersbellam, IHd, 4

D! E{r‘n-xn
had been L
mapped in investiga v R\ M. Fleming and M. Enalle
these enrymes are Tt apprasal f eoxyme
Mentical methods 7
In the medulla @ Cytochem 11 23-843.
while differences among  Frisd¢ R L, L M Floming snd X Knoller
species increase in caudo-crantal ot 19670 A
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Groaell, B G snd fL Ksbar 1047 Cemmal dem‘{nﬂcwb(mmu
E’ﬂﬂlmm c-:r:l':- Arch. Neurol Psychiatr 304-307

ton bytwreen Tasculattty ed f'dm! § Towm, P Dl Mo 102 Terurl‘ sportacida
mmmn.ﬁzaw

Heymans, C, F_Jourdan ‘and & J G. Novak wanﬁw%#mm
1034 Recharches sur Is résistance ds cantres Bist. Madiid,
a Tanémie. C.  soc. bal,

117 370473, Kalle, E 1033 @ber den Tod
Heymams, C,, ] J Bouksart, F Jourden 8. J G
Novak and . Ferber 1837 Survival and re- g-dcmnz.d..zmx




Morphogenehc Studies of the Rabbit

XXXIV WEIGHTS AND LINEAR MEASUREMENTS OF THE BONES
OF SMALL RACE X RABBITS COMPARED
‘WITH LARGE RACE IIT

HOMER B. LATIATER awp PAUL B SAWIN
D

of Amatowy of Kensar L and
Rosoos B Jackeon Memorial Laborstory Ber Herbor Matne

4 Xilos) mmms of the
This paper describes of race  welghta of right and Ieft bones of the pair
X of small sized rabbits (approximately The ribe were weighed all together

2 kilos) and which ono The lnesr measarements were Lkswise
dwurf pepe as a n; made on both boaes of each pair and the
stre, Jethal at, or shortly after birth when  averages of these are recorded in the fol-

that g are  dist ble of race X were all with a sliding
both by ear strajght calipers gradueted to 01
length (Crary and Sawin, 49) and by body nmn. The lengths of the long bones of the
wdgh 11, ( fes are um lengtha
and Sawin, '55b "57 59 and "60) (Stewart, '52) A fow of the kregular
The present paper compares the rabbits seemed to require different methods
ﬁurmx'hidz';z ugthandnmndard used for bo
dwar! gene man banes and thess escribed
vith large szo race IIL Raco X s dectred  tal o e
from Castles small race has been preceding repart
closely bred for many generations. .nlﬂimndhn‘!mlhnwmztlfnlmdmof
A D of the skull measurements.
The race X rabbits were raised under Weights in grams
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heavier in the females. It is also the most
variahle bone in both sexes. Its marked
varlabillty in welght may be due to its
vestiglal comdition in the rabbit. It is

£4
ak

o
L
4

Welght | grams of the antire skeleton and rome
X, The “t" valwes of 200 and abore are
Males
A
AT ST
Shaleton BES43 11 103 1277
Mandible = 0.718 17
Sacrum SM = 0974 16.80
Riba 4418 0580 1540
Claviche ooxt 0.011 21602
Scapula 2701+ 0413 1629
Honeras 41800+ 0873 13.78
Radtus and nina 3858t 0M25 3.
Os cuxte 5o38:x 0082 1648
Femur T80 1381
Tihis and fibuls e 1340 1418
1518+ O.169 1248

HOMER B, LATIMER AND PAUL B, SAWIN

The “t™ values of the sex differences of

males, but as tages of akeletal
wd;btzbelanzmual’tbemmmldu
are relatively hesvier {n the males All of

the welghts and tage weights are
mumvnﬁn.bloi.uzﬁmnla

dgnificant at 5% and 9.0¢ and above at 1%
Featles
A o ha
indl

101 435:+0.180 2.08 9 559
aps2=0543 7T 9 843
+0.202 266 [E5]
2810=0.608 1 * 748
0.039+0.022 wn ¢ 182
3110374 1131 9610
581 0.834 1116 94T
4.488:+0.388 1 ¢ 843
78001033 1433 v 439
10060+ 1 004 s.98 9380
9.034 £ 0.950 0.3 ¢ 389
10630154 028 ¢ 3137



MEASUREMINTS OF RANNEITT FONES

relativel n race X 18
apecmldncaﬂnhnﬂufchhnmhrdl
thvely than in race I tHimer

237
in both sexes of tace X. Tho two bones of

the farearm and the calcapeus are aignift
cantly heavier In one sex of race X and

Thus it is evident that although the

«f 1% ond similar salsts for colemn two av¢  larger race has heavier banes,
199 and 2.05, respectively bones in the two races do not always have
o Kecial rffrrunce the same vwreight relative to the total skele-
T Malee Fomile tal welght

Mandibie 4 158 X1196 X108
Sacrom v 343 X1 X 0 Lincar meaturementy
Ribe ¢10.% by by Linear measurements of these bones are
B 138 YIB! wemhuies amomd s piod
Humerns ¢ 057 m 810 I eal All af theso linear measurements the
Eadtus end welghts are longer in the fe-
o §% I Ain malatndnﬁme-ptdxmdgmﬁundy
Feoar & A76 Im w4t mitom looger. The greatest sex difference is in

e ¢337 M ars Im 638 z‘.};mmdmwuc e follgwed In
Caemness ¢ 480 X 367 X 048 1mmb§fdt§.‘?.ﬁ‘$°’ the sacrum and the

TAWLE 3
Linesr meararements ta millimaters of roce X rablits. The “1° valuer are the seme a2 table 1
Ml Femaien
-
A, Copt o Iy Cont. of

Atlas, Jength 991048 a8 1028037 357 % 137
Atlae, widih 220130 ey W1M 443 ¢ ar
Axis, bmgth 1858+0.83 P 17362094 543 t 33
Axte, width, 139103 18 M40 563 ¢ an
Sacom, leagth 3836x182 501 4018138  amo 403
Bacrum, width A10E191 731 W7IE1E K16 20t
Manobeium, Jength 1798 =358 prx-3 1932137 710 FY-
Clevice Length 1498181 15 MOOEIIM 644 587
Scapads, beogth 5588 454 590201 243 530
Scapal, nI+128 a0 3IME191 537 sop
Hemeres, ength STUELH s 015+118 187 Frty
Huzmerny, width 1370063 47 1410038 268 137
Radtes, ength a1 40 64 >133 LM oz
Radtes, width en =038 s 697038 407 1.08
Ulna, hargth 14002297 196 T8M 130 144 168
Ulne, wikth ATe 042 wur LTES 129 150
Os coxae bength TeTOx4 07 530 1475310 39 Iy
Meamn, bength = 7 4630313 4gs a1
Lsckiora, langth I‘N=1n 484 dy1e in 14
Pabis, Length 1847197 a4 a7 g1 11.00
Femrer leogth 29 T0 240 s f138+%10 %4
Fermur wideh 18.48£0.T5 447 1767057 iy 4.7
Tibla, length 31154 im W41 T3 174 184
Thbla, width 16.61=083 £30 15 1 210
Tibwla, length 3721208 549 URE1W s Lo
Calcunens, beoth 218108 am TREM 248 pirey



HOMER B. LATIMER AND PAUL 3. $AWDY

TANLE 8
Mearurements of the sknll in milliracters tn male end ferale rabbts of race X, The 1™
valmes are the same a1 i table 1

Mades
A and Coct. ot -
and. dev viLzien

Ernongrealy pt o2 48218 482 £342
Badon-raort. . spine HH=149 4H $471
Post. p o realy 1t = 54 a2 £52
Palanne bndge 1018=088 72 173 (X3 ]
Diastema 23351=13 33 am T4
Birypomatic 4008138 331 A0 FOE3
Bitrmroral, & meatus IS =191 338 133 £.47
mb\ﬂh‘ S11=0"3 as? o8 fa3x1
1383101 843 329 {103
W abreolar = 31 28 $.83
mm =0y 482 as 442
Basdoocipdtal, 984=021 212 438 2328
Rastrphenald, 10032052 474 423 a1
Basdrphenald, wikth “.88=0.40 B2 438 £138
Nasa) booes, bngth RNoy=194 119~ 10.09 254
Aandihle HY =680 40 18 T80
Mandible ramus =191 48 -4 73

coeficlents of varlation in the males TAKIE €

The “1* vifues of the irremces in the mprarure
rvents oy peroenizpes of body lemgth tu maler
and females of tace X, and brtwees rabbits of the
mmhrml;fdlﬂ. Tha "t valwes are

the sarze as tn tabls
Briefiv the skulls of eT race
are larger in the fernales and more alike In saar Raclad &xffermmees
peveral shape in the two sexes than are the Mabs  Femaln
skulls of the larper race HL Rastorprealr
Measureraenis of the skull as l«\p:::m Nt X 887 ¥4
peroentages of body length r;.w Fet-ad Y 419 X348
The linear measurements of the skull hirhis c088 1187
were Hiewise changed to percentages of nmh?dn cass ggﬂ ma?
body Iength and studied in the same man.  Dlartems gLaz X ~03 x4
ner as the n m lkrrum.ui:.- J658 X184 X643
R T B e B rrnes o i B AT T XA
perventages are shown in the first column _ bullae <630 X 84 X453
of table 6 While all of the dimengions of Rroodiz €13 X am 347
the skull are actuallv lonper in the fe- rrocess c12 X 230 X300
males a3 thown In table 5 cnly twp are  Badocciphal,
slighily longer as percentages of body _ beyth e X &332 X831
length In the females, and 15 are relatively  Basiggimal L o0 L o0 s
longer in the males. The three Amensions  gotmbenold,
whhmehmwdxﬁmmmthm length 283 X 34 X1
are birv v
:herwndhmetmcftbetzmpmﬂbwe \“"_"ﬁ"’m a3 X om  mod
:ndlhzimaﬂhrmlnlhenuln‘rbne Jength tan m os X171
three are the ocuntanding  Mundible - .
transverse measurerents of the skull and ‘tﬂt&‘ c108 X xs
thetr preater length In the males suggeens MmN <138 x 117 X123



MIASUREMENTR OF RABBITT RONKS

m .m.m.m,m.m £85% Nm Kgea m.m ] 597 9E o
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The Shrew Placenta Ewidence that it is Endotheho-
endothelial in Type'

H. W MOSDMAN axp NOEL OWERS?

Departwont of Anatomy $chosl of Medicine Uniwersity of Wisconatn,
Madivon, Wixconsin

when suthar fArst  Starck ("382) lists (on his own anthordty)
exsymined shrew placentas he was sur  Crocidurn russula and Sumcus murinus as

bual :’ (Smck’sa‘b)?nm dylnﬂ.uwingwﬁ
nature, but he L
certain crucial unmdwum) states that the
pacenta of Sorexr arameus and of Crocl
dzra is endotheliocharisl. He o
evidence to suppart either of his confilet

e T canfasion, 1s chviously
this is
. pmukgu of carrect idmﬂﬂ.;t:fn of

o8
il
eag;
i

£
i
]
;
2%

A

k) 1

T
i
i
d
!

g

]
i
|
i

£
}
i
137
§
g
g
&

sue. Specificslly with regard to shrews, in ingeaton of
It 1s contrary to ons Mmmmwmm
Placentation. Hubrecht (1894) re- “Whmﬁhh.:pcu,jxnuouw
Ported the placents of mow  found in rodents, bt 4n gnal strac
araweus) to be ture, the hematome, oscurs {n camdvare®
som (?7) described lhe%""“”‘“pemmnuxbd'm
Dow Swncus morin period
Whnsart and WialocK ( 47) conceptus through
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sels (figs 25 26 and 27) In this area
the nuclel are also generally pycnotc and
the cytoplasm basophilic, often less so
however than the maternal endothellal
cytoplasm. The basophflia In both areas
is chiefly produced by numerous relatively
large and characteristic cytoplasmio gran-
ules vwhich are not seen in the maternal
endothellum. It is this symplesma of
Blarina which Wimsatt and Wislocd be-

terpret as modified maternal
because we feel that as in the area

shown In figure 25 transition can
be truced back to frank epithelfum
Additonal attention d be paid to

the symplasmic degeneration of gland epd
thellum. The Blunt tips of the vl (figs.
13 14 16 17 19 20) are in contact

TL W MOSSMAN AND NUEL OWERS

thellum and are in fact rejuvenated epl
thellum as Owers maintainod in Surcus
Yet from the positton and active growth
of thess eplthellal masses In Sorer
Blarina, and Suncus it would be

that they would ba derivatives of the proxd

mal trophohlast, such as that in f 14,
as Wimsatt and Wislockd Com-
ete proof for efther tation Is lack

g but we think the evidonce favors our
We agree with Wimsatt and Wislockd
an the ce of the maternal eapll-
lary ellum and for the most part
on the modifications it undergoes at the

gland epithelium 1s striking yet in squir
rels syntropboblast i pruentln‘ih easlly

disdoguished from the heltal sym-
plasma. Tbecmnplndvaupecuc‘lﬂzjl

thellum from the fetal endothellum in the

Wimsatt

in the two groups
edly prejudice us in favor of our Interpre-
tation. there are examples among

labyrinth,
and Wislocki thought that o very lue:;&




SHREW PLACENTATION
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in the process of disappearing from the
villl.

The definitive charlo-all 2
of shrews if it does lack trophoblast must
have transferred whatever functions the
trophoblast performs to other layers or
to other areas such as the charlo-vitelline
chordanic or the inverted yolk sac pla
centa. Tltxcm.l‘rk.ﬂhl thickened
vhil 3 Aerthall
mggrauthnlhhmaybenpmﬁalﬁmc
thanal substitute for trophoblast, although
matermal endothelh is also

thickened

1ERfEERT
e
3&‘5’23
BT
22
-7
g
i

eslx, then it i 1

found in many endothellocharial pla
centas.

The fact that the mesoderm of allantolc
villi & known to be eplthelold only I
shrews that this Is y an
adaptation to the absence a tropho-
hlastic of the viih. Were the
mesenchyme to remain in its usual “locse
state, one could expect no mare secure
covering of a villus than a mesothelium.

to 1
on the reasons for and
his comsequences of,

Weekes (733) "Type I" reptile placenta
B 30 far as Iight microscopy deter
al

of the reader the fol
lowing synopsis of basic data on the mor
phalogy of the fetal membranes of Sorl
cldae is appended

)
Odentation (first attachment )
bilateral
suprrficial

Depth
Decidua  vest]
1u‘1mmﬂﬂmpmlm.|mn-plul

Ammniogenexis  folding
Chorlon  antimesametrial hemisphere only
Yolk-sac

Il halop persists dll
full term

Chorlo-ritelllne placenta broad vas-
cular zone up to limb bud period

Vascolar splanchoopleure  large and
inverted s in rodents villoos zope facing
chorio-allantoie placents



PLATL 1

1 Amnionie [ lds, allantolc bud  od lLiy

lial mass. 3 rwmew 81 f (I brecht) X 240.

lmost &

posaibly

the polnt of

a

A
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between
hypertraphied to
J

L

time of Initlal contact of the ascular u.-n«oi-munhf horten, Notice the modified uterins epithelium with {ts sub-
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Ing the very confuxd g presence t

erpreted  # syntrophoblast and
" HH

PLATE 8
single | yer which ppesta t be directly
u

EXPLAMATION FICUREY
would normally be fofs

specimen from (be sama uterus as figurs 3 show
1 Centrally {n the figure these
and left one sees
rectly subj

6 Another

g cpltbelial cells (ep)

& darker degenerstin,
‘There f3 Licthe or no symplysma at this

cella (h)

terminall (i) shawin,

hyperirophied glangd

ly cell lar 8 aremems 123 b (H brecht) *x 200,
t

8 Enlargement of the area In the recta #ls in Aguro 7 to show the subepithellal capillaries (o) and the {rregular arrangement
of 1he nucld in the trophoblast (cy) T lwerens 1 b3 ¥ 8

g dunng the technisl proced rev weparated the allantole

(em) ﬂuﬂn{hﬂ.!mhunpwm(q)'hkhrrmlnodimbtdl the endo-

horlon, showing the ehallow ntimesometrial pit, homologous o the much

of allantole contact with the
ooe of § cimerews {Ttustrated tn fgurs 7 Excemive shrl kage du

B £ vagrans at the time
deener

llotnlha-:ﬂnrm?hobhu(

and the horlonio mesoderm
mettom. § tagrans 1 x 108,
10 Enlargement of area of fgure 6 in rectan,
of uterine epith

wewoderm.

wegre 31 X 30,

{cm)

(en) 8,

hovlonio

o)

(D) and hyp
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FLATE 5
INFLAN TION O FIOURXS

18 Porﬂmn!pbcmhuf.! palustris t time of transition from villous

labyrinthize
(epp) at fetal surface with ¥ epithettom (rp) partially
Hning the erypts and continmou nth:hbn-wﬂh
( E) villus (em); maternal
capillaries ( ) of intercryptal scpta; thick central end of scptom (c3)

top s the allantols
lor septa which are composed chiefly of maternal capillary endotbe-
and remnants. supta

lhmm The aro thin thronghout the
main body of the placents consisting of hitle except the m terpal
capillarics endotheliom. At the tips of the viIl sre
massss of symplagma Pycootio noched, and extnding to the thin

pulustris 1 x 135,
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PLATE €
XITLANATION OT FIGUNXS
Horfyontal section aboat balfway between the fetal and maternal sor
fmu{tbepl-:mud‘umnlb-puhd rnnd:.bufmm
the th t ts, in de-

between the conditions shown in fgures 17 and 15,
Notice the villf ( )vﬂhlbdrrpltbdhldmﬂmr_bm:tbemmd

taken pear the fetal surface whers 1n| thickest.
Shrinkage during procesing po doabt aAccoonts for moet of the

betwren the villi and crypt ﬁ
(op) and apillanes ( ) with ther bypestrop wndothe

comprise the septal tdaete. 3 tagrwns  Approx X
Villl (v) and maternal capiflaries ( ) Dewr lateral margios f pls-
caxtal disc shown in figures 15 and 18, Nmmun:crrpien-
zhrl.mm(rp)md-hmwd.mmm

wither the surfaces of Lhtvﬂllul.hndth-mutrnﬂ ﬂlhﬂn
5 egrams 2 X 7%
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PLATE 0
IXFLAN TIOY OF FICUMLS
28 Area of estly labyrinth starned with hematoxylin snd costn. Maternal
with thefr ( ); fetal {f )1 sphbe-
Trodd (em) of erypt El (ep) with
basoplubic cytoplasmic granaker 8 cegrams 2. ¥ 465,
29 A and B Early placental labyrinth stalned with bematcaylin, ecstn,

and orange G. Basophile materdal of unknown pature at the outer
clearly outlines the matermal
and Maternal
(en) fetal (fn) § agran 5 (A)snd 2

(B) « 780,
30 1 layer of
fetal capillary (f ) its basement krano (fb) fosed (arrow) with
msembrane (mb) of the ma (¢) Thh
scerma (0 Degate of of tropho-
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and the cortilage plate toward the distal
odge of the ear The donor tissue waa
then eased into the base of tho pocket
pear the distal edge of the ear Gentle
pressure with the side of the forcops was
applied to the ear in an effart to remove
any trapped alr The audcular artery at
the base of the ear was deliberutely cut in
an attempt to provide a clot to seal off the
opening of the pocket, as well as to pro-
vide a potentlal source af nutrition to the
graft untl vascularization occurred. Heal-
ing of the pocket Incislon occurred after
a short of Inflammatdon and usu-
ally withtn 10 to 14 days pulsatile activity
of the transplant could be cbserved Fig
ure 1 illustrates the gross appearance of
a whole beart graft in the ear
Observations of the grafts wero made
utilizing transilluminated light every two-
three days during the firmt three eeks
post transplantation to study the groes ap-
pearance of the graft, tho patternn of vas-

v

R. L FULMER A T CRAMFER R A, LIFBELT AND A. G. LIXBELT

cular supply to the graft area, as well as
the pulsatlle activity Follow-up monthly
observatons were made for a perfed up
to two to two and one-half years,
Electrocardiograms of the grafte as well
as the animal s intact heart were recorded
using the Phystograph. Animals were
anasthetized with 500 mg% sodium pento-
barbital at o dosage of 75 pg/gm body
wulght or by cther inhalation technlque
Pick-up electrodes for the grafts were
made fram size 000 insect plna, The Im
pulses were transmitted through a pre-
amplifier having a goin of 5000 The
time constant was 0 05 seconds The pre-
amplifier output was led to a two stage
direct coupled power amplificr which in
turn drove the recording stylus. A record
ing scositivity range of 20-6870 mv/cm
was employed Plck-up electrodes for re-
cording the electrocardiogram of the heart
in situ were mode from bare scwing

K & M Isatroment Co. Ine, Foustwa, T .

t
t
0l

Flg. 1 Grovs appearance of & whole heart graflt (AA = tria V= ventricles)



TRANSPLANTATION OF CARDIAC TISSUE

eedles (0 03 mm In dismeter) A smaller
ceampiifier with an Input sendtlvity > 1
v and a 2 socond time constant was used
vith & imilar direct coupled amplifier and
en recarder  Flgure 2 {llustrates a record-

ng Layout.

Histologlc preparations of 111 of the
mafis were also studled. The ears con-
aining the grafts wers fixed in 10% neo-

275

RESULTR
Viability One hundred twent five of

morpbology was such that the
gaft thould not have polsated (an “un-
soccessful” graft) The morphological clas-
sificxtion was then correlated with the
functional” recard of the graft.

4

HE- SAIN CARDIAC

PRE~ PRE
AMP  AMP

WJ_?_

PRE
AMP

continuous pulsatile activity was 910 days

_mll.

PHYSIOGRAPH

Fls. ¢ Fhysograph recarding Leyout schema.
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N

RIGHT EAR- VENTRICLE RATE 60/ MIN.

# 64 o

ll[,lllll ';,,,,’,, I

L

INTACT HEART RATE 444/MIN

[
_}IJl‘l Mﬂw

EFT EAR ATRIUH 288/ MIN

1 1 { | {
15 20 25
SECONDS

Fig. 3 Record of simultanecas recordings ef both car grafty and the intact hesrt demonstreting
the difference in intrinsie rates of atral and ventriculer grafis, as well as tha rats of the intsct beast.
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cosin stain in the muscle cells with re-  fused™ to the muTounding subcutaneous

spect to the general staining characters- tissue (figs. 4 5 and 8); or the borders

dcso(zhewhnlesccﬂun(ﬂ; 4) (2) the were “Intact and the graft was within a
within the muscls

of striations
cdll(ﬁ;.B):lmnuLoLbeﬂmilnpn! The fused” barders of the graft with the
Rumery et al ('61) in tissue culture surrounding tissue often demonstrated
studies; (3) a sinnsoldal pattern of the areas of cartilage formation and caldf-
bed which became estahlished

g
q
2
i
g
B
R
S
£

between umits of cardlac muscle cells the area
(Browning, 49) ¢f fgures 8 9 10 and Increase of fat cells (figs. 4 8 and 10)
11 and (4) fatty change or metamorphotls connective tssue or scar fanmation as
completely ¢ large aress of the well as cartfiage and cakdum deposits
;nfttd tisue (ﬂ; 7) associated with (fig. 8) Several grafts were found ¢
of the muscle cells (Rob- pleces of Inung tssue truns-
bins 'E?) noted were fatty infiltrn  planted along with the cardisc deooe
tion into the central cavity of the graft (probably attached to the ves-
(figs. 4 5 and 8) and areas of coagulative  sels) Fibrinold degeneration of the
pecrosis located both on the periphery of vessels (aorts, etc.) united with the car
the graft (8¢ 5) and also in the central diac tissue transplant was present
ts.

in ten
ueen within the lanted gn; Correlation with function. Flty-

s t arcas transp orrel
tft:re. seven of 111 grafts were graded as “plud ;

:
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cardiac tissue in vivo The end point of a
successful “take Iz readfly demcnstrated

1

gl

TRANSPLANTATION OF CARDIAC TISSUX

the first three microscoplo
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FLATE 1
IXFLINATION OF FIGURED

Cross section of  seven month &d Muatrating the decper™
mhﬂnzchmﬂ.ldcnf viable which has ¢ “fused” barder
adiposs tisne. X 30.

Bame section as figure 4 “fosed™ border with cosgulative
cardise colls in upper of graft, infiltration of

!umﬂ.nlnﬁ-cmmdzhmn an srea of cartilage nesr the
wpper right border of the graft. X 130

hm-cdmuhﬂm-l wm(ﬂ)hb’wduc
nbhdd.b-:-(m) X 600,
Cross pection of 15 moath old non-fonctional graft wih sn “Intact™

border “pericardial” oavity or aac. The graft has
been completely rvplaced by fat codle. X 30,



DLNSPLANTATION OF CABDIAC TINSUE
I I e, A T Cremer, & A Listult snd A C. Lit




PLATE 2
LXFLAN TION OF FICURLS

Cross secthon of an 11 manth old Fraft
comtral fatty change numeron  blood stnuses throughout the graft,
and the prasence of cartilage and calciam depostts (CD) along the
fused™ border of the graft. x 39

Same tection as in figare § demonsrating anits of cerdisc cells™
between the hlood simuses of caplllaries of the graft. x 600,

Crons section of an alght month olf fumctions] graft which sy
be replaced by blood sinuses and has maintaloed an
tntact ‘berder wibin & penerdial” eaviey ot wae. X 39

Same scction 3 in Synre 10, Moustrating the complets sbecnce of
unht  of myecardial cells between the blood sintses or capiilary bed
of this adectrically scuve graft. x 600.
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TRANEFLANTATION
L L Fulmar, A T Crarmar, B A Lisbelt and 4 G Liebelt
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Innervation of the Tensor Tympam Muscle of the Cat'

CHARLES E. BLEVINS

=

of Amatomy
Leattls Waskington

In recent years the middle ear muscles
have been the subject of mumerous

fbery, nature and distribatlon of nerve
endings and innervation ratiok.

MATERIALS AND METHODS

The tympanic on (auditory bulla)
of the temparal was cxposed fram
the ventral aspect. After removal of the
bony wall of the bulla, dissection was
carred out the sterecscopic micro-

y in-
tact. The Derves were dissected forvrard
to the foramen ovale to t removal
of a short segment of the marditular

fmzztnzlhemu:ckm E
and dry e followed by section 2t 58 1
H.

For snalyxs of nerve fibers

niques were used, the ““jl‘

i et (o,

counf with of 50%11211 ('36)

hemlmxyunmdmmmmmmum ueu Iron

178 o2 e fhers wnd for trac
m;;ﬂ"“ s glver

ing nerve SI“mmful for study



CILARLES E, BLEVINS

IABRAM OFf THE CAUIBER SPECTAUM
AT DI"FI.RINT LEVELS OF THE NERVE TO THE
TENSOR TYMPANI MUSCLE OF THE CAT

or
FlaLns o
g°

%
=

FABSER DIAMETER OF A SINGLEL
NIRVE OEEP WITHIN THE MUSCLE

Fig. 1

chemical studies the Gomerl (52) modi-
fication of the thiochaline technique of

hoelle waos used.

