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The Thymus in Mice of Straan 129/] Studied
Dapar

with the Electron Microscope®
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2 843 L, CLARK, JA.

The fact that the thymus beginning

mectomy have led to the concluglon that
thathymmhumﬂg‘lxlcu‘zun.ofllme
use to mature animals. However before

paberty and perhaps for same Hme after
mrd.!tlppeanlobelhnchldllteuf
tymphopoiesis in the body (Kindred 40
Androaren and Ottescn, 44; Schooley Bry
ant and helly °'59) Furtbermare thy
mectomy {n some specles causes a more
or less permanent reduction in the total
vdmmdlgjpbolduuuelnthcbodyund
in the num

~ 62 Szenberg and Wamer 62) Thus the
ymus scems to exert a fo-rmndrc lnﬂu—

same barrier that excludes antipens from
the thymus (Marshall and White '81)
but in any case the thymus provides a

pecullarcnvimnmmt whk:.h uﬂ‘ccti lbedc-

1 hold

p fes of Its ]
cells.

In adult animals thymlc lymphocytes
arise chleily by mitosis of larger lympho-
cytes (Leblond and Sainte-Made '6G0) but
thelr embryonic origin remains obscure.
Maxmow (09) concuded that Jympho-
cytex invade Lhn embryonie thymus from
the but others

tures of lh epl

and Murray (47) fafled, whereas Auer
bach ('61a ‘'61b) succeeded, but his cul
tures might have been contaminated with
mesenchymal reticular cells.

young adult mice paying particular atten

don to the‘nrrddcu.lnr ccu;_ thelr epithellal

dnce on the develor of the
p]uynmielnlu

~system and may even
maintenance.

In on analogous way the thymus must
be present for lymphatic leukem!a to de
velop in mice whether the cause of the
leukemia be a virus, tontring radlation or

wenetic tion (Law and Potter
'56 Law 59 Gross ‘59 Miller ‘59 ‘60
‘61a) Leukemic cells begin their prolifera-
tion fn the thymus cven though the thy
mus may have been grafted from another
animal arnd the cells which become leu
kemic are the hosts. Presumably the
thymus protects the leukemlc cells from
homeostatic mechanisms which retard the
development of leukemia elsewhere in the
body Simflarly the thymus may shelter
forbidden clones (Burnet ‘58) of lym
pholid cells capable of forming Ibodies

which L:ty
provide for thymte lymphotd cells It has
been found the Iymphotd cells are

ted from conncctive tissue by a
::]lulnr barrier just as they are in lymph
nodes (Clark, G2) but the structure of
the barrier differs in the two organs

METHODS
Nine male mice three to nine months
old of strain 120/) (a stroln with low
fncidence of tumors and high resistance
to radiatlon bred from stock obtained from
the Roscoe B Jackson Memortal Labora-
tory Dar Harbor Maine) were killed
:ﬂluberm—:bbwon\bchead bl
tho thymus prernrrd for electron m!
croscopy  Small blocks of tlesue were
ﬂxed for one hour at room temperature
de dissolred In 2

agains: antigenio consttwents of the an!
mals own body As cvidence for this
Burmct and olrnes (62) cite the

of germina! centery in the thymuses of a
strain of autoimmune mice and in cases
of myasthenta graris a disease attributed
to auto-dimmunity (Castleman "5 Haney
and Jchns G ) Perhaps the barrier which
protects these cells from destruction (4 the

1
lnhnced salt solutlon buffered to pif 74
containing a hich concentrotion of cal
clum nitrate  The salt solutlon wsed was
that of White ( 46) adapted for fxatlon
by W C Bauer (personal communication
‘G0) Lxtra ealcddum was ndded to Improv®
the aton of ccll membrancs (T’SJG;
M Russell Gordon and Criflo 62

but it precipltated when added to the salt
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salution of Whits used in previous expert

ments {Clark, 62) By using an earlier

formula pablished by White ( 468) which

contains half as munch phosphate sod b-
calctum

tatlon, and good of ussucs

hss obtained, Here ia the formuls

now In use

Stock aolution A

NaCl 140 gm
Ka 075
MgsO, ( 0.53
Ca (NO,)» 4H:0 1.5
Distifled water to & volume of 100 ml
Stock solation B

Dextrose 170gm
Nanco, 11
}K‘}LPQ Zthtyc"d.mus oo

( ) 0.052

Fhenol red 001
Distilled water to a volume of 100 ml
Saturate with COx

Tha stock solutions are stored at 5 C and

hyiroxide stain of Millonlg
(’81) and examined tn an RCA EMU 3C
electron microscope

RESULTS
In these g odolt mice
120/] the was white

cortex (Ags. 1 9 10 11) The redeular
Bbers d 1 P

some authors have ed mesenchymal
reticular cells and (3) eplthelial cells the
proper cells of the thymus (fig 1)
‘The cortex, though not demarcal

thetr membrane (figs. 6 7)
Venules with a thick end
trated by ocytes were found tn the

The free cells of the thymus were indls-
tingmishahle in structure from lymphotd
— lytu'pbacy\‘-ﬂhcru (.e‘! nﬂouxmuzm d
were ol an
large cells g £ to be transitional be-
tereen large ocytes and mactophages
(figr. 1-7 11) Mltotic figures were mum-

but scattered there

were P of
clated with & fine fAbeillar material com-
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found In macrophages (fgs. 2 4 10-13,
19) These were not numerous thero
were no signs of phagocytosts of lmpho-
cytes. Second there were small dense

granules, spherical or oblong in shape and
ranging from 75 mfllimicrons upward in
smallest dlameter These were found in
close association with crgastoplasm and
each gronule was {nvested in o single

1

Paltlm(ﬁs.a) I the pertphery of
cortex thete were some very large m.
phngeau tly ﬂﬂcd’withnnnﬂmdmm

ma-nbmm(ﬂa 13 14) 'n;mwemm
flar in some and
vascular cndothd.l:l cells but many of
these les were not with

ergasioplann and lacked nn  investing
membrane (ﬁcl.G—a) Thted wmecpi
thelial cells d nests of ol

lcs mare or less uniform

y by the l
lmpbucytzt and plasma ccl]j they ad
not nlzgcar to be multinuclear (fig 3)

second only to smal
be Wend

Nuclet were unJ.!otml large with ﬂ.m:l
divided ch 4 o
(s 1 2,4 11 12) ond in w few In
stances intranuclear ringshaped struc
tures (fgx. 9 12) Mitotic figures were

not observed. The uphnnwumarhcd

b)' IMKB

ous parudel resembling ﬂbormdeoprme[n.
and in some areas weli-devejoped ergasto-
plasm. Tancfibrils were concentrated near
the nucleus and at the periphery of the
ceil where they inserted fnto desmosomes
connecting adjacent cells (figs 1 4 7
9 10 12 13 19 20) This arrangement
was wimilar 10 that found in epidermis
(Setdld, Merenmies S

membrane separated the two, At Intervals
aleng this border there were structures in

the epithelial cells resemnbling h:lfdctm-o-
somes each assoclated with a reglon of
increased density in the adjacemt hase-
yoent membrane (fig. 21) These strue
tures have also been described 1n epldermis
{8et3lN et al. ‘G0 Munger and Brustlow

‘Bl)
in cells

tions of !hn membrane
encloding an amorpbous material of mod-
exate dcmhy (Rgs. 15-13) In a few cells
the vacuoles were and irregular as
if they had formed by coalescence of
smaller vacuoles (fig. 4) l.nlou-m— cdi:
smorphous material completely flled
vacucles mierovilll were few and the

in sire, indented by microvillous projtc
surrounding

were
the multijocnlar droplets of mucus in gob-
let cells of the intestine (fig. 17) In a
few places amorphous material simflar to
that in the wvoncuoles occupled an extra-
cellular position in what appeared to be
the lumen of an acinus furrounded by epl
thelial cells which, {n rare instances bore

The barrier Int between 1ym-
phaid cells and connective Hssue conststed
of o continuous layer of cpitheltal cells

Cy
fell ‘into three classes  Firmt there were
dense Incluslons containing varous lamel
lar or vacudlar structures siraflar to those

cells lying 1o the intercellular interstiocs.
In places lymphocytes lay athwart the bar
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tesoe around

considered as a pathway for

migration of small lymphocytes in other
lymphatd tswues. Although most imvest-

hhlbmeluahermhgmjmdeufbedby
Mn_li_};:ndl’etm 62)

gatars had that?y]'m-phocytnm-
tered the from surrounding lym-
Phcdddnne Gownm(m)huubumed
that, in lymph
nadu.inmwmuxl&l.njected}ymphocym
croes the walls of these vessels in the op-
g;a g the circult
blood to thoracic duct which be had
(

and Peyors patches (Smith and Hénon
50 Clark, 62) They were vetsels with
wide lumens and tall endothelial cells
intervpersed with numerous small lym-
M(ﬂ(—nl) Same lymphocytes lay
partly by endotheltal cells, and
partly in the lumen of the vessel as if
they were migrating through the 1
wall (g 23) It was not dear from
single sectlons whether the hymphocytes

the de-
m'ncdunuflympboldcdli secretion by
rpi!-hclhlbam cells the hemato-thymic

Soms endothelal cells d tnelusd The thymus more than other lymphotd
ltmﬂzrtntbumi.nmcmphxmbutno tkmex,uy;? ucmatm'ulmicumrv-
degenerating lymphocytes were cheerved. sponse to a4 variety of sresses. Many
The basement endothe- lymphold cells sre destroyed large
lum = withoat smooth i number ( Locwen-
muscle was contiguous with the lympho- thal end Smith 52 Ito and Hoshino
e tissue. ‘62) Concomitantly lysosames — subeel-
M”;é_m!mmednmmw luluboaxumm.ddphm-phm:md
{zed can

}aledlnl.ncruudnumbg:(ﬂamnn?‘
t was in macrophages !dpuophls
ocytosls of lymphocytes were observed in
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ages. Metealf and lehddate ('82)
found mitotlc lympbald cells clustered

1s too passive to describe odequately the
fuston of 1 +

{fram dther the brain or the thymus Sub-
stances penetrato the br#in at varlous
rates by what seem to be aCtive processes
(Techirgl, 62) and the thYmmus may use
equally active means to extbede antdgers
and protect malignant or Auto-immune

about such macrophages {n mice of the cells from destruction.

AKR strain, hereditarily fsposed to The thymus docs not seerf! to participate
lymphstic leukemia, but were cau  directly in immuno respons2d but it prob-
tlous about Ind h ably lymphocytes in quantity to

that
rlay a primary role in the pathogenesia of
eu

kemia.

Thymic epithellal cells presumably de-
rved from the endoderm or ectoderm af
the thymic pdmordlum contain small
densa granules and vacuoles with amor
phous contents that might be the 1
cytogdsstimulating factor of Met: C59).
‘The granules resemble those in the para
thyrotd Bland judged to be secretory by
Munger and Roth ('62) but similar gran
ules oceur in macrophages in both thymus
and lymph nodes (sce fig 21 of Clark,
‘g2) s material similar to that
in cpithellal vacuoles was found in Inter
cellular spaces that resembled the lumens

.. of aciol. If either of these matcrialy sum-
ulates lymphocytic proliferation it might
o 5o Nt thymus as well as at distant
ltes,

) The cpithelial barrder interposed be
tween lymphoid cells and connective us-

Junctions
more ¢laborate than that found In lymph
nodes (Clark, '62) If it {s the agency
res: e for excluding antipens then
it constitutes the hemato-thymic barrier
proposcd by Manhall and \Vhite ('G1)
The analogy with the hemato-cncephalke
barrics secms stralned in that the thymus
where connectlve tissue surrounds blood
veseels corresponds in structure only to

vaid of a blood brain barrier (Dempsey
and \Wislockl. “55) Nevertheleas the brain
and thymus both offer protection to the

of unusual clones of cells grafts
of foreign tissue sometimes unirve In the
brain (Crouse 59) leulemic cells and
~forbidden clones  of auto-immune cells
can grow in the thymus (Burnet and
Holmes '02) Probably the word “barrer

the rest of tho body (Blerrin® 60 Aucr
bach ‘61b) Removal of the thymus soon
after birth crpples development of im-
munological competence apd Miller (61b)
bas proposcd that the thymy$ provides the
e b e oo hese
other lymphold tssues, evest
tissues also make I That {m-
munologieal com, may stem from
the thymus is indicated by
demonstration of antibody synthesls by
opossum embryos at an ag¢ ¥hen lymph
old cells are confined almd*
that organ. The thymus may serve as the
source of lymphocytes  Auver
ch ('61a) has concluded that they de-
Jal cells m.;]nd
Ackerman ('62) has proposed a almflar
epithellal origin In the I;qm,al D{l:“::ﬂdu:.
an in birds anal s fo yrou
In el e gridenco scem
conclistve and no signs of such a transk-
tion were obscrved In the prosent study
but embryonic thymus was not examined.
Even If lymphocytes do onginate irom cph
thellal cclls they uce during moat
of life by mitosis of larger, lymphocytes
both in the thymus and elsewhere (Le
blond and Sainte Mfarje '60) Turther
more the lyth nodes and spleen W"
! ly active and self:
after the thymus has reached an advanced
stage of awophy Therefore whatever
contribution the thymus m:!llxr’ to the de-

pment of

must be more specific than smerely the pro-
ductlon of large numbers of Jymphecytes.

The production of lymphocytes by the
thymus may come at a straicgle stage In
development when soon after birth the
initlal exposure to numefout antigens
stimulates large numbers of Jymphotd cells
to become plasma cells P12 ma cells do
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ever should the hemato-thymic barder be

thetr differentlation is frreversible (Nos- injured, the iso-antigen might reach the
sl and Mukelk, "62) Theref unlesy t one o the jwoper concen-
lymphaid cells are replaced by mitosis as  tration to elledt antibody synthests, and
trequently as they differentiate into plasma would

cells the systemn may fall to Thess spoculathona are not en selt
maintain Thhy 1s Dot L] bat rdless of valldity
supparted by reports that the initial re- lncmandlmanlaf;aoflhnthymnlhould
sponse to 13 prol lon of lymph h. d of some of
old cells to form (Cong the activitles of the lymphald system —
dmlndhh{lfinod.m,'ﬁl)butthebahncn that can not be

mooe may stimulate

tizsues (Metealf '58) Second
the thymos may provide
with an envt free

may be carrled a
"Ephm;bertumnmof Burnats (58)
hypothesls. Accarding to
Bumet, antigens provoke the evolution by
Tmutaton and natural selectian,

dlrmplxﬂdudhaﬂnptedmthm!huu

3

of wpectic antibody In the thymus fres
from 1 Iympbotd cells
might to any ooe

such as Immunalogical unre-

:Eunﬁvmm,num-hmnunitymdpuuihly
© resistince to cancer
SUMMARY

The thymmus in these young adolt male
mice was a solid

the thymic

tred by and desmo-
sdjacent cells.

the end ve tivue

as at the periphery af the lobules and along

cells were and
1:1].[-.So:.nau:ﬂ“ﬂl calls contained small
dense or clusters of
fillled with materisl, efther of

This p
thymic barrler that prevents antigens and
vital dyes Prom penetrating into the thy
mile h Small 1 hocytes were

fn the thymus might by chance develop
Teactivity againut some con
;;""nmru!lhqlnhnthbodv but as
2 such v autodmmune cells
remained within the thymus, s
10 the is0-antigen no harm would
Tesult, wandering from the thymus
P"‘:luymldbadmundbygccadm
fatgen or whatever homeostatie mecha

|
|
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previowly in the thymus seems to be a
site for migration of lymphocytes between
1ymphold tiasues and the blood stream. In
considering the physiological evidence that
ghgzhymu;phyuaneccuarymlnmlhu

tenco it was pmposcd !hnl lymphocyteu

Deannly R 1928
histology the

g from the secl
of the thymus possess unique potentialities
for {uncuanlu the lymphoid systera.
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FLECTRON MICROSCOPY OF MOUSE THYMUS FLATE 3

faem L Clark, Jr




PLATE 3
IXPLANATION OF FICURES

4 Thisi mall nest of epithellal cells (E) In the thymic medull  sur
by large lymphold cel (LL) The larger of the epithellal
cell contalns tonofibril (T) and a group of vacuckes »ith amorphea
contenta, Those vacuoles ary larger than thost in fipures 18 nd 16,
ngomluirmvhndtwmedbymhwmo{wue acunles,
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FLATE 4
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FLATE B
IXFLAN TION Of FIGUNLS

7 This & another view of the barrier that separates the Blood ste m

from the hmpbocytes in the thymic cortex. At the bottom of th

(3) specw

containing collagenons Siwils and  Ape Abelllar matenzal (C) (4)
the !mmmollhethymkeph.bthm(B)-nd(B)lht
cells (E) The epitbells] colls arv joloed desmosone

demse
t those found fn some epithellal colls and macrophages (see figr 6
13 and 14) x 20,000,

Thiy is enctber cytoplasmic granuM in the mdothelhm of  copfl-
lary > 3000
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PLATE 6
LIFLAN TION OF FIqULLS

Tha clangaied cplthelial cell (E) encloses one of the delicate reticulas
fibers that penwtrats the thymic cortex t intervals, The reticulsr
ﬂbtr(C)mmimu!m-c:ﬂnhxﬂh‘lhlndmlmcrpbo- mate

wrapped in
cell (E) The l.-uzr containg

thymus, Om
(L) and macrophage (u) uuhufmmmmn.mxg.
mscrophages h ve such sgns of phagocyiosls of whole cells
oh-nrvrdmtbelhywm. X 14,000
1s another sxample of retheulsr fbers ensheatbed in epdthellal
c-ﬂ-(}:)ut.h-ymwmt.h-l-hmlccm A bssement mem-
brane eeparates the epithellal cells from the spsce occopled by col-
hm-lnduduﬂbr[ﬂ.umknhl(c) Tbnep{l.hil.llt-]ktmu!

(D) mmcﬂn;ld]lmll:cﬂt. x lﬂ.ml
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PLATE 1o

FLECTRON MICAOSCOTY OF MOUSE THYMUS

Bom L. Clurk, Jr.
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Alllmn’ﬂtummulmlrmmudephbtuduﬂi the medall
of the thymus t demonstrat varl tons in the ppesrance of cytoplasmic

These vacuoles are spherical but (ndented by mkTorillous peafections
of their noTounding membcanes. They are partly flled by an  mer
prhous material of intrrmediste densty > 8,000

Ilbmnnmlumicrvvﬂllwrdomlnttlndlbl;arl rrl.:ﬁnlyl.[u.lz

bous materlal At the arrow unction
whh an sdfacert epithellal cell th ¢ contal  dense rods and grao-
les sl to thoee 1n figures 13 nd 14 < 16,000,
I this pest of cells (D) the

by
cytoplaam of one cell is crowded with spherical vacuoles fAlled with

?
1

mate  1an scodes fs
small dense sphares. The cd]cunuinl tonofibeils (T} > 10,000,
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mainder of the vascular wall consists only of baserent membrane
the from the

speca (C) X 7,000,

This is_another venule with from the thymie

of the
thymlo epitheltum (E) Thess those found in otber
Iymphold thames and they t be routes for the migration of
bymp] but the direction of remelm to be hltahed
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The Cycle of the Semumferous Epithelium i Mam

YVES CLERMONT

Department of Amtomy McGdl Ustverrity Montreul, Comade

The histological appearance of the -
man semfniferous epithelivm sugy a

organization of the germ cells wrote that
“the devel

haphazerd arrangement of its germ cell
components, which is not easily systemat
ized. This is In sharp contrust with what
can be gherved in most mammallan pe-
cles and particolary in the rat where the

1 stages of the sperm

up datlons of post

ton In the rat, spermatids at a given
of devel are always

writh the same types of spermatocytes and

tubule to the next and from one individusl
to another

coritrast
to most other there is little it

of sper |
wmﬂdhei.nmrupmnﬂxlcforthopom’l
of the ekmmtmlm-,

onan es.

ted well the
changes “‘hng‘lim in the acrosomlc
sructure of tids — (Leblond
and Clermant B2a,
t

1 whnhcrlhercllnghnofut
in man cor the
cydeufthegmmﬂmmephhtﬁumob-
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cases fallowing accidental death Recently
testicular blopsies were obtalned from
healthy prisoners through the kindness of
Dr C G Heller Seattle Washington. The
biopsies were collected in such a manner
as to avold touching or crushing the
tubules. Fimt the tunica albuginea was

YVES CLYAMONT

Of the several fixattves which wers
ted Zenker formol proved to be the best
sujted, Five micron sections were stalned
elther with hematoxylin-ecsin or with the

odlc acid-Schiff-h YL ot

e large amount of PA Schiff staining
glycogen present In the cells of the seminif
eTous hell made it Y t

cut with a sharp scapel in a 1
about 05 X 0.3 cn due to internal pres-
sure, tbe underlylng seminifercus tubules
were raised a few millimeters above the
surface of the testds. With a sharp razar

(g 1) shows 2 well topogra
fcal arrangement with little damage to
the rubiles

1 Low power of com-
,u}:".ecdonm homen tsencular
fixed in Zenkar Sauning
eoxin. Magn. X $0. The topographuical arrange-
mm:nltb-mhuhlumﬂnl.::r:mﬂth

pressrved, The largps numl obtiquely
o) cut secthom reflacts the exten-

E
{
E

0
treat the sections with sallva befare using
the latter staining method.