Cnllbcn of nerve fibers were meulm:d
fmm =nhl nzn
of 7 dL hods of Higg

Callber spectrum of perve Abery m the nerve to the tensor tympani prusche of the cib

OBSERVATIONS AND RESULTS

Gross nerve-muscle relations

The auditory bulla of the cn:hdlrtdcd
by an csscus tion into a small lateral
medial cavlty

qﬂu(':&ﬂ)nndﬁmd(ﬁ) A modifica
tion of the method of Davenport and
Barnes (35) was utllized for the enumera
ton of nerve and muscle fibers.

2

{Strumsten ‘52). The lateral or true ym-
chamber contains the auditory o*
sicles and the tensor tympani muscle 1
walls are marked by four apertures the






the medlal
membrane an the lat
auditary (Eustachlan)
wall. The posterior
chamber opens into
the medtal chamber of the bulla near the

the bony partition brings
the ventral surface of the tensor rg::;pam
immediately into view (g 2) It the
shape aof an eccentric teardrop and rests

CHARLES F. BLEVING

enter the muscle at nearly right angles
](JEIEL‘? 7) ‘The nerve may branch just

ore or shortly after pepetrating the
epimyslum,

Relations of the tensor tymmanl to the
tympanic plexus are shown in figure 3,
The lesser nerve lies
closely adherent to the eptmysal capsule
of the muscle. Its course is in

an autonomie ganglion identified by Marat
('11; and further described by card
(13) Posterior to the ganglion, the nene
follows the contour of the nmscle and

descends to the tympanic perve of
Jacobson (IX) Just rostral to the fosm

malleus. The belly of the muscle Is not
th;r:fure in the plane of the auditory
tul

The epimystum 1s continuocus with the
periosteum of the middle ear cavity Near
the anteroventral surface of the muscle
it s continirous with the perichondrum
and connective tissue of the audltory tube.
The tendon merges from s broad base
vrithin the muscle and gradually tapers
to {ts point of insertion on the manobdum
of the malleus. The tp of the tendon is
approximately one ventral to
Lhe_rﬁnne of the audl tube

muscle fits into circumpennate
classification described
The majority of muscle fibers un merid
jonally from the fibrous epimystum to the
tendon  which extends into thefr sub-
stance A few fibers originate on the
audltory tube and merge tangentially with
the others (figs. 2 5)

The nerve to the tensor tyrmpant {ssues
from the mandibular nerve in close rela
ton to the proximal border of the otic
ganglion (fig 2) After receiving fibers
from the ganghon It passes underneath
the cartilaginous wall of the auditory tube
It runs for & distance of 4 to 5 mm to

muscle to the
to expose the fossa. LEPN

of the muscle, the Jesser superficial pe
trosal nerve lies in a narrow flasure on the
medial wall of the auditory tube. Whbe
in this cleft (fig 3) it recelves branches
from the tympanic plexus. Two branches
can be followed over the promon to
the oval and round windows A

branch es the mucous membrane
lining the bony wall of the bulla, Ante-
rior to the points of anastomosis the nerve
contimes through a separate canal to join
the otic ganglion and mandibular perve.

Neuromuscular histology

In a sagittal section the tensor tympant
1s shaped like an eccentrio teardrop with
ope flattened edge (fig 5) From its apex.
the tendon fans out broadly within the
muscle. Collagerrous fibers of the tendm
separate in a radial fashion and are then
dirccted to different reglons in the base

envelop the base and sides of the tendon.
A smal] group of muscle fibers are otk
ented in the plane of the auditory tube:
These fibers correspond to those of the
tubal portfon of the muscle in other sp&
cles (e.g. rabhit) but constitute anly @

plexus. The murcle bat
DeTTe

y superficlal ]
CM ganglion of Morat TP branches of tympantc plerat. (Drawing by Ms. Lynn IL Yeart.)

‘The main nerve divides in|

¥
:
?
H

Section B the level for Sgure T

e TR
it

ymlm‘nprnmxynu-m(PN 1-4) ach of wiich P
the muscle; (PN 1 supplien Zons 1 etc.) an'!-tﬂ'_:
the same hevel mmmlkmmmmm"‘
Tower Level. Section A Indicates (he Javel of pretion
(Drawings by Mary D Brown.}



|
SECTION B ;;5?’/&3\\

= -, ~ 1 1Y
- s
== B o



M. - aviy//197

i - -~ —
e ¥ e
L | k

;1 *'llmlm‘\\\\ b

. <A
! ﬂ mm U‘\ -
4 _~"'l

Fig. 8 $mall dlameter m mkﬂbmmmp.-nphmdmmnmpw. A few Last
dametsr fibern ars also viuble in this section. Bodan

Fig. 9 Single clongated motor «nd plate. Bodlan stain.
Flg. 10 Shart, compact motar end plates. Bodlan stain.
Fig. 11 XHurcated, elongated motor end platrs. Bodlan stain,



INNIRAYATION OF TENSOR TYRIPAN]

Nerve endings

Bodh:n wlver p'murgul
dentification of many

centrated in the fnnervation rome and
were pot found in other areas. The length
of the plates varied from 14 to 40 w

]
g
]

2. Shmtwm‘pact ending! (g 10) The
terminal axon the edge ar cen-
terulthe-olcplnmwhemitfomnnhon
thick terminal arborizations that end »-
mong large nmuclel of varkoos shapes. This
typa of unding 1s usually found where

motor end plates are packed in
crw]:umadjlcemmmdeﬂbat

Fmti endings (g.

branches

205

Small nerve branches were observed to
form arcades about muscle fibers (fig. 12)

were limited to the submeurnl a
o!exmfuulmotarandﬁlm(ﬂn 15
18) Bod:compactlnrl

wrere observed
ﬁhal,urenmpmlatedmdmpmw
detected {n the muscle or its tendon.

Motor wntts and innervation ratios

Data for rathos of nerre fibers to musde
fibers are shown in table 1 Nerve fibers
mwm:ttdm'.bcmltnmvmmkm

Malmfors and Wers8ll (6Ca) reported fine
free endings in the rabbit tensor tym)
hkhl.bzy-mmcdtoba-emcry
marn (49) was unable to find muscle

which resembled formations but
ﬁdnmﬂthm:dmundydsunﬁx

d of axon bra mm-
ber of nerve fibers {n each tpedmenb
shown in calumn R with two subdtvisions,
ane indlcating one-half and the other two-
thirds of each count. These fractional
values esttmate the number of efferent fi-
bers if ane belleves as Sherrington (1884)
did, that the number of afferent fibers in

for nerves with a 50% motor fiber papula-
ton and the lower figure ndicates values
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DISCUSSION

The groes features of the tensor tympant
of the cat observed in this study essen-
tlally rescmble those descrbed hy
("34a) and Kobayashi ('568) The muscle
is nedther spindle-shaped as in the rubbit
nor cylindrieal as in man. It has the
shape of & teardrop and thus more closely
resembles the tensor tympanl of the dog
Unlike the rabbit (Malmfors and Wersdll
*602) only a very few of its fibers orlg
inate from the auditory tube. Slight spe-
des differences may be noted in rela-

In the cat the tympanie plexus les ante-

rior and inferiar to the fossa of the muscle

while in the rabbit numerous branches are

deeply recessed within the forsa, In man,

Mum: is found below the posterior
of the muscle. The leseer

petrosal nerve of the cat is enclosed in the

ysium

The tensor tympani muscle is xchly
supplied with nerves. Numerous nerves of
varlable sizes are readily found within the
perimysial septae  Each primary nerve
supplies o major zone within the muscle
and all nerves derived from them are con-
fined to an innervation netwuotk in the
middle third of the muscle The short
length of terminal axons and the low tn-
pervadon ratos indicate that each axon
- supplies adjacent muscle fibers or those
within elose proximity

Feindel et al ('52) have thown that

intrindc plantar mus¢les they found axon
lateral wvslﬂnx diff reglons of
the muscle and conversely end plates in
ven zome of muscle wers derived from
erent parent axons. These same in
vestigators observed single nperve fibers
terminating tn multiple end plates on the
same muscle fiber in the extringe ocular
muscles. Thoughout the course of the
present study sxong did not up}};:: to
overlap terminally nor did they lead
multiple end plates.
Differences in composition of the tensar
tympanl have been other in-
tors. Afuscls fibers of small
and dlameters have been observed
in the dog (Pelicard "13 Wohlfart, 137)
snd cat (Malan, "34b)  Spiral myofibrils

CHARLES E, BLEVINS

or “Ringhinden have been found which
wrap around and intermingle with the
muscle ibers Malan (*34b) reported soch
formations in emociztion with muscle
bers of both small and large dlameters in
the cat and dog Wohltart ("37) observed
“Ringbin in assoclation with larpe
muscle fibers in the human temor tym-
pand. The small muscle fibers cncoun-
tered in the present Investigntion are simt
lar to "Ringhinden” in some respects.
Thelr gmall dlameter striations and tend-
ency to Intermingle with ane another nesr
thetr terminotions resemble the pattern of
“Ringhinden  However contain pe.
ripheral nuclel (fig. 8) and constitu-
ent myofitrdls do not eppear to anasto-
nross

Scme workers have attompted to assign
differcnt fonctional capacities for large
and small muscle fibers in the tensor tym-
pan! Okamoto et al. ('54) concluded that
motar units of two types wers present in
the cat, each demonstratiy
thresholds action poten: and adapts-
tlon. Wers#l] (58) found that some motor
units of the rabbit termsar were vreaher
than others He suggested that this wos
due to the gmall dlametor of muscle fibers
in these units. Erulkar et u} ('63) have
recently reparted that fibers of amall diam-
cter in the cat show both resting and ac-

logical differences
The

and Young '51; Fulton, 48) have assact
ated unimodality v nonweight bearing
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innervation ratlo is ane-half of this value
or 1:35 Regardless of which value one
accepts, it would seem safe to say that
swiftness end fine tlon of contrac
ton could be accom,; by either rado
The critical factor would seem to bo the
size of the total unit rather than a matter
of seven or four muscic fibers belng

plied by each neuron. Both ratios woul
provide finer gradation of movement than
ratos of 1:120 or 1 185 for such muscles
as the sdleus and extensor dightorum
longus (Clark, 31) If o maximum allow
ance of 50% were not made for afferent
fibers in rotlos this large then the inner
vation ratio would be 1 240 and 1,330

tan and gradadon of contraction.

SUMMARY
A review of gross nerve-mnuscle rels.
tions and a study of the pattern of fino
innervation have beon reported for the
tensor tympand muscle of the cat
1 As in other species the motor nerve
wpply to the tensor tympan{ is derived
the moandibular nerve Species dif
famce-mnou:dln!ha relations of
the muscle to the tympanic plexus and the
lesser superficial petrosal nerve
2, The muscle structure has been de-
scribed  Muscle fibers of both large and
nnalldlnmeterwm!wndbutwemother
wiso morpho! similar “Ringbl
den mcnotoboetved bu:muldszcrl
of small dt P
them in some respects.
3 The muscle was by threa
to four primary nerves w branched
usely but supplied distinct zones with-
the rouscle wi umeornooveﬂap;dn;.
Int lar perve hes were con-
fined to a narrow nétwark in the middle
third of the muscle. Terminal axons were
short and did not appear to supply more
than one motor end plats
4 Nerre ﬁblgl exhlhltedorn unimodal
spectrum, for majority of fibers were
writhin 2 to 2.8 ¢ in diameter No fibers

plates of three
basdc rypes were found mzhmﬂzedr:;idr
deﬁncdlnnervﬂdonnctwcrk_ Sensory
anwemnotdet by elther silver or
histochemical techniques,

CILARLES E, BLEVINS

8 Tbedmunbemotorumzmmi-
mated gt seven or less. The
ratio was cstablished at four or less \Vhﬂe

SCOITY coordina
tion and limitation of activity of the ten-

sar tympani muscle are sccomplished
other than proprioceptive means i
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Denudaton of the Rabbit Egg Time-sequence

and Mechanism

Antmals and treatments

Crose-bred domsestic rabbits (Oryctolagxs
cuniculus) were used. The { wers

sexoally mature virgine, 6-12 months cld,

yrere mated with two fertlls bucks (cross-
bred) in rapid successton and immediately
given an ovolatary injection of gondao-
hin; the latter ds ensures o
proportion of does ovulating (C E
Adams  personal commmmication, ‘62)
Tyrelve to twenty-four hours after the ovu-
Intory injecton the does were Kkilled,
thetr ovidacts removed finshed with
physiological saline (0.9% NaCl) in order
to recover the egge. To describe the de-

secting then
= hanglng drop and examined with s
compound microscope.
Criteria for changes tn the corona
and the cumunlus

With time changes take place in the
and Thosa

and when redoced to
thickress ﬂ‘il:ﬂrdmed‘wn'thh:l corona,

o ap-
2 dsttnct

wﬂintmnlufiu
welghing 34 kg They were placed in s

individual cages at least 21 days before Fromot sddresst Departwwnt of Obstetrics and
they were used in an v v
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three ch ristics being clated with enough to be readily seen under the dis-
the secting microscope.

nearest one-h
2 X 1X1mm for exxmple (see tables 1— un;rywlﬂ

recorded, Timing of the expertments
the In our colony does ovulate at nine and
as

alf to thirteen hours after an ords
ection (Harper 61) the majadty
ations occurring betwreen ten end

.ﬁnﬂm- twvelve hours. Because of the spread of
y was

ovulstion time intervals of four hours were

quite frregul determined y short for 1
I;L;mzchmzﬂ:ecmulm with two fine progress in denudation, The earliest time

needles under a dissecting micro- et which eggs were exantined was 12 bours
which was repeated after the ovalatory injection.

OBSERVATIONS

4 being the most elastic and O designating Denudation of eggs in mon mated roblits
lack of elasticity The cell d in the at 12 16 20 and 24 hours after the

ovnlatory injection —

may cu-
mulus matrix which results in reduced  oviduct 12 hours after an ovulstory injec

cell density or cells may draw closer to  tion Is shown in figure 1 A higher ma;
ope another which results in “Increzsed”  fication of g tely the central
cell densi The difference between the o!t.hhcumminwhid:fou:im

2

2§

thres gra of cell density was great recogmizable is shown in figure

The stze [ cumull

® BNOGA G-

Ak

TARLE 1

and the wrmber of
at 12 howrs after

:Lﬂrhqauuind,mmrifm-om

Laft evidmct Right eviduct
lb:g Ne of Bize of Ne.of
e cwmakes oo
- -
IXEXE 8 x2X 3
Bx1x1 3 8x18x18 8
5x05x05 3 $X0.5X05 1
1X05X08 1
3x1x1 4 3Ix2x3 8
IxexE 5 Iax1ixl 1
VAXAKS 5 TRURL -
2X08x05 2 2Xx1x2 4
6x0.5x035 1 axaxs ]
1X05x08 1
1x1x1 1 sxex2 L
15x1x1 1
None Done 15x05x05 3
1LEX0B5X0S 1
2X08x 08 1 4x1x1 8
2X05%05 1
1
2x2x2 3 BX18X15 [4
IX0SX 08 2 1x1x1 2
5x18x18 9 15x1x1 b4
4x1x 4 2X15%15 4
ax15x158 7 1x1x1 1
h
'iﬁ-hm;’ndrw 13-bewr commlas.
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Denudation of eggs in mated rabbits at 12
16 and 20 hours post coftum (pc)—

Denudation ot 12 hours p.c.
Seven does provided materie! for this

but only 55 eggs were recovered; two eggs
were still in their follicles although the
follicles had and one egg could
ot be accounted for

The data presented jn table 5 reveal
that at 12 hours p.c. denudation is well

Of the 55 eggs recovered, 28 (51%)
were still tn cumulus (one of which is
Ishown in fig. 18) 19 of these were in thick
and nine in thin coronse. The manual

mated does at 12 hours sand the egge
wﬂhLbdxrcurunnuxndwh.h
of adh 1

|

I. DICKMANN

areas (fig 23) and 15 were
denuded (fig 24) one of which had 2
thin layer of mucin

There were no containing cwmul
The sddrﬂond-qnnﬂhldbeengmkmw
into pleces in all of which the
cell density was reduced and the elesticlty
ranged fram two to fero.

ted with mucin rang-
38 (845% ) were coa o

An egg in a thick corona which had been
removed from the cumulus is shown in
figure 19

Of the 27 eggs which at recovery time
were already out of cumulus, six wers in
thick and 21 in thin coronae Ons of
ﬁlhdeemlnnthlnm;lslhownm

20
The total number of spermatozoa with
eggs ipcluding thoss in the vitellus

or not there 15 a relathanshi
degree of denudation and the number of
The data as a whole show
tazoa in

ing in thick from 2 to 20 1,

had no detectable mucin, Onaoltberzﬁ

with a thin layer of mucin is shown in fic-
25.

ure

Only two of the ten oviducts
additional-curmull 1n these the cell
ras elther standard” ar reduced and
elasticity wras one o ZETO.
Additional obserpations on cxruli obiaised

from mated and non-mated doet
In the section “Materials and Netho:'j

it w ed out that only
mm.:rmﬂwmncwdtd- It s there
fore emphattred hese that at 16 20
24hmd.:;rd%mumw)wdm-
t 12 16 hours

of cumulus were Jden in the fushing*

(3
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mation of aggregates is correlated with to both Plocus Chang,
ageing of the cumulus. denudation {s pleted by 20
occagdons clumps were ob-  hours. In the study at 20 bours

compound microscope  they
were identified as acellular bodies sur not congddered to be significant.
rounded by cumulus cells (Ag 28) These i:
bodies varied In size, the ane shown in  unknown; Swyer ( 47) suggests
m%mmgmelmw mechanical, with both clia and
were up to one this size. contractions of the oviduct

Since they were npot of Call and A rational sssum,

Exner as was ascertatned by comparing to tubal action cumulus is
them with the ph graphs shown d followed by 1 of
by Brambell ("58) it i belleved that thesa ona. However the present study
bodfes have not hitherto been described. Ing that changes in
As these bodies were mot sy ticall h in the
studied no further mentlon of them suppositton. Thus, it was found that,
be made in this study though et 16 hours the cumuli which

g
g
£
o

EriE
gigx

l

i

1
i

§

«lon that the corona cell processes extend  of the zonee were already free from coroma
through the zona pellocida. However it cells (see fig 6) This could not have
is easler to demonstrate these processes been merely due to physical action of the

]
§
B
2
;;
§
g
£
3
5
g
i

ably in vivo) from the zona its process tlon of the tube or the egg, or ahern>
processes) is not removed with it thtlyitcmx}dba-ni_nham!pmmfyg

(ar

,(ﬂg 31) the corona cells. Evidence fn suppxt
a chemical action of the tube can be 3¢

DISCUSSION duced from experiments of Smith (49)

Denxd, . who when incubating eggs in cumulus
of eggs in does frequently noted detack of corona
The time required for denudation of the  cells frum the zona when the preparation
rabbit has been studied by Pincus comtained scrapings of tubal murosa bow

(30) and by Chang (’52) In Pincuss ever dstachment of corona cells did nt
study does were mated to vasectomized occur in the absence of the mucosal scrap

the
in compact cumulus at 14 hours in loose s formed vvh}chulcmeﬂwrdi‘;e?u_‘

cumulus  at 16 hours tow.
ﬁmmmmemmm mulmm'wmddmnzhuzbcwﬁ

y 19 o
were

and by
denuded.

;
:
¢
]
i
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DENUDATION OF THE RABEIT XCGC
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p.c. most of the cumull bad disintegrated
into small pleces.

bucks
to induce ovalatiom, the schedule of demu-
datdon was similar to that observed with

Z, DICKMANN

vras based an the fact that & concentratin
of 20000 spermatozoa per cubkc mﬂlx-
meter was needed far the dispersal of
rabhit cumulas i1t vitro (Pincus and Eng
mmn 38

This theary was in
grounds. (l)hwulhmthnlhem
¢gg I8 penetrated by the spenmatozoon be-
fore any visfble dispersal of the cumules
cells occurs (Leonard, Perlman

nudation was pot a prerequldt.a for sperm

penetration into the egg (Chang, Sls)

(2) It was established that not mflltons,

but anly very few tozoa reach the

site of fertllization:
1

"54); in the rat, less than 50 sperms
(Aurdn. 48b Blandau and Odar 49)
lnthanbh{t,lmr.hml,OOOg:u
matoroe (Aurtin, 48b 1

Braden, '53)
Couscqucutly Lheidmthu!rubnmﬂal
of b reach the site

specifically at the site of denudation (Le.
in the oviduct)
There was some indication that denu-

af fertllization was sbandoned. Instead,

tatning a spermatozos  man and Kurzrok, 47; Austin 48a Blan-
(sec table 5) This is evidence dau and Odor 40 Chang 'Sla) How
that spermitoroa are lurt.hczvart.hh too s open o
lerated rate of denud. in mated criticlem; (1) Blandsu_ (’59) discredited
animals. Ithgemllyucczptedthatthh ltunthemndjthntlwupecd-twhkh
is due to the hyaluronidase carried by the sper hrough the
spermatozoa (Chang, Tla Chxng and uobm'vedinvum wutoonpidwﬂ-uo'
Pincus 51; Austin B1) Hyal tratfon of the matrix
depolymertres hyaluronic acid whick is Abeada! 2)1‘-1’“'
conuinedlnv.hacumu]ulmu*lx.tbmby mmmsn-mtedwuhlhynlmm}dm
I.Iﬂ}.vcfytuglt a8 a result the cells before
fall away fram the In the discussion vitedline

that follows the

ty of the hyalurond
dase theory is ) and challenged

oz0a made thetr way into the
Par!

The hyaluronidase theory
Untl 46 the prevalent theory had been
ertilizin, cannot

thet the fe g spermatozoan
reach the egg unless the s cumulos is
It was assumed the site of

hibted spermatozoa were still capable o
transversing the cumnalus.

Altarnatives to the kyalaronidase
theory
In view of the foreguing secount. it If

doubtful whether a spermatazoon s ability
tomnkuluwaythrw:hthcurmnhﬂk

doe to the hy it carres. It 8



DENUDATION OF THE BRARAIT EGG

alo doubtfol whether the xmall nomber

have been ahown to di

in Titro mncreatm({umnnt ‘30) typ-

are proposed.
secreted by
the oviduct initiates denudation, affecting
ﬂl’wtthacumn;lnd, a Httle later the
ct amd per

ﬂzﬂﬂn.mg}:]‘.mtd:e
dﬂnndnﬂm-lpmcmafmit been ini-
This is sim-

duct may be invalved in inducing changes
in the cumuolus. These changes are  break
up into smaller ploces, elther reduction or
Increass fn cell demity and gradnal loss
aof dasticity

‘The progress of derudation 1s described
at four hour intervals gt 12 16 320 and
24 hours after the ovulatory injection in
non-mated does and at 12, 18 and 20
hours pc. in mated does. Denudation is

ate the rate of demudattan by

tectly oo the cumulus matrix, since only
very minute quantities of hyaloronidase
are cartied by an individual lpennatuzom,
and since only a small mumber of sper
matozoa reaches the site of fertilization.

that tpcrmatuma are untikely to acceler
acting dl

In the present study the suc
emive“1IEIufr.’.enmindtml:n:de-t,'dbod
in the mated

Th i two elternative hypotheses are
d. (1) That carry a
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PLATE 1
IXTLAN TION OF HICURES

1 Cumulos mass recoversd 12 bours after the ovalatary fjection. > 14
2 The central area of the cumalus shown {n figurs 1 Four egge ato
recognizsbls. » 33,

3 Egq removed fran cumalus recovered 12 bowrs after the ovalatary
injection. Nots thick carona partly surroundsd by cumulbus. X 24
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PLATE 3
IXPLAMATION OF FICURES
Hlmrwhmmnumlﬁbmmlnnmmhm
1bowing verage, amount of corons
rﬁpvnhdy X 338. < 338 x 11






PLATE 4
IXZLAN TION OF FIOURES

-1 mmmxsmmmmmmmm
,m verage and Jargest amourtd of corona revpectivaly Al
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PLATE 5
EXPLANATION OF FTGURLS
ll—ur_'nnmv«rdmhmm.!mth-mm h}ccdun.}‘ll"’-""ﬂ

In cummlus. X 88. Figare 13 In thin corona. X 338 Figore 1
Almost denuded. X 358,



DINUDATION OF THE RARBIT ECG TLATE 5

A, R, T T R
%‘: ‘%ﬁ%‘
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PLATE 7
IXFLAMATION © FICURES

18 Egg in cumulus recoverwd 18 hoors pc X 35
19 Egg removed from cumulus, recovered 12 bours pe. X 224
20 Egg in thin corana recovered 12 hours pé. X 1440



DENUDATION QF THE BABMIT ECG
T Darkmeun




EXFLAN TION OF FIGURIE

21-34 Eggs recovered 18 boors po. Flgurs 21 In thin coropa. X 358,
2 With few coroma calls  ttacbed to the rams paliucide
Flgure 33 With few o] mps of corona. ¥ 338, Flgore 24
X ass.

Gi



FLATE 8

DENUDATION OF THE RANNIT FGO
Z Daclomewn




PLATL &

IXPLANATION O TICURLS

23 Denuded egg coated with mucin recovered 20 boars pe £ 398

26 sgeregate In a cumalos mass recovered 16 hours  fier the
muhmyi.n)cﬂh-x. 7 88

27 A kugher magnification of the  garexate shown In Agure 20. ¥ 140
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FLATE 10

EIXFLANATION OF FroURef
Spherical body of unknown naturs remcved from x cumults mase
x 170

Thres corona cells on the surface of the Tona uckls. Not
process profecting from ssch of two corona calls and extending
lhm;h'.bewunl] Fhase contrast. X 1400,

A corons cell with it process extsnding through the toma pellucids
x 896

Coron cﬂ]pmuunmdh;u:m'hlhlmpeﬂncun. Note
beenco of corona cells. Phase comtrast. X 826.
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A Histochemical Study of Hypophysectomy induced
Chonges in Rat Submandibular and

Sublinqual Glands

JOSEPH H. KRONMAN
Tufts Ushersity Sckool

There are extenxve references in the

of Dental Medicime Bostom, Mass.

used. The rats were hypophysectomized
ntmdmnfage.mdﬂlv.humnmhm
Idlled at 12 weeks. Ant

and the
systern. Bixler \Webster and Muhler ('57)
noted marked c changes in the
and following hy-
‘These changes were char
l-ﬂrdztdbyltrnphyh]tbﬂ duct system,

particularly the grmuln-tubuln. In hy
ice and

Gnmm:m (40) Im.u:d repalr in the
tubular structure of the submandibular

gland after androgen admintstration. Utl

mals were fed an emented Chow
diet ad lbitum. c examination
confirmed the success of the yxec
tomy At death, the ar-eub-

Hngual ;hnd complex was {mmediately
removed and placed {n neutral buffered
forrmalin (NBF) cold acetane or Susa fix

Those
on.m-ut.huoflddu}dn]llllmphus-

phatace,
in glycuﬂ.uejel]y nner staining.