To ascertain the

thon: areas
= systematic tnvestigation of

sections became essentlal  Four

particularly well fixed blopsies

serially and stained with hematoxylin-

ecafn were used for this purpose

RESULTS

Dexcription of cells composing the
seminiferous epithelitm

The following description of cells 1s
made to facilitate the eventual {dentifica
tlon of the cellular associations rather
than to add pew cytological characteristics
to dnv;gf wrell known elements (Painter
g Windwarter and Oguma 26 Stleve

)

Sertoll cells

sections it is
cytoplasmic ter
rtory of = given Sertol cell this element
can be easdly idendfied by its character
isde nucleus It has a polymorphous shape
with a typleally fol nuclear membrane
and a large pucleclus The nucleolus is
clearly divided into two zones a sphercal
eosinophilic core and an irregular baso-
phflic fnnge (fige. 3 7 Ser) The Sertoll
nuclel are often ted froon the lmit
ing membrane of tubule by an almost
cantnuous layer of spermatogonia

Spermatagonia
In the descripdon of togonia
ven to the mu

gaeda]mmﬂmwﬂ]be
el as seen in the r formal fixed

testis. Following such fixatlon the chro-
matn ar part of it remains finely granu-
lated and diffusely distributed throughout
the muclens ft i3 not precipitated {nto
dark clumps as 13 the case fixs-



ctertred by
additlon to a fine chromatin grarmulation
several heavily chromatin maszes
(fig. 3 Stage I B) Same of these chio-
b

DY

&

o =

e
.,:.'."

of tpe A
.
rre A I'pwv:d))(lm'rh-
Ducleus with darkly tn which
paker #pace may be dusttoguithed The
Pale type A {Ap) shows
ovold noclews comtatning grey chrom

are however vidble located

along the limiting membrane this cell iy
dly difficult to from

Lberypeﬁrpermntomnlm

7 ply stain~) the cell is identified as a
I totene prim v permatocyte (Agy 3
Stage V In Bouin fixed biopsles
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'_bem 4 of the {
ore marked than in Zenker formal
ﬂxud mntcr.lnl.) Following the leptotene

ene of the melotc ];mphm
the of coarser

the zygot
1s characterired
filaments (figs 3 14 gtagc VI Z) which

progressively shorten and thicken to give
the typlcal pachytene configuration (gh
3 48 P A.fternllmtd:l]otmnucp
and diakineds (fig 14 Di) the primary
spermatocytes Iete Lheirﬁru matura
tion division to rgrmmo-
cytes (fign. 3 11 StaguVI SpthI
cells which are not always easfly distin
from the mhhim‘mud’ have

homogeneou
addition have severnl large
deeply stained chromatin masses. These
cells quickly complete the second matura
tion diviston to produce spermatids.
Spermatids
The steps of development of the
 matids in roan have already been
Clermont and Leblond '55) In this de-
1 ption nu was djvidtgyiné:
/12 stepa W
stage of dcvdoprmm of the PA gﬁﬂ
tive system (
ule plas bead tﬁa’ Mlﬂm}"m
diatributed over the following three phases
ase consisted of the

granule
audtbebeadmpatmudymmolfm-
mation may dissalve uway to be replaced
by an umstained vacuols,”
thus rendering the idmtlﬂcntiuﬂ of the
early steps of spermiogenesis quite difft
cult. Secondly the sallvn treatment re-

toxylin thus making the recognition of
the germ cell nuclel difficult ‘Therefore
1t vras felt that for routine work, and p:r
in the following descrd

the ad]vullr associations the il
$cal changes of the spormetid’s nudeus as
seent in hematoxylin-eosin stained sections
would be used to identify characteristic
steps of

surface 1s often depressed
crosomic  vacuole.

chromatin flakes disappear and the nu-
cleus loses its perfectly spherical shapo to

elongate dlghtly (figs. 3 6 7 Stages
M-IV Sb) Simultaneously the nuclens
makes contact with the cytoplaxmic mem
brane on the side of the cell nearest the
Itmiting membrane. Later as the nucleus
becomnes more and more pointed the

4 and b

lic (figs. 3 8 © Stages V-VI
Sc) Du:rlng this coodensation of the
able varations in the

!tha-crmumounotuuse,!ulinmnn

nuclear -hlpe can be observed, and fre-

%5 1n otber species for the ufl quent and signs of cell degen-
the celluler of the
mm-ﬂDf“"n" oo found repesiodly in buman tabules. Thess cell aseocis-
trpleal calbler of tbe cycle e ith
thone coTesrpond (o the rlasss of U T Miats description b ghven f the txt Letteriag  Ber
R e Ap and Ad, pals and derk type A type B B-"’“‘;!
Bextall p-rlmrymlm_ ParTHAtOCY A |
primary ‘L‘h‘"“”umm yto-Lm, prTmary spermaato-

pachiytene primary
cywas in dividon) Bpicdl, secondary spenma
T tepe of spemmicgenent; BB resudus] bodle.

mpermatocytes 8
mmlntnm-phu;h.ﬂ:.ﬁo‘sd.mmdlu“ﬂ—
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the Al h of the ch i
is more marked than in Zenker formol
fixed materfal.) Following the leptotene
the rygoteno step of the melotic prophase
is characterized by the presence of coarser
filaments (fige. 3 14 Stage VI Z) which
progresxively shorten and thicken to give
the typical pachytene (figs.
3 4-8 P) After a shart diplotene step
and dlakinesis (fig 14 DI) the primary

spermatocytes mﬂflctu their first matura
tan diviston to yleld secandary to-
cytes (figs. 3 11 Stage VI SptclI) These
cells which are pot always easly distin-
guished from the young spermatids have
spherical nuclel which exhibit a well
stained bomogeneous chromatin and in
addition hnm several large globular and
deeply stalned chromatin masses. These
cells quickly complete the second matura
tion dlviston to produce spermatids.

Spermatids

The steps of development of the sper
matids in mon have already been described
(Cﬂmlnndl:blond ’65) In this de-
scription was divided into
712 steps which were defined in part by the
nuzenfdeve]upntntuftngAGchlEpod
gran-

ulcplu:hoad [&) These 12 steps wern
distributed over fd]uwiugthmphufh-.

the development of the hexd cap over the
nucleus. A third or acrosomic and matura
dmphmwncompmedortholnnbvn
steps. During that period the nucleus and
overlylng acrosomic structure of the sper
dﬂ ted.ﬂatmnednndamdemcd,
cdgl toToon

YVES CLERMONT

d'heuepsof-pemdozemh Flrst!
the dellcate acrosomic structures 4

and the bead cap at its early stage of for
mulo-n may dissolve away to be replaced
by unstained  wcrosomic  vacuola,
thus rrndcrb:g the identification of the
dif-

1t was felt that for routine work, and par
a:l‘lv in the following description of
ular essociations the og
1ca] changes of the spermatid s nucleus s
scen in bematoxylin-eosin stained sections
would be used to identify charncteristic
steps of
The newly formed spermatd has 2
spherical nucleus which contalns a few
hmvﬂy stained granules in addition to a
homogeneously pele stained chromatin
(igs 3 4 5 Stages I-I1 Sa) The nuclear
‘ace i3 often depressed by o emall
vacuole As the spermatids
mature the chromatin becomes more dif
fuso and more intensely stained the
chromatin flakes disappear and the nu-
cleus loses its perfectly spherical shape to
elongate sHghtly (figs. 3 6 7 Stages
m-1v 8b)

and the a sperma Sc) During this nsztion of
Unfartimately the PA Schift derable varlations 1n!.be

of the acrosome fs pot as useful in man nuclear shape can be chserved

as In species for the identificat quent lies and signs of cell degen-
P& al cellalae 2 I tubules. These cull sssocis-

Sptc Im, primary spermato-
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dlcntethat.lnmln.thel.umzndnnuh.he

P Ad)
S V1 of the cpcle (figs. 3 6) This
wwdn‘;flztmmi (tg}mm)arylnd

tocyteltnlmuphua(s Im Spte O)
'I‘hedlvidonﬁgmuunﬁ:mdﬂvmd

mnmzt;-ppeand!herutthuzygmm
step ( urntthamyesﬂypachﬂm
oelo The latter

steps of of the various gen-
zraﬂumo!cdlshmtnsrigidnndpm—
clse as it is for example in the rat. These
deviations are not sufiiclently impartant
however to disorganize entirely the pat
tern of stages composing a cyde of ths
seminifercos epitheltum.

Heterogeneous cellular associations  In
the rat, one given cellular assoclation usu-
ally

Clearmont and Lebland '61) Consequently
most tubular cross sections show anly one
cellular assoclation (Leblend and Cler
moat, B2a,b) In man on the contrary
leeﬂuhrnnoclaﬂ.bnoucuplelan.thct

small partian of tubular eplthe_uum.n

Since the stages of the cycle are distrl
buted over small but numercus patches
of the epithelal Hning of the tubules
the es of observing barderdine
10DES stages i3 great and is, in
fact, much greater than in any other mam-
mallan studied thus far The dem-

threads.
Type A spermatogonia are also seen along
the basement membrane
Obviausly the six cellular associations
or stages of the placed in the order
given above In tme follow each
other in sequence Following stage VI,
stage [ reappears, and & new cycle begins.

Deviations from the typical
cellular associations

Minor variations in the cellular compo-
sition of the stages of the cycle Not In-
Io many locations minor de-
rom the pattern just described
for each stage of the cycle wern observed.
Fu-rmmple at stage VI of the cycle the
geperation of wpermatocytes in-
mddhd:mntmmmncpum
cated in figure 3 may be seen at th
leptotene atep of the metotic proph w
Similarly rnﬂngl:dmary
instead of lepiotene sprrmatx es are
sometimes found at stag
of the eycle (Aig 3) Su ' deviadons in-

between twro adjacent stages
of the cycle is usually and dear
(fige. 10-11 15-18) bat there ame ex
ceptions. In wuch cases the cells belong
Ing to the two adjacent typical cell group-
inga are {ntermixed and constitute what

(Spte Im) and with zypotene primary
spermatocytes (Z) This cellular sasocia
tlon does ot fit any of the six stages de-
scribed above It appears honever that in
thiy area the spermatids at the nght (Sa
and Sd) belong to stage II of the

hte b ﬁrﬂatocm at the left (Spte
Im and 2 g to stage VI of the cycle
Consequent]  there is bere a zone of in-

terpenctration of the two cellular assocla

tlons rdenusied as stages [T and VI
Incomplete cellalar assoct tions

can also obacrve

One
that in some areas of the
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seminiferous epithellum a cellular assoct-
which is otherwise typical com-

the missing generation of cells can
be found a few sectiony farther on, the

nmbao{ceﬂsc::g:mgthhpamaﬂu
generation belng tly small In other
instances however the generation of cells

YVES CLERMONT

Relative duration of the stages
of the cycle

The frequency with which the various
cellalar associations appesar in sections of
tubnles may be considered to give an in
dex of their relative duradon (Lehlond
and Clermemt, ‘52) In the rat the rela-
)tj\r duration of the stages expressed in
percentage was obtained by estimating
the frequepcy with which the various
stages appeared in tubular cross sections
the fact previously mentioned that eich
tubnlar cross section usuzlly showed a
dnglamgcofthecyd:!dmﬂjﬂedcon-

data.

thon of exch stage Well fixed cross and
ohlique sections were used (due to the
extensi ¢ colling of the tubules already
mentlored, oblique are more frequently

ing to same stage of the cycle were
weighed together The welght results were
transformed Into percentages giving an
indfcation of the relative spatial fropor
tance of each stage in the cycle and con-
sequently an index of the relative duration
of these stages.

The results (table 1) show that the per
tages obtained for a given stage of the

magnitude When the average ge
values for the varlous stages of the cycle
are compared it is cbvious that there are
considerable variations between the stages.

TANLE 1
of the srilwm aven cccupicd by the raviows stapes of the cychs
(adicating relatts  duration of stagpes)
Number of
Spectmen o "-':-“"'ﬂ;" v 1 =

1 surrered
A s 178 65 65 =1 55 7
B 31 169 13 54 374 58 s
c 218 163 118 3448 35 n
D 56 ne s 283 85 ™

yera, 298 196 as 77 3 a2

Averages
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Thus 1IL IV and VI are rather short
(52—77%) while stages I, I and V
are comparatively much longer (196 —
31.3%)

COMMENTS

From observations made on well pre-
served of normal adult human
testls, it appears that in man as well as in
other mammatan

six were described here — be con-
sldered as stages of the wrould
succeed each other in time in & fixed

far a conclusion which is in opposition to
the ane arrived at by Roosen-Runge (52)

others.

However in man, the ¢ of the semi-
miferous eptiheltum or the stages of
the which compose it are partly ob-
scured by trregularities that may be
fied under three

The first type of Tesults sim-
ngmmthﬂflct'.\ntlnyghmqplul

falar covers but

with Jower sperm county. This condition
tial or complete fafture on the part of sper

likely explanation in the case of the sper
matds snce the generation of maturing

is in other One generation may
be a little more or = little less advanced
than shown in the drawings of the stages
of the cycle (fig 3) This shift in the
d 1 step of one

germ cells in reladon to the

steps of the other generations is not fm-

when the generation of cells s missing &'
together Such an frregularity of the semu

regularity
of the initation

apparemily [ b= E= -

mmmn-“ ™ of the calis
o the Bert 3 re 1hat any

Ry rmtuin men B L

tabe af e amd e te of the cells

from oo ot epithethom

roter whes sx W Eriifacts sre
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While it was used here in a demonstra
tion of the existence of the cycle of the
y the a

YVES CLERMONT
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The normal histology of the seminifer

tdons of fixed composition vrere described
ush:glhenudmmarpba!ﬂgyuf'hcm

from the P

author Is Indebted to Dr C. P uumdmd
Miss C. Huckins far their bel

aration of the mannscript. &e gratef:
acknovwledge the help of Dr Cad G H
ler Pld.ﬂc Northwreat Research Founda
ton Seattle Wuhl.ngton who pmvldedm
with many well fixed Hopsies. The

ing was prepared by M lLOelmchm

LITERATURE CITED

BI'IJI.‘I.A. 1911 Sur le caractire individosl
testicale bwmain.  Coort. nmd Assoc.

cells and the
dthelpumaddluthﬂmpﬂlmm
Thus one or tro of sperma-
tids at given steps of spermiogenesis had
a clearcut tendency to associate with one
or two gemerations of spermatocytes and
with spermatogemia at given steps of their
respective development. Six such well-de-
ﬂmdod]u]lr pings were found. These

mmefw ﬂnoftheqdeof
zhev:mimfauu: eplthellum «nce in a

area of seminiferous epithellum
meyfoumvmchmhcrmnc;clmmmner
Inmm,themzﬂﬂfﬂ?e‘-'!’d

portant, however to

of the cycle of the itmhlifm epithe-
tlum.

The relative durations of the stages of
the cycde wers estimated as percentages
1, 11 apd V were relatively iong -nd
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mammals as sbown by the “pedodic scid
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are the of earl
(P> and the epermatosonia (G)
Etage 11 of the cycls shows groarations of youns (f)
and of maturing spermatids (8d) The latter now the humen
of the tubabe yiene pricoary (P) and spermat
anta (G) ere elso indicated.

uuumdthmhhwh‘hnmﬂmdwud (%)
of pachytens primary spermatocytes (P) and one of newly
mm.mwm(k)mmmw

Ehnlvdlblmhm'hkhdnmdmdwddl(&)

bows the initia]l signs of elongation of their nuclal Also labwled
mpochnmu(?)-nﬂhptm(l.)prlm perm tocyte and the
Bertall cell nwcler (Ser

&:wvdlh-mhlbawini of spermands with alongatsd
muclel (5c) late pachytens (P)lndkvﬂi.m(l.)prmmm
tocytes. Several spermmiogonia (G) line the limhing membrane.

na.,wdm:nhcm-humﬂmnmupumm(k)
betwean hch are the first mate-
ndmdhidmnfmahuj(‘ymlm)Ambmu{tnm;d-
mary spermistocytes (Z) present at this stags by aleo indicated.
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10

11

(8d)) sarly pechyteoe pr-
tocytes (P) On the right the cell types present in slage
1 follows spermatids (8¢)

II) and eardy pac spermatocytes (P) On the right
stage I of the cycls b d of youny

(6d) and primary )
FPhotograph from an sres of the seminifercus epitbolum
punts young (Se) and spermatids (8¢, 8d) primary sper
matocytes {n divixdon (8pte ) and sygotens
(Z) Thh ares two
of the cycls, tage VI on the lft and stage J1 on the right, the
demarca two stages bel
dotted
Photograph ares of the
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thon of the arjcus typical cell or stages of the cycle (mom-
bered with Roman ) ms well ax their demarcation lines Fiza
ton  Zsnkerformel; stxining

diffcult to becamse section
through the epithellum, Magn. X 35
18 Fhotograph of tubular cross section showing four dife collaler
to stages VL IV T and I of
the cycle. Note that the numbers of the stages around tho tabule aro
ot consecutire, Magn. X 33,

17 Pbotograph of s portion from  Ioogitudipally cut tobole showing
wrell damarcated clockwise

stages of the crcle y labeled «

I, V IV and IL Note that bere aleo the number of the stages aloug
e not AMagn, X 40,

18 Photogmaph portion of _seminiferous tubule showing  well

with
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Flectron Microscopic Descniption of a Third Cell Type
1 the Ialets of the Rat Pancreas'

FELICE CARAMIA

De ol
St. Lowis, Missouri

In spite of the numerous studles on the
cytology of the pancreatic islets, there still
numbers

W Sckool of Medicine

MATERIALS AND METHODS

SpragueDawley rats two days, 13 days,
and six months old were used for this

ing from one to two hours.
&t TOOM ture

with and without the use of collodion sup-
parting film I an RCA EMU 3C electron
at original magntfications of
000 Occasional! sections

tantly of beta the h
i3 composcd almost entirely
of alphz cells (fig 1) The beta cells are

mrre denise than alpha cells this greater

drnsity ber~ du= to the relatively large

mount f ergast plism as by

5ty ran gy Mol Ny
Fermar e

Lot vt nmq:hu-:-
enle, Laboe'y o Pewgle, Peroagls,

2
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Lacy in the rat ('57) and Munger in the
mouse ('58) In the beta cells (figs. 1
3) the ergastoplasn 13 composed of an-
astomosing membranous sacs and tubules
of varying size with associated dbonucleo-
protein granules The tubules do not dis-
play paralle]l orfentation and are disposed
between the vesicles containing the beta
granules Sometimes In both alpha (fig 1)

rounded by closely applied limiting mem-
branes in contrast to the large space that
scparates the surrounding membrane from

chromatin that results tn a rels
dense nucleus. Occa

‘bet.cdliarelutvrlhnnlho‘eufl]phg
~cells and their chromatin is more clumped.

The ergastoplasm is formed by flattened
s2cs with associated granules the com
p.c: arrangement of which contributes to
eytoplasmic denxity (fig. 2) Ther
mlachcmdrh are rod shaped scattered
throughout the and more num
erous than those of alpha cells. The prom-

mmu The pucleus is sinular to that of

FELICE CARAMIA

the correlate of the slver staining alpha
cell of light mi

In additon to the granulsted cells de-
scribed above there is another distinet
type of cell that ts characterized by the
presence of small granules of low electron
densdty (figs. 3 4) These cells also are
arranged close to capillaries. Thefr nuclel
are somewhat ovold and often contain
nucleol! in the plane of section. The mito-
chondria are evenly distributed throughoat
the cytoplasm and of varlahle density
usually being more dense than the secre-
tory granules. The granules are of rela
tively similar size apd density but are
smaller than alpha and beta granules. The

vessel (fig 4) and are muTounded by a
llmlling membrane that s distinct but
y applied and often is even
mﬂdmuthmthawhsunaolthe
(fig 6) In contrast to other gran-

ulated cells (alphe or beta) the cytoplasm
of these cells virtually is packed with se-

Three and thirteen days of age
At this stage all the cell of the

clote to the capillartes (fige. 7 8) 1!.:
Golgl apparatus is more prominent
nuclel, as seen In the alpha and beta cells,

seen at this stage although they
occur in greater number at two days than
at 13 days

DIECUSKION

Tbe chxrncterimc ultrastructure permit
of 2 and beta cells

alpha cells. These cells are dered to
be an alpha cell variant and perhaps to be

alpha
mpancmndcisleua!nrlmﬂmtdﬂh"
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FINE STRUCTURX OF PANCREATIC ISLETS

m part of D cell mhuch s filled with emall gran-
ules. These are bess dense than alphs of crazules and b wve  loscly appled limiting mem-
brame. At the wpper part of the Bicld fs part of an oxomne pancreanc cell. 9,000
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rat pancreas D cell The cytoplasm of this coll containy granakes of low

lectroa

Fig. 4 Adalt

denaity

arranged in parst

formed of flatiened stcw occaionally

dria, and an

(arrow) The nockus fs alightly rrogular in outline as comparsd t  thoss of alphs o

13,000

bt

Jel array
x
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mucroaraph il strates the differmors
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T8t pancress. Thls
beta cells and






61

TIME STRUCTURE OF PANCREATIC ISLETS
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Goldner and Vdk (58)
Davenport technique

PANCREATIC 1SLETS a3

They confirmed that not all alpha cells
visualized by the phloxin procedure are
argen and they rafse the

as to W er the Gomorl stain tifled
two different kinds of cells or two different

ence in staintng property

adult alpha cells can be due to an aging
1t is poasible that the drfference

in ultrastructure found in the two types of

alpha celly {dentified in adult rat pancreas

mav account for the drfference in staining

propertics of thess cells

SUMDIARY
(1) Evidence has been presented that
to of alpha cells can be distin-
in the adult rat crean  the
clear alpha cells described by other auth-
ors and dark alpha cells with few granules
and | that babl

correfpol{d to the nrgernluphﬂlc n]plgn c:[b]
{2) Cells significantly different from
the

The hutogensws and
of the pancreanc jalets bn the rabbut

cytolony
Am. ] f Anst 08 103-181
£ A and D C Pease 1038 Elec
trea of the pascrestic hbts Eo-
63 113
loxn W 1831 New type of gramuler cell
[t of Anat ©
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Ferner H. 1043 Beitrage sur
Langahansschen

dog. Anst. Rec, 125

——— 1057 Electrem of the por

pial fslets of Laogerhans. Ditbetws, € 498-307

Millonty, G. 1861 A modified procedurs for
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Morphological and Histechemcal Stuches of
Expenmentally Enlarged and Atrophied

Saltvary Glands of Rads'

S HAMDELMAN asm HEMBERT WELLS

Research
Departournt of Pharmacelogy

Munacn, *90) On the other homs
ddmlmxmmmthewdgm Db
sabmanditnlar glands follows the
sdmintstration of Dibenamine (dlben-

o potent !

Haryard $0kool of Deatal Medicing
wrvard Medical School

Purina Laboratory Chow (ground for the
ats with amputated incisors) and water

1h.

The lower inclsar teeth were amputated
at the gingival margin with a toenail clip-
wrero at
two-day intervals for a total of four times
in elght days. The rats were autopsied 24

nﬂcrf.hn(l::tlm}:uuﬂon.

Y
)
dissolved in distilled water to &’

§
g
5

g

)

g
;
1
1

vrere sectioned at 10 @ in & cold microtome

HISTOCHEMICAL METHODS

Riborucleic acid. The tissues were fixed
for eight hours In neutral formalin. Sec

b e A o
Presest sdirvm Forvyth Deatal Infronary Bestan,

i~
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SALIVARY GLAND HYPERTROPHY AND ATROPIUY

vras a significant (P <

67
6 9) Because of the atrophy of the acinar
cells there was a.

granclar tubules total
composdtion of these glands (Aigs. 13 15)
The acinar cells of the atrophic

glands also a smaller than cantrol
scinar cells (figs. 10 12) The nudel of
these cells also d smaller

The results of a histometric evaluation

Dibenamins-treated rats
are ahown in table 2. There was & signtft
cant (P < 0 001) increase of approximately

£

wand
—ter Astmar coTl waclal et
Tretment ,:‘:, Final Lond (comntn/10 high power fabds) mcxillesy
el il e
T Wy EMmea Teosd S
Coertre] -~ b d -
Eolection ¢  17=n1 =3 16627 113=3 IAx17 D201
Dibexariine
80 maskg s 20=14 190=7 235317 IW=5 3s4=11 3o=ql
Yelmes ers mesas - stamdard errev
Lataag >’
o waight T4 o lr.



rmin.'l'benuclmlluft.hueceﬂxwaelgx—
larged and rich in RNA. The demflune staining rem
and mucous acinzr cells of the enlarged

sublingual glands also had an d dehyd
content of RNA (fig. 11)

In all thres glands ratfon of

parotid
18) A stmt
th

and per | Te-

of only the
glands, in edditan to the wmall hlue
ies, wrere larger and mare deeply
les. These les wrere especially

prominent in atrophied sublingual glands
(ig 32) If the tissue sections were
treated with a liptd solvent (cold acetone)
prior to ncubation, the large decply stain-
ing, cytopl grani daappeared. On
the other hand the blue staining of the
mitochandrial-sha) bodies in the docts
and scinar was aightly
inhibited by treatment with acetone.
14 Some sudan staining of the
rich h

shape. Present in the basllar partton of
cytoplasm

+osnhalintd

glons where the RNA was locsted, were
and appeared to have widened
of the

stained vwell with PAS although scme
exhibtted a loxs of PAS-positive gran-

Sudanophflic granules were
observed, however in the basal portion
of the scinar cells of the atrophfed gfands
from Dibenamine-treated rats (fig 24)
Thess sudanophilic granules were

in location and concentration to the lare
acetone-extractable granules observed i
the sections staned for succinic dehy-
drogenass.

DISCUSSTON
The m and histametric datz
presented indicate that the increase
In weight of the submandibular glands
that follows incisor amputation s due o
a highly specific hypertrophy of the acinar



organs. Hence it is ex
tremely difficult to remove and weigh these
glands with any degres of How-
ever by means of histometrio techniques,
the acinar cells of the glands were

!
:
E

§REE, gg;;?
§§§§§;§v§§
et
sriigacEers
i
B3cke Fal

i
g
:
|

i

F
]
:
E
g
:

in thess structures Moderate enryms ac
tivity was also demanstrable in the baxflar

of the acinar cells. In sddition,
Et'xﬂ\;.mdtcplymlmn;mnulumob-
sarved in the scinar cells of the atrophied
glands fallowing administration of Diben-
amine. Novikoff ('59) points cut that in
the dehydrogenase techniques the forma
zan of the nitro Hoe tetrazolln can

cells Is not
The evidence thus far tends to support
the b

nery

response

tHom, but {n the regulation of normal salt
vary gland size as well (Wells et al. '81)
The size of the glands would thus depend



the level of & te latlon re

CHESTER §. HANDELMAN AND OXRBERT WILLS

after Diben-
ey less sym-
stimulzdon as a result of the
blocking actian of the drug
becguse, In some
intensity of sympathetic stimula
which normally recefre fs fn
incisar amputation. This idea

as the
of the acinar cells. Inciser amputations,
the tobules

but not
of Lhdr‘umul content of

firmed Sel
response of the glands to §:
similar In

s granules.
ndmuupuil;)fmulprucedmnltaedthe
tion dehy n
the tubules and ducts. The amount of PAS
and alcfan Hue positive material in the
acinar cells was unchan The atrophic

aciner cells contained acetome-€X
t () hilic granules which

sre probably lipid n nature. The signif-
g:;cuftbeuhmellpﬁmnuklhﬂ*
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SALIVARY CLAND HYFERTAOFHY AND ATROPHEY

o
mmmmmmmm
] i 48 af 4%

mm bm g :

H i %Hhmm

Mwwmnmmm w m.memmhmmm



PLATE 1
IXFLAWATION OF JICUXLS

Figures 1, £ and 3 are submsxillery gland soctions stelned with H. and

1 Control glarxd, Arrow paints to  graouler tabule,

2 H sland. The scinsr calls and thelr zuckt aro
The sre proeainent. The sirs of the granular tobules ts

i

8

3 gland. The cinsr calls sre Teduced in xire and
rocid, The arrow points o granulsr tobuls which & rv-
duced in stre.

Flgures 4, 5 and 8 are sobmexilary gland sections stained with matlyl
Ozly that matesial sisioed by prrvntn and digestsble by
as BNA. X
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PLATE 2
FXPLAN TION O FRURLS
Flgures 7 & and O are parotkd gland sections stained with methyl green-
pyrandn, X 460.
7 Coatro] gland RNA i in the basflar regions of the scinar
:n;.m contains amount

8 llmhﬁddand. The sciner cells ao enlarged and show an
of nocleolar snd basiler ANA.

8 Atraphied gland. The acinar eclls are soaller and contain littls RNA.
Amrow  podnt t fragmemted mockdl

Flgures 10, 11 and 12 are sublingual gland sactions stained with mathy!
Eeempyroain. X 390,

10 Control gland. The RNA b coocentrated in fhe demflune cell
(mrrow) The cytoplasm of the mucons secinar cells eontalos  mod-
«rate wmount of ANA.

11 Hypertrophied gland. The acinar cells are enlarged. Thare fs an orer
all incroese in RNA which b in the &
calls (arrow)
12 Atrophded gland. The actiar calls sre smaller There fs an ovenall
reduction in the amount of RNA.




SULIVARY GLAND HYPEXTAQPHY AND ATROPHY
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PLATE 3
FIFLANATION OF FIGURES

Flyures 13 14 snd 15 are submsxillary glend sections stained for soc
dehydrogenase. X 42

13 Tbcmhin mym:ﬂexﬂvhyhlhcmbuhlnddocu,lnd
to gctivity in the scinar cells.

14 Hyplﬂ:mphhdd.mi Ths staining pattern b dmilar to that of the
contral gland, Hmyuf!hnldnnmﬂ.lhumducrdlhlnm

Flgures 16, 17 and 18 aro subhmaxillary gland sections staloed with the
PAS techoique X 400,

18 Cootrol gland. mmmdhm@.hrﬂmpu
numzill. granular tubules contain weakly PAS positive
:rlnuh(
17 Hypestrophied glind. The staining patten i the same in the
control gland excwpt that the bexdlar portion of the call is widenod
amd unstained (axTow)

e ] Atmibhddlnd- The smoant and distribution of PAS poaktive mats-
tal is oochanged.
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PLATE 4
XXPLANATION OF FICURES

Figures 19 4nd 0 ey eobooaxillery glasd sectioos tocubeted wht
Hbonnclesse and then statned with mathyl green-pyrontn. X 480,

19 Contral gland. The achur timuoo fs not stained with pyronin (com-
Er:wﬂhﬂl-l) The granoler tobales, however nuh:nhln-nnm-
of riboruclease-reststent, pyroviopositive gran

¢ Hywrm:ph!-d gland. Neftber acinar cytoplagn nar nocleol! are
yyrudn(m;m"vﬁ.hﬂl.ﬂ) The tubules fn the cen-
lnu!thnﬂmmd.mt af granules.

Flgures 21 and 32 w= sublingual glend sections stalned for soccinie
dehydrogensse. X 460

21 Coutrol gland. The ducts are stained intenmly whils the aciney cyto-
Placm shows cnly minimal staiisg,

22 Atrophisd gland. Along with intense ductal staining, y statning
granules are present in the basiler raghon of the acinar (mvw)

Figures T3 and 34 are sublingusl gland sections stained with Sodan
biack B x 460.
33 Control gland. Thers i minimal staining of the aciner crtoplasm.

M Atmophted gland Larps Sodanophilic grenales sre present o the
bexilar povtion of the sciner cells









Radioautographic Studies with Tntiated Thymidine of
Cell Migration in the Mouse Adrenal after a

Carbon Tetrachloride Stress'

ROBERT ML

BRENNER
Department of Biology Brows Ushumity Providewce Rhods Inlawd
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A third view hzs been presented by
Tooutd (42) namely that the cortex
of and cuter transformation
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MATERIALS AND METHODS

from 72-84

ocusly in the lower abdominal



CFLL MIGRATION IN THE MOUFSE ADRENAL
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utes at g temperature of 18 C with oc-
agitation.

Permit dplwt.ngn Lhtg
study and of
distribution pattern of cells at

round graing

tre reduction (Mees, 43) with & mixture
of potassium f de (KFe(CN))
d sodtum  thiogulfate (Na.S<O, 5H:0)
e S 3 ot e
cation Kodak
Da mwu\md
DistBed water 100 emt
Sodiun Bulfite 90 §m
R 45 en
‘.hl[ydzuﬂd- 378 s
Potxactrm 20 gm
Benzotrisrole oo pm

working solution prior
o use Sl.lde-medntropedﬂwmm-

thres
differentiated in cold (12-15 C) dllute
acid (pH 4) for five minutes
ammentam

ltative analysls of the ck in the
distribution of labeled cells with time No

1) were done although
estimates of the relative numbers of la
beled cells
ToDC8 At
The photomicrographs were all made
using a Wratten no. 45A blue-green Alter




84

with Kodak Contrast Process Ortho film
which was developed elght minutes in D-19
at 68°F

OBSERVATIONS

Inittal distribution of the
labeled cells

On day zero the heavieat concentration
labeled

of cells at

the of the cortex (fig. 1) Lo
muclel were scattered

between the rons osn

and the upper portions of the zana fascl

parench
phase pairs (figs. 34
mitosis had occurred
There were soms ca fibroblasts
which hed been labeled, but these were
few in pumber and an oc
ctll in the adrenal ulle was

Inbeled.
L+ Between the cortex and the adrenal
medulla lay the remmants of the X-zone
througheut the bulk

nuner
tothallal

ter labeling.

ROBERT M, BRENNMER
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such a transformatl
evident untll the end of the first year of
life (Brenner umpublished)
Changes in the distribution of
the label with time
One vweek after administration of the
Iabel there was a stdking increase in the
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studles are currently under way 1n our
laboratory
SUMMARY
Virgin female BUA mice were stressed

had migrated bu'hi‘:h

gra cen y t migration

of cells ota seemed to
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mwmm-ﬁm:mmmm
descuibed in the text (except figs, 11-12) and stained with
Herrts” Hemataxylin,

Abbrevistiony (Plates 1-4)
B b;unmnmbemmamhummm
C.c-p.nhnfm--dxmddlnd
F mums fascicalats

M, adrsnal medulla
x,d.unnunﬂ.n(pm-dnnufx-mo

Hix woeks after labeling The tnner cortical romes Including
Tegion Dow crmitain s largs pmmber of ym sl
congiderabls nunber of heavily labtled celly ars sl present

in tho rona glomernlosa indicating in Tegion.

N other signifoant changas ary to be seen. X 33,

label on day 0 This fgure sbows  predoms
inance of labal in the UPper {) The arrow paints out &
patr - exlented. X 100,
of 1abal ot day 0 This Agure shows  predom-
tnancs of Iabel In the The aenotes
ote beence of label in bound.



CELL MICRATION IN THE MOUSE ADREMAL
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Distrfbatian of lsbel after ono wesk  There has been & considerahle
increase in the number of labeled calls in the upper faciculata.
Many telophase pairs ars groupsd in clusters indicating centers of
mitotie acttvity Ths axis of mitosly is centrpetal. X 100.

of
cells are now found spresd throunghout tha iner cortical zooes.
the glamerulosa,



CELL MIGRATION IN THE MOUKE ADRENMAL FLATE 2
Robert M. Brenmer




PLATE 3
EXFLANATION OF FIGUATS

mm 13 5L
i, L mmm
it Mwmmm
i mmmgw
amm.m d&
Mmmf i
MH HE
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x 100,

12 Distdbution of label

t tm wesks The boundary reglon pow con-
taing anly a few beavily lsbeled culls Mot of the labeled calls in

the cortex are very weakly labeled st this thre X 100
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CELL MICRATIGN IN THE MOUSE ADRENAL FLATE 4
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New Observatons on the Structure of the Pacinian
Corpuscle and 1ts Relation to the Perineural
Epithelium of Peripheral Nerves'

T R. SHANTHAVEERAPPA awn G. . BOURNE
Departnent of Ansiomy Emory Uniwrsity Atlaxte, Geovyia

The Pacinlan was noted for fixed. Sex chromatin studies were made
the first time in the of man in 1741 by staining with 0 3% aqueous cresyl vio-
by Vater and the histological structure was cellnlar barders
described first by Pacinl (1835 1840) and fresh tssue into 1% silver ol
later by Henle and Kolliker (1844) Herbst trate solutian and keeping it in the dark
(1848), Klrlnuju (1881) Schumacher (11), fur 24 bours the Pacinian was

and

When

£t
after removal the 1 layers of squamous epithe-
m'd(mflﬁm‘h’mm llum are peeled back they are found to be
ummehmcmmm“ tismue c"unym‘ continuous with the outermost layers of



T R. SHANTHAVEERAPFA AND G. II. BOURNE

'57)

the 7 epithel ¢ (1876) Lat

the nerve fiber (igr. 92,3 6 18 and 13) (B4) and
which the (ree t The present au.
haveerappa Bourne, 622, b) The

53
Rohlich and Weiss ('58)
thors

studles (Shanthaveerapps et al mpmp}
ration) on sciatic perve of rat hawe indi-
cated that there are collagen bundles in

betwreen the layers of
and that the cells of the
theltem

support the evidence that the lamellae of
the corpuscle are extemsions of the peri-
neural epithellum.