Marphology was studied on NBF-fixed
stained with hema and
eosin  Azan staining of Susa ma-

omy Bixler Muhler et al. with the techniques of Glermer and LilHe
(B7) reported reduction n aclnar RNA. (57 '59) Sum]ydryxgm (NBF) were
The purposes of the current mvestiga-  stained by means of the DDD (2.3dihy
tan were to ch tre Ty dmxy-ee‘ )
the changes In the submandibular gland described by Barrnett and Seligman ('52)
following  hypophysectomy and to as-  Agueous toluldine Nue (0 05% pH 4.5)
certaln whether b was used for the demonstration of RNA

and metachromasta after NBF Susa and
acctone  fixation. Parallel control  sec
tlons were incubated for one hour at 37°C

lubllngua] zlnnd bet.‘nuse o{
fOI'mAﬂ(m relating this gland to
ne fnffuences

5‘

MATERIALS AND METHODS
Seven hypophviectomized and five un
treated female Wi tar strain Tats wero

in an unbuffered Hbonuclense solution
(1 mg ml) writh glassdistlled
water The Alcian blue (pH 1 8) and Feul
wen reactions were combined for the dem-
onstration of acld mucopolysa

and DNA respecthely In order to release
Id byde groups from the deoxypentose

7






SALIYARY GLAND HISTOCHEAMISTRY

faintly reactive and the doct systemn was
negative. In the ant
mals fewrer acinar wers strongly re
active and in these, the was not

response

as intense a3 In the comtrols (fig. 11)
The reaction in the majocity of these cells
was anly faint. The duct system was again
Degative. Malt disstese and distilled water
treatment did not alter the PAS response
in the submsndibular gland of pormal
(fig. 12 and 13) or hypoph:

antmals.

Stoong  alkaline phosphatass activity
was localized in the connective tissue and

339

duct system was Degative
between the treated and
untreated groups wwere noted. Following
acetone fixation, th

intensdty the
No vadations

chromatic response
alveolar cefls. In all instances the duct
system was pegative.

The Alclan blue and Feulgen reactions
were identical in both treated and un
treated antmals. An intense woiform,
Alcian bue respanse was noted through-
out the alveolar portion of the sublingual
gland. The duct system was negative. The
nuclel were DNA positive throughout all
glandular components

No variations in the PAS reacton were

between the uintxentedandhy

inﬁmu{thepumchm
instances, the parallel
coatrol alides (tncubated tn buffer with-

phosphatase re
action was obmerved throughout the
enchyms of the submandibul in

poph: The alveolar
cells were intensely PASpositive the duct
system was negative. Prior water incuba-
ton produced no changes but diastase of
malt treatment resulted in 2

PAS respanse (figs. 14 and 16) Althou,
the alvedlar cell reaction became falnt,

both treated apd untreated antmals. No
were observed between the
Froups. The parallel control sections (in-
cobated In buffer salution without sub-
were negative.

Sublingual gland

g
£

vt

d strongly

demflune cells and the duct systerm. The
ble tn the 3

E
i
i
£

Azan-stained thsues
morphologic varlatons be-
sublingual glands of the un-
ypophysectomized animals.
comsisted of rmrcous alveolt,
unes apd intercalated ducts,

T
5@55?5

alveoll wers
negative No varladons were
obrved in the treated and contro! ank

dh:h" NBF and Susa fixation the tolu
Bue procedure revealed an ortbo-
chrematie alvedlar response of moderate

and h ysectomired rats. All control
slides (incubated in buffer without sub-
strate) were negative

DISCUSSION

MW changes in the rat sub-
mandi| gland following hypophysec
tomy vwere in accord with the findings of
Eartley and Leblond (54) and others
The major marphologic alreratons were
atrophic changes in the granular tubules
It was not surprising therefore to observe
ant
this f the b
land Hypophysectomy-indzced morpho-
ogie changes in the sublingual gland were
nat observed
In the submandibular gland of the nor
mal female rat. protein reactions were pri-

dbul




340 JOSEPH H XRONMAN
marfly localized in the ductal companents.
The locelization of tryptophan and tyro-
sine was comparable to ed In

after NBF and Susa fixatton Following
acetone flxaton however the strong,
metachromatic reaction in the alvealar

the hamster (hromman '83) locall
zation of tyrosine was similar to that re-
ported in the rat by Junqueira ( 49) and
in the mouse by Junqueira et nl

reported

Kensaku Deguchi, and Ryuichl (62) Fol
lowing hypophysectamy reactivity of all
protein constituents was diminished The
reduction of proteln reactivity in th
treated Is theref was doul
edly related to the atrophic changes in the
ductal components. This theory is further
substantiated by the lack of concomitant
acinar changes Protein histochemistry
within the sublingual gland was un
changed by hypophysectomy The insen-
sitivity of this gland to alteration in pitul-
tary function agreed with the findings of
Baler and Abrams ( 55) These investl-
gators reported changes of only minar
importance in mucus-secreting glands fol
lowing hypophysectormy It may be con-
cluded therefore that protein metabalinn
within the sublingual gland is relatively
unaffected by removal of the pituitary

The toluldine blue reaction in the sub-
mandibuler gland of the untreated rat was
uniform and orthocbromatic throughout
Ibe acinar cells. This was in accord with
/the findings of Quintarelll and Ch v

cells of hmcphywctomlnd animals com-
trasted with the orthochromatic response
observed in the controls  The exact signis-
canee of metachromana is still not clearly
defined Pearse ('G0) stated

from
metachromasia signifies only the presence
of free electromegative surface charges
of a certain minimum denslty The okder
theary of speclfic groups cannot be suy

Although the mechantsm of metathro-
masia may be uncertain, it can be stated
that some difference does cxist In the
alveolar cells of the sublingual gland fol-
lowing hypophysectomy

The description of Aldan blue and Feul
gen reactions in the submandfbular and
sublingual glands of the untreated rats

with the findings of Shackelford
and Klapper (*62) Since no chanpes oc
curred after hypophysectomy 1t must be
assumed that salivary gland acld muco
Ellrlncchnrldu and DNA are not affected

tochemically by this alteration in e
docrine function

Changes were obscrved in the aclnar
cells (NBF) when the submandibular
glands of treated and untreated animals
were wubjected to the PAS procedure
Since no ch were apparcnt after

(60) The ductal observed In
acetone and NBF fixed control animals
was comparable to the findings 1n normal
hamsters (hronman '62) The scinar
cells of the hypophysectomizred animals
were unchanged In the duct system how
cver basophllia was no longer pretent
These findings were not in accord with
those reported by Bixlerct al (37) These
yrorkers repo! decreased acinar RNA in
the rat submandibular gland following
hypophysectorny  In additien thev ob-
served no ductal cytoplasmic basoohilia in
the untreated anlmals. Since RNA 1 Int!
mately related to the synthesss of secre.
tory protetn the ductal findings observed
in this study are consistent wih the de-

dinstase or distllied water Incubation.
water moluble glycoproteln and glycogen
were not the observed PAS-positive mate
rial Tho chemical nature of this mat
will have to be established in subsequent
biochemical studies. The faint reaction
after acetone fixatlon may be related to
diffuston of this NDF-stable PAS-posith®
materlal  In the sublingual gland (e
alveolar celis of hypophyscctomired and
control rats were strongly PAS-posldse
Diastase treatment diminished PAS
reaction, but water Incubation did not
It may be assumed therefore that glyeo
pen was onc of the major comtituents 1n
this glandular component
A review of the lterature conccrnlﬂll
alkaline phospk actlvity fn norma

creased reaction of protein
described above

In the sublingual gland the toluldine
blue reaction was the same in both groups

rat submandibular glands fs rather eon-
fusing  Gomorl (41) reported that ¢
caplllaries were the only actlve comp>



JALIYARY GCLAND HINTOCHEMISTRY

nents. Noback and Montagns (‘57) found
alkaline phosphatase activity in

phatase activity i the

glands after hypophysectomy In the sub-
glands, phosphatase ac

tivity was negative. Actd phosph

341

sulfhydryl groups RNA mretachromasia,
IL2 g&ycnl linkage groups and allaline

ph were
chemically in this study In the duct
tem of the submandibular gland, A,
tryptophan tyrosine and §H groups were
less reactive in the h:

animals than in the controls. The PAS
reaction was diminished in the acinar
cells of the treated animals acid phos-
phatase actvity was also decreased
hypoph

activty howeser was faint and restricted
emfunes and the duct system.
These findings in the sublingual gland
'l‘l;'edwiththuseolh'obtckmdhfm-

a

:

g

hip 13 well d. d fur
ther studies will have to be initlated in
order t0 clarify its nature Sreebny (‘80)
stated that those salivary gland renctions
b et ltge:t:rdocxtm func

were a t of non-#pecific metabolic
effects Shafer Clark, and Muhler ('56)
Teported that the combination of thyrox

plr hypophy Y
Partially restored ductal cytology Sreebny
Meyer Bachem and Welnmann (57) re-
ported that dmultaneons administration
of thyroxine and testosterone restored

d rats. The enly hypophy
sectomy induced histochenrdeal change ob-
served in the sublingusl gland vras a meta
chromatic reaction In the alvecll of the
hypophysectomized rats in contrast with
an orthochromatlc reaction in untreated

S
Nature and Actians, (
B W fmith Jr O. H and C. N
IL. Long) Chap. 6, pp. 107-122. The
ton
Barroett, B J end A L Bdl 1952
Demoustration of protein bound and
groaps two Dew
Nat. Cancer Inst, 13 215-216.
Rixler D J C. Mubler L. C. Vebster and W G
fhafer 1587 Changes tn
L # g
tiryrndectomy and varioas t2.
Proc. Soc. Exp. Buol. and Med, 54 521-534
Broer D R C. Websater and

stu are P aT-200
Such studies must determine which hor 1950 Obworvations on the diarotas-
’;‘:’"(l)mmmnmlm-“"lv plmy mection for the kel

nnece and hi lr;
rodent ulivary glands sfter alteratlon o
endocrine funetion

FUNTARY
In addition to m rphologic changes in

Tat gallvary gland following
tomy differences u tyrosine,
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Jacoby F C. R. Lecson 1950 The pbosphatases in mammalisn pancress and
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gland, t, Land, #3 201-218, Pearse A G E. 1950 Histochemlstry Thearth
Jomqueira L C. 1049 bgico, his- cal and Appiled. Litte Brown and Co. Boson
@ G, and H H. Chruncey 1960
woboaxiler do camondonge (Mxs. of b
wusculns muxillery glends. Arch. Oral Bll, 2 163-168
3 LC..A.F}H)LmHmvﬂchmd Rutenbarg A, M., and A M. Sellgman 1833
L Fi thal 1949 Blochemical and histo- Thbe histochemical demonstration of ackd phes-
on sexual b rhatase by a postincubation coupling trch.
u!mk!lCdllndePhﬂluL,&ln— nigoe. ] Histochem. Cytochem. 3; 453470
Shackelford, J M and C. E Kappa 197
Kznnku X..YDn'\xhllndORyukhl 1062 and h 7 o
pmtd.n-bcundmmzr- mammalian salivary glands. Am J Anit,
dryllnddim!.ﬂ.d:nw'p' Dormal salivary 111 8547
glands. J Dent, Rex, 41 104-111 Shafer W G, P G Cluk and J C Mukkr
Krooman, J H. 1962 A morpbalogical and 1856 The Inhibiton of hypophysectomy s
wtudy of hamster salivary duced changes in the rat submaxfllary glands
dissertation, Medical Col Endocrin, 59 516-8321.
lege of Vigints, Shafer W G and J C. Muhlr 1936 Some
——— 1963 Hamser salivary gland scxual observations on the relationship between e
h 1 salivary glands and endocrine systom. ] Am
J Dent. Res, 42, 123127 Coll. Dent., 23 191,
A, Ch: 1 Résc-  fresboy L. M. 1060 Study of sallvary gland
tion  la testostétons de la glande sousanexil peotcams. Ann. N Y Acad. Sc, 85 192 18
latre  trophis a Thypophy  Breebay Lo M J Meyer E. Bachem and LT
la scuis, Compt. Rend. Soc. Weinmarm 1 Restaration of emymate
de Blol, 134 233224 activity fn the sobmaxillary x) nd of the
C. R 1856 Localuation of alkaline hypop rat. Endoctin &
submanilary gland of rat.
Nature 178 858830 Volker J F 1054 Relation of sallvary gl
Liie B D and J Grecs 1847 Malt dlastess o certaln J Dent. Med 13
nd ptyalin in place of saliva in the identifl 125139
ﬂmd]ﬂ%ﬁah'l’mh..ﬂ:s"ﬂ Yoshhrurs F 1638 Cytnl-ﬂdtllchmhll;
F 1 bisto- salivary glands following hypophs secteay
chemical periodsc acid [ud., 23 95~
108. Folla Anat. fap 28 195-203.
PLATE 1

EXPLAN TIOW Of FICURES

1 tubule 1n sland of d rat. Amn
taned, Suss-fixed, ~ 400.
2 $h gland of hypopy d rat. Not marked redoc

0on 10 ¢ buler dimencon - Arantained Swmafired x 400.
3 Tmhnmctmlnnmmuntmhmnndihuludand. NBF-fired
4 Trypwpbm hypophysectomized Commpare e
mnnl.unzbuh(l-‘l‘)rﬂhthulnﬂmi! mar-a..d,xwa.
3 Alkalins phosph tase reaction tn nermal sobmandibuler gland. Re
Acmlaullnd t busal end of acinar cells. Cokd acetonefized
X

[:1 Mpmhunwmmmmhhw”«
tomlred rat d acetone-fixed ~ 400






PLATL 2
LITLANATION ncoxrs

Submandiin!  gland of pormal rat. Tolukina blus staln obeervo
tubuler cytoplasmic basophilia. NBF-ixed » 400.

Samo ﬂzun 7 after prioc digestl C:
Basophilta remored.

Toludine blus resction in b dlbl
sland. Admmunnmmh.mﬁm7 NBF-txed 5 400

PAS reaction in normal ret submendibular gland. NBF-fixed, ¥ 400
Same &3 Agure 10 bypophysectamued rat

Normel subamandibalar gland, PAS seection NBF-flxed > 200.
Eame a3 figure 12 after prior water incubatlon.

PAS resction in normal rat sublingual gland. NBF-fxed, x 200
Same as figure 14 after prioer disstase trestment.
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Two Kinds of Extrafusal Muscle Fibers end Their
Nerve Endings 1n the Garter Snake

ARTHUR HESE

Deps of P
Selt Lake City Uteh

2 ological appearance
lzmtedmtrmn each other and crose

Othti;bcnlﬁ
sl muscle called alow
found to the xuﬂazrdem%
Wit 33). chick (Ginebers hrg iy
cat extrancular muscles (Hess with &
%63) respand to nerve sces
ged comtracture. In all the od,
where such slow fibers have been fou
muscle fibers a different o%

ﬁhm_unmnmmuu-wdi_ﬁ'w‘“
ey e s Shey s (Felge

U; y of Utah Collepe [ Medicine

ton of the prueclo fibor it §s apparent
that extrafusal musclo fibers can bo claas|
fied using either nmrpholgﬁlcnl ot phyn
iological standards as twitch typo or alow

As discusscd aboye slow typo fibers have
been found in ibla birda aml moin
mals. It wos

to aco {0 much fibers
occur also in reptiles.

MATERIAL AND METIIODA
The garter snako was used  For study
of muscle structuro pleces of ths doral
longitudinal muscles and the muscles nris
ing on the ribs and Inserting into thw ab
As far as 1 can determine |
to tho studles of Auftenberg

n the garter
rp’nll"mu-rlu
nlis inter
and the longtmimun
The muscles wero flxed in Dalton s or Husa
Auld. Tho tissue was deliydrated anil em
bedded In epon (Luft G1) Thin and
thick sections were cut on Porter Wum ¢
LKB microtomes, The (hick seth nn of
Dalton-fixed materdal were ajylfed 1n the
phass c;on:nn T thin seo-
tons of Dalton-Axed maeria) were | ieked
up on uncoated mesh gefils atalied
01 Milontg  61)
CA EMU ¥ electron
ST In the Akashi Tterwlix Tron

wrere
referring
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Roelle procedure were Incubated
in acetylthlocholine or butyryithio-
choline jodide at a pH of 6 or 56 The
higher pH ylelded the more Intense gen-
erally satisfactory preparations, although
the more delicate staining at the lower pH
was also instructive. Sameteuedpregﬁ:_
tians vere treated with 5 X 10
prop: E ore Incubath
After stolning the teased preparations
were mounted in glycerine.
Tbetcv_hnl e for studying fibers with
nerve endings in the light
nndelcctmnmh:mscope-wﬂlbedacr[bcd
in the appropriste place below

RESULTS

Muscle fiber strocture  Cross sectlons
of stained Susa fixed muscle fibers reveal
two kinds of muscle flbers. In one (figs.
10A 12) the fibrils are relatively rma]],
regularly separated from each other snd

in structure to the twitch fiber In other
animals. The other kind of muscle fiber
(figs. 10B 12) has reladvely larger filefls
sthich are separated from each other by

spaces This kdnd of muscle fiber
s frequently smaller in diameter and
stains more darkly This lstter of

is similar to the slow fibers ously
described in other species

mnlecdcmofmusdainmudccm
also Tate the differ
two kinds of muscle

ences between these

fibers In one kind the twitch rauscle
fiber (fige. 1 2A 3A) each is more
or less surrounded ¢ rot

culum and separated from its neighbor;
hence this type would yleld a punctate
appearance {n the light microscope In

the other kind of muscle the slow type
ﬁber(ﬂstl 2B 3B) the fibrils are not
scparated from each otber but adjacent
fibrils frequently appear to join each other
Sarcoplasmic reticulum is present ewpe-
clally at the Jevel of the lighter I band

L much seantler in amount than in
twitch type fibers.

Longitudinal sections also reveal these
differences although in general not as ob-
vhms]y as In cross sections. Longitudinal

sections of some muscle fibers show mus
de fibrils with sarcoplasmic reticulum ex

ARTHUR HESS

:cndi.ngbetweentbeﬂb:ﬂ.mdmh‘
adfacent fibrils from each other (fig. 4A)
These are eaxily identified a3 twltch type
fibers. In a llke manpoer muscle
:I.mbewcnwhlchnreeaﬂ y identified
ow fibers (filg. 4B) In these the
lﬂl’mgﬂp:mlcreﬂmﬂumuprmonl ln
relatively small amounts at the

5) N ess, it iy my opinion that
xmmdnﬂbeno!'.henﬂedomdeedhﬂ
into slow or fast even in

laxed gnd whose fibrdls are not
stretched to the same length, it might be

through at least slightly different levels
of nd]lcent fibrils and hence yield pictures
of the sarcoplssmic reticulum of slightly
differing disposition, d{fferent emough at
times to make {t difficult In sorne sections
of some flbers to classify the fibers.

The nerve emdimgs The nerve
ings scen on teased rnusdc ﬁhen lﬁﬂ'

of
two kinds In one (fig GB)Lheend'
ings are darkly » The whole end-

mgnmt!mquenUyund:xubed:cugrg:
sha and always appears compd
l:enusc! ﬁ.ber" ppeuuhhaendlﬂl

is probably the subtmeural np:r.l
times the circks are not complete
or more anastomose with each
form short channels

.nd
each other 0
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The other ending presents a different grappe mdha:emfmmdonthe
ce from this (figs. 7 8) It stains muscle

types of endings have both true and psen-
docholinesterase

'or ex and electron to determine the type of mus-
clo fiber

Muscle fibers previcusy fixed in giyoxal,
stained for cholinesterase and mounted in

B
-
i
=

i

FEg"
i
]
i
?
:

1,300 ¢, Susa or Daltan, dehydrated, and em-
od ending  bedded In epon. Thicker sections of Susa
e third is  flxed material were statned and studied in
fourth 1s  the light microscope sections of
e Afth is fibers studied in the
Iing to the electron mi
T 15 600 4. sections of muscle fibers with

BF1l the ilus-  known end-plate endings, reflxed in Susa
toms on  (fig. laggﬂf’ﬂvﬂn te distribution
also be of the The are

W] an en fmmc-cho(herhynv.ha'n;ﬂudu-
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PLATE 1

EXPLANATION OF FIGURES

Electron micrographs of soctions
che Bhere. The o o ooty phiaeerts iy §hace) of wmake mmut

1A Slow type muscle fiber cn the the
bottom, | X 8800 top twitch type moscls Sber an

1B Twitch type mvscle fiber on the tha
botrom. X 22,000, o the top dlow type mascly fber o0



TWO EINDS OF SNAKE MUSCLE FIBERS
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PLATE 2
IXPLANATION OF FIOURKS

Flectron micrograght of cross sections (slightly obllque} of suake mos
cle Abers. The livo on  sch pbotograph indicates 1 a. X 33,000

24 Twitch tyF muscle fiber
2B Slow type muscle fiber



PLATE 3

TWO KINDS OF SNAKE MUSCLY, FIRERS

Arthar Fiass




PLATE 3
IXFLAN TION OF FIGCTRLS

Electron micrographs of cross sections (slightly oblique) of snake mos-
cls fibers. The line an esch photograph indicates 1 . - 32.000

AA  Twitch type muscle fiber
3B Slow type musche fiber






PLATE 4
IXFLAN TIOY OT FICUXLS

Flectron micrographs of looprudinal sections of smake muscle fibers.
The line on esch photograph indicates 1 &, X 32,000

4A  Twitch type muscle fiber

4B Slow (yps muscle Sber

8 M pcle fiber with asrcoplasmic reticulum st
bisectin

the
g the dstk A band as weil as at the level
and Z Line
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PLATE 8
EXPLANATION OF YIGURKS

n:mﬂ.7aw?hmkmuwhnltuudmkemtmkﬂhn

stajped with

8A-E
7AC

8AB
8AB

the chalinesterass technigne

Endplates. The line on figure 6C indicstes 100 £ X 150,

“En grapps endings. Two endings are seen oo each flber The
arrows in Agures A and B polnt to the endings, Figires 7 A and
B sre different paris of the sames muscle fiber  The line on figure
7A indicatss 100 o X 150.

“En grapps endings. Thae linc on figure 8A indicates 10 & X 630.
Endplates. The linc on figure OB indicates 10 s > 850
Fhotomicrographs of Suss-fived vtained epon crosa sections of
sn:llmxhﬂberm The lne oo fignre 10A indicatss 10 a
X 1,500,

A Twitch type muscle fiber

B Slow type moscle fiber
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Morphogenetic Studies of the Rabhbit

IEXI. CARTILAGES AND MUSCLES OF THE EXTERNAL ERR
AS AFFECTED BY THE DACHS GENE (Da)'

NEVEN P LAMB awp P B. SAWIN
Boscos B Jechson Memorial Laboratory Bar Harbor Matwe

mdlthll’lhbﬂiﬂad]modm

te dwarf induced by a single
Inconrpletely domminant gene which has
been described with
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chondrodystrophic abnormalities The pa
pilla has been discussed and portrayed
pbotograg]:lcmﬂybySawinnndery(M)
and has been extremely useful in fdenufi
cation of the homaorygous and heterozygous
genotypes even in fetal development.

MATERIALS AND METHODS
The study involved examination and dis-
unrels

from age 8 to 11 months and 14 segre-
gated dachs (DaDa) rabbits of 1 to 11%

dorn.