In female cais cresyl violet staining of
the corpuscle showed the presence of sex

chromatin in the nuclel of the epithelial and the pe d
cells (fig. 14) These nuclel wrere sdentical  that they are sheets of cells
thoso of the cells com-  starting from the pla arachpold and ter
posing the p ! epithellum (figs. 12 ing in the
and 14) It 1s of interest that Cauna and Mannan
TSCUESTON ('59) have observed that when the vasct-

The presence of an epithetaHike struc
ture around the nerve trunk has been re-
corded

new receptar is formed on the same axon






100 T R, SHANTHAVIERAPPFA AND G. H. BOURNE

lamelloss) in the bonen hend. Ihd, (Load) Pacind, F 1533 Soyza un pagticolor groerr &

03 a71-386. ‘piccalt ol oo
a"‘{.",““‘%‘“ Io the  BSpedall tuntl dl Pistcle, (Letter to Accademia
of t An )
bratn and thigh of tho 2 wrperimental 140 Noovl arpant scopertl pel conpe
sady Acta = Pistofe.
mmzf-dmdkﬁ-mm;ﬂm Pease D C.ed T A Quillem 1967 Elsctron
ahdat., Chicags, 15 BAB-567 i rcs ey iy ol
Harvey § C., B. . Borr apd E. Van Campenhoat A 1958 in the
1633 Deval of 2 sxitvity of the Pacinlan corpusche.

an den Nerven des butian of myelin an nerve fibery Pacinfan
Menschen und Zurich 40pp. _ conpuecles. 119 167-178,
(English review in the Brithh and Foblich, P and U M. Weket 1005 Stodies m
Raview 1845 10 T8-83) the and
Hetbet, G. 1848 Dia Korper und mw7hﬂﬂﬂ Acts Morphol. Budspest, §
ffre Bedontung, Vol. IV 143 pp. Vandenbosck Bn!;:n-duxl.' 1911 Dettrdge rur Kenptols
Banes und
K e e o s Iy Maperhen. Arch. milkr Amac, 1715718,
£ Shanthavesrsype, T R, and G.
103-112, alliz, A 1 Cell. Bl 14
W 1881 Dis Nerwenendipung 346,
Arch, mikr 1009 pertnotral aptthel
Anat, 19 B3-138. 3;.“. ax
X 1854 The theaue of the far
frog salstic parve. Quart. J Exper Phystal, cicull J Anat (Lond.) 8¢ 827537
39 8% 1 of pertrwaral ept-
Lebmsrm, H.J 1833 The epincurium as & dif thellum in whale #nd shark. N ture (in press)
furin barrer, Naturs, 172 1045-1046. Vates Abraham 1741 Dissectatho da conseces
1957 Uber struktur and fonktho der partium  corparis humani.
bariers. Z tonom A Vol I,
Mikr Apat, 48 233-841 Pp. 653072, Gattingen.
PLATE 1
EXPLAMATION O YMIURKS
concaption of the relationship of the varloos com-
pooents of the Pscintan corpusale and the necre fiber which
1t ol sctial taols-
hon of vancas components and longitudmal and cross wee

fibar ehowing componants of the Pecinfan
and necvs fiber Note the perineural i e
tenirjon. corpascle &3 lamefise glving an oclon
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call lurnelles and ntfhnlbtm‘mﬂcm dn-hm-ﬂu

mumwh&mmm
Whole Pacinten carpuscls removed from its canpoctive tisene sbeath
od ity perineural

cadl
the despar layers of squamous are
peripeural aptthelium, they are separsts covering the end-
organs gving to the the
mmuﬂmdth?ﬁnhnmwﬁdomdm
narve fier from it
car
nmhhmhmmwywhdn‘ﬂumﬂhx
its axon, myslin shwath and The







PLATE 3
XXPLAMATION OF FIGUALS

Pacintan corposcle from mesentery of cat, isolated under binocnlar
in formalin, con-

and fxed
nective tismoo snd perdneuritm (smow p) from cocpuscle,
and call rrow pe) O corpuscle re-
flected back on to nerve fiber (sTow no; ting that it extends

epithelial cell ge;Iy‘h‘u other and
pe;
i.mu.. ﬂ.b-x(ml")
Portlan of corpuscle treated with 1% M:ﬂmn}mnmdm-
ocoantursteined with cresyl vialet to

onstrats cell boundarios
demontrate the nucled (arrows) X M0



PLATE 3




PLATE, 4

TXPLANATION ¥ FICUNES
Superficial lamallas of corpiecle tsolated and treated to demonstrate

mounted flat on slase alide. Nots squamous
nature of the cells with well-defined serrated borders. X 340,
Higher magnification of wﬂmdhﬂn.l.dhmnﬂu.uodmd
as figure § Note the La; of squamons cells and their well defined
verrated bordery (axrow) end ooclel X 1360,

‘Whals mount of the nerve fiber which suppliss the Pacinisn cor
ective timoe treated

wuhacm.vun. Perineural conpectire thsue (amow p) shown
side of the narve fiber  The permeural epithatial nockd
(arrow pe) stained with creayl viclet, can be seen surrounding the
perre et ( mowm) X 340
Whole mount of Pecintan portion of the nerve
corpuscle with Abar

which supplies it Method asme as figure 9 Superfcial
twue remored. Num'.buthmﬂ.bu(m'(n‘)whh!l;t-;

lLium, arrow pe with the 1 lameiles
ulch-crrpu-:h(w) X 340

Squamons call lamella from the Pacinlan corpuscle of adult female
disssction roicroscope, staimed

at one edge of the nncloar membrane, planccanvex {n shaps. X 1380






TLATE 5

IXFLANATION OF FIGUKES

15 Whale mount of single nearve which supplies the Pacinisn

mhmmmmmmmmm

the nucle] of tha squrmous

eplthaliom surroonding the oarve staloed by 05% squeces crestl
viclst, (aTows) X 1360.

stuined by sliver mitrate to demonstrats cellular borders of the in-
which the fiber

veating
(aoms) X 410
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Similanties Between Ohgoden

drocyte cmd Cerebellaxr

Gremule Cell Nuclei in Mammaha and Aves

JAN CAMMFRMEYER
Laberutory of Newropathology Natiowal Institate of Newrologicsl
Betherda, Marglandt

Disrases and Bitndmres,

The nuclel of aligodendrocytes and cere-
bellar

about the nuclear structures under some-
what gite lar ac
tivity caused by farced swimming, de-
pressed f 1 eity induced

potsdbly the Intrinxde control of
blood flow (Cammermeyer "62b) During
these pvestigations spectes
varlations in noclear became
as 3
& the Y n
clel by Levl (1897) and Olzewskd ( 47)
No on olf e nu-
clel are avaflable,
The present 2 rumber of

£

uiry is made

reserpine u'eal:mmt:und m{:prenzd ac
tivity by daily barbiturate injections.
MATERIAL AND METHOD

ments which are described at the appro-
priate place in the text.
The antmals were anesthetized etther by
of th

sodium p
bital mixed with heparin or by inhalation
of chloroform. The latter immediately
after opening the chest were given heparin
mtra ardially The hklood vessels were
fushed with 2 compoxte salt solution
(Eli tte "B of Baxter Co ) with the addi-
twen f 5 ormalin, s total amount in
rl corresponding to 14 of body weight
m gm and th n perfused with an al
or larger amourt of a modified Held n-
hain 3 Susa gal tuon (Cammermeyer G0~

T stmal Instirates o 1

g W Srrigtie ki

U f Fitle 7 '
Tinc ard wel

m



contrast. Whenever the magmification Is
different it is indicated in the legends.
Some pictures are composites of several
in order to depict the various nuclel tn
sharp focus.

MICROSCOPIC EXAMINATION

A Idtrlﬂﬂcatia‘u criteria for distinguishing
between various nuclel in the cat
cerebellar cortex

A brief description of the nudeus In
uched]rypegivuthemtmhywhlch
nuclel are selected for the fallowing
~/ parative sudics. Tbel“dayoldcu(cl

101659C) is chosen because each cell type

s distinet.

Neurons are usually easy to classify be-
cause of their large nucleus with relatively
sparse chromatin content and conspicuous
nur_leolux It s limited by a poorly stained
outer membrane in which minate basophfl
mzntwmlmmmm

¢ far a beaded appesrance. A deli-

cate chreular line often forms an inmer

membrane. Attached to these membranes

are several thin lines which ra

dhtufrmnthenudmlul A small number
of chromatin

ar less to cover the nucleolus. The perl-
karya contain basophil masees or Niml-
substance of varying size all attached to
extremely delicate curved parallel lines.
A peripheral zone is usually free of baso-
phil masses but traversed by thin lines
uttaching to the surface membrane Among

wmall granules of basophil substance &
ranged in rings around the nucleus and
coarse

type II neurons in the granuvlor layer (fg.
1) and the amall neurons in the molecular
layer have anly a moderate amount of
basophil substance perdpherally (compare
Cammermeyer '63a) The cytoplasmic
membnmcuntacuuhlwdvemdfurmy-
ing lengths ar is covered by faintly pink
stained granules.

The astrocyts nucleus is characterized
by its large sire and sparse chromatin con-
tent with relatively small central chro-
matin masses surrounding the nucleohns
(ainfig 2) Itashape vares greatly The
nuclear membrane and a system of lines
are faintly stained. In the cerebellar gran-

ule cell layer the clconud.un{ev
small pink PAS—mmnulzu whlal::

vascular
walls (arrow in figs 6 13 38) In the
Bergmann s cell layer these granules form
large clusters near the nucleus but in other
occurt.

detected aronnd the nucleus of astrocytes
within the granule coll layer when the sec
tons are stalned by Meallarys

tungstic acid hematoxylin method (arrows

in fig 3)
The cell has o nucleus of #
irregulanhnpe(mmﬁg.l) 1ts mem
bnne is heavily stained and its rucleo-
plasm  contatns many small and a few
chrumndnmnu]a Its cytoplasm
mnenchpoluuflhanudculnndh

'AS-stained

malking it posxible to discern il lhgrl::‘nd
g it e to ts sha
!odetaml.mwhcthu‘t.hccc]] llﬂcbfd
toa

fled by their associatl
ed on
walls and thelr content of PMM
mmaterial The basement
cular walls is pink. The mpmma ﬁ’“
of blood stand cut as smooth el lines,
and at intervals the space betieen 18 oc¢t
pled by endothellal nuelet which when
vkwcdfmnthcumdemwgtdcg)uﬂ
sha; (e 1n fig

Pcd‘or irregular ¢ i ‘boe

Purkinje cells one type mostly



B

NUCLE IN CHS 113
The cerebellar granule call rucled, which
bl Higodendrocyte nu-

large-etred
cel withoat cytoplasm, lnLv: an outer

at regulsr intervals (g in fig. 16) An
Inrer membranse 1 barely e and sov
eral chromatin granules of g size
are in a petwork delicate

Iines. These lines radiate from

this mars may divide into smaller granules
which adbere to the surface of a pale

Tucleohs,

Conclusion. When tissues are frepared
according to herein,
the various of the cerebellar cor-
tex are byt.};drdi:d.ncﬂwnn—

1 i

Oll nuclet are identified by

thelr round shape heavily outer
delfcate inner

chromatin granules attached to ;cheun

fine and o fm of faintly

blue cytoplasm (o tn fiy 18) They are

clear and cy
The neurons by extremely large pale nucled

a
The astrocytes by strikingly pleomorpldc
nuelel in & pale or clear cytoplasm
PAS-stained material,

with some
microglia cells histiocytes and delta
cells (and macrophages?) by
stained varfously shaped nuclel
frequent of PASstatned
gramules in their cytoplasm

And the as well as cere-
Ig.dl}u cells spheraid 1.

cytoplasm

which is faintly basophilic in the
former only

Ancther bads for recognition of cell

types I3 thefr relationthip to vasculature

The npeurons contect blood vessels for

varying lengths
The astrocytes are {n contact via processes
‘The microgiie cells are detached and may

cular tissur fibers;
And both olf 1 s and cevebell
e cells tend to agpregats near
and skmg blood
B The o d o,

Noclel in different reglans were studfed
tn order to establish a spectfic
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pattern of chromatin distribution could be
ascertaimed The central
of the mulatta macaque (M1 1211 was
because of ity profuse l’i&ﬂf
{Cammermeyer )
Oligodendrocyte nuclel of gray matter
have many features in commaon (fige 20—
wized

figs. 33 45 51 66 82, and others) Only
- parts of this delicate membrans are visible
other pictures (indicated by arrow in
fige. 20 35) The size af nuclel vares
~owithin a small (figs. 28 is)mhmefmup
(figs. 30 31 and 32) In general, the larger
nuclel have a less stained outer
membrane and the p appeats
clear (o in fig. 20 fig 24) the smaller
nuclel (figs. 21 25) have a mare densely
stained cuter membrane (its chromatin
material packed together!) and the nuclso-

JAN CAMMIENMYYER

cleus (figs. 48 49 53) Gince the amount
of cytoplasm can vary greatly and since
chromatin content of mucld
an exact identification snd

nuclel even within
the swme region msy be quite difficult
figs. 45 48) The admixture of microght
nuclel which resemble the other po-
clet (fig. 46) will augment difficulites fn
identification. Well

~

cleus (fig. 27)
of fourth ventricle (fig. 24) in the medial
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the ventralataral funicle (fig. 80) Thelr
ruclel sre so different frem those of oligo-

seen covering the nucleolus. Except for
vni.niuq:!ndm tbeynr‘:ﬂgwedlml

all white matter

cartex resembls those in gray
matter (compare figs. 20 and 42) Nucle
are of smallest size in tract, Ambris,
slvens and corpus (compare
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ened from that of preceding ages (o in
fig 16 figs. 17-19 61) Several mediom
masses

(fig. 2, g in fig. 16 fig. 66)
Age differences betvween rabbits sre no-

grannles at ono month (36 days wt. 480
gm Rad4-040561C) the chromatin mate-
da! accumulates in figure 68 in sightly
larger masses slong the membrane at two
months (70 dxys wt 1,680 gm, Ral
050561C) and g less abundant in
figure 69 at 8 manths (185 days wt. 3 860
gm Ral-021681C) and in figure 70 at 12
months (344 days; wt. 3770 gm Bas-
040461C) but some more granules occur
in figure 71 at 22 months (658 days; wt.
6,070 gm R21-040461C) and in figure 72
at 31 months of age (929 days wt. 4 450
gm; Ra2 122057C) A d in size

]
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&EEEE
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oligodendrocyts and granule cell nucis
larger with more chromagtin granules
the younger (figs. 82 and 87 respectively)
than in the older dog (figr. 83 and 88 re-
ly) The ol d and

of the central chromatin mass is notice-
sble by comparing the last thres stages
with the tro preceding stages. A moderate
(decrease In size of nucleus is noted
from 2 to 8 and from 22 to 31 monthy

tively

fewer and smaller at 12 (fig 78) 22 (Bg

77) and 31 months of egs (8g 78) Be-

tween the two last stages a moderats en-
1 e hromatin

eTebell mnulecdlsmtmaéfmcnd
PAS-stained juxtsnuciear inclusfons which
{n the old dogs are in astro-

t of

rabbits.
The puclear alteration {n aging pigeons {s
recogntzed by changes in amount of chro-

However » statlstically signtficant difer

1s ap - S endrocTte
nuc}elo“ﬁeyummnndo['.hno]dﬂﬂb'
bit (table 1) in the course of elght months,
equivalent 1o a 30% increase in age. D¢
nuclel on the o pormal”

The
cleus and cerebellar granule cell nucksd,
after reaching fully matured stages retan
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of sligadendrocyts mmclel {n rabblt fociel
wuchews fter tremsection of feciel merie
(0a thack PASG stained serial sections)

A

NUCLEI IN CINB 117
utes (wt. 1,350 gm C4-082459C) 30 min-
utes (black, wt. 1780 gm; C3-092459C),
ove bour (gray tiger; wi. 1680 gm C1
092559C) two hours (red tiger; wt. 1,900
gm; C2-092459C) and four hours (gray
tger; wt. 1,680 gm CI1-092459C) Al
were narcottred chloraferm tmme-

pirratyd
et
wds E
bl ke I:.D" ”
1034 3185+038
b ‘s () (334)
2308060 25087
® it (20) (283
&d-r& general  structural  ch stics
a This preliminary survey sug-
gests that aging fs characterized by
titative chanpes as decreasing § -
clel with & diminhhing content of chro-

otes.  Since conditions of rest
could not be
prescribed, material was col-

long perlods 10 stody effects of Inactt
Cals, 144 1o 148 ;‘:Eltz!d. u:mbl;ntyu
€icape from s wat tank, were
swim continuously for ten min-

of
little while, swem wildly for another short
period floated and so on throughout the

light controlled Toom from the age of ane
maonth, at the age of 162-168 days were
killed s above. One was forced to svim
ten mirmates dafly the last 68 days (hluoe-
gray tiger; male; wt. 2080 gm; Cl
100359C) the second swam 60 mirmutes
daily the last 69 days (male wt. 1,550 gm;

(gray tiger- male; wt. 2140 gm C2

100358C

A gngls cat of unknown age (wt. 4 100
beutansgus

B ““mmdi’m“"“gm‘“’m‘ o

injection of tal (1 ml

'I'iem.bulxl per kg wt.) and remained

narcotized for 48 hours. Then four litter

mate cats were for a perod of cie manth
on a ane sodtum pento-
injection dafly (076 m! “Nem-
P



per kg body wt.) was Infected three times
every cight hours; the t lasted
a total of 24 hours (wt. 1,880 gm; M2
011260C) In one, a large dose (3 mg per
kg body wt.) was given in & dmilar man-
ner and the t lasted 24 hours
(wt. 2,285 gm, MI1-011360C) In one,

gm MI1-062760C) All experiments were
\/nzl il d an {nf }
tobarbital with immediately

mychlngelnthenudmmcmmu!

cular activity leading to lllght fatigoe cr
chronically exercised to train
is cqu-]ly apparent that nuc.ld show no
change in distribution of chromatin with
varying degree of inactivity due to narcosls
or lack of spontsnelty

E. Topographic characteristics of otlifo-
dendrocyts and cerebellar granule cel
nuclet in the cat

Lngearmmayhamtaﬁammbedln

vascularly near a nerve

]:d.fmv:ndo-n (fig. 81); they vary grndym
number The nuclel in 2 cluster packed
90 closely that their membranes abut, often

lmrcurtexhtbenmamvnﬁlmp@m the
thickness of the granule cell layer shows 2

ar thtmming and thickening arcund
lndl.hutupuf}taﬂeu respectively;
and the molecular and P\:rkm}eedlhyﬂ’

tes or granule
cells The nuclel conform to thoss of the
normal ones already described and de-
picted berein Other changes as in the
content of PAS-statred material of Inter
vening ticsue (in astrocytes!) are of com-
plex nature but since the cells under study
are not Involved a detalled description of
thcnchmguixcmﬂdaedwbebeyund
thapm’emtnvudgll.m
u.::i:dom animals same of known
age o(pmcdtomxa and chronic, light
experiments, neither oligoden-

displa
apparently of no consequence that the ani
mals pedformed moderate or severe mus-

granule cell-like puclel



NUCLXI IN CNS 110

Lagomarpha, Rodentla, Primates and Car

[
occur; sccardingl mtmpmuiunof:ivmll
(mmﬁa%;mm(mmﬁg
Bs)afnnddema‘-gel. ‘With higher power
it 1 reachly seen that the con,

nucle follows the courss of b
which therelry influence the
of this layer (g 868) The nuclet also con-
glomerale next to or alomg tervascular
rtrands of connective tissue fibers (s and s
in fig. 88) Astrocyte nucled are d

i

vary with age quantitative differences be-
tween are not taken into consldera-
thomn. distrbution of nuclear chro-

Type 1

gated tly in a large central
mass. Among the two ves in-
cluded the gulnea pig (GP2

through the granule cell layer but in meny
Jocate a cluster of

ié

The nuclet often contact
each other or the vascular the great
est number of them appear st varying but
relattrely Blood
versels.

Thl.lcclnp:?liﬂﬁttudymm
select, oligodendrocyte nucled,

perivascularly In gray matter sub-
jacent to the fourth ventricle and cers-

ingly in
(M31-010439C) hamster (Ham? 121758C)
and rat (R3-011361CuC) than in those of
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raccoon (Racl-032659C) woodchuck
mulatta

(Wocl-OQO&BlC) and macaque
(M1 121158C)

muclel are made

the cone- or

chromaetin

tached to o densely stalned outer mem-
brape as seen In the mouse (fig. 103) the
hamster (fig. 104) the rat (fig. 1068) and
the raccoan (bottom nucleus tn fig 107)
The chromstin structures attached to no-
clear membranes are of slightly d.Iﬂmt
shape when & dina

JAN CAMMERMEYER

clear types conform in thelr pattern of

a3 in the two-toed

sloth (fgs. 117 118 122) ferret (Sgn
123 126) (Ags. 124 137)

a plane through
the center of the nucleus and its nucleol,

(fig. 108 bottam nucleus in fig. 107) than
when depicted In a tlal view of the
nucleus (g 105 top nucleus in fig. 107)
In the nucle of bo

Bp 113 mdﬂu 20-38) z.bepuﬂphenl
structures are of smaller size and more
basophil Iines are farnred.

cerebellar cell mclel in

membrane, as mouse (fig.- 109)
humur(ﬂm 110) at (fig 111) raccomn
(fig. 112) woodchuck (fg 113) and
mulntumncsque(ﬂg:l. 53-58) The cere-
cell ouclet seem to be mare
Lmh! rupp!.led’ mmwnh l:awphl? lines and

Type 3 Nucled with a moderate to
central 1

sane pe-

tpheral aggregation congiderable disper
dcmufmn]] chromatin masses

com;ﬂcuannetwm-kufbuuphﬂlma.

group comprises cat (campars p.
116 lndp. 113) mink(hﬂnkl 1031310)
opoasum (OpVal-020557C) gus
macaque (M1-092338C) two-toed aloth
(8lol 112261C) ferret (Fer? 110381C)
(8 mwonths Chin2-092358C)

( squirrel mmkey
(SqM1-040480C) rabbits (compare p. 116)

and dogs (compare p. Ilegu

The nudd in ve a well de-
veloped network of basophil lines with nu-
merous granules of varying size along them

%
EE%

:
:§-<
!;3
ik
i
e
EE

DISCUSSTON



SIMTLARITIES OF

ferentlal diagnosls of puclear types can
be defined (Cammermeyer

pranular material of cytopl and the
varous mesodermal cells, specifically the
delta cefl type (flgs. 8-14) whﬂ:il by

Nissl methods

«© yer "600).
On the basts of these efforts, the method
for selection of
trolled, and this is

(fige. 1-19) The specificity of mclel as
& means of dlagnosing a became evh
dcmduﬂt?tbermdydthhmlmdﬂ,m
contrest to ambivalent interpretations ren-
dered after studying material fixed by fm-
merxlon (;
mmw-mm.mdm
varies "Pﬂdﬂlxhlme'.bu:ﬂl-

them. Mamy white matter nuclel assumed
to be of oligodendrocytes are sur ded
bymar!:cyﬁ:rphmdlmehewhﬂe and
the prominence of cytoplasm may be remi
niscent of fibrous The differ

and o
drocyts nucle! i easy and In others difBeult
impossible  (Cammermeyer

concerns
cortex (figs. 53-88) the ol

in gray matter subjacent to the foar of the
is
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blood vessals should be chosen (Cammer
meyer BOac,dgh)
Tholhirdflctarhnz!ng. The area of
digodendrocytu nuckd, d
is amaller in older than in
younger adnlt rabbits. A study of the pic
tures of randamly selected nucle! arranged
in order of incressing age suggests a mod-
etate reduction in content of chromatin
materla] and in size of both aligodendro-
cytnmdgnnulcceﬂnudd;hm the
pattern of chromatin distdbution 1s not
altered whether it 1s of the type seen in
pigeons or that in rabbits and dogs (fige.
67-88) Thess observations led to a spe-

copic sections and the photographs were
treated alike; the concluston was that the

(
meyer 2) Other information can be
obmnedhytbenudyufthmms:lparm
series of rabhits of known age y that
in the ten antmals no appreciable indh

ms is readfly estab-
lished Thus with antmals of unknown
age, their nervous s fully

strated in Kittens (figs. 63-85) before
maturation of the brain stem and the
cerebellar cortex 9 completed, the atternpt
to identify nuclet is futfle (compare Ro-
back and Scherer ‘35 Lumeden '58)
other techniques are required to discern
the Jife histary and determine the tdentity
of the perivascular cells with a large nu-
dmdnm!edinn:g:‘p!mnﬂchmba»

dymted there 1s

JAN CAMMERMEYIR

tion of nuclear structures takes place.
Thus animals in which the level of motor
activity is Dot controlled (compare Cam-
mermeyer '60d) may etill be used for the
projected purpose. No attempt was msde
to quantitgte chromatin content or size of

sis or so-called
Vann! and Splazd, 62)
Stmilarities in topograpkical arrangement
and nuclear structure
During these studfes, each of the two cell

types was found to equally in the
arganization of gray matter cerebellar

This 3 arrangement of granule cells, made
the PASG in
is st varlance wuhﬂ:.lavmh:

i

1t
i

9

S
K
-5
e
ik

d activ-
nymdmcumymdmmfmummm

doue for the t, pigeon and dof-
There is no close tion efthet
the order or size of animal and the chro-
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samo manner from one species to another
(11) is retained with aging while the total
content of chromatin diminishes and (1!
remains unaltered under experimen
af short ar prol

2)
tal

in

=

previousl
the preparation of this material satisfied
the set far dard

conditions not only are the present results
considered significant, but the twelre

granule cells (Cammermeyer
first proposed, but not yet established, for
dligodendrocytes ‘60a.c.d).

tral part n mouse A single report an The {dentity of cell types may be ob-
cord oligodendrocytes by K: 2 scured by reglonal and species peculiarities

(33) concloded that thers was no struc  which in turn may modify the criteria by
tunld.tﬂ'n'rnouobsenahlemmux, which stroctures are identh-
mabldt, mouts, guinea plg, ben, pigean, fled. The and functian of pev-
fish and rons differ in various gray matter reglons

In summary certain and the astrocytes consderahie {n-
the muclel of gray matter oll dividualiem in the and Jower cartical

packed that their
seem to abut, and (5) to sur

)

lhﬂelm:ldmchmctzrhcd(ﬁ bein,

ﬂrmudmccmwhhm(cyto&nhnyn_ms

‘(_'I_).lrybd.nlgfmu!m!m.ldyPAS-tulncd
dy Ttopl <

nuclet of both

B cells, the pattern of chro-

of the same
species ure studied (10) varles in the

layers and in the three Iayers of the cere-
bellar cortex. Hence, nothing unusual can
be ascribed to the heterogeneity that is dis-
played by oligodendrocytes when clustered
in a group (flgs. 27 28 and 89 30 and 31
47) or when situated in tissues of different

composition, as gray and white matter On
the basis of this view thcd.iﬂ.mﬂaxiﬂug

composition of their cyto-
plasin (Palay McGee-Russell Gardon and
Gdllo ‘62) in the prominence of thelr
ouclesr membranes and in the degree of
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the homogenelty in chromatin content and
size of thelr nuclel. The thickness of mu-
clear membranes, when viewed with the
compound microscope seems in & given
lntmnlwdepcndondzeofnudﬂmwhldl

JAN CAMMFENMEYER

ently and rapidly accordin,
order to fulfill

Camm
As participants in such an intricate mech-
anism some olf may be allied
to contractile elements and others to ner
I 1 b

860 per Pur
}ecaﬂ(Fuxa‘x:diLhBamud.W) some

dmcytu identified by t.hu appearatce of

Jtheir sflver

nard, '57
and Grant, "62) td.llmn-ydetaﬂlmlm-

thtmdof nucled tend to (1) cluster
4 vessels, (2) follow intervas-
cular strands of connective tissus fibers,

other end (5) nuclear membranes seem to
the basement memhrane of hlood

A Txopousl s made that the two cell
types have in common & function whih

H

known with respect to both L
(Jansen and Brodal, '58) snd submicros-
organization (Gray "61) While in-

on nervous clreuits

#t would depend on pew cnes. Also pres-

may be

control ss recently set farth for oligoder
drocytes. The mechanism of such a fx
tion must await clerification of the organ-
fzatlon and connections of Juxtavascular
cell groups throughout the central nervous

7
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peripbera] bodiee, &2 of type 8, and in the thres-
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PLATE 1
IXPLANATION OF FIGURES

Typer of nuclel in cersbellar graomls cell lsyer and brain rtem of et
(C1101859C)

1 Golg! type 1 Deuron.
2 Astrocyts mockeus.

3 Astrocyts nuckens and giis Abers,
4 AicToglia cell mockena.
and

8 6 Endothellsl mucleus.
Histlocyte nockers.
8 to 14 “Deita mmchus
15 Macropbage (7)
18 Oligodendrocyts.

17 to 1¢ Oligodendrocyts nucleus in floor of fourth ventricle,






PLATE 2
IXFLAN TION OF FIGURES

tter oltgodendrocytes fn various reglons of mulatta macsque
(B‘Ll HIIBEC)

20 Fifth cortical layer of motor cortex,

21 Hippocampal H2 regton.

” Thalambe reticaler moches.

n Caudate nucleus.

24 Floar of fourth ventricle

23 Gray matter of pons.

k-] Dentats nucheus, newr “hlos nevron.

27 Geray matter bridges between cavdate nocksns and putsmen.
285and 29 Reticular formation, pext to “pink pemyon.
30and 31 Ambuguoms nucleus, Dext to “pink” motor pruron.
£pinal cord C7 naxt to “plnk” motor neuron.
$pinal cord C7 paxt to "bloe™ motor neofoo
Spinal cord T12, next to “pink™ motor necron.
Spinal cord T12, Dext to “blwe motor neorost.

Intermedsolateral substance of spinal cord T1%, next to blood
vessel to pnk” meoron,

R3]






PLATE 3
EXPLANATION OF FICULLS

Whits matter cligodendrocytes and cersbeller prezule calls in various
regions of mulatia mecequs (Al 121158C)
37and 38 Optlc tract.

» Frmbrda.

40 Alrvus over hippocanipal HE region.

41 Carpus callosum.

42 Sabjacent to motar cottex

43 Centtrum ovale.

4" Coxtico-spinal tract of ponts.

45 Lateral funicle of spinal cord C7
Lateral funicle of spinal cord C7 microglis cell nockems (1)
Internal capeule.
Lateral funkls of qpinal eord C7
Lateral fumcle of spinal cord T1%
Anterior funicls of spinal cord TIL
Carsbellar hemnfsphere, white matter
VYermb white matter
Lobulus szmplex.
Bottom of fissura prims.
Topof crms L
Arcond bottem of sscondary sulcvs crus L
Verms.
Flocoul ¢

g483arag2a8desairs



PLATE 3

DMILANTITES OF NUCLET IN CNE
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FLATE 4
XXPLANATION OF YraUxxs
1 retlcular formation ollgodendrocyte (1) cat, eight days ald,
(C4-081355C)

In floor of foarth ventricle, cligodsndrocyte (7) cat, 33 days
ald(m-musc)

fourth ventricls, oligodendrooyts nucleus cat, 144
d r dd (Cl 101539C)

In brain stem immature perivesculsr calls, ssms section io
figure 58

Frum cereballar granule cell layer inner wame pectan in
fgurs 89

Thid, sameo section | figure 60
Tbid, same wction in figure 61

Floor of fourth venirk!  oligodendrocyl nuckeus, rabbit 38
days old (Ra4-040381C)

Thid, rabbit, 70 ¢ yu old (R=1-03030IC)
Tid, rabbit, 185 days old (Re1-021861C)
Thid, rabldt, 344 days old (Re4-040461C)
Ibid rabhdt £38 days old (Re1-040461C)
Thid, rabbit 929 dayw old (Ra2 129037C)
From carebellar granube cell | yer same section in figurs 67
Ibld same section in Agurs 6

Ibid, eame section in fAigurs 89

Ibid, same saction in fAigare 70.

Thid same section in fyore 71

Thid same section | Agure 7.

In floor f fourth wentricks, cligodendrocyte telouy, plaeon
ten manths old (Pl-mdlc)

Ibld, pigeon, sne  nd ane-hall years old (P3-000801C)

Thid plgeon six years old (P2-120258C)

Ibid dog four and three-fourth years old (D1-031150C)
Tbid, dog, Afteen  od one-third years old (D1-081701C)

From cerchell  granule cell layer sxme section in figure 79
Thid wame secthon in Sgure 80

Tbid, same section in Agure 81

Thid, same secthon | figure 82

Thad, same section io figure 83

Thid nmﬂwu.hhlmwly PAS-ou.InadJuumxh: ™ salve

body indicsted by arrow same sortion 1 Bgures
£ and 88



CNILANITIES OF NUCLET IN CN3
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91 and 92
©t es

87 and 96

26 and 100

101

10%

PLATE §
IXPLANATION O YIGURIS
In vntrolataral funicle of spinal cord T12, neuron 1n loogh
tadinal section mulatts macaque (M1 1211860)
In brain stem, cat (C1 101555C)
Cerebeiham, fhid.
From cercbellar grantle cell Layer fbid

In flosz of foxrth ventricle, oligodendrooyts nuchd, guines
Plg (GP2112338C)

Frem cersbellar granule cell layer top of leaflet and bottom
of fizsure respectively fhid

Vacuoles in noalear chromatin, print developed with high
degres of contrast, same as figure 100

1 cochlear nuckns, gra ale cell nucleun fhid.
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FLATL 8
IXPLAMATION OF FIGUAES

Floor of fourth ventricle and cerebellsr cortex {n various spectes.

1 Ollgodendrocyts mucleus, mouss (A 1-010455C)
104 Thid hemster (1a3-121756C)
105 and 106  Ibid, rat (R3-011381CuC)
107 Thid, raccoon (Rac1-032650C )
108 Tbld, woodchuck (Wocl-000301C)
109 Granube ool mocled, same section tn figure 103,
110 Ibld wame swcthon in figure 104
m Ibld same section in figures 103 and 106,
112 Thid, same section in figure 107
113 Td same section in Agure 108
14 Oligodendrocyt nocleut, mink (Mink1 103101C)
118 Tid opowsum (OpV 1-020337C)
118 Thid, cynomolgu macaqoe (M1-092358C)
117 and 118 Ibid, two-toed sloth (81 1 11296IC)
110 Granuls call noclel, same section {o figure 114
120 Ibid same section | figure 115
121 Ibéd sarne section in fgure 116,
122 Thid saroe section {n figures 117 and 118
m Oligodendrocyts nuckeny ferrwt (Fer2 110361C)
124 Ihid hiochill (Chin2-072358C)
123 Thid eqolrre] monkey (5q311-040460C)
118 Granals cell  vcled, 1ame section Lo Sgure 123,
127 Ibid name section 1n Agurs 134
1.8 Thid »k ok (Skk10302GI1C)
129 Olgodendrocyte muxcke!  eme section in Sgure 123
130 Geanule cell nucled, aama sectlon In figore 123
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142 NICHOLAS JAMES MIZXREY

the hflus of the lung. However these parts to the hilus of the lung, where each plexm
are from the adventitlal plex  also receives both anteriodly o3
uses at the orl of the pulmonary ar terlorly branches of the vagus nerves and
plexuses thoracic

ed
5§

by cardlac
mght and left pulmanary artedes, and con  arteries send extensions
tnuing in the adventta of these vessels heart under the eplcardium.

— -Vogus nerve
cez;:l Sympathetic frunk ~——--
ca
branches /
- Recurrent _ - D cye6
Cervico- --~laryngeal
thorocle
cardiac
branches
-------- | v
m&%c Aorta ond
bronches \ s
N AXa . }a oy
R(?h( ________ _ } 7 \ 7 . L
g XU e
plexus "“ﬁ \ plexus
Superlor vena covo 4/'\\
ﬂ"\\ Left atrial plexus

Right atrial plexus

Right coronary plexus Left coronary plexus
iz 1 A chagram of the propossd terminology and description of the cardiss plexins wad perees-



CARTIAC PLEXUS IN RIAN

The dight atris] plexus, an extenston of
the rght pulmonary plexus courses be-
tween the superiar vena cava and ascend-
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Join the and caronery plexuses
directly (ig 4B) The right cervical car
diac hranches together with xmall branches

fram the vagus and phrenic narves send
filarments tnto the thymuos.
The branches which arise from the left
cervical sympathetic trunk are usually in-
d before descending behind the
Ieft comnmon carotd artery As a group of
fillaments they course between the sorta
apd Ieft bremchus to enter the left and
right pulmanary plexuses. Usually a cervl
cal branch fuses with the laft cervical car

]
g

and with at feast one of
the cervicothoracie eardlac branches of the
Yagus nerve. Then a5 2 aingle or some

times doutile nerve 1t courses the vicoth do Dot
Aorta and right bronchus. Upon reaching  join amy of the cervicothoracic hranches of
the adventttia of the right pulmonary sr vagus nerve

tety it forms a major part of both pulmo- branchss.

nary plexuses (fig 1) Sametimes a right
cervical cardise after uniting
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CARDIAC PLEXUS IN MAN
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CARIMAC PFLEXUS IN MAN

or fifth thoracic vertehra. They vary from
cne to thres fn number and usually fuse

B

1
L

i
i3
%
:

;
|

lndmzm

to coronary plexises (fig 1)
Semetirmes, hoth the right and left cervical
branches courss anterior to the arch of

it

e aorta, contributin

g to the plexus on the
arch of the aorta to the caronary plex
wes (Aig. 4B) H

The cer cardiac b h

The right cervicoil cardisc & h

arise from the right recurrent laryngeal
PeTYe pear its arigin and from the vagal
trunk at the levels of the seventh cervical

147

snd first tharackc vertebras (8g. 1) Near

filaments of these
followed into the right atdal plexus (fig
1) The left thoraclc cardiac

arise from the left recurrent laryngeal
nerve and fram the yegal trunk Just below
the arigin of the left recurrent nerve  One
g:rwpufﬁlmﬂntxwh:hbarbﬂfmmthe
merve as It courses

suther (55 57 °‘58) hss shown that in
the dog the thoracto cardiac bwanches of
Lbovtgulnexvefumwﬂhlmnethundc
sym]
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inhibitory fibers but elso many cardlo-
accelerator fibers,

DISCUSSION

The sympathetic and vagal cardlac
branches of the same side usually fuse
befare they reach the heart and ves-
sels (fige. 1 and 4) There are few if zny
plexiform connections between the nerves
of the right and left sides before these
nerves reach the heart and great vessels.
Thus, 2 definite plexus at the level of the
tracheal bifurcation was not observed In

whezeas
the anteriar part

while the deep plexus recelves all the rest
of the cardiac nerves was found in only
two of the 38 studied. Tt was
also observed t the cervical cardlac
nerves were more vadable than the tho-

NICHOLAS JAMYS$ MIZERYS

nerves of the samo side. The dentity of

)

be formulated from these 36
A majar problem in formulating a new
is deciding which of several
crteda for naming the branches
1s the most logical and useful. The nerves
could be named, for example according
cervical TTTEL,

be absent. When present, they may
;l;u.wd and are often related to the
fedor thyrotd and vertebral

racke nerves. In i the so-
called 2c branch of the
vagus was absent (fig. 4) In sdditbon the

course and origin of the cervical cardiac
nerves and sionally lower b h

y
were extremely varable on both ddes
arising fram any part of the vagus nerve
and cervical sympathetic tnunk, and cours-
ing anterior or posterior to the arch of the
sorta (fig. 1) It was also noted that many
cardiac nerves before reaching the
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TANLE 1
12 the keft hand colamn the tsrms axv Hited according to the Nowmina Anatomice (81).
In the right hand column the yroposed trms are Hited.

Superiar cardisc parve of
the scpaciar cervical
carvical cardiac nerve of

§REE
s

|
5~

5
L
i
|

8
B

from the thoracic sympathetic trunk only

gggﬁgfgg’ﬂﬁg ggig‘?ﬂﬁ
g 2§ g E
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EEE Egag iH F'Efgg-
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as far infedorly as the fourth or fifth tho-
racic 1 This does not preclnde the

emerging

this Jevel and ascending within the tho-

racie sympathetls tnmnk.
SUMMARY AND CONCLUSTONS

Ath of 38

Tevealed the pecessity of a reanalysis of

the cardiac plexus and perves. It is sug
gested that the following description and
terminology (fig 1) be considered. Since

most of the cardiac nerves fuse or Join with

thoracic
(vagal and sympatbetic) cardiac branches.
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In this study no thoracic cardiec branches
of the sympathetic trunk vrere observed to
arise inferiar to the fourth or fifth thoradc
level of the sympathetic trunk.

The terms superficial” aud deep car
dizc plexus should be abandobed sincs
these two plexuses sre created only by artl-
ficial dissection The cardiac plexus fs
described as lying on the advendtial wall
of the pulmonary tnumk at its Wfurcation
and tata of sat 1 named

T F

the rght and left pulmanary right and
left coronary dght and left atrial and the
Plexus op the arch of the aorta. The plexus

disc branches of both sides. At the hflus
of each hmg the pulmonary plexuses
recelve both antedorly and posteriody
branches of the yagus nerve and sym
pathetlc trank. The coronary plexuses are
formed mainly by extensions of the right
pulmonary plexus srith some contributions
from the Jeft pulmopary and the plexus
'mthe-n:hnfthom The coronary
Plexuses may also receive direct contrdibu
tons from the cervical cardisc branches
and usually send fllaments into the en-
terlor ventricnlar walla. The right and
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?

plasma, one drop of embryonio
extract, and one drop of Pannett-Campton
saline soluth e corresponding

was placed In o similar mixture contatn
Ing one drop of tho test solution in place
af the saline solution. The mumbers of
drops of Pannett solution and of
test solution were vared to obtain a varlety
of final concentrations Cultures were in-

ton solution, and sterilizing the resulting
sclution by passing it through a Seitz filter
-sterflired

into a previcusly test tube. Or
I add, and R-amino-4-hy
“raxy-8-methyl] dine heat
lzftonmbm.l.lngtohﬂng!hcminw
ution. sulfate and 8-axs

the

mixture. Ster{le Pannett-Campton solution
was then added untll the desired copcen-
tration was reeched. The pH af the saline
controls was adjusted to that of the test
solutton with 0 3N KOH when Decessary
Cultires to be stained for alkaline phos-
tase by the Gomorl method were fixed
cold acetone overnight. After washin
with water the contral and treated cx:nlg

10 ml sodium barbital, 10 ml sodlum glye
hosphate 4 ml calctom chlorids, and

1 ml magnesium sulfete The cultures
wrere incubated in the substrate at 37 C
far 45 minutes. They were then washed
with distiled water treated with 2% co-
washed again, and treated
solution of ammonium hy

t chloride
with a dilute

CHARLEIS W CIBLIY JR. AND HOWARD L. HAMILTON

drosulfide to develop the precipitate of
cobalt sulfide at the sites of erxymatic
wctivity

Cultures to bo examined

ethyl alcohol, and destained in tertlary
butyl alcahal. Pror to stafning, some sec
tions were treated with rbenuclease to
Iocalize dbonucleic acid in the tayve.