Histol eramination was made af
(1) the ear cartilages to determmine the exist
ing types of cartilage and the d ofd
trophic l.uvulvnﬁ:]t and (2) :Emm
to determine presence of possible
extent of atrophy aor other

All ol were fixed in Vande-
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:
&
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:
)
§

§EF
]
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5
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ity
grift s modification of Bouin s salution for
24 hours, washed tn 707 aleshol sec

e and nerve was

e

i
£

tested by o light stimnlus of ten volts (5 or
10 pulses per second) applied to the nene
as close to jts foramen s possible Deaf
Dess was tested by Preyers ear reflex
(Denes and hocher 81) plactng the anl-

used for tesung audlo-

) by PIIS rreearch arant C38)
2 B
of  Anthrepolegy
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genlc selzures as described by Antonttls
Crary Sawin and Cohen (54) This
equipment subjects the animal to a
mately 95 decibels in all parts of box.
OBSERVATIONS

Morphology
The habitual ear carriage of dachs and
normal rabbits are llustrated in figure 1
Almost without excepdon the ears of the

NEVEN P LAME AND P B SAWIN

of form of all the assoclated tissues con-
cerned in normal carrlage of the ear some
of which notably nerves, are not derfsed
from mesenchyme.
Theearpapﬂlalntbelnm-mgknotch
1s clearly manifest {n all
DaDa dachs animals It fs also mantfest,
as has been shown by Sawin and Crary
('59) in a very high percentage of hetero-
rygous (DaDa) anlmals, Expn-sdm n
heterozygotes, however s varfabde and
pa:eu-nncemoﬂen mcumplct: nppamnly

dachs rabbit project divergingly backward
over the ders back and and the
greatest movemcm is @ scarcely bl

opaﬂn;ofdrecnrandal-terz]modan

that only slighily increases the angle of
divergence  All other movement is a func
tion solely of movements of the head with
the positional relatfons to the bead remain-
ing constant. Normal rabbits may occa
sfonally be seen bearing thefr ears in &
simllar position, but pever are the ears
immobile Previous studles have shown
this relath ely prone position of the ears
be assoclated with abmormal positioning
of the external auditory meatus arising
from the relative disproportionate growth
of the basal bones of the skull. However
this would not account for the relative im-
mobility of the ears and leads to questions
about the normality of function as well as

Excrpt
to the rght

Fig. 1 Hesds of pormal and dachs
effect of the dachs mutation | 8 virtual
shown (sce text)

the genome in which :bc gene ruidn as
determined by outcrossing into races X
and III of smaller and larger body size
Usually the variztion In beterorygotes Is
In the degree of projection of the papla
ril to one half that of DaDa and in lu
point of origin from elther anterior bottom
or lateral margins of the notch

Anatomy

The external ear of the rabbit zs de-
scribed by Gerhardt ('09) and more com-
pletcl( and clearly by \Melpertz (°35) {12
ex organ consisting of three distinct
mnﬂ:guandmtrmmu:des ard their
associated nenes and vessels  Since un-
derstanding of the changes induced by the

stherm tse ndicated, the normal rakbit 11 hewn i the Agwres to the left nd the dack

car carrlagr  Amwoag

the plelotrapic
of -hkhm arried In the poslsion



AxCa, Auricalsr cartilage InfAntCor Infydor en
He,, Anterior bellx Int “"""”"‘”m‘m
Postrrior bettx MarNet., Marpinal
Bp.HeAnt, Spins helicls anterior
Int Not., Supsrior Intertragle noich SpHePost, Bpina hallcls poatericr
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Tr., Fractahs Tre, Traghm
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Cer $¢ Poat, Corvico-scutulariy postecior TroHe, Trago-belicinm
Car ScAnt, Cervicoscutularis antedor e, Helicls
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EXTERMAL FAR CAXTILAGCES AND MUSCLES
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Ea musch
Musche
Greap Sesfgln( )

I Sphincter colll
superficialis

Sphincter colll
profundos (6,7)

Platyzma
(6,839,10)

NEVEN P LAMR AND P B. SAWIN

TABLEL |
of mormal rabint nd as fected by the dachs penc

Ocigha Lasertion Effrcts of Du prmt

Midlines of vntral  Broad lower neck, upper Some incrrase ta

and dorsal as- sbouldery; angle of man- sizs
pects of peck. dibls inte sphincter
us; between eve
Ventral urfaceof  Into skin and fascla over None
neck alds of faco; and into lat
eral margln of frontabs
Angls of mouth Broadly over skdo of neck; Rane

medlal surface (posterior
border) of aurkcular
cartilege

X! Platyama myoides at side Noos
of neck

(6.78.9) nichas

Mandibulko oricnlarls  Mandible t men- Lower Va [ tragus Tasertian divpisced
(6,710) tal foramen

Btemo Man boumsternd  Lower 4 of (ragos Insertion dhplaced
(810)

I1 Frontalls (6,7,91011) Posterior supra- Anterior border of scutular Extremna dhplace-
orbital process cartflage; anterjor bettx ment of [nser
of frontal bona ton

Interscutularks Lateral bosdery of scutular cartllapts Estreme  ttrous
(78911) ton
Ce Lt Posterior cormers of sctalsr  Slight {ragnests-
posterior (1.9) nochse curtllege tion
o L Medls] borders of scutular None
anterior (9) nochae cartilage
1 gewtulo urkculad Anteromedial Antetior surface of anterior  Extreme displace
anterior (6 79,10 corner and an- bellx with frontalfs ment nd frag
1) terhor border of mentthon
scutular artf-
Scutolar Medla? border and Anterior beltx Poor diffcremtla-
posterior (7) doaraal jon nd div
placoment
lLage
IV Cervico nriculad Lerior part of Medial urface of uriculer Slight dimbwution
superBclall (789) ligzmentom )
nochs
Cervico suricularts Ligamentum Medial urfece of wriculae Y ery poor difer
superior (8.0) nochas cantllage entauon
uricalar Ligzmennm Medlal wrizcw of uricular  Very poor differ
inferior (89.10) nuchee cartllage entlation
Cervico uvkculariy Spina bellcis posterior Nooe
profundos (8.9 10) bochse
Sabwcutulo Medial border v#m- () 4 on entral urface None
(9 1011) tral surface of dl tal end of ypins helich
scutnla - aterior (b) 34 00 an-

3

lage tertor



EXTERNAL EKAR CARTILAGES AND MUSCLES

Cm g icamt )

TANLE 1 (Continmed)

Origtn Insertiom

373

Effacts of Da pros

Awriculerds anterior Ventral surfaco of  Base of antarior beltr, Origin
peofundus (0,13) spine balicls an- roadlal surfece dheplaced
Tompors Tamporal bone Posterlor aspect of antedar Insartion substan-
(8,10) amd hathe tlally dimplec
madial and sttennated
to external sndi-
tory meatos
surdon- Temparo-mandib-  Base of anturior heltx, Origin displaced
(9,10,12,13) nlar yetuit medial surtace extremelyt
Y1 Toooererd and Medlal gurface of uricnlsr cartilage N
bl (9,10) jand
Awricularle entertar Darsal arpect of Lateral sypect of posteriar Nooe
daterior (6,7,10) wpina beltx
antertor
Tragicus (87,10} Tregus Anterior balix Glight fragments-
tan
Antitrugens (6,7,10)  Antlragus Posterior beltx Nooe
VI Tragoheficires (10) Anterior roface of  Tragws and antedkr belix Inwertson displaced
tragos shghtly
Helicks (10) Base of snterior Free margin of anterior Nooe
balix (conowrs heir
xide)
Amterior border of  Base of anterior bellx None
10 spina helicls
posturior
Ot wmse.
insertions on the lat  in some areas this group tends to be ex
el xide of the ear al in several
[¢ auris des sphinc Sphincter colli superficialls It 13 im-
Y7 colll profundas) This muscle (gs. POTtant to pote that the ter colll
8 a0d 10) consldered

hon stermim and from there mal animal where the
passes from over
te parorld region and the angle of ths m'i'n‘;mdﬂhm(‘hﬂ'
Tandftie to the Lateral surface of the pos- g1 0 T

There the fbers 1nsert, WR  phory 0 reduced as to f
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WORMAL

Fig. 7 Superficialls esr muscies, dorsal view In the normal
larts (bomeol with the epk of

the platysma myocides it Inserts wnto the
maﬁmcd.l:edy above nn:}]:m:] to the

1
suricularls ferior In otbers fibers from the nierdx
Hunning upward and backward beneath margin split off before the Insertion at
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NORMAL DACHS

Fiz. 10 Deep car musckes lateral Khe The tragices end  uriculerls anterfor | ferior have been
the deeplylng temporo-a trago helkis muschs, which com)

the space between the anterkr hellx nd the tragus, In the dachs, the superficial muscles have
temm) typically ont the tragus rather tha enio the
nterfor bellx  Not the extraneons fibers attaching ¢ the ventral surfece of the frontalh; whether
they wero parts of the trago-belicinus, the scutulo-auricularis, the  uriculsrls profundas, o
otber muscle could not be figures  umbered counter-clochwise abew
{be_ttachments of the pormal moecles thet lle within the folds of The dacks

unmah displayed no respect t these muscles.

ter colll tundus muscle insert into the  from the ligamentum nuchae its posterior
lateral edge of this muscle fram the scutu  fibers run obliquely forward lts anteriel
lar cardlage to the orbit. At the antero- fibers more transversely to converge o0
medlal corner of the scutular cartlage the  the posterior comers the scutular ear
most medial fibers of the frontalls curve  tilage It is closcly applled to the more
medially to mm;:{lelhmm the fibers on the Fip 11 Comp risen of scutel
anterior border e interscutularis mus- » "‘J""_,
cle In this same place as it emerges from I‘A’m’:ﬁ:"" m,’?‘d‘m"mﬂm
bepeath the interscutularis the ofclplto-  wit (compars with fiy. 3, max, 20 ¥) (B) Ca>
scutularls l('le:ﬁ'\ml fibers into the fron-  nal -mlmmrdu; dachs ;:ﬂ:bm.ln "r:::
talls The frontalis is commeonly jolned on  medlal t t arw e
its Jateral s!de by a band of fibers from the gfr l’m‘"’:::lny’ '“‘“‘dl (':‘;;'h"g ’;,)mx:u‘: Abers
erbicularls oris lying adjacent t (be subscutularis-a!
Interscutularis ‘The laris Not the ly poor "“ polier}
stretches between the cntire length of the  terscutularh compared to the normal et

ber the Bbere

medlal borders of scutular cartilages (figs, B2 P deu-rmlnﬂ; -h«u! e Bhers el
7889 11) Itis a flat sheet of fibera mn'mm;u";t?mmmﬁmm or beth

with no attachments other than those on (1) Frontathy (1) Interscutolaris (3) Cerricn

the scutular cartilage s tularis _ ietiory (4) l:hm?:- rculares
Certicoscutularis potterior  Thls forms gz Scutulo-aurkcul anterior nocrsal

ricularks or Sphiscter colll
a small triangle dircctly behind the Inter o both on lb.dxh: (8) Tempanalhs (7) Scvfv
scutularls (figs. 7 and 8) Originatlng L rilage.
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coscutulards anterior On two animals a
small group of its fibers continue upward
to fnsert in the medial surface of the
auricular cartilage posterior to the com-
mon insertion of the frantalis and scutulo-
aurienlars anterdor musdes.
Cervicoscutularts anterior  This muscle
(fix 9) distinguishable from the cervico-
scutulads posterior only by the tramsverse
direction of its fibers originates fram the
anterfor 3 or 4 mm of the ligamentum
nuchse above the origin of the splenius
medius and inserts into the erlor one-
barder of
28 8
cylindrical bundle of fibers when the liga
mentum nuchae is forward but it flattens

into the same plane as the or sec
ton when the Il tis ed back.
Occipito-scu (occtpito-scutularis

The occipito-
scutularis springs from the occipital crest
b h the cervi lari and

NEVYEN P LAMB AND P B. SAWIN

flatly Into the muscle mass medial to [t

Interscutularis  In the dachs this nor

interscutularis s pormsl
anterior portions but that its attachments

cer
the splenius medius and n app 1y
one-half the animals examined

occipital ridge as well Its insertion is also
extensive the fibers sweeping
, and laterally to attach to the anterfor two-
thirds to one-half of the medial border of
the scutular cartilage to the frontalis just

B Dachs
Although the DA gene effects no remark
able differences from the pormal with
elther the cerv I ror or the

Y
from the Normally it ts fmmediately Lad
nmul]uhngialyiniﬂonwpoﬂhehnﬂ
forward tdangle fonmed by
su trlangle 1s ot

A Normal

Scutulo-auricularis anterior _(scutalo
laris sx, awterior). This mad

occodpito-scutularis it has pronounced ef
fects on the other muscles of this group
Frontalis Rernoval of the fibers of the

dle

by a heavy tendon onto the anterior helix
is striling in all dachs animals Instead
the frontalis fibers of the dachs directed
somewhat laterally approach the medial
side of the base of the car and spread

perior

cle with the frontalls is the major ket
tor muscle of the ear It originates from
the ant corner and the anters®
border of the scutalar cartllage on (b2 &%
sal alde (figs. 6 7 9 10 and 11} 1u
bers and those of the frontalis converge (0
tasert commonly st & point high (at 1%
leve of the Intertragic notch) on the 3%
terlor mrf-cenfmcmliﬂm bnl;jll:ﬂm
porton comprises the thickest

section of the ear musculature

by a relatitely heavy tendon
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only one or the other of the normal mus-
cles. It is Jow close to or ento the prox
imal border and its fibers frequently are
mixed with those of the muscles above and
below On one animal some stray fibers of
the platysma cervicale (which has an od
gin immediately posterior to these muscles
in the same plane) originate from the an-
terlor end of the lligamentum nuchae snd
cross over and through this band of mus
cle to Join the balance of the platysma
passing around the nech. Likewise the
attachments normally made to the scutular
cartllage are made to the subscutulo-
aurcularis.

Group 5 the last of extrinsic
muscles  contains  four muscles
While their origins are vared — the ven-
tral surfaces of the scutular cartilege and
spina hellcls anterior the annular rng,
and or the reglon of the temporc-man-
dibular joint — all but one insert into 2

NEYEN P LAMB AND P 3 SAWIN

y not extrimbe mus-
cle but becauso it is closely rda!edwtbue
muscles and because on the dachs it ac
tually s an extrinsic muscle it Is included

A Normal

lo-auriculards (sul !
ularls intermedio) This s the only mus
de originating from the ventral ruxg:u:e of
the scutular cartilage and it docs so for
the entire length of the medial border
(fign. 8 10 and 11) The fibers have two
distinct {nsertlons The anterior third run
laterally to insert on the ventral surface
of the distal end of the spina helkcls ante-
rfor The posterior fibers alto run laterad)
but converge slightly and Insert into a lm:l-E
arca on the anteromedial surface of the
base of the anterer helix (anterbor to the

ric

. »—’n‘a A S'}( —

_‘, "~ -

l‘/ -

El:) 5 ¢ I
brermet

ot A Il ol pue drxs

sl proces of the temporal bane posterior ¢ e meatus. Compare with fAgure 8. mz;mﬂx ek
proces mporsl

posterior end  (2) Zygomatke proces of temporal bone (3) 8q
oeculart

(4) Zygomatico-a

Fle. 13 Awricularts anierior profundus nu.ua,. nimal comistently displ ¥ i
nimfmlhlq’umllwvtn of the nd fosert  t tbe base of the an erio
-.nmiat uricularts  The m uh ppears to be s I "“’b‘ ".'

hrloo‘h.lrldlh- termor nduy ¢
B th's the fovier | Jonely | pplued 1o the
A ricul fl anterior profundo

beltx (3) Tragus.

(3) Zygown tco- \‘lf'n:] th (3) Temporoa ricularh
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insertin of the murdcularis anterlor pro-
fundus) and partly upon the proximal end
hellcts anteder

Axricularis anterlor profundus (subsca-
teloauricularis fromtalis). This muscle
{fz. 8) nms In an anteroposterior direc
tion at right angles to the fibers of the sub-

381

B Dachs
Only two of these muscles were con
sistently affected by the Da gene the
temparo-sauriculads and the aoriculads
anterfor prafundus. In one antmal how

d&mmﬂnrcucﬂ-g;e(ﬂuamdw) manner of the normal o-auricu-
Wik the trago-helfcts it entirely fills the  Laris. In others y arranged
tafetior heltx. The muscle enters the cleft b
&mbd"'md.runningnpwnd-ﬁheru ﬁbenmduelxobaHy.put“ofchgmb.
0 the artertor face of the tragus inserting 1! (2) of the
60 the posterior face of the anterlor t of these ventral they
belx (that {s the anterior wall of the all iosert wholly into the area in which
g‘ﬂ)lfllevelmldw:y?thﬂmn:-fm‘ny Pﬂﬁﬂtnﬂ;paﬂalthemb-
DETer emerges from the cieft. Some

s ey those of clse. That ls, all of the fibers which ma:
the continue upward with inthﬂuc‘vlv.berethea Yy
Zygomatico  awricularis (mandibulo-  anterlor profund normally found in-
Sxricularis)  Originating from the end of  sett like cularis, pot &
e 2ypomadc arch with ocosional fibers  ularls anterior fibers_and (3)
&mlhedﬁuelwnﬂngthntunm the place of tnsertion of the muscle arising
Randibular joint (gs. ® and 10) this from the squamasal procesy

ek bondle rums backward then that of the anriculars anterior profundus.
Qs orer the temporo-aunicularis me-  WIth the exception of the xingle zypoma

i
B
H
5
1
i

COTTIng the insertion of the sumiculadly
ITior profundus. In o fow animals the
:eﬁﬂmuémhmu;dcmyumr&ﬁ
uding Sbers attached to
hmei.ngl mull.nm medlal to the

£1
:
a
%
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varlghly inserting onto the tragus rather

than onto the anterior belix (figs 9 apd

10) (The closely related trago-hellcinus
ced

1t is nearly transparent (fig. 13)

Zygomatico  anricularls (mandibulo-
auricularls). The rygomatico-auricularis
in every case but one ras essentially nor
mal The exception however it remark
able In this animal the muscle a cylin-
drical bundle of flbers, arises pormally
from the end of the rygomatic arch. But
instead of interting normally at the base
of the auricular cartilage (see figs. 8 and
13) 1t avoids the ear altogether and at
taches instead to the squamesal process of
the tem: bane posterior to the meatus
(fig. 12

Tbe muscles of the last two groups (6
and 7) are all intrinsic to the aurcular
cartilage; that is they both criginate from
it and insert into ft. There are eight such

anterfor profundus has already been de

Group 6 Thiy group contalns the super
)ﬁdalluu{m.lc muscles including the trans-
versd and obliqul, auricularis anterior in
ferior and antitragicus none of which are
affected by the dachs gene and the tra
gicus. The auriculards anteror inferfor
which In pormal rabbits attaches to the
splna bhellds anterfor in the dachs at
taches instead to the connective tissue and
muscle fiber that occuples the area. It is
not, bowever displaced or otherwise af
fected.
A Normal
Tragicus (trago helicinus retro aur
fcularfs) The tragicus consists of short
fibers nmning transversely from the tragus
to the anterior hellx (fgs 68 7 and 10)
Distally they run from the anterior supe-
rior cornu of the tragus obliquely upward
to the anterior bellx the fibers become less
and end near the base

tween the anterior and posterior borders

NEVEN P LAMB AND P B. SAWIN

on the medlal surface of the suricular
cartilage are two rows one more proximal
than the other of short fibers

along the length of the ear (fig 9)
muscles lie flat against the cartilage
have long tendomous inscrtions applied

lies on an oblique line higher posterforly
than anterforly samewhat below the level
of the marginal notch Its fibers are very

7 and 10) These fibers run obliquely
over the lateral side of the auriculsr car
tilage to fnsert on a line running from 2
paint midway up the tragus to another on
the posterior bellx near the base Itis i
flat thin muscle covering the lower half
of the tragus

Antitragicus (antitragotubo-helicinus).
Posterlorly a similar muscle runs from the
tragus to the erfor helix (figs. 6 7
fibers especially those

muscles.
B Dachs

Only the tragicus is affected by the D3
gene {be others being essentlally normal

Traglcus (trago  helicinus  retro awrk
cularis). This muscle t:‘rdnds ";ka; I:Pg‘
men! in bridging the T w!
nlclmge tragus from the anterior belix
(fig 6) Distally the Abers which ror
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anterior helix, the muscle long flat. and

slips of muscle are found crossing from
the helix upward to attach to the tragus
They have a verlahle origin from the base
of the anterdor helix (fig. 10) Whether
these muscle fibers

Histology

wes sbeent (fig. 11)

Below the muscle 15 hidden by the larger
\zpmo-euricnlarls muscle  above, it s
Covered by the tragicus
Hebicis ™ The helicls (g 10) s a small
hmwhntﬂ.anguhxmmdelyingin
ﬁ’ﬂlmmmncxﬁry:tthebuxuftha
meder cariflage, It arises medially
'mﬁlthnccnuvltyufthcw at the
ln2""f'-hntl:tedtn'bel.lx,mdrumlul)-
wird to tnsert tnro the free of the
“‘ﬂhbdixﬁomd:awuﬂ:ndwa
vl iomaewhat below the base of the Inter
trrgic noteh Since at this paint the mar
mhﬂ!dnmdidmlluf:hamxﬂhgn
te moncle 15 orlented tn &
drection. It cannot be seen from the me-
24 dds and only from the latersl eide
hmi&mtainrhdixopm The
m are covered by the concho-
Coxchohelicinus  This 1s a smaller
gnrmmdamnﬂmbdmmnke
hhnahlhoruminthnwnuvﬂyuf
I tmiculsr cartflage (figs. 9 and 10)
Xites from the anterar border of the
72 hellcts posterior and crosses the con-
ity i hortzantal to insert lat
:‘llﬂdnhdld.l at the very base
tho antetior heltx. As it has a more
Povietior origin than the hellcls its orien-
Bln f1 somewhat more anterlor

B Dachs
Tmm:eﬂrh.. The tnsertion of this
Toxcle fs displaced posteriorly It origh
m"fm:;dtham p?:mhmnnym;
xmal, instead of running upvrard
“"ddnoimmmbmh:hcmzmmd

and the spina helicls either absent or very
greatly reduced  The comparable parts of
the auricolar car

suricularis, teo surdculsrds and
temporo-: In the dachs anly one
case of of muscle fiber was evi-

muscle
evidently the result of & vascular infection.

Further observations

In addition to investigating the hypoth-
esls of muscular

of ear tmmobdlity
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mutually exclusive hypotheses were con
sidered.

The first deafness was suggested by
the extreme deformity and reduction of
the tympanic bulla occurring in all dachs
rabbits. It was thought that {f the dachs
animals were deaf there would be little
atternpt at ear movement. To test this
hypothests, rabbits were observed for Prey
ers ear reflex, a twiich of the pinna in

7 to sound stimul. The ap-

tus consisted of a cubde wooden sound
E?measm‘lug 20 Inches on a dde lined
with padded plastic and fitted with an
Edwards 4 inch bell type 55 and a one
way glass window for observation. The
decibel cutput, measured in all cormers
and the center ranged from 80 to 97
The animil was allowed to
completely quiescent before the bell was
sounded and any reactton noted A startle
response manifested uwsually by very slight
ear moserent but in some cases by move-
ment of the animal. was Interpreted as
that the animal had heard the
bell. By this procedure 22 dachs and 10
urrelated normal animals ranging from
two to four months of age were tested Al
non<zxchs apd eleven dachs animals re-
sponded positively This was not a test of
hearing acuity but demonstrated that at
Jeast some of the dachs animals do bear
‘although some may not.

It was also considered possfble that the
compression of the external auditory mea-
tus along with the abnormally close zygo-
matle arch might prevent ear from
moving Dissection of the tssues around
the base of the ear however made ft
apparent that these elements do not inter
fere with the movemnents of the cartllagh
nous joints

An attempt was made also to ellminate
(as a cause of ear immobillty ) any neuro-
logica! interruption that might have occur
red in the branches of the fxclal nene
This was considered a posublllty not only
because such a malfunctioning could pro-
duce an tmroobfle ear but also because it
was noted in two eflorts to trace the
branches of a factal nerve that the upper
dirision of this nerve was fragmented and
split into several branches tmmedlately
after leaving the lower division  Normally
the upper branch fs a single common

NEVEN P LAMB AND P B BAWTY

mmk several millimeters long which splits
into the temporal and zypomatic branches
before proceeding to further divistons. Of
course splitting dmilar to this is what
would be expected tn muscle d
(the facfal nerve itself is an excellent ex
ample of how far and In how many direc
tlons a nerve will pursue muscles to nhich
it had become attached In early embryal
og&cbm the dysplasias occurring here are
sul certainly not requiring such exuber
ant division. An effort was made there
fore to test the functioning of the nerve

Should the facial nerve be functioning
properly an electrical stimulus appiked
the nerve where it emerges from the stylo-
mastold foramen should produce twiteh-
ing In all car and faclal muscles. Three

{mals were h d with batal
and the lower division of the faclal nene
exposed anterior to the parotid gland, This
approach allowed us to trace the nerve to
the stylomastald foramen with minjmum
danger of severing elther the cervical o
posterfor auricularis branches or the upper
division The muscles were e and
a lght stmulus of 10 volts (8 or 10 pubses
per second) was applied to the nerve a3
close 10 the foramen as possdble The ank
mals were killed afterwards. Definite
twitching was notleed in the frontalls
intermittent twritching among the poste
rior auricularls musci-s (despite the fact
that the platysma cervicale Innervated by
the same branch twitched incessapty)
and slight twitching along the lateral side
of the ear

This method was pot considered satls-
factory however for no rttempts could be
made to obsenve the muscles since
In exposing them thelr inneration mizht

urthermore

be scvered Fi while there wat
no doubt of the se of the fromtabs
muscle {t was di t to determine If
other movements were

I

ent of the motian produced Ly the fraz
talis.

Although the faflure to find the mo¥

culature atrophy which would result from

cal malfunction indicates that

there f3 no peurvlogical difficulty it i3 felt

that this question Is not adequately 2

e possibility of a deficent bood 7
sibflity of a
plyln’:hmmmmdnwnmcmnidﬁfd
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rygomatico-auricularls and the temporo-
auricularls) por rotated (by the posterdor
aurcularis muscles) (cf., fig 5) Further
muore by prohibiting the farmation of the

hellcis anterior the Da gene reduces
the action of the surcularis antedor in-

NEVEN P LAME AND F R, SAWIN

cle during fetal development fs sctually
sdjacent to the

The cnly muscles pot obviously affected profundus) is not ded, In this
mthcma}odzuﬂhelmﬂ.nﬂcmu:du ted difficulty in dls-
which are tedly responsible only section of underlying muscles of the dachs
for the animals due to an spparent sheet of 8-

amount of ear opening and
closing which is observed I

fal v 3

3
The slight lateral motion of the ears in the
horizontal plane is imdoubtedly caused by
the des.

PP as an ex
tension of it. Although this sheet could
have ardsen as a compensalory

|
i
i
|

Witk tot,bem\udcdp?luhs.
respect
f don of and

5
E
:
it

the f
the faflures of the temporo-aurfcularis and
tragohelicinus muscles to insert on the

g
:
]
£
E
.
:

anterlor hellx well be caused by the muore that the dysplasia thus only
widening of the cleft b the certain of both sic and
and the tragus. This separation of Intrinsle n varied degrees. Some

helix
E.rubddclwelymguberl.u:mmdrab-
1s Is related to the retardadon of the Da
gene on the basicranium for {n additfon
to being narrower the dachs basicrantum
in 21 and 22-day-old fetuses is also g
nificantly shorter than in normals. This
shortening brings the rygomatlc srch ab.
normally close to the meatus which there
}bymmathehmnlcnmpmmmiochu
acteristic of the dachs meatus. The anpu

ing of the cleft occurred at a cdtical dme
with respect to the attachment of the mus-
cles bﬂdgmug it, displacement and frag
mentston of those muscles would be ex
pected as well as the exposure of the an-
tertor superior cornu

belicis anterior to develop Is prob-
y cauu-ibmmlﬂbut it is hm?( a cause
In itself since 1 nor

their normal orging.
A similar sftuation was found by Carter

hadam ('62) has called attention to the
fact that several fnvestigators of such spe-
anomalies

mally to the scutular cartilage are not dis-
placed tn its absence  The problem of the
single £y 4 iculards that i ]
onto the squamosal process of the temporal
bomm:ywbeogmwwobwcun since
the normal paint

intertion of this mus-
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be belleves, contravene the well-
concepts of homaologtes and render
their valus for jdentificatlon of

cancerned.
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are probahly normal and that the relative
Immobitity of the ear is not dus to deaf
ness.,
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hits develops in contact with the anterior

these
muscle anomalles and those found in syn
dactyllsm and aligodactylism in mice are
discussed.
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Marphogenesis of the Down Feather 1n the Presence
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Fabtny '59) Where applicable tests were
also made for protein. In addidon, the
total gromth of treated cultures was meas-
ured and carnpared with controls, Because
of previous interest in the nucleclas (Gib-
Jey and Hamilton, '69 63) this structure
was examined closely in an effort to deter
mine what role it might play in the mor-
by and differeptiation of the down

fe

MATERIALS AND METHODS
The procedures used in preparing solu-

tissues for study were identical with those
ghven in a previous paper (Gibley and
Hamilten, '63) The one addi tech
nique used was that of stalning sectioned

tures for total protein with mercuric
bromphenol blue (Mazia, Brewer and
Alfert "33). Some sections were pre-treated
with rbonuclease to remave puclele aclds
that might bind basic groups and interfere

mercury
an gttempt to identify the kind of protein.