RESULTB

The concentrations of the chemicals
the cultures were varled between 3333
ml and 62.5 ug/ml to ascertaln the
cancentraton which would affect the
velopment of feathers The results
summartzed in tahle 1 Thiouracll
2 amino 4 hydroxy 6 methylpyd-
midine produced no sigofficant effects ex
cept at high concentrations which
mpmg:ﬁ taxic,

Orodcacﬂl The optimal concentretion
for arresting feather growth in most of
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TANLE 3
LAect of purinee and pyrimidines on growik of fcathars

Member of suktures showing
Redoction Copipints
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feathers inhibited by arotic ackd the dbo-
nuclele acld, although Jocalized in the
epidermis, i3 more diffuse than in the
coatrol  Most striking are the multpls
nucleoll of different sizes within the
feather and glantsized nudecl! outside
the feather arex. One peculiadty is the
attachment of the nudecl! in a string ar
“chain™ form. Another is the appearance
of vacudlated or doughnutshaped nu
deall (. 7)

Thiouracil.

thi 1

In contrast to orudcnndd,

1o Y
effect on feather devel at & con-

CHARLYS W CGIBLEY JR. AND HOWARD L. HAMILTON

100 C) in arder to destroy the enzyme-
(2) urzcll (2.5 mg/ml) was added smul-
taneously with thiouracil

centratfont of 333 pg/ml. Higher concen-
trations did produce sorde fnhibitton but

g}i:rgﬂmnmnrpod.ﬂclwm o
development rai an
lectmc cthom,

23 calcfum y thus gl
1pg a false tive resction (2) thioura-
Fell might sulfide groups to combine

Co8 precip during the
action  (¢) contral cultures were

tho
phosphatase at the base of feather
and was respansible for the spp
of black splotches throughout the odginal
t. the zone of out

(fge 10 11)

nucleol
in number (Ag. 21) Trested cultures
| T 5 ")a.nd frequently cor

ouracil acting on lving cells (1) Axed
cultures were placed in water for three
minutes (6 pairs 2t 60 C 6 at 85 C; 6 at

tained anly one per nucleuws (88 23)
mm:m:{'zyddnmcdmmwmﬂd’
inereased over the controls that it couid
be'wcnpna!y o AT

e

sulfate Co
Ing from 1666 wg/ml to 833 pg/ml
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PURINIS AND PYNMIMINNLES ON FLATHIARS
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FLATE 2
EXFLAN TION OT FIGOUNLS
Cmuvlnyhmo{-ﬂn!mtb-bukdmembrndmnﬂ
stained for alkaline phosphatase. Noto the strong reaction far phos-
phatese in the pulp of the feather > 70.
half of the pheco of thaue shown in -

&mhﬂn’phnld-ﬂn[rﬂnlh‘backdlnmh’yﬂ f stags 31
showing the normal distribution of phowph.

Atase.
bﬂ:unlh!lollhp‘.nuaf.khduwnmﬂm
lﬂ.mlnlh- of Baxsguanine (108 ag/ml) The phos-
phatase resction b5 very dark and peacthcall any
within the the explant. Not Wy atained

Cuontrol explant of skin from the back of an emizyo of stags 33

the
Note tho absence of reaction In the peripberal fibroblasts. ¥ 70
& b{ teral balf of the plece of tisrue shown tn fig

ure 12, grown in the of 2,500 ag/ml) The re-
the orifinal axplant (left ude) b exsentially pormal
However tbers is tase in the pe



PLATE 2

PURDIES AXD PYRDMIDINES ON FEATHERS

Charles W Gibiey Jr amd Howwrd L Harxfliom
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PLATE 3

IXFLANATION OF FMURES

Sagittal secthon [ featber from explanted skin of sn embryo of
stage 31 Eectioncd at 7 x and stained with tolukdine hloe. Note
acid in the epid | region

the heavy of
afl.buhnhex especially in the cells which Le nert to the pulp

u]ncﬂmdl!ulhrﬁmthutmwﬂlnlbﬂalﬂﬂhmd

the pleco of skin shown in figure 14 grown in

Dine enlfate (333 ag/ml) Notw the stratified conditian of the

lum with to the surface. with figore 14
X 320,

Ctm&d.l'plm!hﬂnlhﬂhﬂ:‘kdlnmh‘yodlﬂﬂu ahowing
normal festher growth and resction for phosphatase.

ooding laterl Hl-tunlbnllo!l.hphc‘d;ﬂnnhwnhﬂm
(l.eﬁdu./ml) mmmmunhmmﬁym
the epidermal explant. x 70.

Croes saction of aLbuﬁumLh-mup!m:uﬂxmlB.Nm
the solid epidermal spherical embedded {n
mmmmumbﬂdmmwm X 800.
Cmnﬂmhmdlhnlmdmhckdmtﬂhvvdnmal

showing a rcamsl resction for pbosphatase snd pormal femthe
growth, ¥ TO.

The bilateral Balf of the phees of tisens sbown fn fgure
19 grown In the

Presenes
(1,868 sg/ml} Noulhqmer‘hu H-hopha-vhlnnp-dlmhuf
sdjatning feather sreas,

Pmnllamntﬂmolnluthcrtn contral caltare of skdn from
an emizyo of stage Sectloned at 7puﬂ tatned with tolokdme
hlve.Tbcnn:)td.lmlm.lﬂmdmﬂym in number ¥ 1290

msmmm.rnxummmmwwﬂ
Plece in figure 21 grown prwsence
o“-u-xnunne(m &/ml) ﬁ-nndmuml-mmdhwd



PLATE 3

FORINES AND FYRIMIDINES ON FEATHERS

Charies W Gibley J  and Heward L. Hamalton
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170 ANTHONY A. PEARSON RONALD
1s essentially the same as that observed in
the human embryos. Hosrever in the
critical areas the gbsence of a nerve could
0ot be as definitely established as in the
serial sections statned
nerve fibers, One always wonders if a
small perve has been broken or overlooked
in the dissection For this reason the data
on this materfal are not included.

W SAUTER AND JERRY J RASS

a total of 20 spinal nerves studled at each
level from cervical 1 (C1) through tho
racic 1 (T1)

Flgure 3 is 2 composits diagram {llus-
trating the distribution of the cutaneom
branches of the dorsal ramf of the
nerves of o 20 yom rabblt embryo These

A nerve was considered to be

only when its fibers could be traced through
the deep fascla and into the subcutaneous
tissue of the skin In the younger embryos
where a layer of fascis had pot yet differ
entlated a nerve was considered to be
cutaneous when it plerced the myotome
and entered the loote mesenchyme under
the skin. No sdgnificant differences were

between right and left ddes
Photomicrographs of typical

human development. The youngest em
:;yuuledluthhm)dywunboutmwee_h
age

cutaneous nerves are shown as if they
emanate from a sngle al nerve and
are proj: d in & sdngle This dla

2 somewhast distorted pletare,

3] 4 1s o table showing the presence
or‘gum afn branch of the

dorsal rami of spinal nerves Cl throwgh
T1 on both sides of the ten rabbits studed:
G I hes of the dorsal raml

were lacking at the level of C1 mn off but
one of the rabbit embryos. In this ope e
bryo cutaneous branches of C1 werc pres-

hotombcrograph of
$-7) showing the branching pattern of  typical smal perve. Bodlan atbod. ¥ 20

Fie. 1 A pl

Fig. 2 A yhotmicrogaph of
ous branch
mesenchyms of the

13 mm rabll  mbryo (no 91 sectlon 74-7)
of donal ramos. It {3 seen extending from the dense mesoderm of
skin. Bodian roethod - 83

13 mew rablut epabryo (no 89 vection &

howing culisc
i yoroee [owo
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lovel on
level on

e

t side and the next
(fgs. 5 and 6)

Flfteenn hunan emhryos were studied en
both

6 and 7 were present  {t posxihle to observe one
iy
that all of the cutaneous  served

Cutarecus branches of C3  the

in 14 of the 20 cases and af the

k)

branches of C3,
i all cases.

giaf

these,

mmm

mmm

sEyT4se
awmmm

mMMmm i
i wmum
Eagiafs

sEdgicd
mn =

ﬁMmM@mm
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m

e

e

i

a hranch
Jower spinal nerve It is

next

g

with the

[
R
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Embryo Crown Rabbit Spinal Nerves
No yength €1 2 3 4 5 6 7 8 T
5 mm. O + + + 4+ 4+ 4+ OO
9 O+ -+ ++ 4+ 4+ + +
29 w O+ -+ 4+ +++++
O+ +++ 4+ + ++
32 10 O+ +4+ 4+ 4+ + 0 +
O+ +++ 4+ + 0O +
54 7 O+0 4+ +++ + +
O +0+ + 4+ + + +
59 7 O9O+9 + + + + 4+ +
O+ ++++ + +
55 18 O+0+ + 4+ + + +
O+e 4+ + 4+ + + +
63 18 O+ 4+ + + + 4+ +
o+ ++ + + + +
18 18 O+ + + 4+ + + +
O+0+ + ++ + +
14 20 + 4+ + + + 4+ + +
+ +6e+ 4+ ++ + +
19 20 oO+6+ ++ +++
O+ 6+ + + + +

< Spinal nerve possessing @ cutaneous branch from its
dorsal ramus

© Spinal nerve lacking o cutangous branch from [ts
dorsal raomus but communicating with o lower spinal
nerve which hos o cutaneous branch

O Spinal nerve lacking both a cutaneous branch and
o communication with another spinal nerve
Flo 4 This fable shows the distrilation of cotancon branches of the crrvical end fmt thors®
peyves fn ten rablit embryos.



dorsal ramus C7 : ¥ dorsal romus C.6

myotome

upper

ventral himb

romusg

Fig. 5 A composite disgram of traneverse sections (slightly otliqoe) of 10 mm rabbit
enlere (no. 6 right secbon 7-3-11 and Jeft section 8-1-4) Bodmn mathod. X 2%,

ventral
ramus

upper
limb
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rect cap post

Fig. 7 A composits dlagrom of transverse sections of 28 mm human embeyo (Do, 67 slides 23~
“84) at the level of the St carvical nerres. Bodisn smathod. X 20.
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Fig. § A compouite degram of traneverse sectims of 2 3 mm hmnan embryo (no. 67
ey 35-37) at the level of the frst thoreclc nerve, Bodian mathod. X RO

Capitls muscls and continued nto the sub-  nerves observed (C3-T1) arose from the

Cutaneony tissue of the skin. A cutaneous medial branches of the dorsal raml with
branch of C1 was observed on ane clde fn  one exception, that being st the first
bomn embeyo H-1184 The plane of the  thoracic level on one side of human em-

tections of this embryo was ot favarable  bryo number 48.
for & commplete analysts of the cervieal  In making thess observations we noted
Derves and observations on this embryo lxmcbelcmnxcdngmnrﬂnalmrvu:g::

e not {ncluded in these data. another Some of thess
In simost all of the human embryos among the musdes and could not be
sindied (fy. 10) there wers cutaneous traced to cutsneous sreas (fig. 11 1) The

wat & welldeveloped commmunicat by a circle containing a dash (fige. 4 and
ing branch with C5 Cutaneous branches  10)
&'-bﬂkvdufampmm!mﬁd A second type of communication was
30 cases. where a branch from esch of two spinal
The dareal ram! of cervical Detves KX, nerves Joined to form & single nerve bun-
#eren and elght were charscterized mare  dle which proceeded directly into tha sub-
by the absence of branches than tisyue of the skin (fig. 11 b)
zd‘hdrmm(ﬁz.lo) Cervical six  In such cases both Jevels wers recorded as
c'mmtmemmmbammlymm having = cuteneous was
i iy five cases and CBincnly six of  found once between C7 and C8; and four
Cases ohserved for each of these lovels.  (4rmey between C8 and T1
HWE”M the dortal rami of the first Our chservations on the distribution of
mudhm;"‘,ﬂ__ b beanches of the dorsal rami
1 1s wrqally satd tha the doreal rammus  CF FE) merves O B T
:f‘,"""m‘, dimido tnto edid] and 1at mdagmu T vaiamce betwreen the distrs.
ohere) T e e s st s cppe,  bution pattern of abbit and human em-
Deous branches from the dorsal rami of DIJO3 i3 spparent. [ the rabbit, cutanc-
Clin thiy embryo (no. 67 fig. 7) arose ©Ous branches of C1 and C3 are sbsent in
from the most laterally placed bundles of the majorlty of the cases with caly an
his nerve, All of the other cutaneous octastonal branch mising at the levels of
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Human Spinal Nerves
2 3 45

C1

Crown
Rump
Length

Embryo
No

m

o £ b o o Ok o ok O ok A b b o 38

OO OO OO0 O+ OO0 ++ O+ 00 0O O+ VD OO VO O+ DD
00 OO OGO+ 00 +0 +0 00 OO OO0 ++ 00 0O OO 00

B

i

+OOOOOOOOOOOOOOOOOOO9+OOOOOOOOmm

++o++o++++o+o+++++o+++oo++++o+M
o Ft bt b b O b
B s skt T SO O S S SN S RSN N Y
R e o S S AR S S S RIS R BY N S R AR
OO OO OD DO DD OO D VD OO DD ++ OO OO DO O

Ecy
E —

179

w0
—

175

Te]
-—

232

@0
—

140

—~
—

o]
b

o
[3Y]

180

o
o

—
(2]

"
[3Y)

104

<
o~

246

[Te
o~

218

@
o~

~
w

o
™~

~
o~

o
12]

174

<
"

219

w
L]

197

tatls shows the distribution of cttancous
mrzhw“hxshmmm For rpl.u.u

g 1
vica! and



;crve Invalved. Foerster ('3302:hcm—
Fell A oyed essentially the same meth as
i e o okl re B by (B0%2 uted by Sherzington n elluzng der

WP, Les page 175 for explanation. matome patterns In man. By cutting nerve
[ rooty above and below the nerve in ques-
7‘“dn1ntbeh\nnnnemhrym,ClB tin he plotted the remaining areas of
hgﬁfﬂh‘lmh‘m I: h Y He also used a method to

majority of cases  Only g few were  stimulate vasodflation which ced pat
M{ﬁdnlﬂdjof@ﬁ,sandTl terns simflar but not to the areas
By ——ualean Sprnal Nerves with

B
8 Cutaneous Branches

B from Dorsal Rami
N
3 22
- - Mo —- -5 2
x
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DY — P .
N
s
<
N
20 -~ o ~ 10
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i
~ 3 6
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r : i~
ClZ345873T1 cl2 3 456 78Tl

ne Human Spinal Nerves Rabbit Spinal Merves
vl g oA e dhatribertion of th cutameons branches of the dorsal ramd of the cac
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of b eruption described by Head and  thoracic 1 extend a3 a serdes of bands from
(00) the mid-dorxal line of the trunk into the

of dermatomes in the lower cervical levels Acearding to Hamilton, and Mow-
an the posterior aspect of the trunk was man (52) m‘:hzhemm buman em

bell (eplmere) which razad,
lgﬁ-;m'as)md}{ndmdrr (et o 5
The denmatome charts of Edinger (04)  "ch receives senial ool

l()'e}e;im(u)andxeeg'an:ndGmen
48) show s cutareous distrdbution of

cach of the dorsal rami of the 1 daorsal body wall in a 10 mm rabbit em-
of of Cet bryo.Iv‘lx\ny'eli.’,hldrlwinguf.&Cim

and Garrett found that even mt&mmm
dorsal

According L3, buds
tomes of the upper limbs from cervical S to  through the ventral rami.

maxiilary proc and
branchial arches

~

< *L dorsal body
. wall{dorsol rami)

lower limb 3
\\‘ BV v e roove
. "

[
o A
e N L = (dorsoloteral line)
somite "=
ventrolateral body wall
(ventral romi}
Fig 13 A £3 mm buman embeyn. x 15. (After Blachachmidt, K. Karper A O. Rasel, 710
land, "81)
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CUTANEOUS NERVES

ikt

uman embryes in our
to extend series was not completed at that tme
were misled by the
Tlected from
rabhit
The
dermal

.m.w

Huber and The etudy of the hi

.m.mm dmmm

i h
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port the older dermatomne charts showing
a gap in lower cervical levels,
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Placentahon and Fetal Membrames of the Central
Amencan Noctliomd Bat Noctilio labialis mimor!

JOHIN WALEERG ANDERSON® awp WILLIAM A, WIABATTY

of of sin, Madison,
dw‘m Cormell Untwerstty Ithacs, New York

As emphayized by Mossman (37 '53)
branes

the fetal mem| Tepresent ane of the

mow and hence most {deal

organ systems far the detennination of

Poylogenetic ps recent

mammals, While discrete interspecific or
are seldom

Wisconln,

of the fetal membranes of Noctilio follows
the general pettern, ina few

%) hips not
group-

it may ind!
reflected In the current taxonomic
ngs.

MATERIALS AND METHQDS

Most of the bats used in this study were
collected over a pedod of ten years by
Dr Harold Trapido of the Gorgas AMemo-
rial Laboratory Juan AMing, Panama. They
wrero obtained from sites along the Chagras
River We should 1kn to acknowledge our

=

of this paper to provide one.

As might be expected, this noctilionid bat
pecul of fetal b

and tal not previously re-

expenses In the procurement of the ma
terdal.

Some aof the bats were caught alive;
but 1t was to obtaln soms by
mediately upen retrisving the animals.
Usually the entire uterus was removed and
immersed {n the fixative- but at times the
fetus vas removed to allow for more rapdd
penetmation of the fxative. In one seres

to Muminate cxitical stages of

TTA v ol the {0 Ol paper waa
R T
Hwhu.mhm--fmm

GatsTT=d b7 Mattemal Sciemes Feradation gremt

181
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ment, and serlsl sections now n our por-
sesyion frum this source date from Decem
ber through Mey and July

A recent visit to the Chicago Natural
History Maseum, through the courtesy of
Dr Joseph Moare has ylelded the
ductive tructs of several tpecimens of Noc
tiio which hed been collected fn Septem-
ber 1833 Although the fixation is not

several important points from this mate-
rial. Thess uterl were further fixed fn

over seventy

A wide variety of fixatives was used cn
the matede! from Dr Trapido including
10% formalin, Bouins fhid absolote
alcohot fi

8 jron

wrere used most commrnanly Occasional sec
) tons were stained with the periodic scid
' 5chiff procedure (MoManus 48 Hotch-
Kiss, 48) particularly for the study of
Relcherts and similar membranes Other
methods employed vwere: eotin end meth-
ylene blue to show cytoplasmic b 3
and Gamorfs ( 41) technic for

tase using fructose 1 G-diphos-
and sodium B-gly hospt as

JURN WALBERG ANDIRSON AND WILLIAM A. WIMSATT

at each collection date indlcates that the
breeding season extends st least & week
or two. Only a single embryo has been
O eciuseny taken in carly Apt
Specinrens in early rere in
an advanced stage of and Dz
reports that found females
g young doring the third week &
May ‘Thus parturition occurs In late

substrates

OBSERYATIONS AND DISCUSSTON
cycle  Although we bave

takes in late November and Decemn- anatomy of the
men cbtaived on Decern- Figure 3 {llustrates the ovary ’n“‘:‘:é
me(ﬁ;sgmmanm, ted pregnancy an wﬂ]mni‘b”"m_
bl A weeond on pr gslzulh”
that date has a well corpus lo-  calar corpos Joteum is the only e
teom in ons and mmmhmmmozmubgcnh
in the uterine tubes but careful search of casionally & corpus can be { In
the entire series has not revealed an ovum  ovary bu:mcuthenmﬂf;;b’ﬂ'w
or blastocyst. No tubal ova wers observed mmmmmtrrm}.nmw ]
in any of pus or the larger onc Is ""”H



ton is a prominent feature of the eardiest
pregs cim in our collect
(8g.5) Tho cells aro typlcal, with Hght

ing glycogen (fg. 4) Many mifoses were
also found, as well 23 multirncleate glant
cells, Both deciduse basalls and paretalls
are formed, but no decidua capsulards de-
velops, as will be explained below

The decidua never praminent
(figs. 12 and 14) is thinred out at an
stage by the expanding

condition iz

2
-
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show an o efther sl ar

tive didon, is panied by

tending tn thet direction  whereas the next
higher famfly of bats (Megadermatidas)
shows an nnﬂ%:amztxh.l orentatlon (Go-

Amnion, Aldgouzhum of
m process of am-
i sis could not be f d in detafl
in our there seems little doubt
that it results from cavitation rather then
folding. As has already been seen shortly
n!t:rtm}alxnmdmtbetnmceﬂmwb
Oy s deciius baels. 12 ar cre
oblast and decidua basalis. In our

stages showing an amutotic cavity (fig 8)
tho embryonic disc has been separated
from the trophoblast, except at the edges
and forms a between amniotc

Hi )
and the Vi (Wirnaatt, 45b)
in WLMCh the nlhmt'nh {3 more

hortoallansok As ]
above the ch ta beglos
ent on the Ia and antimeso-

and yalk-#ac cavities, a
stage (fig.