RESULTS
The concentration of chemical in the
cultures was varied between 1666 and
/1 6 ug, ml to determine the least amownt
which would affect development of the
feathers Cultures srere Incubated for tiva
to four days and ined mi

CHARLES WILIIAM GIBLEY JR.

833 ug/ml. Feathers were prevented from
forming in about 35% of the explante. In
snother 27% of the cases the feathers
in the treated cultures were less mumeroos
and smaller than in controls. Alkaline

the
enryme reaction a| where there
should have been a bulldup of alkaline

tase activity as though the
field had lost control over the outlylng

rones (figs. 5-7)

Serial sections of cultures treated with
barbituric acid showed just the beginnlogs
of feathers. There was same outgrowth,
but there seemed to be a lack of arpaniza-
tion. The distdbution of ribonucleic acd
was to that of the control
The most striking effect was found in the
nucleoll, Nermally there are two -
cleus small and spberical or ina
control feather (Ag. 1) In treated cultures

the pulp but not as often Multlple nu-
cleoll wrere also observed (fig 3) TheT
veere smaller and not as prominent as t¢

«n
L iine (DTP) arrested growth

cally The results obtained from the living
cultures are mmmarized in table 1
2 4 ¢-Trlaminopyrimidine uced no sig
nificant effect except at high concentra-
thons (1666 and 833 ug mY) At such levels
it was probably tode  5Bromouraci
G-nitrouracfl diethylbarbituric acld and
1soorotic acld had no sub ] effect

of feathers at o concentration of 333
ox/mL  Lower levels had no signifcant
effect. Treated cultures showed a varkty
of conditions: (1) some potitise reaction
for aYkaline phopsbatase im the Bbroblastt

ool aton of tha shosphatase within

letely pegative for alkallne

at any of the concentrations tested. Bar

bituric acid dithlopyrimidine puronrycin

and 456(0or 567) ufd:luml {D-ribo-
dueed ©

tase The most prevalent condition a1 a3

inhibition of feathers with a

ing diminution in the amount of alkaline
hosph (figs. 5-10)

f i)t P ar
fous degrees of feather inhibition depend-
ing on the concentrations used

Barbtaric acid (BA) This close rels
tive of uracil was inhibltery only st high
concentrations (833 and 333 ux m!) and
then pot consistently (see table 1) The
most striking effects were produced at

" In' contrast to barblruric acld sectiancd
material of cultures treated with DTP
showed no effect on the nuckeoll The
amount of ribonuclelc acid was also o
parable to the control. There was

_ we prowih of cukwres explasi T
e ey (s criaLsT dioets
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enble necrotic materal Iocalized in the The use of rdhonuclease in confuncton
plp. The of the with toluidine blue revealed a striking dif
ferther germ was poor  Even though the ference between cantral cultures and these
epidermats had begun to protrude to form @ treated with TRB  Controls treated with
&xiz:,c:ﬂsmlmngedhnpb;uxd]y toluldine blue alone showed the typical ple-

especiall
(8g 4) bordered p (fig. 17) The cy:g-
458(or 567) Trichloro-1{B-D-ribo- d(m&;gﬂlW;lU;hdymL:u
mmmufaaamdneug/ml)mmphtdy about as Intense In the cpldermis as in
foped gowih and differentation of Ly Par, [0 contral feather treated

phosphatase was pres. 18) all of the cytoplasmic
bt oot localized in feather loct (figs. gegtw)tbebamtmmbmnehxddh-
d 11) Lower levels (20 ng/ml) per 5 indicating that this material was
;‘mmthMt totally suppressed the nucleic acld (¢f Koning and Hamil
'54) Some ba in

=]

]

B
B

Chmrnluffmhcn.Phusphmmm tan sophilia rematned
difow throughout the ariginal explant. A  the nuclel and mucleall of both the eplder
fex areas wero present, but they mis and the pulp after treatment with

#plotchy n appearance. The feather the enzyme with stronger reaction in the

some weakening and sub- b hilfa in the nuclel, Including the nu-
S“Lﬂmuflheodﬂnalﬂcld Concentrations cleal: but less than in the control (fig. 19)
10 v4/m! atlll produced some tnhibitlon  The amount of basophilia found In the

an (

d:ﬂmwcmtcr-rmmdcd.iry and 19) Treatment of TRB sections with
2 eampment of Httle centers much s nbcnucif-mrmmdllm:lnﬂuftlee
b hills ytoplasm w y
7.0l produced mo ¢ effect. negative (fig 20) Noclesr basophilla was
dtulhnudmtife?rgdmmm absent except in the mocleoll, and even
(m"/ml)lhmdlmuch—thickmcdep! these were Dot as prominent zas before

dmats above the pulp, The only slgn af treatment with Hbomuclease

039 of Puromycin st growth at concen
&ec;d,ﬂ’,,f,m.:,"?ﬂ" of the muclcle trations of 333 164 B33 416 208 104
Pocdedll they were gmall and sometimes 52 and 17 ug/ml (see table 1) Such
e up iy ehatay. Jevels were probably toxdc At 1 eg/ml
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the observation that halogenated deriva

(compare figs. 17 and 18) Nevertheless
some RNA was present, p'd'.:;dpallyinnu;
a derable

clef of
basophilic material was removed from TRB
cultures treated with ribonuclease (com-
E;ﬂp. 19 and 20) Evidently there had

somre synthesis of RNA fn the nucleus
and efther no movement of it to the cyto-

were com
treated
effect on the synthests of protefn and the
protein stained in the treated cultures was
Wtbdmtbelddmmdﬂx
Additlen of TRB could have
prevented the formation of new

CHARLYS WILLIAM GCIRLXY JR.

If on the other hand there were an fn-
dependent synthesls of RNA In

plasm, and no transfer from the noclewn,
TRB could still affect the

("57) found that puromycin inhibied the
growth of Endamoeba Histolytica, This in-
hibition was reversed completely with
edenylic acdd partlally with sdenine nat
at all with guanine. It was suggested that
puromycin blocked the synthesis of ow-
dlefc scids in the amoeba. The Inhibim

petl
thesis of muclelc acid by this protezoan
et ..,...b(yAgosiu and ren

destined for the construction of feathers

DRB and TRB are structurally related
to adenosine the pormal nucleoside derty
ative of RNA. Adenotne has been found
to block the action of DRB (Tamm ‘57)
indicating the DRB and sdenosine are

Brand ‘54 Hewltt et al. '54; Hufthh!l;
'57) have provided further evidence
the hypothesis that puramyetn interferes
with purine metabolism.

In this Investigation there was a redo
tion of basophilia (RNA) In the cpidermit
of treated cultures when compared with
contrals of the same siage de"w;f
(8gs. 93-24) Colncident with this
crease tn the amount of RNA were abnor
malldes of the mckeoll (8> 27-29).
Once a there seems to be @
mhuanﬁ.lmp between an upset In the RNA
content and changes in nucleolar s

in the TRB-treated cultures (see table 3)
Being an of the i
occurring nucleoside TRB could have been
Incorporated tnto RNA forming an aber
rant molecule incapable of performing the
usual metabolic functlons of RNA. Such
an abnormal RNA could have stopped the

fer of rials from the :f to
the cytoplasm and prevented the sceumu-
lation of RNA normally seen along the
basement membrane in @ control feather

RN, it compl

formarion of prote, (Tekeds,Vaps

Nakagawa Suzuki 60) ANA
y poration of ate into
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tion uf}ceﬂuhr p)w:rth

mont-Comhatre and Firket, ‘G8)
atons in metabolism have produced
changes in the size and number of nu-
cleoll (Swift, 59) These results fndicate
that modifications of the puclealus accom-

pany ch in RNA and in the growth
and’ differentation of the cell. The close

How
oltsm of RNA
structural ebnarmalides of the nocleolus?
A bolites and anal of natw
could cause an

rally mring
tion of aberrant RNA in the nu-
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Part of cross section of festher from  com culture of skin
from an emioyo of Sectimed at 7 a and talned with
tolgiding blue. The nuclkeoll, which usuzally number twe per nncleun,

cortesporting bilateral shown
§ grown in the presence of barbiturk acld (633 ag/ml) Periph-
broken into smaller centers of

Control explant of skin from the back of an embryo of stage 30
parmsl festbers and  strong phosphatase rvaction withln
the feather germe. ¥ 58

The

10 grown in the presencs 333
iy an Inhfbiton of f thers and  diminution in the sctivity of alks-
line phorphatase. x 58.

Coutral explsnt of skin from sn embryo of stage 31  ahowing pormal
featbers and phosphatsse resction. X 56,



FLATE 1




13

PLATE 2
EXPLANATION OF FICURKS

The corresponding hilateral half of the phece of sk shown jn fAgwre
&mnmmmdm(ﬂ.ﬂmml) M.k.lllmphmylu
is prewent, bat pot Jocalered within

mhnllmlhnh&kdmrmh‘yvd kuﬂ showing the
strong reaction for phosphatese within the festhers. X 58,

mmmmmmmummuummmhm
12, grown i the prvsence of TRB (20 ag/ml) The pbosphstase b
localired withln feather Joct. X 88

hl(hﬂm.nmiﬂuuanolumall.bcl ther locl shown in figure 13,
ote the subdivivion of the ares into smeller centers of phosphatase
-cdvfty x 218

Sagittal section of a control feather from skin explanted from an
embryo of stage 31 ﬁ«:dmed t1;--ndun1nedwﬂhmlu1d1nchlw
Note the hesvy concan of besophilia (RNA) in the epldermi
ﬁ-ptdnﬂrhthc:mwhjchlhtdjmmdupu!p x 218,

Baglttal section 14 from an embeyo of stage 32
Secthoned at 7 4 and stalned with tolokdine bloe. epidermbs
hearily stained. X 218,
Sagittal section of & foather skin
shown in figure 17 Sectioned at 7 2 and stained with tolatding hlee
after priar treatiment rbonuclosse. Nots

basophills in the epidermts in figure 17 especially
that next to the basement membrane. X 318,

fa section of a phece of tisne from the corresponding bilstera!
balf of the explant shawn o fgure 17 grown in the mrence of
TRE (30 ag/ml) Sectiooed t 7 o and u.lpcdvuhml-jd.bchhn
Note the absenice of the intrnse bascphilla pormall in the eph
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Anatomy of the Normal Humen Atnioventnicular
Conduction System'?

JACK L. TITUS GUY W DAUGHERTY awp JESSE E. EDW ARDS
Section of Pathologic Amatemy and Section of Medicine Mayo C!
Mago Foundation, Rocherter Minnsrota

The major marphologlc features of the tal walls and Kent (1893) descobed a ¢
lﬁdmtnnicu.lu(AV) conduction system  sory muscular connections between ne

for several years — from to time Flack ('06) and extended the
¢men the anatomic existence of the system of the AV bundle and the
bas been questioned. In order to familisr  bran es from it to the dght and left

tris system and to assess of by His' (41) noted Its
Potatton before tnvestigating it in relation from & node in the floor of
® congenital the right atrtum, and the

and
Y B 45 48

flengming with (be work of Purkinje DI 44 Clemset and Brm 43 48
(48) "poypen, by Willtus and Dry 1, erctures and have extended knowl-
of the e described Sbers' in hearts  _y For iheie gross and histologic feanures.
Dx fon the

w of con-
II;:;&: and related to a duction system by the use of histochemical
¥ fanglion cells In the Interauricular sep- ateid o2 partien of e
SRR ceeenesmems

™on (29) end by Willius and Dry ( 48) =]

d Bidder'y of ganglion cells at Tis meg et tn_pon by Receh

By AY funcrion in the frog (Willlos nd %’.}"‘M"-....mi.“m Rt b ol
48) weemed to support the peuro- h"’“"m B,

Tﬂmhulu:dlnccmtrm et ey
€VET mafor anatomic discoveries in ,..".._E“"'“w

"mﬂflbelbtwym:bemchxdnz L ol A i) =

e, 3 muscalar also were made  His e Tor Stiame o PiTLt A by
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i
i
i
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technics has been ed (Carbonell, 56
"38 Uhley and Ri 89 Allen Leder
man and Pearl, 59 Bittencourt et al. *59;
Wennemark, Benvenuto and Lewls 80
Iwaetal,’81) Recently James ('61) has
correlated the morphologic features of the
AV node and the f surrounding it with
electrophysiologic observations.

Frem studles was derlved the usual
description (Barry and Patten '60) of the
AV conduction systemn in the normal hu-
man heart The AV node s located In the
Boor of the dght atrium near the coronary
sinus ostlum, and the AV bundie extends
anterforly and Inferiorly from this rrode to
sepium to

septal musculature swhero-
in it divides into left and right branches.

MATERIALS AND METHODS

The major parts of the AV conduction
system of human bearts, which were fres
of any (or any significant) congenital
anamaly and which had given no dinfcal
evidence of arthythmia, were cxamined
both grossly and histalogically The identd-
fication and location of (1) the AV node
(node of Tawara) (2) the AV bundle
(bundle of His comman bundle) and (3)
the right bundle branch were specifically
sought. When possible the locatton ond
course of the left bundie branch (or
branches) were noted this usually vwas
dore but no speclal search was made for
this structurc  These nommal  control
were taken at random. Included

J L. TITUS G W DAUGIERTY AND J E. EDWARDS

valve were cut and these structures were
reflected atrislward or removed. The endo-
cardium of the right atrium above and con-
tiguous with these structures (In the area
bounded roughly by the coronary sinus
ostlum postedorly the fossa ovalls supe-
riordy and the central fibrous body ante.
riorly) was dissccted free and reflected
cephalad or removed. Usuelly a thin band
of atrial muscle obllque or at right angles
to the tricuspid valve margin was encoun-
tered. This was carclully teased away

The AV node was then scen lylng in the
base of the atrlum Just abovo the margin
of the tricuspld valve. Alter the central
fibrous body and the adJacent membranons
portion of the intraventricular scptum
srerc identificd cither the common bundle
wus followed as a slender muscle fasckle
exterding anteriorly from the node and
passing through these structurcs of the
membrancus septum was split Jongitod
nally and the slerder muscle fascicle (rep-
resenting elther the common bundle or the
dght bundle branch) was followed badd
though the central fibrous body to its Junc
tfon with the AV node While these meth-
ods differ only slightly different specimuens
scemed to be handled mare easily by one
method than the other  The origin af the
left bundle branch (or branches) from the
common bundlc was sometimes noled a3
the dlsscctions were carried out.

Histologlc examinations
Scrial L of elght human

(P I

were hearts from eight adults (apes 21 32
35 66 60 67 69 and 72) and one child
(age 6) Fresh specimens and specimens
fixed in formalin far a fewr days to several
weeks were examined

Gross examinations

The dissections were carried out without
magnification  Methods were in general
those recommended by many authors
especially Ristin (49) and Widran and
Lev ('51) Minor varations of personal
cholce were made The usual dissection
made In this study was performed accord
tng to the following technics

In the conventlonally opencd heart the
attachments of the chordae tendincae of
the septal leaflet and of the adjacent por
tion of the posterior leaflet of the tricuspid

bearts were examined. Six of these
mens were those in which the AV conduc
tlon system had been gromly tudied and
two were specimens in which gro<s dissee-
tion of the conduction system had not been
done Ornc of studying both speck
mens y dissected and those not ::
to ascertaln what If any atifacts and
tortlons were Introduced by gross dissee
ton

Sites sectioned and planes of scction on-
obtain material for b

bout the same manner as had been e
;oﬂcd in the litcrature (Lev and uw:_
ates 51) The approximate rrth;
mm‘cd!ursccuonlnzboulllmdln fahyd
1 One to four blocka were ma
ing on the size of the heart the oblect
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ventricular septum  This second method
of sectioming (1) fafled to show th ele-

the system (2) made preparation of large
sections difficult, and (3) increased the
difficulty of compering our findmgy 1 rth
those reparted in the Nterature since most
studles have been an sections cur
by the metbod first given. Therefore th:
second method of sectioning the dssu
blocks was not used

features of the conduction systern (g3 op-
posed to cytologic detafls) selection of
every tenth or twentieth section of the serl-
ally cut block proved adequate Whether

anstrate more adequately the pathway in a
given arce. Thus 200 to 300 sections were
finally examined from the last six spect

mens.

Attemmpts to circurment the rather
lengthy involved in stodying the
serial ul.

of stains were tried. These incl
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rrﬁndto'.bcpmhkmoftdccdwdﬂ
ferentfal staining of the conduction sys-
tem 1t was found that none of the stains

J L. TITUS G. W DAUGHERTY AND J X. EDWARDS

stonally 1,000 After Inftial assestment of
finer structura!l detalls, magnifications of
35 and 100 were found to be adequate in
general with occasional use of greater
magnification to better define some par
ticular feature of the system

RESULTS
Grosy dissections
The AY node common bundie, and right

tundle could not be demomstrated satls-
factorily As mentioned before the left
bundle tranch was not especially souphty

purs:
mdmmmfarfruhmmedﬂmdtberda
tyre P of the P
(omaremtindyuscdtcchn}a.
The orders of magnification used In the
study were 10 35 100 400 and occa

nrrylonode

1t was 1
Lntwu!thedzhtdhiecdom Thesm“
the p ] portlons

of
o!LheAchdunlon;yuemo!Lbe nor

e

,,,Av.aan
mehmdl«vm ystem of four pormel” hrmas hearts
2. = region 1 owembranous sepum and erntral Sbeows
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mal™ berrt (fig. 2) were found to be as
Tollows:

B0y ddons and pearly directly in-
frox to the Jower Itrmit of the foxsa ovalis.
hhmfﬂmﬂjmnbum,ufm:]nr
ﬂ”"ﬂﬂdmmthebuc(-mchm:)
o the septal leafiet of the tricuspid
‘*"'md'd]lmﬂrduht}ypmaicr
;‘;‘Cﬂnﬂlﬂbmm Apparent pos-
& d anterosuperior connections of
mode 1o the atrial muscls were noted.
ztﬂ"mrbdmdumrymfmmd
b s (@ the node 3 nrually arlg
e ﬁmmultdghtcumm:y on
u:;tm‘n"l!ﬂﬂofthubm ex-
e erody atrlal fat to the
m-n’“Adeemmud in the
e Ty omen3 an everags of 3.7 mm
by foo o0 Jong, and 1'mm thick. It

Common bpdle ' The proxtmal
ek of the commen AV bandle (bumils

411

above the muscular part of the ventricular
septum the bundle lay just over the center
aor slightly to one side of the center of the
muscular Since branches to the
left ventrd myocardimm usually arise
from this bundle near its nodal end and
continmuously throughout most of its length
the partton of the AV conduction system

common bundle is often a
of bundle-branch fibers
and only same af the left bundle-branch
fibers mumber of left bundle-branch
fibers usually as the distance

indicated by a ridge or ridges in the endo-

cardlum which fanned ocut over the up-
part of the interventdenlar

Fr?:m!heregmn

cardium gross dissection was usually not
ble However in two cases, the odgin

P00 we defined the commer tant g lcally It that left bundle branch-

h&mm'd.“rmhmwmthaAV ing -nywhm(-&thngﬂmm::'f
lmmﬂy mmlb‘lﬂﬂk

*hudg‘m‘putmwh:;:l'tmﬂum better elucid. il studies)

nl""!lll'pbou;m‘]"’ ary @ hle u:da;'uddethxntbu
el g penda?) Tan through e B by where to estab-
u:nnm "Enﬂnuf(thc mm:: AlL:thm‘l;inbypun on was
e e difficult because of the of deter

minlnglbedteufuﬂpnuf!hnldt-bnnch

LT 2T SRR ST
—
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elements Often the problem was resalved
anly after histologic examination At any
rate a structure (whether truly dght bun-
dle branch or common bundie)
couald be readfly traced within the posterior
inferfor part of the membranous septum
and far a distance of 2 to 10 mm after its
Er;cxwmcc fram the Lnferlo-r margin of

lly 1t

J L. TITUS G W DAUGMERTY AND J FE. EDWARDS

were not made The Jength of the dis
sected portion averaged 15 mm the aver
age diameter was approximatcly 1 mm
Histologic examinations

The AV node common bundle and right
and left bundle branches were identfiable
on histalogic examination (fig. 3) The
appearances of the component

branous septum. O

could be fallowed anteriorly and apexward
to the region Just posterior to the septal
ran of the crista supraventricularis where

cixted with the mod band
if that structure was identflable How
ever as only the upper part of the r
bundle (that is, the part near the AV )]
perteined to this study specific sttempts
to follow it beyond its departure from the
area adjacent to the membranous septum

Flg 2 prearance of praximal
adult besrt iIn selected m—ul sectlons {rom
tondle branch TV
o Apure 2 (lhﬂa‘rllﬂdtnh&l.n s N

tric pld abve B = branching part of mal

pamobeemnducﬂoutyﬂﬂnwﬂbcdt
scrbed individually
Atrloventricular node The AV node
could be !dentified by jts Jocation and
structure  In histologic section it was seen
lying on the AV fibrous ring Just above the
attachment of the posterior or the septal
leaflet of the tricuspid valve A thin lajer
of atrial muscle lay over the node in those
cases not grussly dissected (that Is toward
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the dght endocardial surface) The histo-
Iogke structure of the node was distinct: it
cootisted of musclellke fibers that were
smaller than elther atrlal or ventdcular
fbers and that vere arranged in a pecu-
I, loose, grouping of irregularly whaded
interlacing nmdles. Nuclel seemed to be
oyt rumerous per given microscoplc
#ed than in other areas of the atrum (Lev
md coworkers ('51) stated that this ap-

413

and variable as poted in the gross dissec
tioms, because of vagaries
right and left bundle branches especially
In their course from the AV node
to the level of the membranous septum
fibers of the conduction system {n mare
ot less of & bundle were found to be elther
on top of the center of the muscular inter
ventricular septum or situated more to
elther the right or left side of the apex of
the

masculsr septum.

Left bundle branch. The left bundle
btranch was found to orginate either as
multiple discrete branches ar as & single
Ermd band from the common bundls

stain)
soed with H &
pared somewhat

tions
ap-
than

In same Tpre
the nodal

E,
less

thefr odgin, these fibers developed a faidy
dLlﬂnE‘t:l:omctm that made them ap-

s made in this

Common bundle The lunction of the
4V pode and common bundle was not
tharp boundary (This was also noted
tosaly 3 At the anterlor end of the AV
wde ‘same nodal fibers became lesa tor
fons and gathered Into a more compact
:!fmd&hwmncdmnwhmtheth
scctioning was alightly oblique thess
ibers appeared In longitudinal view 30
that continuity of the AV node and the
dructure regarded as common  bundle
could be definitely established The com-

mon bundle was usually seen mn cross
section but sametimes in an oblique view
It was found to be usnally a raf conr
pact strocture  composed of ted

fibers that were of smaller dlameter than
elther ventriqular or atrlal fibers. These
fibers proceeded antenody (that i toward
the anterior aspect of the intact heart)
Irom their origin at the anterior aspect of

multiple fascicles soparated by con-
U-mp.: D ermination of the exact
€xent of the cammen bundle was difficult

pear ¥ fibers ad-
jacent to themn they were 1. in dam
eter, seemed to posscss fewer cross
stilatons and appeared to have a per!
nuclear clear rome. While they did not
coincide exactly with Purkinjes odginal
descriptons of certaln pecullar myocardial
fibers found in animals the term “Pur
kinje flber (or “Purkinlelike fiber™) was

Usually a fine connective-tissue sheath scp-
arated the group of conduction fibers from
dj (] 1 that the
fibers of the right bundle branch could be
best (ot only) definitely identified by trac
ing them 1o serfal sections from their
ongin i the AV node (or common bun-
dle}  The direction of the right bundle-
b nch fibers in the basal ons of the

i | 1 sept ™ was different from the
rect noof mo- of the septal fibers; that
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nous septumn slnce the hlocks of tssue re-
moved only included this much of the ven—
tricular

septum.

Mahalm fibers  In some of the prepara,
tions fibers were scen of the type de-
scribed by Mahaim and Benatt ('37) and
Mahaim and Winston (41) which run

fibers  or
SUMMARY
The atrioventricular (AV) conduction
system was means of gross

ogic sectlons
in nine normal hearts from elght adults
:ndonel:}ll.eld Previous descrptions of 2

y distinct,
continuous system trere confirmed  The
major components of the em  were
found to be (a) the AV e (node of
Tarara) situated in the floar of the right
atrfum op the fibrous AV ring just an-
terfor to the coronary sinus ostfum (b)
the AV bundle (common bundle or bundle
of His) extending anteriorly and inferiorly
from the AV node through the fibrous ring
Into the inferior part of the membranous

1 (c) the left bundle branches given

23 discrete fascicles over a broad por
tion of the cornmon bundle usually from
a point [ust distal to the fibroas valvolar
ring and to a paint st the posterior-inferior
angle of the membranous septum  and (d)
the right bundle branch forming a contin
uation of the comman bundle snd passing

bliquely antedarly and inferiorly through
the upper part of the ventricular septum
toward the crista supraventricularis
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Development of the Raccoon Placenta
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propriate pleces of the placenta were re
wocessed sectioned and stained
for histalogleal and hemical fnvestt
gation Sections wers stalned by means of
elther hematoxylin and eosin, Massons
trichrome stains or Lillle s periodic scid —
Schiff (PAS) procedure
OBSERVATIONS
Gross anatomy and measurements
Antmal no 87 This animal was killed

contalned two Jocular ts in the
left horn and three in the right horn, these
being approxima spaced in
their respective commua Issection of

talned a loping fetus sur ded by
its amnion lying in the allantaic cavity

2
B

The umbilical vessels emerging from
the umbllical cord of the embryo farm
four maln branches ane branch running
aleng each margn of the snnulus {n each
direction mesometrisl to the
glon. As they run to-

region
give off further branches to the body of the
anmulus and eventually break up to form
smaller branches running

TIUTDETOUS to-
wards the mid-andmescnetrial e
glom. It 43 at the central area of this

§ Hal the 1

al in
:}m the most outstanding feature of the
raccoon placenta can be seen. 113 a large
and conspicuous placental structure re-
named the hemophagous organ

B F § CREFD AND J D BIGCERS

(Blggers and Creed '62) (fig. 1)
organ is highly vascular and is sacifke in
its general

the the
E—'”"P into the allaptolc carity the free
dlstal region tending to be disposed towards
the antedor reglon of the embryo. There
is no evidence of the presence
hematamata as found tn the dog.
fox, and coyote Measuremnents of the enr
bryos, the annull, and the hemophagous
argans are given in table 1
Animal mo 148 The of this
animal which was killed on May 1 1961
proved to be of a later developmental stage
then those of no. 97 Thelr over-all meas-
urements are larger and it was adjodged
that two-thirds to three-fourths of the ges-
tatlon pertod had elapsed The four con-
ceptuses wero equally distributed in the
carnua and again were more or less evenly
spaced. The ronary placenta (fig 2) b
notably larger than that of no 97 and al-
though the main umbilical vessels are dn-
tributed in a
Iarger and their

extensive and complex fn thelr peregrina
tlans as they converge upon
phagous organ. This organ in con-
mnholconﬂdcnb]e magnitade and

up a Jarge propertion of the allantok
cavf

ty
Flgure 2 is a photograph of one of the
conceptuses of this animsl A lateral
window of tlssue has been removed to re-
veal the lay-out of the placenta with fts
hemophagous organ. 1t can be scen tbat
the latter ergan has at this stage d
a derable tubular p )
which also emerges from the central and-
region of the sanuly and
runs farward along the dorsal side of the
embryo In an anterior direction. This
ultimately bends to the right over the em-
hrya-hcadreﬁm!benmdrckﬂ.md
finally Jeads into an expanded bulbous re-
gfonwhlchhanmdawnmlhekndfk
of the anterior part of the embryo. reach-
lnznghtdmlodwmanﬂﬂzldded
the allantoic cavity It must be remem-
bered however that this may not be the
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!Ihrce As In animals no 148 and no. 142
our wmrrmmmdm
iy Tb{ bryos mztht:':;
cornua. em| are larger
those hitherto tered

encoun possess a
body-covering of fine lanugo hatr (fg 3)
and have defined vibrissae, 1
clear that this antmal vwas approaching the
end of the gestation perlod and nearing
parturition. The measurernents shown in
table 1 however indicate a reduction in
the gize of the anmull and the b b

R F § CREED AND J D. FIGGERS

three stages to be dis.
cussed will be (1) the early placenta (17-
18mm embryos) (2) the twothirds to

gous organs relative to those of nos. 148
and 142 Consxiderable varistion in the do-
gree of regr of the b or

was present (figs. 3 and 4)
Lbenu'c:il:l e d.ﬂclapmenuldon
mat Tepresents & we-
ries and 1t seems from the limited material
we have described that both the anmulus
and the bemophagous organ of the rac
coon placenta incresse in size untfl ap-
proximately

gous
lmzybenotcdthnuzh:ac‘hufthenu‘m

;Jiud (nl)llhe mlhg‘yﬂﬂmh (b) the
unction deep ar
zOME wh}chwmbeﬁzdwnztm
below the placental la ¢) the
hemophagous organ (d) b
hemophagous

The early placenta

This finding {8 contrary to

reports in the literature (Watson 1881;

Rau 25 Mossman 37 Amoroso 32b)

Watson (1881) first reported a gap in the

ﬁacema thig gap being disc-shaped and
a central and anth rial positl

was

in the amnulus. It seems clear that this
was In fact created accidentally at the

destruction of the organ itself and re-
moval of tssues of the fetal aide of the
ta from the maternal side Rau

anatommy of the placentace
mj::ﬁ no. 143 and no. 148 are only

o P h e A P R
1he end  were tn
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Ge maternal capfllaces are
relativel present & & by fetal vl Owing to the degree of ex
wdl o syncythmm with haphaz  pansion and proliferation of these ds
y disposed muclet. At this stage thetr lateral walls form septa with the
'.m&um may be confleemt with that of lateral walls of nelghboring glands These
hﬁmilm(ﬁg‘ﬁ)hndhmt septa conslst, therefore of a core of mater
more a tissue bounded on elther
grnerally be ed by a layer of e by thellm. Maternal
<luler trophohlast (fig. 8) In blood vessels of different wizes run in this
Places where cellular dast is coanective tissua and these vessels are the
to

and
whils the trophoblast con-
% of 4 eingle layer of cells with gmaller
Eeot heavily stalning nuclel and more
Y staining and in which
figures can sometimes be
There is no evidence of glant

means of Ingress and egress from the
pﬂ.lccnulhbyﬂmhufthemltnnnlhlood_
There is also a dch supply of maternal

-

oxlls betng present between the trophobl
urrmding nefghboring maternal capdl
1895 as i1 the case in the cat (Duval
Wislockd and Dempsey 46) and
hml_sélhnhm ‘54 Morton, 57

)

The fetal capillaries, carded fn the
mesenchyme are thin
In certain

FEi

the f and maternal blood

cell 1s phill
whereas the rest of the cytoplasm statns



material nt in the gland cavites
Fetal ca present In the fetal mes-
enchyme tn instances have a sub-
epithelial position,

Below the ded parts of the endo-
metrial glands 13 a reglon contalnlng

These are lined by cubatdal or Jow colum-
nar epitheilum and are active In the secre-
tlon of hist e which accumaulates
writhin their lumina. They form a parrow
region in the struma which abuis an the
underlying uterine muscle layers.

(c) The hemophagous organ  In vertical
section the Jength of this organ can be
teen to be a xtoately four Hmes the
depth of the thine part of the pla
centa (fig. 3) At this stage its distal half

sisty of an ded reglon Ining
maternal blood The walls of this sac are

[ tely
mﬂ!o&:ﬂmﬂndlummo

number of diffcrences from the junctional
and glandular zona it deserves scparate de

formed by the allantochort

whose epithelum is columnar and is
bathed by maternal blood. The proximal
organ cousists of a complex
series of branching lamellas f of
allantochorion (g 12) Each Jamella
consists of a thin core of fetal mesen-
chyme lined on efther side by fetal colum-
nar epltheltum. lHere too s columnar
cpithellum s bathed materpal blood
and it seems that this blood from the sub-

scription  Like the Junctional and glandu
lar zane h 1t o, 1att

al glands. In this case the expandon
tnvolves the whale of each endametrial
gland aince the unmodified basal sef
ments which are t below the juné
tional and gland zone are absent of
extremely rare. Thus these glandular com
E]nmmummwempcdow than those

ow the labyrinthine part of the placenta.
Furthermore  both their floors and latral
walls are hly folded and the inte

nels between the lamellae.

The fetal epithellum both of the wall
of the expa sac-llke and of
the Iamellae consists of simple high co-

lumnar cells with basally disposed nuclet
and with cywoplasm which is more baso-
philic near the noclear end of the celt
(fig. 13) The free edgnngfgccns bave

oplasmic proceyses a supra-nu-
3::1: cytoplasm is noteworthy for such in-
clusfors as b;c:.i-]d cells vesfcular bodics,

nules and ow-orange plgment gran-
gultzl. In fact these fetal epithellal cells
glve every sign of considerable phagocytic
activity Although a certain amount of
histotrophic debris Is present (n the sac
and the interlameDar spaces they are
filled mainly with maternal blood and
thus it seems that the predominant func

compartment septa {ormed adjacent
latera] walls appear to be bra. at thefr
distal ends (fig 6) The thelium of tire
floor of each gland and that af the pro%

thelial cells decreases towards the mor®
o of these walls and at the o

dmtfl the cpithelium a ta
dla ns
have u bie eratkos,

cellular change and disintegradon. 'I‘hu:i
there is a well marked region at the lev
crdwdlnnlmdsdﬁwxp{amlm
heastly staining cubcidal cells and sy
plasma Indicate 1he formaton of hhflt;-
trophic material (figs. § 6) A cerd
amount of celinlar disintegra

to the tips of 1be glandular folds ﬂ;;
curs {n the mote mal reglons s
l:lrrulwnﬂlnndlndwﬁoonohbed:



THE RACCOON PLACENTA

the junctional zomE
beneath the ta, are not
ttached to tnvading fetal villl. Indeed in

of ma
ternal Hood filllng up the cavittes of the
This tlood gains access to the
bemaophagous organ through
mbﬂm‘ﬂmdinﬂendlof
septa farming first a a
thndnlnmuirofﬂood(ﬂp.;‘g

The two-thirds to three-quarter
term placenta
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floors, relatively emooth

t aTe
(fig 18) The cpithellum of the floor 1s of
a low columnar na
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Below this site of expanded glands the
region of so-called unmodified basal glan-
dular segmments s much more marked than

R F S CRIID AND J D. RIGGIRS

large lacunae of fetal mesenchyme are no
lomger present as in the early hemopha
gous organ. This mesenchyms {1 well aup-
Plied with fetal capillades many of which

in the early placenta and ft seems that

considerahble extension colling of these are sub- or intraepithelal in positon

segments has occurred. The epithelia lin- (g, 20)

ing them may be Jow and quite (d) The sub-hemophagous region  Thbe

fisttened cubolda) or botdal and this on and the

these portions of the glands sppear to be  Junctional and glandulsr tone at this stage
in active a are even more marked those In the

4 pocrine
Sach activity would sccount for the con-
siderable varlation in the lining epithe-
lum. The ucts of this secretfon can
be scen in quandty in the Juming of these
basal ular

s
£
:
%
%@’s

degree that the foldings aod ext
the wall and floor have almost ohlfterared
the compartment cavitles (fig. 14) Thus
this whole reglon appedrs as a complex
branchl ern Jul

segrments and cyto-
Iytie material from the region of cell dis-
integration seems of lesser importance.
(¢) The hemophagous organ. The large
size which the gous organ has
attained by this stage is due to a consider
able increase in extent and complexity of
Its Jamellze The blood filled tnterlamellar
channels are also larger than in the eary
p Ithough the lar cavity at
the distal end of the organ is relative to
the amotmt of lamellar tissue smaller than
in the earlier stage The epithelium of the
/ameﬂae bas seemingly ex-
tensive prolliferation and hat become
varioualy folded in contributing to the
increased complexity of the organ. This
tall columnar fi c;ﬂlbe‘llnm Is simi-

region appear to be underpoing disintegrs-
ton. ow this prollferating glandular
region a few

The near fallterm placenta

The placental labyrinth. A funber
() mpl‘lbeduo!lbcma!emﬂd

lar to that of the b organ
of the early placenta. The nuclel of
bowever lar];

a to have been
nm;aid:]apﬂlaﬂn_ Wfrwnd'ﬁerﬂ

its cells are not so reg y
basal in positon and xre dl

in a central positton py the most
outstanding feature of these cells s the
large accinnulation of orange colored gran-
ules and crystals of pigment in the cell
cytoplasm (figs. 19 20) It seems there
fore that during the course of development
these particular cells gradually accumu-
late more and nwf; P‘Mlhl:;ﬂklg’u'
which presumably is formed as own
products of hemoglobin.  Occastonal dis-
o rospen i e fesa cpltheill el
Hlood su that the cells
may disgarge thelr sccumulations of pig
ment after 3 certain time. Fetal mesen-
chyme forms the core of the lamellze but

e in de P
Der Iabyrinth. Thus :Lzﬂzhu stage 1ty
appear as | sinuscidal spaces
by the .:.pfﬁ."n endotbelium, This endo
theflum is low cuboidal and considerably
more flatteped than in the carller sugts
(fr 22) The cell puched are
often more elongated #nd Jie in 2 plane

1o the basement membrane (AS

) Tbe lauer is sl readlly demon-

strated by the PAS technique The trophor
biast surrounding the maternal sinuscidad
vessels 13 naw fn most plates a singe
attenuated layer of sypcytium b""h"'g
fine strands of ft mesenchyme
infilrated by 3 profusion of feial capd
Iaries contalning fetal bood corpuscie:
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bstances of intra-endothelal fetal capfl- be phagocytosing maternal blood corpus-
lities (8g. 23) are more mumerous than cles and considerable accumulatons of
in either of the eartier stages. Thus in the crange brosm pigment granmles and crys
labyrinth at this stage both maternal and

fetal blood aj

tals can be seen In many of them. Other

cells however seem to have disgorged

THE RACCOON PLACENTA

to be present in great

eccount of the struc
of the raccoon,

of the
The
large at
In
is slso
o Ponoecophitc
over-all red
reglon mxy
activty
pace
ternal
amounts
the
reduced
of its
glands
filled

greatly redoced.
-:uh.d
g‘lnnd.
AgOUS
erative
T
only mmall
and
I
of the
umina are
DI
From the foregolng

.w. mm.m.m mummm
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eytotropho-  lost (fg
cytotrophoblast  and folding
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Because of these two features 1t 1 difft
cult to aselgn it to a category In any cletsd.
fcatlon which hay so far been proposed.
The mitro-anatomical clamficntion of
Grosser (08, TB) extended by Moss.
man ('26, '37) Is one In which the
number of tssue layers betrreen maternal
and fetal Wood fs used as the criterion for

X F & CREXD ANU J D. BIGOERS

position to tell whether the blood of the
i h clreulating  The

very nature of the organ structure sug
pests that if there 1s circulntion it is Jikely
to be a alow one. It seems clear that
maternal blood moves into the interJame}
lar spaces of the organ gaining sccesms
fm:l %h!oodﬂﬂedglardsnfnnﬂd&
8o h '

grouping placentae and i3 2 classificatt
which has been favored over the last half
cent Aocozdluh? o Grosser's claasifica-
don ntal labyrinth of the rac
coon would ba designated as bdnl? an
orfal placentns. Recenty 1t
has been suggested that, because of the
pessession among carnivores of a rela
tvely thick PAS-positive basement mem-
brane outside the maternal sinuscidal cap-
urn, this should be classifed
as a vasochorial condition (Wislock! '55
Wislock! and Amaoroso, B8)  Whether the
term endothellochorial or vasochorial be
used either {s applicable only to the ear
ller stages of the raccoon placental laby
rinth In the later stages use of the
infiltration of fetal capillaries through the
basement membrane and in between the
cells of the maternal endothel, mater

T reglon,
hhu&:‘hﬂnﬂpa lbeTbt
ment of gous argan. ear
liest stages which have only recently be-
come avaflable have pot yet been fully

con

nal blood sppears to be in contact with
fetal capillary endothelium in many places
(fig. 23) — a bemo-endothelial conditton

J (Mossman  '26)

“  The changes occurring throughout de-
velopment in the labyrinthine part of the
placenta are an Increase In slre of the
maternsl sinusoidal copfliares coupled
with some decrease in the height of Mofr

dothel a disapp
cytorophoblast and a hyphaelike profif

eration of fetal capillaries leading to thelr
{masfon towards and uldd ly Into

and
cells

the maternal capilllary vessels. Al these
changes lead to a dually 3

approdmation of fetal 2nd maternal blood
and all should be borne In mind 1n com-
witting this pact of the placenta to any
particular morpirdogical category

In the fous organ it fy clear
that histelogically the maternal fetal rela-
donmship is diffevent from that of the laby
rinth According to Grosser a b harial

ternal blood galns access to the glands
of the mb—bcrmppglm'm"w!”
not

known
evence to the therature Teveals theee
mhn: Lers of the Carmivora posv+

placenta is ane where maternal blood is
directly fn contact with fetal trophoblast
Such ia the situation (o this part of the
raccoon placenta. We are as yet not In o

the

ant which may be similae ¢ 70
m:mxﬁvﬂd'bf““mfh et
organs are the “Hutbewtel of &
(Bischoff 1863) the crniral blood PO



THE RACCOON PLACENTA

SR e e s
i i
e e DL e b
Hipia L W
ShLm i e SEaE b
sl Bt Wil il
mwmmmmmmwmmmmwmmim.mg lE
SATYEEAERLRRR Rz, ; : s
IR
mmmmmm%mmmm%mzm@ Hies ELE L
M
L mgw mmmwm Mwm MmMmmmmwmmﬂ
¥ oER¥ £y mm . u“
ik mmmﬁmm Shithn mmw s



Y

428

histochernical and electron micrographie

Until reladively recently it was gener
ally supposed that neardy all substances
which passed from mother to fetus did so

diffusion across the pl and that
this diffusion was most efficiently per
forroed at the thinnest parts of the chado-

recognized however a differental perms-
abllity of the placental barrier In exped

R ¥ S CREED AND J D. BICOERS

width or number of Iayers in such carnd
vores as the dog and the red fox (Yulpes
vulpes) (Creed ‘58) # great extension of
the surface area of the phagocytosing
layers occur  In the raccoon hemophagous
organ not only does the surface area of

ments on cats and rabbits. Since then to & position at the freo ends of the cellt
cytological and histoch I fnvestige in late pregos The basal cytoplaem
tlons of the mammalian placenta (Wis- of the cells in early stages is mare
lock! apd Bennett, 43 Dempsey and Wis- than ip the late stages In addh
locki 44 46 Wislock and Dempsey 45 ton & progressive accumulation of oy
461 46b_ Wimsatt, 49) have shown the stals of orange-yellow pdgment within the
cental barrier to be more dex than cells culmt A "ml?omelﬁf‘.
therto supposed. Cmdythugnu‘a] ing of these crystals back
opinton fs that Grosser s concept tthe lamellar maternal blood It is likely that

fewer the layers between the maternal and
feta] Hood the speedier is the diffusion
rate may hold good only in the case of the
more readfly diffusible substances. On the
other hand 1t seems likely that the mare

1 1 hemical med!

in

ston and this ma take place only

dﬂckerrrglon:o!’the,‘ | barder
In the earller stages of the raccoon pla

centa the maternal and fetal bloods are in

| doser p Y in the hemoph
in the labyrinthine

or

gan than reglon, and

tf the maternal hlood in this organ has

readily diffusible substances to offer ex

change may be mare efficiently carried qut
As

moph: in some instances being s mechanism for
separated only by fetal endothellum. fetus 13 indicated
thinning of the er in the Jabyrinth {s  ever iron may not
pot howe feled by the h h 1

Ual or basally intraepithelial positions with
respect to the phagocytic trophoblsst.
It has been reported (Wislocki and
Padykulz 60) that Llhe hlemxwmau of
thr

seemn te clear rtleast in the €ase
d]t;:-eben.:oqphulngoulmﬂnf'b‘“m
-ndprub:blyn]wlnmcnjedlk
tomata of other carmivores that these

camivores ghe
without apparent cytologic changes or any
reduction in width er number of layers

Although there may be no reduction tn the

reglons :::ncﬂlﬁf‘
erally past studles ;:: m“w of

have been
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bematoma of other camnivores Is con-
sidered Thctugge:dmhmade that the
use of the term “h

R F § CREED AND J D BICGERS

certain salutions offered by the pacm|
cat. Am. J Fhrlol, 53 435-45g, o in the
1023 Swdk-lnblacmulpummm

of
its pathological implications could, with
advantage, be discontdnued and that the
more descripive and functional term
“hemophagous be applied to such reglons
of the placenta.
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Abbreviations for plates
BM., basement menbrane HO, bemoph g orgen
DE.G., besal segments of glands JG junctional and glandular
endothal rone

L, labyrinth
MB.C., maternal blood corpuscles
singsotdal

F., fatus

FRV fetal blood versels M $C., maternal

F.C., feial capillary

F.C.E,, phagocytosing fetal P pigment
columnar epithelium P.A., placental annalas

FAL, f0 roesenchyme

FV fetal vill} lm-:mndﬂu
glandular epithslium st hagous region

H31  histetrophic ST syncytlal trophoblast

FLATE 1
EXFLANATION OF TICULLS

1 Photograph of ous of ke coocrptuses of animal no. 97 A o
the lateral wall of the oterus hus been removed amd revealy fetu
wihin #t mwmbranes lying in the allantoks cavity Thbe placental






FLATE 3
EXPLANATION OF FIGURLS

of the same b

mb,mww
Mﬂmww
i

reghon of
mx&m

power
through
pacental
i The
distal blood filled nacllke part
the

which i the
gous Tegion, Note
bejow the

y placenta
cut
goO8 CYEAD.
1 and ol
consist of
part

fAzaton Hematoxylin and ¢osin stalning.






PLATE 3

EXFLAN TION O FIGULES

All preparations ﬂ.‘mdl.athhphumeﬂndhﬂocd s 5ol tien od
t {ned with bematoxylin

Early placenta (no 97)

6 A part of the same section Lnﬂmu.runlvﬂupm}vﬂl.nr the
sl nd cavities below the Below the blood
reservot the L of the subh e
glon, sepasated by are Alled with materna! blood. Histotrophe
only is prevent he glend cavitles of the
200 Note the foldings [ mﬂamdﬂmnfthtlhnd

cavities Ul
manly below the functional and gl lndul.um xR

7 Ammwmmlmmmmlunr
ocdal caplllaries nd of fetal mesenchyme. ¥ 140

8 A sectiod through the plascental labyrinth to show a single maternal
imnad.lnptﬂlrywﬂhﬂ:tndolh:ﬂ:lwﬂ]]dcuhﬂidalcﬂh‘ nd

oot pepetrated far toward the maternal blood essel ¢ th! atage.
500






PLATE 4
IXPLANATION OF FICURES

Anmmnmm%ﬂummmuﬁm
were Axed in Bouln solotion nd stained with bomstoxylin and eosin,

°

Early placenta (mo 87)

Ancthnlhrwshlmhrndltumnﬁdavﬂl‘ry.m‘thmbd-
dal endotbeltum sorroanded by well marked basement membrans
Adj.tcnlmlhhhrntﬂhl Wl.llwil‘duwhkhhlh!ﬂ’d
PA&. trephoblaat. X 1,200 enlarged and ope-quarter tioes.

muva{udud-ftulvﬂinlmbmbdnmhthuﬁnot
! gand covers the vill  dp and
uvphkmhﬁllhmlhdnd-lndnvﬁy > 140,

A.etdmuhcvtnlth-ﬂoarnnd-epudtbcmmﬂrdpmu{m
cadometrial glend in the faoctions] aad glenduler zene of the ple-

H
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FLATE $

EXFLAMATION OF FICUAES
ARl preparaton figured in this plat wyre fixed in Bouin  sol tion

Two-thirds to lhrcc-quarter term placemta (o 148}

14 A eection cut tran versely t nulis and through the hemopha
Fous oTg B ﬂrerrllﬁrt‘lu‘nollhtl-lhd.ﬂlh nd the junctional
nd;)n.dnlumc-nhurn olclhewlund.l.u:dmno{

In

of
gon . Hematowyln  d eoun.

13 A section through the labyrinth showing o incresse In aize of the
matern 1t sordal pllhrk‘rﬂllwmlhouo!lhtelﬂyphml
(fig 7) 140 ltem toxylin nd cosin.

18 'ﬂhlbyrinlh( bﬂ-dnhmlmm.btm 1 the maternal  pil
1 nes






PLATE 6
EXPLAMATION OF FICURRS

ﬂ[und.h;dthu te were fived {n Bouln s solutlon and

All preparations
statned with hem toxylin

17

Two-thirds to threequarter term placenta

A-u:don-howtnzm alnusaldel ea nnodwuhnutcmll

biood corpascles. Frtal capillaries sre prevent the cubotdal

of the maternal versel and the syncytlal trophoblest.

Mmmmmmdmmhclpm.ryhhummndo(beud
x 800,

A part of the junctional and gl od lar zone with fetal villl penetrat
mwlhblnudthﬂlndnﬁﬂﬂ.u bistotrophe can

in theso cavitkes bot iy d in the bata! dified
scgments of the gland. x 140,

A section throu, organ g the phagocytosing
fetal colomnar epithellom bathed by m ternal blood. By comparison
whh the frtal calumnar cells of the bamophsgou organ of the early
puacnl (u 12) an increaw [o plpment sceumulation can be
noted.

A secthon of ph £ showing po-
clel to be no kmger basal {n position and the presence within the
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PLATE
IXFLAN TION OT IICURIS

All preparations Agured in this plate were flxed in Bouln ¢ solotloa.

Near fullterm placenta (no 209)

thm:hlbcmnulmnndbcmophmnm Nate the re-
dm:dmln-h:d Eemophagou ors o and the preseoce io it of
large tknofptpnem. xB.M

ﬂlrvu;hdrehbrﬁnlh-bmn('.bthmlluu!lbnm(tmu
Ilndlmldil capliaries. > 125 und enlsrgad five tmes. Hem tovyln
and costn

The wall of  maternal ll:mnoida] caplllary sbowling fetal capil
lanet which b through the
lhcmrh:bell.]:tlhlndmhum«lbymaumdblmd. X 1,200 and
enlarged two and onethird times. PAS

A section through the hemophagous organ shoming the ph gocytos
aing fetal epatbelium with fet | piflanes at {ts baye The wclel we
pow t the free nd of the epithelial cells and pigment accumula
tom  an be sctn both in the cell and in tbe mat raal
blood 400 snd cnlarged & tmew. knum:yl.ln and eod
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DECIDUA
In all rodents so far studied, tmplanta
ton is on the entimesometrial side af the
uterus and in all of them this is also the
srea of the first decidusl reaction The

mately
of spacing of the embryos, and preced-
ing, possibly by scveral hours the actual

c contact swith the uterine lin-
ing. Invadably the decidual hypertrophy
is less rapid in the midsagtittal plane of
the uterus directly between the embryo
and the antimesometrial musculature than
it is tmmediately swrrounding this area.
This results fn the formation of an “tm-
1 hamber bul,

2! glng
trally from the uterine lmmen, and of
slightly greater dlameter than the blasto-

cyst
the Murldize and Caviidae, it is a narrow
deep cylindrcal space, at or pear the blind
end of which the very small precocious
blastocyst toplants.

In Geomys an intermediate conditfon
occurs (Mossman, "37 Mossman and

which results in the establishment in

e

the Swise Academy
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Fir. 3 Drawing f the declidua of  gestation sac containing an embryo of 88 mm CR
(late b bud  diert ridees with complets wabs) 3s

INVERTED YOLK SAC PLACENTA DECIDUA
CAPSULARIS AND PARIETALIS

The splanchnopleuric hemisphere of the
yolk sac becormes completely inverted
azainst the bilaminar abembryonic hemt
sphere at the period of formadon and clos-
are of the neural folds (figs 4 and 5) and
blood {slands are scattered crer most of its
surface (cf fig 33 Mossman and Hisaw
40) By the time the Umb buds a
{8z 7) the sinus terminalis fs ﬂeE de-
veloped and the vitelline circulation bas
certainly started  The sinos terminalls im-
mediately surrounds the small discold
plate of true chorlon which separates the
open epamnlionic carvity from the exocoe-
lom in other words it b at the angle of
Junctlon of the splanchpopleuric yolk sac
with the bllaminar omphalopleure and the
true chorion (fig 8)

At this perfod of limb bud formaton
when the mesodermal allanieis has not yet
reached the chorion the imetted yolk sac
in the antmesometrial region and on all
stdes of the opening of the yolk duct (fig.
13) exhibits evagnations endodermal
buds and true vascular villi penetrating
into the adjacent decidua capsularis and
into the narrow area of ity attachment to
the uterine wall the deddua parjetalis
(6gs 1D 4C and 33) These villous

structures soon become very numerous
and cover at least the antimesometrial hall
of the frverted yolk sac, reaching neardy
to the junction of the capsular with the
basal decidua (figs 1E and 13) They are
always most numerous and complex where
the anumesometrial hemisphere of the
capsular decidua is thickest which is the
timesometrial

more an porthon.