(fig. 18)

It should be noted here that the pres-
ence of the amnion, embedded in the sub-
stance of i, 1

the r'4
end in Intimate contact with the chorlonk
mesoderm indicates the great possibility
that there is exchange of metebolites and
wrastes between the closely apposed mater-
nal vesvels and the amnisctic cavity In-
deed ft is difficult to fmagine that the
embryo would survive in the face of an
avascular chodon, without some such

h Such & rel hip as is
shown in figure 8 may be termed a “chorio-
amniotc placents.

! of the a)

Allgntods  The di
1antots t9 not well flustrated in our mate-
rial, closely serdated stages being lacking
In fgure 11 xn unusual feature of the
ot devel, in Noctilio iy illus-

trated. Here it can be seen that, although
the allantol d incl "o'f“u;gem
sels occupfes a large part ox0-
coclom, the llhmd‘i:a:ity is small, ’Tbo

great of
l!p‘mblﬁl_ywﬂultdb'ylhtnormﬂ

Iatton of extracellular flutd In all of our
later stages !hanﬂnnwl:bl:repretenlcdby

a narrow duct within bilical cord
(fg. 20) The stalk fa tnvested with a
smooth muscle sheath and n the defint-
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It was not possible to determine whether
the enrymes were also presemt in the
interstitial membrane ar whether the pre-
clpitate there was merely a diffusion artl-
fact.

by
formation of at Ieast three different pla-
central types. In our earliest implanting
embryo the yolk 820 has resched a aig
nificant size, being responsible for the
excentric rather than interstitial tmplanta
ton. The two layers of the

the cytotrophoblast 13 red: cells
being” very low cuboldal In still later
stages (fig. 17) the oblast is al-
most entirely lost, only the much re-
cytot dastic shell

With the devel t of the allantots,
and the frovasd the o )

by the ol :

of maternal
The sbove described conditions perxist
wmt] the latest stages which we possesa.
syntrophoblast and the AS—puduna

7

are scparated by a prom
inent Reicherts membrane. The mem.
brane is cimilar to that of other species,
t-ktngupthannﬂineﬂnndyed'_bem
stain (fig. 18) and being intensely PAS-
positive (Ag. 10)

The bilaminar

anrphaly
rect contact with the decidua parictalis

It is also In contact with the t
thus forming a chodovd ?nnldj,c'

(s 877" 10 runy phoces

"I.da!hul‘ubl’tamofzhedhcﬂ
Theso projections aro (gg‘),_
they are pot do not

P
membrane remain, as does the
endothellum, [uureuw’hmlh‘etm-phn.
blast 4 vessels

the PAS-positive membrane reaches

tnent thickness (Ags. 17 and 18) m

theltal nuclel

early stages, but there are usually at least
nuclel

two ot three around the periphery
D!e::hm;\wmlllhnmodq. Thus, in the

definitive the p 1s endo-
theliochorial. At least in late stages, the
maternal endothellum shows a very strong
alkaline phosphatase reaction (fic 19)
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The expansion of the f de-
stroys the intimate apposition of the vi-
telline vessels with the surface of the disc,
doubtedly reduclog ar eliminating the
vascular chordovitelline placenta as a func
tional entity Since the padetal wall of
the yolk sac persists untl term, and the
viscersl wall becomes quite closely ap-
proxdmated to it In late stages (fig. 16)

JOHN WALBYRG ANDENSON AND WILLIAM A, WIMEATT

surrounded by mnooth muscle and the
vitelline artery and veln.
of pla

Summary of temporal

cental development. It may be seen from

thafurcgumgﬂ:n:txtyfuufﬁmm
3, in ~ ] and

crvex!lppingwquencn. ‘The functional in-
ferpretation of each of these cental

B
:

e contacts the endometrium over
embryontc

centa
‘The subsequent development of the exv-
coelam drastically modifies the above rels-
tiopships (fig. 7) The enlargement md

don of the Jom separates (e
amnlon from the chorlan tn the central

thereby abellishing the chorigammi
odc placenta] area. The lateral expensin
of the exocoelom results in the farmatin
of & free vascular splanch dr

chorioritelllne
centa. Tbhprmtcnend.lomll’ﬂ"d
of time however and fs not completed

i

inar invades the decidus
basalis and by fts dlffe estab- 41 1 and the extenshe
lishes & relationship with the end. fom  partiglly d* yolk-sac placents.

‘The uterus
cal in July and



ridge, and, although the
becames

fetal membmanes placentation of the trop-
oul bat, Dirlas

minor. Rasc, 117 5T3-6M

Gamar, G. 1841 The distrfbution of

tase In Dormal wnd teges. J Coll and
Comp. Phyxal, 17 71-83.

M. Btudws an the embey-
clogy of VL Structurs of
the Placenta in the Indtan vampire bat, Lyro-
derma e e (Geaffroy )—(Megadermatidas)

in fixed Arch. Biochem.,
18 131-141

J F A 18 Histclogiosl demon-
stration of mocin aftar penodio acld, Netare,

1098 The mbbit placents
of placents] transmisadon.

1653 The gental cystem and the fetal
exiteria for

b phiylog-
eny and taxonomy J Mano, 34 230308,
Mosanax, H. W_and L Jodas 1040  Accemory
corpora. Itatn cell aclgin, und the ovardan
cycls {n the Ara.J Anpat,
8% 1-39,

Wimsatl, W A. 1044 An enalyshs of heplants.
tion o the bat, Myotis lucitugus locifuges.
Ihid, 74; 355411

different placental aress have been found
at varlous stages of gestation

Itisse suro to ceknosriedge the skill
of Mm. Patricla ~chiger in making the
diagram of th { t 1 membranes.

t 21 4153448
Wimsatt, W A, sni C 1Y 1l 1915 The
normal occurrence n-~  oring
:h-_r’h-rncv'l:llo’L - S 73



fcllirles fn the and the bonas evanil Hemnonylin “nin
The -3 This arex is }n the decily
baralts, which iy the cnly witich te xny

Drhe,
decicdngl resction. “vole the mitvt Lgures (orows) Heo
sl sod ecatn, s MO,
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Abbreviations (Platrs 2 7)

of potantial physiological exchenge botween motber and f;
mh)djc-tedbylhndwh!t—mﬂed et
AC, Ammiotic cavity PE, Parietal endoderm

Allsntals BM,

VE, Vieceral endoderm
EM, Imbryonio mase YV Vitalline vesscl
EX, Exocoelom
MY Maternal vessel

g&

derm from

has not yet separated from the choriam, and since there re ma ¥
maternal vessels in closs proximity to Lhmnhchwr{tvrt'zrnh
the are

at top center 4 shown in higher pewe in fgws 8. FAS and hem-
ataxylin

X 130
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PLATE 4
EXFLAN TION OF FIOUXLY

Higber power view dmmumnmammmm

“tongue  of mesoderm, the PAS-poxitirs membrane separating ft from
the cy the dxst (not clearly
last) and the PASpositiry membrane
separailng the eyntropboblast fram the maternal endothellam. The
o Tmiote avity bs st e bottorn of the Afare, FAS and hematoarlia,
>
High power view of spockmen Decerber 15 showing
tro Wil of endoderm have iovaded Into the substases of the




FLACENTATION I NOCTILIO
mvmmﬂm;w}-‘n




FLATE 6
IXPLANATION OF FICURES

Sl g

m L
w .wm 5188 ]
Hill Sl
unmmm %m .mw mmﬁ
g UL st
i wmm g Hipn
i gt il
P h By mm.mm N
mmmm wealpg vy mmm
(il s i
mwmmymh mm ¢ m mmW I B
mmmmm m_m ,T EH m



FLACENTATION IN NOCTILIO

Jebn Walbwy Anderses snd Wilflera A Winsett
A

3

NP TGS b

SR

199






Development of Leydig Cells in the

Normmal Human Teshs

R CYTOLOGICAL CYTOCHEMICAL AND QUANTITATIVE STUDY'

ROBERTO E MANCING, C#CAR VILAR, JUAN CARLOS LAVIERL

v, TABLE 1
ogy of the human testls and postulated that $ource of hwman trrticular material and
Leydig cells are derived from fibroblasts 1 & A
in the fetns (Bouln and Ancel, '03 Stleve, Ave Humbear
"R7; Esakd, 28 Gillman, 48) and also at o
puberty (Charny et al, “332) Sniffen B3 popeyo 2 to 4 monthe 4
.;\Dm-tet-]. B3) Although Futus %:':nh- :
eatures of human Leydig cells have Lactant i
stodled the charsctertzation of the B80T bt n
different types and thelr quantitative  puberty I varlahle 8
vadation the development of the p-mgl varisble :
buman testes have not been fully mhm p_‘“ﬂ‘u'm 14
the “ﬁ.f’n'."(" e Mo -
mature on hiopsy materlal Crytochemical technd
and Hamilton, B1 Mancind et al. '33) eaﬂdmlybe-pﬂicdwh—uhmtadxlqm
investigations these snd other sub- teined by hiopsy
stances as well ay during the The tssue wras immediately di
deve Loydig cells have not been  to Ave parts and Axed as follows: (=) in
In order to sdd more infonmation on gt _' eopon X
theso sub} rides and ghycopr in 105 cal
e (o elelal ey dan It (i e
esters and diver impregnaton; (c) in ace-
molﬁhoblu;u;d‘ht geellsof the  tone at 0 C for ;-nd((zl in a
special resgent for ascarbic a
testls and (b) study of the quintitative, ond Marse, 48) Fresh frozen sections
aﬂryptgana?ii fll?;:lmmrhﬂnn:hﬂ-m F ‘homaﬂ ‘m}:ﬁdo'yw allgwing
[ 1
order ta establith the develop- mh;.fn h wmm-:?‘
ment and fate of eosin, stain and del Rio
Ak AND METHODS Hortegas panopto impregnation.

The applied

Sixty-six cases were ed () 00557 tohrdine blue at pH 3.5 and
by age s shown n table 1 Mest of ths AldAanemmmﬂcdtghcubauonin
mal b h;ﬂurunldue (30 TRU per cm) at
ing the of army and 37 C for 3 and 12 bours for mucopalysac
Meranze ( 42) but fresh PeY rmate- (b) 0.055% tal blue st pH

was glso uted w! Jied by incub 0 ribomu
servations showed it to be free from alter T e

ations &9 judged by with the
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clease gNutﬂtimml Biochemical Co. 1 mg

MANCINI, VILAR LAVIERI ANDRADA AND HEINARICH

facm)nt37cfur30nnd60 in
or rucl (e¢) the perlodic acid-
Schiff technique controlled incubation
in Taks-dlastase (Parke Davis 0 5% ) at
37 C for 80 minutes and in msthanalchlo-
roform far two hours for glycogen, glyco-
proteins and glycalipids and (d) Sudan IV
and Sudan black B for lipids and digitonin
for cholesterol. Enzymes were analyzed

cytochemically according to the following
methods tass (Gomaori,
‘52; Manhetmer Seligman 49),; acld
phosphatase (Gomari, B2); S-nucleotidese

{Pearse and Retss, '32); gl

in any age on the basis of an aver

age per 200 s. The average for each

cell type was compared at different ages
o of
statistically determined.
BESULTS

The morphalogt ytochemmics]

of the different intertubular cellu-

types (f Leydig cells) will

be described first and then the cell counts

and the cell trandformetions from fbro-

hlasts to Leydlg cells.
Cellular types

phorylase (Tak

(Gomarf 49) esterases (Nachlas and
Sellgman, 49); lpasa ( 80);
len (Burstone and Falk,
‘B8) cytochrome oxidase (N et al
'58%; succinic

58) and (Watten
berg, '38 et al. '59; Niemnl and
Ikonen ‘61) To cbeck the y
these enzymes, similar sectlons were in-

specific
also used as follows malonic acld diso-
dium salt (37 mg per ml) for succinie
deh:; sodlum aride (0005 M)
for cytochrome oxidase sodium flnoride
(001 M) for acid tase and ester
ase; versens (001 M) for leucyl-amino-

peptidase potassiom cyanide (0 01 M) for
alkaline ph

To em,; the quanttative study cases
from fetal Ufe to adulthood were

by Since there appeared to Httle

ton betreen the age of the individ-

:

clally in the case of fibroblasts.
the lack of counterstaining when
chemical reactions were ap)
iration of reactive substances in the
ferent cell types was possible uting
contrast

or by runnin)
1dentical section sul
Yhen

F
Fefl

tted 1o stainin
incubat

-
st

ual and efther the a or duration of the results for enzymes zhemmffw
of (GME) it was were y or eliminai
advisable to separnte the pu-
beral cases fnto three Fibroblasts
included those specimens from in  Fibroblast A resembled the juventle Sbeor
mnhlnwhumtbmmdlmaldg;m blast of the mesenchyme It had a roand
of puberty (publc axllary hair change nucleus with pale and a small
in volee etc.) indicatve of 1] mmhlg‘ "’”“M'd
but in whom there were 10 numerous branches w contscted 9
of similar nelghboring cells (fgr. 1

androgens
histological signs of sper

The
those cases where

secand group comprised

In addition to the clinical signs of puberty
histological examination showed evidence
of the of sper sis and
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mem|
than that of fibro-

at the increased in wire
and number (. 2, 13) Basophilia was
and far liplds

coarser qu wmall a

blast B and a pucleclus which was some-  abund h a large rmocleat
times smrrormded by a clear vewicle. The Flne droplets of were frequen
cytoplasm was granular around the Frwmtlnthncytnplm The pertnmclear
mclems end thick hy T and far chall
(4 9 10) Sunn(‘;zaecdllinnddi- | axidase, dehydrog
tion to a perinnclesr basophilia, revealed 8 ase  leucyl-aminopeptidass ester
dight reaction for Hpids and ascor  ase, 3f-al-dehydrogenass and ascorbic
his Fibroblast D was stmflar to fibro-  acld were moderately posiive. Alkslne

hedral and call. s
Tess cosdno and showed stoall periph-
aral ; the muclews had 2 thick

Lewdig cells
‘Three main types of fetal Leydig cells
were observed, mm;-;il(FLCJ)

possesped a
and & noclens with fine chro-
matin and & small nucleclus (fge. 1 11)
The cytoplasmm was faintly eonophilic
andﬁu:umdynumzrommnulumd-

Yrete seen. 'l‘hnnemndtyEe(anj_ﬂ3wu
eus had
prominent nodeolus.

ules. Some were Jocated at
afﬂmcdl(ﬂzlﬂ‘li) A faint
of liplds and cho-
lesteral were t the cyto-
plarm. PAS-positive es resistant to
ptyalin and oroform were oc

(FLcm)mt}nlhnawltu{thmdh
It presented a somewhat pyknotie

placed n udcm.laau{znnu!el and eo-
«

ytoplasm w

ment, the fetal and
adult g cells and the degenerating
cell, cellalar types
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beoblasts Larhg colls are geen N J E

1 l"rdr{:hhdmouth)!‘muuuA!)B(lb?und!ﬂ&juﬂ.lryp'lnndn
(¢

2 Fetal permxd xth month) Lnd.n(nlhﬂlndﬂ](” Hfl m)mrvundfdbyﬂbtohhlu
D(fd) A 1~ ~0 and at the boteom sermnmil ta

3 Fetal perod (. momth) Dafferent types !denn-ntmzl dig cells (41 )

4 Fiu phase of put = Tlhrotlavs C (fc)

5 Sccond phase of pu Leviig cells T ( 1 I) in the wiciuty ! soniniferocs tubule

L]

Tbrrd phase of pubearty —g ¢ Oand IO (alcOd al ) Alo few fbrotlasts D
and semimferous tobules rown.

2,
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Different types of fibroblasts and Leydig calls I and E stain. » 2407

7}'mlpu10d(ltcvndnwu|.h Fibroblast A (kefi) At right the wxme cell seen with pov
mabmdddnhﬂm

8 !'dupmodluwnd ) Fibrotlast B (left) At nght the same cell 3 sern whb praepts
wilver kopregmanon of del Ko Hartega
9 Hrnpb-l-eofvnd:ﬂy Flwotlast C (Left) At right the same cell seen wuh prooyuc 3
of Plo
10 Flrst phasw of pubety Fltrotlast C Tranitonal stage o Laydig coll L
11 Fetal pedod (second month) cell L
Feul period (siath month)  Leydig cell I
13 Fetal period {eighth month) oL
vt (e;ghtb manth) Degeneratng Leydlg cell. arly stage



DEVELOFMENT CF LEYDIG CELlS PLATE 3
Babrie E Mencixl, Oesar VI, Jusn Carlos Lavier), Juam A Asdrads and Jues J Hebwtich

"0 Second
talning hema

21 Second phass [ piberty Leucylaminopeptdase in testis Positive reaction in wmall growp
of Leythg call an  <lse in germinal cells of x

21 Seme preceding hrther magnification  showing positive lescylamiropeptidase in
groop of Leydlg cells 400

T Third phate of putarty 3 3ol pehydroprmase in seitts Positire racton m clomp of Levdy
erlls nd Degative in germunal cell  f semtniferons tubule. ¥ 1.0

B Same mdm;m?l;;mmmw or ~Il with postthre 1vse

i
@
:

213



DEVXLOPMENT OF LEYDIG CELLY r
Roberta F. wwm]mmeLm‘n‘]mJM T
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e r
} Q.._.@ M, r. ‘“"z -
e ~& w\\ F v [ 30
CRSEI =) b
H.b(urh-mh:-ltrd:mqun,
Third phase of paberty cxidase in testls. Positive resction In groups of
Mdllctﬂ.luwtﬂulnmmmduﬂln{lbdﬂ » 220,
Same as preceding showing  group of Leydig cells between two tubules; higher mag-
nific thon. < 1200

'm.-dphu-afwbmys Poatthre resction in growps of
Laydig cells

ydrogrnsse in testy

a3 well &3 in germinal calls [ tubnles > 220,

Same a3 preceding showing  group of Leydiy eefls § higher magnific tian. X 1200

Becond phase of puberty bmmmmnnnmmmdm«m
and negative in gryminal cells.