Although at first sight the penetration of
villous structures Intc the capsularie 2p-
pears to concern only the splanchnopleuric
yolk sac careful examination shows that
the bilamtnar yolk sac wall persists and at
first Iines the cavitles formed in the decidna

pockets into which the wiflous structurts
£it

It 13 also apparent that most of the otit
fnal matermal stroma of the
dectdua has dbappc:rrdmugy this umc):!:;i
is ced large ¥ mONONUC
xm-prrphlmbhﬂkby!’-’m cells which surround a
rich network of sinusoidal maternal cap!
laries (figs. 4C and 33) Even much latet
when most of these glant cells appear 1©
be degenerate intact blood-filled maternal
capiliaries can sdll be found (8z 4D)
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In redents generally the most character
isdcally villous area of the inverted yolk
sac Is a zane next to the sinus terminalls
Le. & xone adjacent to the remnant of true
chorion if such remains, as ft does in the
Scluridae (Mossman and Weisfeldt, "39);
or If as in Geomys no true chorion re-
mains a tone bordering the attachment
of the inverted yoll sac to the placenta
(figs. 13 16 16 21 and 27) In Geomys
the villi begin to form In this zone at about
9 mm n:;vhlchdmetboseofl.bemd—

devel They

beyond the region of junction
and capsular decidua, so that for a short
time at about 10 mm CR they become con-
dnuous or almost so with the antimeso-
metrial villous area st least laterally where
the parfetal decidua blends with the basal
decddua.

At either end of the gestation chamber
where the capsular decidua fuses with the
basal decidua the former is much thicker
than §t ever is at the antimesometrial side.
Furthermore there is little invasion of
trophoblastic glant cells into this area
This thick reglon of capsular dectdua re-
mains to term (36 mm CR) as a flange

MOSSMAN AND FAITX STRAUSS

approach its degenerate margin (fg. 27)
In this whole mesometrial villous zone of
the Geomys yolk sac only true villl accur
there are none of the narrow mesothelium-
lned evaginations so common at the op-
posite hemisphere In short this villoas
area is entirely typienl of that of rodents In

remnant of the capsular decidma
ch may persist bere As in other ro-
these villl also persist to term (38
mt'l.lhecah)m of th dectd
ory e capsular ua fs
perhaps best surveyed by cxamination of

any
whi

extending cutward from the basal decid

It resembles in its histalogy the latter al
though at its thin outer margin it grades
into the typlical degenerating capsulars
(figs. 19 23 26 and 27) As mentioned
previously most of the eapsular decidua
degenerates and with this process the vil
lous structures of its adjacent yaolk sac

sphere (ig 35) and almost nonc in the
broad equatorial zone  Also this thiming

persists throughout moest of gestaton in
the area as a palr of clrcumferential bands,
each attached to & margin of this zonary
band of decidua Presumably these

of ca peralst because of the arall-
ability of feeder vessels. Since the lateral
and ! more

and degeneration of the laris and of
thre yolk sac villi throughout the equatorial
zone results in the permanent and wide

ration of the two villous regions of the

k nac (fig. 19)

The villous zone continues
ta differentlate the villi becoming long and
complex on that of the yalk sac which
fits snugly over of the chorio-
allantofc placenta (fgs. 19 20 21 26 27
and 28) VI also remain next o the per
sistent flange of decidua capsularis of the
placental base but rapidly shorten as they

would be greater than at the
side where It fs attached to the well vas-
cularized broad portion of the etalls
and to the basalis In fact, in the meso-
metrial area the rims of capsulirs remaln
thick throughout gestation and their his
tological characteristics are essentlally the
same ay those of the basalts (. 27)
Throughout the rest of the capsalaris
profound changes quite duTerent fm;
those of the basalls occur By B mm Cl
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capsularls gnd parletalls espe- ity is present (figs 4A and 6 ¢ O and
the antimesometrial area, show the true charlon (extraemb vom -cmato-
mmall tro-

pleure exclugive of the amn m) | _mited

and disappearance to a mere drumhead” r varer 1 the

4C and 33) epamnionic cavity from th vol  inous
d t ] By the first appe ~unce f the

pfllaries and, as de- limb buds the epammionicca tyh  “een
spaces lined by Relcherts  reduced to a shallow pit, and jts no-
endothelfumlike cells blastlc lining and adjacent chorionic 30

change and s not sbhed as & true decdldus.  ronmary decidua 13 being rap-
L o idly aogmented additfon of
EPAMNIONIC CAVITY AND TRUE CHORI g trophoblast cells, and pear its attach-
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campact zone of the basalis. The inner
most portlon of the parletalis is also loos-
ened and d ate  Its outer ju.

cular portion Is compact and s continuous
at Its mesometrial ends with the dmilar
very thin cutermost zone of the basalis
This rone of junction with the myome-
tdum consists of reladvely em g
stroma Most of the basalls roughly the
outer two-thirds of its total thickness s
Jess compact because of numerous cyst
ke of uterlne epithel more
or less dilated venous and capillary spaces
and comsidershle enlargement and vac
ualar degeneration of Its decidual cells
Through the center of the basalls g few
arterial ch ) ded

dectdual cell sheathes penetrate to the
inner compact zone Immediately subja
cent to the epithellum lintng the center of
the mesometrial segment of the gestaton
chamber is an acidophllic mass of tissue
consisting of extravasated blood and de-
geoeratng stroma (figs. 5 7 and 8) The
uterine lumen in this area contalns much
cellular debris which extends into the col
lapsing epamnionic cavity (figs. 7 and 8)
Thbe uterine epithellum is intact at both
ends of this area where it contnues as the
liming ol the very narrow ulerine canals
which connect with the fmmensely ex
panded juxtadecidual lumen of the gesta-
tion sac

CHORIO-ALLANTOIC PLACENTA
ARantorc grouth and contact
Development and growth of the allan

and urinary bladder The allantolc anlage
is first seen at about the tme the fifth
sornite appears and there are blood islands

in it 23 soon as it definitely pro) into
the exocoelom A complete cimﬁ‘;n ap-

mer dnonhead” of the epamnlonic cavity)
occurs at about 5 mm and defind
allantedc fusion at about 6 mm which is
during the period of epamnion collapse
At about 6 mm when fuslon has just
the hypertrophied cherionlc mes-

MOSSMAN AND FRITZ STRAUSS

oderm forms a distinct layer to the fetal
surface of which a net of allantoic vessels
is applled (fig. 11) Soon this net fovades
the chorfonic mesoderm and contacts the
fetal surface of the trophobast (figs. 13
and 15). ‘This obliteratton of the chortenle
mesoderm as a distinet lager should be
thought of as the Initlaten of the true
chorio-allantelc placentation

Allantotc bulb and placental
killock

In the late Hmb bud period betwreen
6 and 9 mm CR a rapld bulbous enlarpe
ment of the distal allantole mesoderm
occurs (figs. 13 to 16) This bulb ks
clothed by the chorionle trophoblast uso-
ally two to four call layers In thickness
which ts actually the expanded trophoblast
of the epamnionic drumhead and thhs
in tum is surrounded by a mass of cellwlar
trophoblast (fig, 13 t) forming a prom-
inent hillock In which the above dements
are embedded. This mass of cellular troph-
oblast extends well ous from the base of
the hillock at least as far as the region of
Junction of the capsular and basal decidua
(figs. 13 and 18)

The basal cytotrophoblast originates
from the bilaminar omphalopleure fust
lateral to the open rim of the epamnion
at about the time of the collapse of the
epamnion when the em I3 in the late
gllicleft stage  These t ast cells are
almost certainly bomolofous to the tropho-
blastic glant cells which arisc from the
corresponding  portlon of the bilaminar
omphalopleure in the squirrel
Like the homologous cells of the latter
they are destined to form not only the
basal glant cells but alsa the basa! tropho-
blast or trophospengium of the definithe
placenta.

In Geomys and in fact in Gromyoide
in general these cells are small and &
cult to distingulsh as they migrate awar
from the Wastocyst. Howerver :hrh;nc:’!;

becomes 9 as L.
et Joa Ob‘mmcsm:y.rbl side

Tirect embrre meseerrment for Chrar wpes ot
are mec av Lakle
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usually is the leyer taking part in the pla
cental membrape (barrier) the omphalo-
pleuric portion usually does not. The only
to this are In the

mpdades. Thelr cytoplasm n
oz basonlh 1

oo hilk a

from the relatively Y

Drtpodldn and bpodldae where glant cells
ot 1

of most of the basal decidual cells. They
ding 10 coe another in grossly visible
mmes and sirands

ic arigin seem to take over

the position and functlon of the chordonlc

hoblast (M. G 54)

The gross anatomy of the placenta and

of i3 relations to the yolk sac
nation of the fi

figures 14 15 and 16

venous sinuses which it
Confainy. Since this mass of tssue arlses
from the bil ol

ballock,

region s acutely bent end only
Hange of 1| L.

the

fl d inflected yim from
equally flattened placental base (top of
) (figs 26 and 27) Measured
m:h ]i'amwm]m the total diareter of
e place dlsc at term s approximat.
20 mm. mwidthufomi.nﬁccudmxtei}z
is about 5 mm, a tely 255 of the
diameter of the placents.

total
e of
of

]




456
excluding the Irrepular allantolc mesoderm
and umbdlleal vessel branches the
fetal surfece. The labyrinth is remark
ably uniform in thickness even an the in-

flected portion (fig. 28)
In longitudinal section (figs. 23 26 and

one between the
area of functian of the capsular and basal
ug, the other more basal between this
decidual junctional area snd the uterine
wall This double constriction results in a
flared or pedicle rather than the
simple h area ch istic
Placentas such as those of the squirrels,
which have only the rudiments of a cap-
sular decidua and those of the mice in

which even the mesometrial of the
€] disappears relatively early in de-
t. The first constriction (int

to the decldua capsularie) by lined on itx
placental surface by a dmple endodermal
epithellum uLndcniumm\nn{aeehy&he
a. Narml Toml "

cavity containing in later stages an amor
phous presumably proteinaceous mass
(figs. 27 and 28) and the deeply Infolded
hnd accurately fitted villous portion of the

proximal splanchnopleuric yolk sac and
of course by a thin ring of lomn with

TL W MOSSMAN AND FRITZ STRAUSS

the pedicle and of the basal portion of the
decidua capsularis. Here near term, the
capsularis is highly degensrate and ex
tends no farther than the margin of the
placental disc

Estallishment of the labyrixth
The first rudiments of il
appear ont the placental bulb at 9 mum (figs.
14 and 15) At 125 mm they are well
formed so that a thin phcmrﬂlabyrl.nl.h
is established This rests upon a tropho-
dal zome of liy "
greater thickness (figx. 19 and 20)
Figures 14 15 16 and 17 show how
the originally smooth chorto-allaniole bulb
(fig. 13) is roughened by the cutgrowth
into the surrounding trophospongium of
buds of allantofc mescnchyme covered by
chordonic cytotrophoblast. The latter i
about two cell layers In thickness. Ocea
stonally its outer layer appears to be syn-
cytlal but In none of the material avall
able is it clearly 0 at any time during
placental development thus it may be that
this group of rodents possesses a labytinth
of chorionic cytotroplioblast instead of
syntrophoblast
The villi are soon profusely and Jrregu-
larly branched and matemnal blood chan-
nels deriving their blood from the tropho-
1 ls are m, between

in the sitelline fold. Although yalk sac villf
are profuse on that part of the splanchno-
pleure facing the placenta they extend but
a very short distance beyond the inner
most angle of the constricdon aleng only
that part of the yolk sac facing the most
basal part of the decidua capsularis (fig
24) Whatever the function of this villous
it scems to be assoclated almost
entirely with the outer surface of the tro-
hospongium of the profecting and of the
Emmcd placental margin, Le. the portion
having no contact with decidua and also
with the yolk sac contents which tend to
collect in this reservalr
The area of the outer constriction is of
coutse continuous with those portions of
the uterine lumen not comprising part of
the gestation chambers. It is covered by
columnar eplthelium en fts outer or uterine
weall surface and by meore or less degen-
erated uterine epithellum on the surface of

lfn:m. thus establishing the Jabyrnth A
rank of large maternal channels (s formed
along the fetal surface of the labyrinth
(figs. 19 and 20) These are undoubtedly
poiled by arterial ck s pen |
from the basal decidua and it i from them
that maternal blood enters the functional
trophoblastic tubules of th libyrnth
Another sct of even larger and more
confluent maternal blood spaces forms at
the outer surface of the
(figy 10 and 20) All maternal blood that
enters the labyrinth dralns llmm mhﬁﬂwu
through the tophospenglal net
thmr'hOn the surface of the free placental
margin  these arc externally
chiefly by Rekchert s membrane and fts o€
companying endoderm (figs. 20 and 21)
On the attached surface next the decidu
basalls they are less confluent and d::iﬁ
by numerous connections to the decid
veins (fig 26)
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During this period mumerous mitoses of
rmcdel

57
structure (Ags. 23 and 24) but not its full
characteristic

ing st right angles to thelr main
Since the stem villl themselves

very of the nu-
det of the al,
and endothelial cells of this In
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the allantele bulb gnd the beginning of
villus formaton, only & few maternal hlood
b;mcu-emmbeunedbyotberthm?er
P hor B I oy phot
cells (figs. 14 15 and 18) Even at the
time the labyrinth is first established, defi-
nite lining endothellum™ ix by no mesns
always seen (fig 20) Asso often happens
1n attempting to Interpret the morphology
of the placenta, here again ane is con-
fronted with the problem of whether this
endothellum is of maternal or fetal
origin, Classical histological techniques
will pever completely anywer these prob-
lers  sex chromatn determination might,
but attempts to apply this methad to ro-
ardip

g
fum of the free portion of the plscenta
show the same conditfons but thelr outer
surfaces seemn to be lined anly by scattered

cells of the bilami +a)

TL W MOSSMAN AND FRITZ STRAUSS

;rpeartobemadeupo{modmduopho-
a5t probably bemologous to the tropho-
blastic giant cells which ensheath the

area in Geomy 1s actually modiBed tropho-
blast, comparable to the endovascular
cells of the hamster (Orsin} B4)

A detalled study of the nature and orgin
of the vessel walls in the placenta of
Geomys was not attempted because of the
relatively great difficulty In differentiating
between cells of fetal and maternal cdgin
in this species  About all that can be done
without an undus amount of effert, ls to
Interpret what ome sees here in the light of
observations on cther such a1 the
hamster where the origin and migration of

hoblastic cells into eor ding situz-

;ie'un and in some places directly by the

even these ast cells are often thin  ical study ars difficult to assess as to thelr
and endothellaid (fg 20) st Mpte?h:ﬁﬁy‘md&
A fow large ma channels scription is attem
glum centrally carry- At first the decidua basalls consists of
Ing Hood to the fetal surface of laby- two major zones (figs. 5 and 7) an
tinth (Bp. 26 and 27). In the frophospon.  fwo-Aifths composed mainly of highly
and lated decidusl cells and ©o

pla
sheath or wall which appears to be
mainly of modified

and more irregular in the cuter layers and
finally disappear At no Pace in the laby
rinth or trophotpongium do these arterial
channels postss a lining closely resem-
bling an endothelium. Only in or just out
tide the my tri does an apy iy
true endothelium occur and even bere at
least the inner portlons of the arterial walls

By the carity and :dlaccnn!{ uterine
rmen of the nttachment
:.mld! and cefls hare invaded the

pparently by
mo{mﬁ;(d:erxwhlrdcrﬂlwd
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the placental
harizontal to it, Le. at rght angles to the
determiined.

good colored
onstrate the actual pattern, and they are
not available.

only far enough to assure effective
mmwmthsdnnmedadfwm
respective units of hlood to traverss the
area of condguity The greater the inter

odlgin, and In ular spaces Chinge efficiency of the placental separa
forroa o by e gt OO o e total canilisng?
nagety of elements. Theso nchode ntact 7 00y bl it need to be. The
Hngs or gronpe of troph colls,  coneral ﬁnm -

with . & make physiclogical transfers more

$e1eous eouinophilic cytoplasm and eccen-
tically located pucleus which are prosum-

(8ince no discuseion and sum
mary were {ncluded in the first paper (I)
Mﬂﬂ.luuﬂu,whjd:dzﬂ!whhgfmh
tract and tmplantation in Geomys (Moss
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man and Hisaw 40) they are included

I W MOSSMAN AND FRITZ STRAUSS

brane devel in the rabbits and

mammalian
(Mostman, 53

It was stated in 1 that the uterns of
Geomys is probably duplex. New materisl
shows that the uterus is duplex in both
Geomys and Thomomys

Fertilization obviously takes place In the
ampulla, as in most other mammals. Nu-

Free uterine morulas of about 85 cells
with intact zona pelludda seem to have
not yet reached their dite of implantation.
. Compared to rodents with more specialized
y membranes such as the mice rats and
tulnea pig the number of blastomeres in
/the Geomys morula fs very high. The
more tve groups such as the squir
rels also have & comparably high number
Thus in this respect rela
tvely primidve

The ecarllest tmplanting embryo had
about 128 cells but no blastocyst cavdty
This is somewhat out of line with other
rodents for both the more primidve squir
rels and the more murids and
cavilds (guines pig snd porcopine) show
no signs of ceflular invasion of the endo-
metrium untl] after the tnner cell mass
has separated It indlcates an early im
plantation relative to embryo devel.

squirrels and the specialized conditions of
the mice rat guipea pig and porcupine.
The presence of an open (-]

man, as there are major differences. In
man the placenta forms on the side of
the Blast that first contacts and at
taches 0 endometrum, in rodents it

endometrium the Jumen, 0
10 {solate each tmplantation cham-
ber from the in

the basally
decidus which Includes the future basalls
Tecel the uterus at

& condition which seems to be correlated
with the more speclalized rodent groups.

The relatively large size of the Geomys
blastocyst at the tme it definltely becomes
intersddal (L, figs. 2 and 17) and the
tardiness of {ts fnverdon (I figs 3 and
25) indicates clearly the fintermediate

ds o around
the center of each gestation Joculus. 1;:
each side of this band the two halves
the free decldua capsularls are ata¢it
Rapid growth of the edgrs l“d“’d
buahwnmﬂululht!mmﬂdmd
two bulging thin bollow STor the
capsultsa each encircling  crd of U2

occupled 1
m the pﬂnﬂbzlrc method of e

and il
the dilated uterine lumen. In the !
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on its sntimesometrisl bemisphere and in
the fact that many of these are hollow
vascular evaginations rather than true
vilH, These latter are more elaborately de-
veloped and apparently more perslatent in
Thomomys and y In Perogma
thus (Nielson, 40) In Dipodomysx and
Microdipod on the other hand we have

s=en cnly trus villi, and these cnly on the
mesometrial portion adjacent to the pla-
centa. This is probably a more pamitve
i3 characteristic of the

i

=f
e

!

i

1
i

d

4
ef ga
g
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lmelmuinlpumm‘l:?;ﬂdﬂdd:

comparable to those mamn.

Otber words 1f the placenta develops at the

trea of tmplantation relationships

Do e e
centa forms elsew.

Sonships

£

¢ mesoderm it is ouly In the
primitive foons that an 8 e ring
of area vasculosa ar pla
the
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Two-cell emnbryos are found in the tran-
sitional region between smpulla and isth.
mus. Eighteen to twenty cell embryos
are in the lower isthmus.

Morulas of about 85 nucld and with
Intact zona are sll free in the uterine

it is belleved that they have not yet
reached thefr definitive Jocation.
Impl is antl 1. A mor
uls of about 128 cells has begun to Im
plant. Later blastocysts are largely inter
stitial in position, but with the broad area
of the Inciplent c area
exposed to the uterine lumen. decidus
capsularls forms in the same monner as
in other rodents
Amniogenesls is by folding but an open
¢ cavity remalns.

H W }MOSSMAN AND FRITZ STRAUSS

porietal endametdum
villl have developed on
hemisphere. These do not indent the cap.
sularts or placenta and unlike those of
the opposite hemisphere which become
fisttened and largely atrophic in late peeg
nancy theso persist to term

There is no allantolo vesicle outside the
body of the embryo.

Meanwhile true
the oy

tact produces a localired hillock with 2
Hgh incurving rim surrounding the sllan
toic bulb. This results in the development
of & placental dise with broad inflected
marging typicdolnﬂaemyo!dﬂwln

stodied.
The ral portion of the bdam-

epamnionl
Inversion of the yolk sac 1y leted
2t the five somite stage Just prior to estab-
lUshment of {ts adon and et about
of the allantol

inar omphalopleurs with its Relchen's
membrans clothes the entire free surfact

the tirne of the apy
anlage

The narrow uterine limen at each end

of the implantation chamber i closed dur

ing the early Umb bud pertod thus making

)lhe capsular decddua complete  However

of the pl except that area

ately surrounding the sttachment of the
umbilical cord, which is covered by allan-
tolc mesoderm.

The labyrinth f5 ot first hemo-chorial
and later so far as can be ascertained by

by midterm most of the ant; etrial
capsular decidua has ed.

e basal decidua is relatively massive
and forms the signet of a wignet tng
shaped 2onary band completed by the
narrow decidua paretalls pur ding the

light py is hemo hellal Both
!h‘:mam:.l tubules and fetal a;ﬂbﬂ;
ott.bedeﬁxudmpcﬂodmrerym.!nd
uophoﬂutha:unumallymaﬂnudﬂ

central reglan of each gestatlon sac.
During Umb bud formadon true villf
and hollow villus-like evaginadons of the
anyimesoroetrial of the in
verted yolk sac occupy plts at first lined
by the bllaminar ompl‘ll]u‘.p]m in the

Y ry

well red us
a com inverted yolk sac placenta s
tammft{l‘hc capsularis is this tme
beavily invaded trophoblastie glant
cells. This area

the C‘i:wul:lrh soon
disintegrates in approxima Inll’lx fallow
a ton of decidual

intermedia
highly specialized rodent types.
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-1 hdndmjmn{muvnm-tmrdm tage The vascular
wegment the yolk ssc (iy) i fully inverted. The epamnioni
clﬂty(tt)hrldeupmundpﬂrdlﬂyﬂﬂcd'ﬂhrpﬂbﬂﬁddrh‘lm
The dark reglon of the mucoes opposit the cpamnlonic carity s the
arva of extravasation (ex) The uterine lnmen is nsrrow bot ol
patent through the decidual area. Compare with figures 4 A and B,
(Lee) 333 slide 14 x BB

[ Amtvmwnhlomntundolnﬂr\mu showing the true chorlon
(c) roofing the epemnionk cavity) the bil miner omphaloplemre
(H)xlndlpwdoﬂolthcmedyollnzmhmhnopkm'ﬂh

1
(ll) op utering rpthl}m;R.Rr‘lcbtr(l membrane; L are of
correspondln)

ding i
dse) and to the area of the triger of hightr groups (Hratncomamha
lttnnd.rytrvphoblldcdn!tﬂhlm'mfmmlﬂu{dumlolmt
steached and
cupy moat of the capsular decidua, Cnmpunwhhh:\mlk(he)
233, slide 14 X B7

2
-3
E
ES

grstetion sac ¢ early Umb bod tag showl ¢
thinning of deeidus  prolarhs thick troe  harton { rwﬂ.nllbt
moch reduced mnjonke cavity and pershtent urinelumm(l)
x B

debris of epa
arca of extravasation. (Lee) 339 allde 10,

9 Interior view of enrly gestation sac from same Agures 14
and 16 (embrro 85 mm CR) looking lwudp!-ﬂmﬂhﬂbck (p)
sbowing deckdu capralars (de) with attached yolk eac #a which It
asculs oecwork | viubh d dechdus parfetalls (dp) Retouched
tom ke { at res mare clear 31 X T

10 Interior ww of  timesometrisl portion of gestation hown in
Al:.u-nanhrrwuu ctachment of yolk atalk. nnouclu-d!wmlﬂ
rity 31 2






TLATE 3
EXFLANATION OF FIGURKS
s:nudnetdmo!pﬂﬂm contalning an embyyo of about 8 mm
-ba-wt.n]ﬂrﬂmhﬂollh:ﬂmld: (21) with the chotion.
(Lee) 350 elide 48, x 7

Area comparable to rectangls in figuro 11 -hawhu collapsed epam
nhm‘clouconuddchmimk trophoblast with ud.luhrdoh—h{d)

of )lndmntlo!rytutruph)bhll (cy) {correspond-
ing to primary giant cells nluiu:rn{o(hﬂroden)hvndinlm
ton arwa of the basal decidus, (Lew) 330 slide 48

thick rone of carly trophowpongium (t) formed by the invading cyto-
M,m&mm(u),mmmam(m) (Lee)
369 alide 50 7

Area from the rom (he same uterus 9 the one

tropbowpongiion (t) by the latter; the matern | biood spaces of (be

uupll;:pmum( jlndl-hlmdndnm(tn):h.hh‘lhemr{m

of

Rekchert h.khhno(vhﬂ:kb\lbeﬁm al.ud-ul
100.

one-half of the placenta witk discent mcmbranes &t p-

Datail of
prum‘lmltdylbe ugtlbmhﬂ:ml& Area of vills an! xen ()
(1) whh blood spscen (m); Lo ter

ompbalopleure (en) 13 slide G

$ gitual section of ton sac from same wierus a fiores @ nd
10 nd-u:hdyuldﬂlhmlhna[ﬂzum 13 showiox placental hillxk
with anlagen of villi and the now broader nd thicker some of tro-
phospong um (t) 31 ahde F r 6
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PLATL 3

FXFLAM TION OF FIGULES

Slightly oblique cToss mection of gestation 520 of eml I about

10 mm CR  pprodmately the same gv  that of Azures 13 13 and

168 showink ¢ h 1} e (lighter
@ the bulk of the tal Billoc| pepstra

yolk sue vIl{ and diverticula of the ntimesoroetrial hem

me ting the decidua capralaris lbamnn{nrlyylencvﬂh(lw)
djacent t  the placent | and thelr complet brence from » wide
band between these tr areas. (Les) 367 slide 104 x 7

Deuﬂol smnell portlon from the side of the placevts shown in fAx
bowing the ¢ rly villi (v) peoetr tiog ths tropbospongiom
(K) (Lte)36~| alide 104 > 300,

hdnﬂnﬂmdmuﬂunmwhhmrmhrndlﬂmm how
inx the fisttening of the placental d se  d the tncurring of m

L- hanpel {fa) from whih
k c-nytbahloodthmlhlhehbnbﬂhmnbr

n trophospongl m. These in tm empty the enou
blood int & lru:ko{vrnﬂu dnnm! (mr) Jony the patet
s Thess unite

of rrophosponghusm. and Join the m temn §
tne of the deckd  bavalle 32, elidc @ x &

An rre comrrrponding to the rectangie In figure 19 bowi g in mors

the m ternal artenal cb nnel (m ) the mesodermatl il (v)

the euly Ilnrmlh (Ib) the trophowponglum (t); and the outer

enoay (mr) welled in part by the bilami

pk-r- (bx) ndRmbtrl‘ membrlne L‘be)al\uct vity (v) md
the mesometrial villows segment of the vitclline planchine:

rlem (y ) 3% ke € Approx 130

E
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PLATE 4

IXPLAN TION OF FICURLS

Sagittal section of geatation ssc contatning a fetos [ 14 mw CR,
digi thefr

baving webbed for aboat two-thirds Jength, Com-
with fignre 16 the labyrinth b ker av are the
m &od ua, and the margins ars more fiattened agalnwt

nel; my materal venous channel 33, slide L. > 100,

Sagittal section lu:ephumu{nummﬂfm;-bowiu;lh
“ﬂmhﬂnbcdhbyﬂmh(lb)nndmu the maternal asterial
thmmh(ml)lhncnmm to the fetal surfsce of tho
Libyriach, 35 ailde C. X &

Rmbd[dﬂtmﬂtﬂmed. am lmmﬂcmeu-nchymwﬂ.h
frtal versel ¢ Ib,
t dnmcdlh)nolu.bnmdempucmun. 35 l.ld-c. x13

Detall of labyrinth (Ib) and Inper trophasponghum (1) of placenis
from same uterus as Bgures 23 snd S Note the tronk of the
mesodarmal

rﬂu()!rnmvhkhlhobtlnr_hvmlndhl mnolu(
them [n Nots alio the narronpes of
the D trunls  allable ranch willl
bence the relattre shortnes [ the later In  sener thi placents ex
hibit  primith  type of Jobulation 35, slide B. Apprex. - 100
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FLATE 5
IXTLAM TION OF FIOURKS

Sagittal sectlon of the geat tion wac of 1 (a fetus, 30 mm CR abow
m(tbcﬂamnedpﬂzumwofunputmmtunlavhﬁy thin
labyr th and trophospongium; the thick decidus basall with ias
mo(l.lin: (lighter arcas) of invsding cytotrophohlast (ct) snd of
edematon  ares o(problhhmnmlu:nﬂlln()lllh:rhhllnd

timsesoroetrial villous
arterial hanoel can bo seen penetrating the trophosponglum and
Labyrinth. 38 sk 20. x4

Bagitial section [ placents st nearly full term. Note the relatively
wniform thicknesa of the labyrinth (1b) both in the main disc nd
the incurved marging, A small rim of devidua ¢ prularh (de)
pereint 36, sllde F X 7

Drlll]'flbtr&h(cd(' [ the sectlon abown in figure 27 A very

Reichert  membrane (H) LUJ boﬂkr! b- chum
l\m also the amorphous coagul m occupying yv&uctavrylr)
and fum pparently concentrated (darker m rm)l.nlhll-m
nrighborhood !U-)o!.kucvﬂll(yv)lndbttmnbcm.mud-
F a8
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30-31

FLATE @
IXPLANATION OF FIGURES

‘The labyrinth of an early fetal stage, showing the tropbohlastic
tubules (mt) Alled with murndrvdhoudca-pmckto!::ﬂm
more

Uterine wall, decidua parfetalls and capsalaris at the late [mmb

bud 9 mm CR, coresponding to Agures 4C end 13 The

large of the dechius sre trophoblastic gisnt cells, Thess are

m than homologous cells in many other rodente. Mo t

maternal decidual cells have alrvady deganerated oc are In the

procen uhtlrlrnlznjnnﬂhm { the parietsl
1 4

:
g
!
:
%
:
3

pacable to Agure 38 ebowing (be strophre natore { ihe
and membrancs. fome trophoblatic glant cells (gc) sifl coatsia
wcled. 16 sld 1 x 00
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Teratogenic Effects of Hypoglycemic Treatments

in Inbred Strouns of Mice'

MORHIS SMITHBERG axp MEREDITH N RUNNER

Department of Anatomy Untversity of Mixmerots,
AL Minnrsota and Roscoe B Jachson Memorial Lebormiory

Bar Harbor Maixs

Cangenital molfarmations have been
:ﬁdmed by subjecting pregnant antmals

ureasonable to presume that many of the
freatments alter development
by affecting the metabolism of the mother
imd/or embryo The reader 1s referred to

in
mesuftb:d}n-e@amnwmefmlﬁmso
in

three b yeernts producing treatments
Cune defects quantitattvely and
qualita within « single inbred strain

o nice and (2) whether or not the yaz-
O treatments produce simflar defects
moay three strams of mice.

Toward this end each of three samples
of mice of wtrain 129/Rr wero subjected
' one of the three

waly with tolbut In x:ﬂm;;
W1t posyible to compare the effects
iﬂ:mgmjdeﬁxp:nmhnoflhrmmimlm

tr that
of micromells after njection of insultn at
the 66-hour stage wus reduced by provid-
ing embryos with supplemen:

Stmilar experi-
memnts {n the mouse stemed worthwhile.
MATERIALS AND METHODS
Prepuberal and adult females of inbred
strains 120/Rr BALB/cRr and C57BL/6]
(B) were used They wers mated to sdult

rmale mmce of thelr reapective strains,

=1 o comtributed
mﬁw“mu uﬂ:g-m



480

tepance of pregnancy (Smithberg and
Runner '36) One day before term or at
term ic¢ on day 18 or 10 post coltum
pregnant females were Mlled =nd fetuses
were

removed,

Adult mice  Adult mice of strain 129
in spontanecus estrus were used In the ex
periments on loxting and were g
thetr third litters at the time of treatment.
Adult females of the other stralns were

AIORRIS SMITNIBERG AND MEREDITH N RUNNER

tiled water  Distitied water alone was
given to the contral animals Food but
not water was withheld for alx houts after
treatment

3 Tolbutamide  Stralx 129 Strain
BALB/¢ Straln B Females received ap-
Emmdmately 1 mg/gm body welght of tal

amide (sodium salt) in a sinele in-
traperitoneal infectfon  Prepuberal mice
recedved 15 mg apd adult mice receired
20 mg talt jde fn 05 ml 0.8 AaCl

primigravid at the time of tr
clther they mated taneously or they
were induced to ovulate and to mate fol
lowing injectons of gonadetropic har
mones as indicated below

Females in spontaneous estrus after be-
ing placed into the cages of males In the
late afternoon swero cbserved for the
ence of the copulatory plug on the follow
ing moming The day of the cbservation
of the tory plug was designated as
day O of gestation.

Induction of estrus in adult females
Many of the adult females, particularly
those of strains BALE/c and B were in
duced to ovulate by a ure simflar to
that described by wards and Fowler
('59) The females were given intraped
toneal injections of 6 1U of Pregnant
y/Mnm Setym and 4 IU of Human
7 Chorlonk Gonadotroplc Hormone* spaced
about 45 hours apart and were then in-
troduced Into the males cage Two days
followlng mating the female mico each
recelved a daly injection of 2 myg proges-
terone to Insuro thet a larger proporton
would carry fetuses to term (Runner "89a)

Treatment procedures
All treatients were performed om the
ninth day of gestaon
1 Fasting Strain 129  Temales were
deprived of food for 24 hours following
th hnique described by Runner and
Miller ('56) and by Runner ("59%b) Food
was removed on the moming of the ninth
day and was returned the morning of e
tenth day ‘eater watn always uvann:bla
ppplemen! progesterone was not glven
?o p‘gc ndul‘tjgh:e in thete experiments
@ Insulin  Stratm 179 Strain BALB/c
Mated females received a single Intrapert
toncal fon of 01 unit of protamine
2nc § n (4-5 units/’kg) in 1 ml dis-

salution

4 Nicotimamide Al stmins  An in-
traperitoncal injection of 10 mg nicetin-
amide (04-06 gri/Ag) fn 05 ml 09%
NaCl solution was administered tmmed!
ately after the injeetlon of nsuiln or wk
butamide Nicotinamide alone was gien
to other animals in control experiments.

Autopry procedures  All pregnant fe-
males were killed on day 18 or 19 post
coltym  Fetuses were removed from uter

houra. Following maceratton in 27 po-
tassium  hydroxide the skoicions were
rm!.nedwnhn.ltmrinrvdmdclenrrdl?
gradual chonges of varylng proporlons ol
potassium hydroxide and glycerin The
skeletons were stored In pure glycerin untll
detajled observgtions were made for sheb
ctal defects. No detilled obser ations were
made on the soft internal t sucs.

RESULTS

Physioloqie effect on the
pregnant mothers

Although thesc cxperiment  were whk
mately concerned with conpenitad malfor
matlons n the futus & fewr remarks on the
physlalagie and Icthal effect of the treat
ments on the prognant movse &t indl
cated.

Only treatments emploving (nsulln ot
tolbutambde singly or In combdnation with
nicotinamide produced any oln lous Py
tologge cffect on the mother Biood awpar
N o Sorwm and Hama  Chorbenic
Conmirrers ) e AT
SRR LR A e o
Indlmany’ smbde (24 .
i S L T
T buminsie T s Chemical Bachenet Nre

-
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Iewh of some fermales were found to be  of deaths to 42¢  On the other hand, no

de plos thiy

cimtinandde, to an average level of 59 mg  ably higher than that of insulin, 18%
oot % cu::pamd(oaf‘ The frequency of deaths
Aber recehving tnsalin or tolbutamide decrrased to 8 when nicotnamide was

Jmales of all strains behaved in & given in conf with talb J
sify, chancteristic fashion. In about  while insulin plus nicotinamide increased
bYen hoar the antmals became relatively  the per cent of deaths to 25
Strain B Tolbutsmide produced 29%

I deaths which was a the

to three houry and appeared quite frequency found in the cther strains of

§

@eniltion. At the end of six hours most Nicotinamide did not
te wotmals had spontaneomsly re- effects of tolbutaml was not
gmimdmefwdmuhmmmd} given to animals of this
8 the start of the treatment was Te In 1t was found that tolbut
mm ym‘tdl.beeﬂem (1 %) de::h:uinthclhr:emim.
‘were pot as as 8-29 of

B of iy, by insulin fn the two
Dutx relating the lethal effects of the ed 129 and BALB/c
os treatments on mothers and litters  Were 3 and 175% respectively Nicotin-
%own fn table 1 It will be observed ami ncreased of

TAKLE 1
TIect of prextwrnts wpom swrvhal of mothers and ttery in thoee fabred sirain of mice
—_—

s ﬂ*m‘ B lﬂ:ln
ey
T o g Feroumsnge i
hisid »ALN/ omatre
ltn 17 3 — 1acay
o 5w nie M soiem
1% 124 Nicotinamide o s o a Tecoa) %
o b ° o :(g gg"; (ST;
;uﬂn'l“""""") H = - prres %0 (80
War s (Alty e - = 15065 -
AteT (Prepuberal) Q — — (33) = —
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producing litters an Interesting pattern
of results became apparent. In each strain
the females that had recelved nicotin
amide alone produced the highest propar
tion of litters, as compared to any of the
other treated or contral groups of females
within each struin More litters were pro-
duced by several groups of females recely
ing nicotinam!de in combination with in
sulin or tolbutamide than by those groups
of females given Insulln or tolt td

JORRIS SMITHBERG AND MEREDITH N RUNNER

Almormalitles resultng from h
cemic agents vared from 337 n!lgtp.}gl;
lt.l;g of prepuberal mothers 1o 85% after

bined t of 1ok 9

and nk three
h yeemlc treatments namely {nsulln,
lmmdc a

produced

nd {osulin plus nicotnam{de
ties

abpormall varying betwreen
56 and 62% Statistical tests (Chl Square)
revealed significant differences between
fasting (prepuberal mice) and all other

alone In strain 129 for

were produced by 32% of females recely-
Ing insulln alone and by 52¢
recelving insulin plus t

i ter t and between tol
tters de plus nicotl: te and the other

teratogenic treatments (sco kegend to fig
of those ) should be emphasized that all

lady 30% of the femzales produced litters
following treatment with tolbutamtide as
compared to 53¢ after the I;

gly L save fast
ing of adults uced & significant fre-
quency of fi malformations

treaament. In strain BALB/c 714 of fe-

effect of d

females of strain B receiving tolbutamide
alone or tall de plur nicodnamid
It seems clear then that nicotinamide

deleterious effect an litter production when
used in combinzten with other sgents.
In some strains an enhancing effect was

The { y of malformations rentt
Ing from fasting of adults (1% ) was not
significantly different from that

ent duaepaxﬁ of results’ obtalned by
fasting of adults (1%) W
mothers (33% ) will be

Treatments which did not peod

which followed treatments with terato-
genfc agents,

The per cent obnarmalities resulting
from tosultn alone of tolbutamide alone
was essentlally similar 62 and 56~ The

AdId fde to these agents

found when used in bi with

of
demonstrated that treatrents with nsulin
ide were not # ndy

these data fall within the range of results
with straln 129 females glven

us
gﬂ‘cmm from Insulin aloee (of "ﬂ"&
amide alone) In contrast the ':di{&m"y
e o tolb A

Increased the per cent of malformation 1o
85% as pared to 567 for
alone I:ha{-nmelm:rnnhz“bl"ﬁ
parent enhancement of the nicod
muwtolhmnﬂdeeﬂccuw:;uml

v pyiee | thelr

single

which nlcotl
Production of fetal abnormalities  The
strain 129 are indicated in 87
ure 1 The frequency (in per cent) of
malformations of all types is given as the
wide bars above the zero line

effects

A few remarks are warranted curﬂ'f":_‘
fng the type of defect produced ‘TYW‘M
sarfous treatments Three mmajor & .
malltics were observed: (1) yib defect
which Included mainly fursdon of 70 @
more nelghboring 1ibs anywhere alont
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TERATOGENESIS AND HYPOCLYCEMIA
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STRAN BALA/c
90 _
_— Wiy
+
g 60 - .
] priplet
40 -
»
20 -
T ) ot
otel No 3
o Fetmes o M "
1
20 —_
£
4.0 —_
”
W=
T s e BE verterqs
[ £rncesnaly
&

Fr. 2 Effects of teatment
Straim BALB

c
0001, ftraln B T . Tolb

(day © of gestalon) on production
and CSTEL/8) X test for statlstical
F < 0005

MORRIS SMITIHRERG AND MEREDITH N RUNNER

STRAIN CS7BL

[ malformatien
Letween fre ot
+ Nicotlnamtde P <

Insulin vo lowulla
de P < 0003

.

each t with the p P
of the most active teratogenic treatment.
The most potent treatment  tolbutamide
g.hn nleotingmide revealed a slightly

Igher pet cent of certebral defects than
tib defects. Almost as many vertebral as
rb ¢ fects were found In the fasting ex
periments. The per cent of amimals ob-
talned with vertebral defects and exen-

One of the remarkable results obtalned
{n strain BALB/c mice (fg 2) was the
relathve ineffectiveness of insulln treat
ment In producing malformations 3% 13
compared to 627 in mlce of atrain 199
On the other hand tolbutamide
44% abnormalities In straln BALB/c mice
as compared to 56% in strain 129 mice

l\ol!mlﬁc:mdungclnl}mpcrcﬂ“

cephaly among the vanous ter
treatments was somewhat vanable
From 10 to 357 of the total number of
fetuses in each group showed exencephaly
¥ was fourd zlone or togetber
with other bony defects 1t should be evi-
dent from the data that most of the ab-
normal fetuses observed had multiple de-
fects particularly thote treat d with highly
potent teratogens

of malfor n straln BALB/c ft
sulted from comining rm:ﬂt\lul namide l'l':f
1L Id. a w
P
treatment alone 4.7 as com o
44° It may be recalled (Br 1) that nko-
Unamldcp!uudhumm}dclnm}cednnh
129 produced a u;:rn.\ﬁc:m incr;:: {n the
r cent of malfermadons
l‘:falugenlc treatments Nicotinamide afon®
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486
was not teratogenic In elther straln of
mice

In striking contrast to the lack of en-
haneing potency of nicotinamlde when
added to tolbutamide in straln BALB/c

(namld eadls 1 d the pro-
portion of malfermations when given with
insulin an increase from 3 to 44 was
obtained No such increase was found in
mice of siraln 120 after this comhined
trestment.

The quantity and kind of defects found
in mice of strain BABL/c were quite con
sistent (Bg 2) Rib defects were most
prevalent In fetuses after each potent treat
ment. Vertebral defects were also com
monly found and were similar in quantity
and kKind after the three significant terato-
genic treatments  The of defects ob-
tained in mice of strain

However unllke mice of strain 129 excn-
cephaly was rarely secn in mice of this
strain.

The small number of mice of straln
C57BL/6 observed (fig. 2) suggested that
developing ribs  vertebrze and cranfum
were sensithve to ter t
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mice Teratogenic treatments, with the
exception of fasting also cause a varlable
proportion of deaths.

It is evident from the data obtained
that the response of dlfferent stralns of
mice to individual treatments as regards
teratogenicity or lethality wan highly varl.
able It Is this varfation of responsiveness
clicited from each straln of mouse 23 a
group which may be the most perilnent
finding fn these experiments. The use of
highly inbred strains of mice minlmires
the varfabdlity of response armong anlmals
of a single straln due to genetie hetero-
gereity At the same time ﬂxhdsl:lﬂ_nrm
stancy would exaggerate any erenced
between stroins, The genetle backgromd
of each straln no doubt {mparts a partbcu-
lar susceptibility or resistance to various
environmental agents It follows then
that the variation of responsiveness od-
tained between stralns resulis from an
lmemln'{ of the genetlc background and
the environment. i 4

An of the different
to an cxnmplecmmm agent as 1%

th uctlon of death was shown by
1b1um“cnpmd in 120 as com-

Treatment with tolbutamide plus nicotin-
amtde produced a egnificant per cent of

)defr:cﬂm fetuses 42% when compared to
treatments with tolbutamide alonc 13%
or with nicotdnamide alone 7% The com-
binatlon treatment was equal in potency
fo its effect on mice of straln BALB ¢ but
less potent than It was to mice of strain
120 (table 1)

Rib and vertebral defects occurred with
cqual frequency In C57BL mice Tbe fre-
quency of exencephaly 11F  was greater
than that found In straln BALB ¢ 3~
but leas than that in straln 129 35%

DISCUSSION

The results of the t experiments
clearly demonstrate ability of h:
glycemnia cing lmmnw
congenital malformatiens in | strains
of mice H yeemia producing  treat
ments  inel g single treatment  of
insulin tolbutamide and fa ung of pre
pubcral mice as well as combination
reatments  Imvolving  nicotinamide mus
{nsulln or tofbutamide arc potent ter to-
gems in one or more inbred atrains of

pared to straln BALB/c Each teratogenic
trestment caused a grea of
deaths fn mice of strain 129 than in other
stralns (table 1) Most notcworthy is the
3% mortality produced by frsulin treat
ment In strain BALB/c a» com, 0
17% in strain 199 The reshstance to in
sulln in straln BALB/c mice was o€t
come by the addltton of nicotinamide
which raised the death rata to 35%  Mco-
ttnamide also increased the fethal effects
of Insulln in strain 189

Strain BALB/c mice and the ot
atrains tested were relatively W‘i‘P‘mf
to tolt de Since P“‘"
sumably caused the release of endogenoy
Insulin It is coneeirable that exopenous
insulin derived from & forclen rrtd:_
could account for the differentil
sporrses of inbred straims (o fnsulin.

NicotInamide m:i somne

The
in stralns 120 and BALB ¢
e o e divergent responses. aftes

e ‘adaiton to Il o
fo ol b Ciea . the vl of
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Ceber and Manthel ('61) who reported
% codmamide elevated
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Insulin vwas mildly eratogealc n strafn
BALB/c, ye it caust1 a high per nt of
malformations fn st 12
These results alsc demo trate chat a
combined treatment ln oo cas  can
enhance the potency cf seingl trear ~nts.
Dt t results betwesn str ns w  ob-
when nicotinamr.de w s con 1ned
with insulin in strains 29 & d BA 4/c
Enhancement (from 3 ta 48 ) res wd
in strein BALB/c but not in strain 78

That {s poten-

tatlon (from 58 to 85% ) occurred in
strain 129 but pot In strain BALB/c.
Enhancement from 13 to 42% was ob-
served in strain B mice with these agents.

It is also of interest that two agents,

o mice carrled litters to term they

meared an njection .
(Flos dafly iny of Yy wt
ciber gingly or in th in-
s o de Further {

In none of the experiments involving

X dt of de and
any protection
against skeletal deformity obtained This
result contrasts with that reported by Lan-
dauer ( 48) who found that, in the chick,
a portion of the skeletal syndrome of de-
fects produced by fmulin could be re-
versed with nicotinamide.

The kind of defect produced by terato-
genic treatments is indicative of the in-
berent susceptibility of the skeletal system
to malfermation in various inbred

normal devel of ribs and verteb
canbeup-etf:yparﬂcuhxtentogenx.k]l
three mice high

tively among strainy. The
relatively high per cent of malformations
of the skeletal found in mice of
m-n.lnlism'zy especially doe to the
b of

a mutaton causing rib and ver
tebral defects In this particular strain of
mice No such mutation hes been reported
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for the other two straing employed In the
present study

Although ribs and vertebrae were sub-
ject to malformatten in all the stralns

MORRIS SMITURERG AND MEREDITIT N

RUNNER

The present study has ralsed the fssoe
of dlfferences in veness (o envir
onmemal treatments fn inbred straims.
Since methods are at hand to readily

fested, phaly was to enly

such parameters as blood supar

two of the three strains. Exencephaly
was rarely found (less than 5 ) in off
spring of strain BALB/c, but octurred in
115 of the fetuses of C57Bl mice and
In ax high as 357 of the young of strain
129

That the kod of malfarmation pro-
duced by various teratogenic agents s de-
pendent on the strain of mice used seems
fo be demonstrated by these experiments
and in lovestigations of others. Cortlsone
produced cleft palate {n stratn A /Jax, but
had litte effect in mice of straln C57BL/6
(Fraser and Fainstat ‘51 FKalter 54)
Using riboflavindeficlent and galacto-
favin-containing diets In 4 Inbred stralns
of mice halter and Warkany ('57) showed
that malformations produced were char
acteristic of the partlenlar straln treated
Recently Dagg ('60) sthowed specific strain

¥ after ad ration of 5-flouro-
uracil

The results obtained after fasting of
straln 129 mice for 24 hours were sur
prsing [t was foumd that only 1 of
voung were abnormal after fasting
nant adults  The low frequency of nm
mallles was at varlance with the well
substantlated work of Runner (54) and
Runner and Miller ('58) who showed a
28-327 incidence of fetal abnormalities
In fasted pregnant adult mice of strain
129 These dufferences have been recon-
ciled on the reallzation of different sched
uling uted to count gestation sge the
mice in the t study were actually
treated one day lzter even though both
experimenters called the treatment day
the nimh day

The variation of results between fasted
prepuberal (337 malformatons) and
adult mice (17 malformations) in the
present Investigauon may be explained on
the basis of age and size differences of
the two groups It seems likely thar pre-
puberal mice being comsiderably younger
and lighter In weight should be more
affected by 24 hours of fasung than adult
mice

glycogen and other Ussue and celludar
companents we are contimuing our ¢f
forts to possible physinl +
and morphologieal differences in inbred
mice following teratogenic treatments.

SUMMARY
Pregnant females of three Inbred strains
of mice were treated with various bypo-

glycemia-producing  agents  Treatments
were gtven on or during the ninth day of

The | y of
tians of the skeletal system was Intestl-
gated.

1 All of the teatments involring i
sulin or talbutamide singly or in mﬁt
ton with nicotimamide produced th
rapging from 3 to 427 of the treated
mice Mice of minm;% ‘?ﬂaﬂ'l‘:
ceptible as a and partf sly
cu?nlbincd uml of inwubin and nico-
tinamide

2 A significant increase in the Ire
quency of malformatons resulted 0
straln 129 following a uinple injection of
insulln or tolbutamide or after combina-
ton In of ejther drug nith nicotle:
amide \1dfomudornh::-‘rr d.o‘;m’r’l'i

ing of prepubrral mice
mh" : thes produccd included
rib and vertebral defects and  xencephaly

3. Fasting of adult pregoam micr“c;
injectiors of water or nicotinamide »
mg anlm:])d{mi]r;mpmdu uce 2 significa
1) of ormations
r?mummjdc did not prmmr:;;!s:
weﬂm"%c’::‘t:d?fnq‘d“ $de fn wre
Orsnrlanl?xﬂll?wu midis  teratorenic ol-:
mice of strain BALB ¢ Torlrzlfamidfum‘

4
tn fewses of

of the ribs and ertebrae
was not commonly found

G In
alome or insulin :I:om produced bat few
abnormal young
drum w:cn' ghven In mmh[n:xlsln’da )i)i_b
Incidence of maiformatior result
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the

7 Tolbutamide plus plcotinamide was
teretogenie in mics of stratn CS57BL/S

Kisber H. P and B W Manthel 1$ol Infh
e of acid meotina, on
Inyulin Proc Soc. F p Bid

hrpogl
and Med. 107 97B-G77
Tandsoer T
and

Rib 2nd vertebral defects and haly
were frequently found after teratogemic
treatment,

8 A possible litter-sparing effect of nic
otinamide s indicated

sulin and t modificaton suppl  ientar
treatmamt. [nd., 118 .21-.
Mackensen, J A, and 1. C St -m 19 :3

o6 b

congenital def Metabolie chae provided
Elwede, B G, and B E. Fowler 1060 Fetal by svmetments with ratopernic sqenis. Feds
martality kn dalt mice macs, 23 M523,
wih gonadotrophtns. J Exp. Zoal, 141 299  grphherg M., H. W Sanches and M. N Mao-
St ner 1958 Congemttal deformity tn the mouse
Tsmr F C, eud T D. Fainstat 1031 Produc {nduced by insulin. Anst, Rec, 136 441
tion of congenital defocts 1n offegming of preg { bet)
Dant mice treated tics,  gruthberg, AL, and M. N Ruoner 1058 The
1 mren and of
Talter, H. 1 of J Exp. Zool, 133 441457
to the ter action of cortisons In mice.  Semithberg, M. 1960 Teratogenic affects of some
Ganetics, 39 185-198. pot in mics.  Anat Rac,
Kater H, and J Warkany 1067 Compenital 138 380 (abst)
malf in of mice Io- T Duplessis, H, and L Merchr-Parot
doced ¢80 Infinence of h
contatning diets. J Exp Zool, 138 531-808.  mides, carbutamide tolbuteraide Duea,
— gm0 of con  and on Peegnancy and pre-
prrial mualtorms tons ta ;;.1( s of the rat. [bid 136 o4~
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