Sime ms preceding howmg  group of Leydlg el t higber magnificaton. ¥ 1500

g ¥y 3 8 %



A Correlated Histochemical and Biochemical Study
of Glycogen Storage in the Rat Placenta’

Slnce Claude Bernard
that the placents may
genlc lu.nc'.lon before

d this

tlon hus been gjvrn o localizing this
tmportant metabolic reserve. Bernards ob-
servation that the decline in placental gly
cogen correlates in time with the onset of
;;!ycosmnmgemunfmlumhubem

mmw(m&a Lochhead and
Cramer ‘08 T and
Bortolami, "54; guinea plg DuBols and
Ducommun 55 rat  Padykula B8b hu
man vmee,‘sa) Despltathhgm;-l:l
cental ﬂycogenrmml.mtobodﬂmm—
strated.
Bernard's correlation was made on the
basts of studies on the guinea pig and rab-
tas. In the rabhdt,

ed in 1859
larm the ghyco-
afetnl]lvcrhu
atten-

blt gycogen s
exclusively in the maternal ph
cocnta  the fetal ta, including the

sac, 13 devold of glycogen (Davies,
'58) However in the human and rat pla
centas glycogen storage s widespread, oc
curring {n various maternal and fetal comn-
u (human Wlslock and Padykula,
1 Goldmann "12 Krehhlel ‘37;
Brﬁm 482 and b Wislockd and
Padykala, '583 Padykula, '58b Bulmer and
Dickson '60) In the human fetal pla-
centa glycogen Is abundant only early in
goestation, and it begins to d.llappenr after
cight weels, Glucose secretion §s & prop-
erty of the human fctal placenta in titro
only during this carly period of gestation
( mllngt'rmanctul. ’59) It was
d that gl ac
Uﬁrywu[mttm!ylnthecaﬂy
garemn and was responsible for this re-
of glucose in ritro.

In this report, an attempt has been
mads to relats the Hhistoc! cal and cyto-
chemical localirations and floctuations in
amount to the quantitative changes in the
glnmymmlcvdufdmmtpluenmlmem-

ultrastructural localizations
nfﬂymgenmthevimn]mdodnmn_%d
d To
discover which of the glycogen storage re-
glons of the rat placenta might participate
ucose

portance
apgtin aﬁnﬂﬁuuuphoblm and also sug
gost that the decidua and labyrinthine
trophoblast m the rat placenta secrete glu
cose into the fetal blood.

MATERIAL AND METHODS

The placental membranes of alldno rats

were studied privdpally between 13 days

l.ru:ltcm(ﬂ.’iday') The first day of

guuﬂ.unwntdcng;mmdulhnufmt
g on which sper

found in the vagina. Forbothhj.nochem-

fcal and blocbemical studies the animals
were killed with chlorofarm.

Some histochemical and bfochemical de-
terminations also were made on placentas
from rats which had been Injected with

blue Thesc rats were given 1 m!
of 1% trypan blue subcutancously on the
scventh cighth and ninth days of gesta-
tion Such expasure to this teratogenic
gpent reyults 1n B0% abnormal fetuses
(Wilson '8S) These expenmental ani-
mals werc autopsied on the elghteenth day

un.n... by USPRE graam RGI193(8) RO-

Rewrarch Cameet Devtlogrent Award from the
Umltd‘lm‘rqr\.\rl\:-‘njm

1 cundaiien, Schence Faculty Fob-

-

us



DEYELOFMENT OF LEYDIG CELLS
Roberto E. Mancinl, Oscar Viler, Juan Carlos Lavier, Juan A, Andrads s3d Juan ] Helsrich

TLATE 4

f;r'aff e
.
F)':K- “(;{i.’ 3
553
- \\\ \ “
o~ "
- -
£
,,_"’»L‘_\,\
(RN
ERS IR
25 Third phase of puberty
cell as well as
28 preceding showing  group of Leydly cells between two tubales; higher m £
m.bcdou. 1,200,
47 Third ph se of puberty Sucrimcdehydrogtnsse In testie Positive resction it grovps of
Laydiz ceils as well as In gperminal cells of tubnbes. ~ 220,
98 Eame 83 preceding showing  group of Leydig cells ¢ highet magnification. X 1.20%
©9 Sccond phase of puberty Estersses in tesths. Positive resction In growps [ Leydls o
and negatre In germinal celle x 375
30 Same s precedmg bowing  greup of Lepdis cells ¢t higher magnification. X 1300
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dedl:mrdintwthemdnnlquordecum
yu!knctwenﬂn:d
In 15 osmium d

(tmﬂg 1) Each visceral yolk sac can
be severed at the point of ity circalar at

methacrylate (15% methyl 85% butyl)
Secthons (2 i thick) were cut according to
standard procedures on a Porter Blum
ultramicrotome mounted on glass alides
in a drop of 10% scetone dried on a hot

h to the ial or fetal
surface of the cherlo-allantolc disc

Approximately 200-1000 mg of disc
wrere digested in 5 ml of 35 KOH. This
vras later diluted to 10 ml, and the glyco-

pht:.lndmh}cctrdwthepez&dlc‘ndd
th.l P‘l’mnninl

rexddes In the fact that malt dlastase or

cogen in this manner Specific
identification of glycogen in these drocum-
t on simultanecns study

was then isalated from this total
volume of 1 ml. Gl n vwas separated
and purified by aleoholic tation
over a period of one hour acid hy
drmol. the resulting glucose meas-
by the Nelson-Somogyl (Nel-

expressed tn terms of mg
mg wet weight tsue. The

1 General Histophysiological descrip-
tion of the rat placenta between
13 days and term

At histopliyeologieal description of

of the chadoall
ccmnnndtheinmtedyo[kmcplacenu
here for

is in inter
prztlug the histochemical-biochemical re-
pretm:d m th paper Detalled

phate and adenosine trd] te were

u te under cond!
thons. Maternal Hver was incu-
bated nlong with tho sections of placenta

m::ybefuundlntbefoﬂawin;
tlons Duval 1891 Everett ™35
37 Mostman 37 Bridgman, 48aand b
Holmes and Davies 48 Amoroso
VVMDcklundPudyhlll.&‘\VldocHuld
Dem -1 Padlkuln ‘584, Anderson,

er and Knoop 59 Bulmer and
Dic

kson, ‘60

By the thirteenth day the chorio-allan-
toic placent 1 clearly differentiated and
the trophrhlact of the ectoplacental cone
and lam has =iven riso to three
related r-goms of he tal dise (text
fir 1) Thn labynntlune trophoblast is
arrenged r the form of numerous branch-
tn~ and na2 tvmosing cords or plates and
L. xr =4 ~the matemal blood In & hem-

ublics-
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ochorlal relationship (Wislocki and Demp-
scy 33) The resullant extenslve surface
provides the major site of phydelogical
transfer betreen the maternal and fetal
bloodstreams  The surface
of the labyrinth fs capped by the sponglo-
trophoblast which Is an eplthellol mass of
cytotrophoblast permeated by sinuses
which contaln maternal blood. The func
ton of this trophoblastic reglon Is un
knownp except for its prominent role In
glycogen storage The outer surface of the
ponglotropheblast is with a
locse mcahwork of glant cells which lie in
close astoclation with the maternal de

NELEN A PADYKULA AND DOROTHY RICIIARDSON

::Sg; g"awmu, (Wislocki 2nd Dempsey
ady "38) The phagocytic prop-
crtles of the visceral endoderm have long
been recognized (Goldmann 125 Everett,
'35; Luse 57) Recently Brambell and
his assoclates (48 3G ‘57) have demon-
strated that in the mbbit and rat mater
nal antibodles are transferred exclusively
through the visceral endoderm  Thus, in
these species passive Immunity Is m-
parted prenatally through the mediation
of the ancient yolk sac membrane The
endodermal sinuses aro invaginations com-
posed of both parietal and visceral layers
il thf' yolk aac which accompany the

cidua. These glant trophoblastic cells are b
p}ugucwuinpan(ﬂdm 48) and re-  cental dlse (Duval

cently were identified as the esltcs  Widockl and Podykuls '53)
of sterodd rgrtbuit in the rat placena by

Deane and associates (61). The oltra

structure of these three astic de-
rvatives has been recendy delineated in
an important paper by Schiebler and
hnoop ('59)

The inverted yolk sac placentz of the
rat Is composed also of three distinct his-
tological derlvatives (text fig 1) (1) an
Inner visceral wall (visceral spd

eure} (2) the outer paretal wall (K

inar omphalopleure) and (3) the
en sinuscs  Before the sixteenth
day the outer non-ascular parietal wall
is closcly adherent to the decidua cap-
sularis and ¢ {s compased of parietnl endo-
dermal cells resting on the thick basement
membrane of Neifchert. One portion of
the parictal wall clothes the fetal surface
of !E chorko-allantaic disc (sce dlagram
After the sixteenth
day most of the paretal wall disappears
cxeept for that sitached to the fetal sur
face of the disc which 13 continuous with
a colled remnant of Relcherts membrane
(text fig 1) After thls architectural
change the yolk sac cavity snd uterine
cavity become confluent.  The tisceral
splanchmoplcure near its attachment to
the placental disc is enlarged through the
formation of rdges (or vill ) shich be-
come taller and more branched as gesta
tlon proceeds. This highly vascularized
ayer {3 an early site of fetal hematopate
s, In the mcer.d"d hmm]mzny ot

ological and cytoc!

zc’ ?; ap actively absorling cpimr

hilleal vessels Into the
1891 Amoroso, 52;
These pe
cullar derivatives of the yolk sac arc beat
developed after the fifteenth day and ma
perform an absorptive function (Duv
1891; Brambell and Halllday ‘50 Fady
kula '68)

IL Histochemical sequences in
@lycogen storage during
gestation

Although some of the jocalizations de
scribed below have been ed In part
in previous bications (Drdgman 48
aand b Wislockl and Padykula, 33 Bu!
mer and Dickson ‘G0) many pew localiza
tions and observations are added here to
the existing literature A review of histo-
chemistry of the rat placenta s necded
for interpretation of the quantitative re-
sults reported in this paper A compurison
of the distribution :Jf glycogen and plo-

& nhosph 50

P Itates thiv
histochemleal review
A Deridua  The completion of implan-
tatlon at eight days shows the bia tocyst
in a decldua rich in glycogen esprclally
in the lateral mesametrial regdans (12 1y
In carly placental differentiatien (13 dnys)
the decidua basalls forms a thick layer
rich in glycopen (fig 2) As goestation
ceds tho fetal choroallantoke dise en-
progressively  and the deitdual
layer becomes thinner with s steady Joss
of ts glycogen (fgs 5 and G) Ilonerer
the decidua stores some glycogen for as
long as it lasts
B Giant cells  Glycogen occurs tn the
cytoplasm of the glant cells in rather small
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bulvtdnhlenmmmuthmughuutznu-

rdldanxbipcuumﬂngsingmhulrm
xeporwdbySchkbkrumeop('Eﬂ)in
the 21 day rat placents. The nuclesr
membrane of the
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Iar.erltwﬂlbedammtnmdthnth&
cells represent & large per

15 days Tich, himpcle-
amcdbmahl sppesrance
or lacunze within the

spaces
Iruphoblsn(ﬁ;:imd&) Same glyco-
gﬁnhnlmtﬁdrdmeepﬂ.beﬂdu-o—

in tissve spaces or lacunae (figs. &

mdﬂl) These gpecislized cells are typl-
cally Knucleats, and the pucled have =

ycogen
tween 15 and 18 days (compare figs §
and 6) Dud:u;v.hhpcm:dlcompam
hellal mass of cy
eunuh:lngvuryllnle;lyco-
zen( e)nndwnhl.ntenm
Nmtzﬁl(ﬂl days u:nly

bmmnﬂdeplcdunnf;‘.l Imm

the spam, (#g 7} Howerer
in the th at this late date, idands

of o in
gmmmmxyoounbolhmu-ndlu
the

:Ec::;dbw:hwmmnne’-‘k (ﬂc'a
spaces cantain-  glycogenich ppear to be struc
ing 2 fold materlal which 11 ackdophilic Smﬂylimﬂuwlhomo!the

agl or 1
teln component which 1s revealed by the D Labyrinth. The trophoblam of the
periodic acid-Schilf reaction. Al the l.lb'ydmh mm-mﬂymgmrmngem
rdmum:hﬁm:_!{nnq::mmmme after

1ot established

day (fig. 9) Betwtenl4undlﬂdm
and

§

mare
occurs near 18 days (fig. 10)
This rise in labyrinthine is un-

or masked in quandtative
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measurernent of glycogen in the fetal disc
(text fig. 2) From 18 days to term there
is & d in the

OELFN A, PADTKULA AND DORCTHY RICHARDION

the vitelline vessels can also syn!
glycopen. It s geneally lacking from the
mesothell

umm.
In the visceral endodermal cell, glyco-
gen storage occuvs typically fn s submo-
clear jon and sionalt

Y P
maost of the subpuclear cytoplstm (Bgs. 11

mediately supranaciear Al
m.nelgc{lﬁzcogm (510 uwm

are
of granules in sdditfon, occur fm the most
active cella.

CLTOMAN CONTENT 8¢ Tl FUTAL PLACTN  &F Teg 22T

|

.y o

0§ Correlation of blochemica! deter
mination of glycogen with histo-
chemical requences
13 and 15 days, there is 2

Fiz. 1 Glyeopm wis faolsted
phacental discs sand visoml yolk asce by KOR
and {one bour)

e of
suandsrd eoor 9 fndicated by the tertical
T ek yoint. Each point ea this graph
mean of detsrriinations made oo

=8

large {ncrease in the glycogen comtent
the placental dise (0.23% to 1.3% ) (seo
text fig. 2) This six fold fncresse during
nmdzypdi?dummﬁni‘_‘h‘
be)
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s character
dedycogmtmmtha
(ﬂtl.Ede)lndby
in the
hbyﬂmh(ﬂpomdxo) Inthcquimi
tative mexsurement the rse in the dif

%i E
ol
%

E%?

i
e

i

=3

5

;

B

=EE
.
i

iy
;
E‘i

gh acthvity

}nimnﬁyhd:edcddm(ﬂg.l‘.!) viAr;
wanes while actly
ity appears and increases in the labyrnth-
ino trophoblast 8) The labyrinthine

'54) Since the

sparse (see figr 16 and 20) it fallows
\hnitmighzbcd!ﬁc\mwdmmmmn-
Latton of reaction product ot ting at
mc.hnmndtu. Allelyl was &

i
@é
'E

of gl
ny.znmmmmsdmrpcdﬂcmwhunur

out previously the is
the principal ste of storage although mes-
enchymal cells which

!rmcymplum hm Lhillc&rvitym

intervene b
the el md the vitelline
vessels glycogen. The ul-
trastructursl relationships within the vis-
ceral endoderm maximal stotage
may be in figures 17 and 18

observed in
Bctwrenlﬂtnd!ld.lyl.thaahnpm-
Joss of glycogen. However at

mm-ﬁl\ detected

glycogen storage occurrin, i

certatn epithelis] cels. T =l
IV Clacose 6 actinity

bl!nln:ul:ntedfur'.bmhmnllndwhid:
evidence of

showed of reaction

products.

The visceral wall of the yolk sac be-

tween 13 and 21 days of lacks
313 gestation o

Priel b 1 .‘"Im

1s al lcSErdun!h.ldldu!tl.hE!r’
v t
lniﬁ.llgod:uniml indicate

that the decidual sctivity is

25% that of adult liver and the

ine activity is about 10% that of adult
lUver Thillawlﬂelufl:dﬂty

mhmmmehbyﬂmix other
might be ﬂm
phosphate. It s well known that the brush
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barder of the labyrinthine trophoblast is
ﬂ in alkaline phosphnluc C?wlng

ination of gl
local
Inum with b no lmnh botdr:r ncﬂvity; this
the

Lt

HYLEN A, PADYKULA AND DOROTHY RICHARDEON

Since trypan Hue administered at the
time of implantation is a potent tersto-
genic agent it weemed worthwhile to de
termine whether the load of foredgn ma
tertal nan'd in tho visceral endoderm

{nfl d i abdlity 0 acoumulzte glyco-
gen. Histochemical #nd blochemical meas.
urements were made on visceral

B4}
Iowcvcr with ATP a dm‘cmu p.mcm of
) ﬂnd

1 4 m. 14

histelamd

:cumn{thumzymcudlmncumam

phczphnuu md ATPase
The uterine wmooth muscle cells have o
simiar type of

mmant
fest during the last week of gctmuon
(fig. 16) Both glucose. ts and
ate are hydrolyred by this
enrymic actlvity which is focated fn the
cytoplasm at the nuclear poles and also
at the periphery of the muscle cells The
celfular outlines aro brought out clearly by
this reactfon product  This atter
tion at the surface may be also
with ATP and thus it is not clear whether
this site is occupied by one or maore phos-
phateses

V CGlycogen comtent of tie
visceral yolk suc after
trypan bius wptaks

After the infection of n blue into
® Pregnant T on e mventh tighth ang
ninth days of gcuauon this dye is taken
up principally by the viscera! endoderm.
Gross examination of placental mem.
branes on the eighteenth day reveals an
intensely blue viscernl yolk sac while the
remaining placental structures roeain their
nastural color  Crictogical examination of
the visceral endoderm shows that the try
mumhnbccnn;m-wdlnthewpu

of thess absorptive

cdlm \H‘(T electron microscope it 1s
evident that the particles ase segre
gated within ane imited vacucles

of varying density

of normal ring fetuses on efght
centh day which s wually the polnt of
maximal accymulation The trypan Hue
1aden membrancs had sccumulated glyco
gon which amounted to D.B% plycogen by
weet weight which s to the nor
mal collective mean, Thus there was no
chango in the glycogen content of yolk
sac of normal ring fe-
tuses  However deviatlons lram the nod'r

obscrved }
zrou fetal abnormalitles bux the vnudny
of these devietions 3a questionablo
the ebmormal fetuses wero often dcnd
DISCUSSION

Placexta as a fetal liver In Claude
chah:h (1859) study m‘phccma} g)yvoo«

that ho w

gen P
in finding glytogen In my post of the
and sheep  However

{oetus a
sance. a fed him o suggest that the
acenta perfotmy the hepatlc
unction umi the feal Y¥ver hay dc-rdnptd
the capacity te synthesize this carbohy
drale reserve
From Claude Bernard s obacrvations ane
may interpret that this glyvogen was lo-
calized in the dectdua basalis which wanes
with the expansion of the fetal placents.

Glycogen storage in the carly stages
c’l::enm the rodent

yeoRen
{Dancis 60} In Lheunumn and rat pla
centas ycogen continoes to
stroble in the relatively few dcddua! eells
which survive until term The significance
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ual glycogen to the fetus is prob-
since glucoss secretion into the
maternel

83

would then be in a potentlelly extracellolar
compartoent, according to same interpre-
tagans of cellular ultrastructure (Slekevite,
39)

[eil

lished, glycogen might be taken in
p.:ﬁath!mluthhmpmtup
‘presamts

poosphatase activ
in the decidual cells of the rat placenta.

bas a relatively

This obeervation su; that glucose se- '60) de and
cretion by the ual cells 15 a distinct SAllm.'Gl) Of the three well
possdhlity Ht d might be i 8

absorbed” Locally oblastic the lver has the 1 the remal
cells. Slnce same decidual enzyme has 74% of the actvity formd n

stares may be avaflable to the fetus In vark-
uu’fﬂmn.

Y -~

tranyport functions of the
E‘:Omu.llﬂﬂi'ﬂ!hﬂlmdncﬂmlcdvhy
lmsb@-mredned. Huchm
the placenta has

Pﬂded,hhubemmedmm:umm
porary organ has somme of the biochemicsl
characteristics of the adult liver lung,
Hdney gsmall intestine and endocrine
glands (Villee '80) To dissoclate s be-
p-ﬂc o'nfm'!::;ldlﬂthnmhenu.

evi-
dmce may bethum Igr the separation.

ackd
at‘;pth;hun. and ATPm (Pl.dykuh '58)
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Buhosnh

2c
dvity of the dectdua and labyrinth is low
in compadson to the adult liver and {s

REZLYN A. PADYKULA AND DOROTHY RICHARDSOY

of the maternal blood is presumably avall-
able for t port across the b horial
barrder at all times. The labyrinthine gly

store declines 2t about the time the

mg111:]:;&(:‘;1:“1“1‘l yeogen mﬁgm!hc
hb{ﬂmh 8 days to term2) e glucose-
6 sh activity is helgt d and

be called should ma hlood
glucose decline precadously  Although ft
1 d thet pl 1 gly

stores deplete

g trophob during hs great
late  expansion in the last third of gestation.
day fhle sl of epithelial gly

common phepormenon
pbmmmegmhmddwmdaugnﬁ

A good
anpaidlhumcepcuubu!mdmlbe

fon of the sirways of the mam-

phatase from the tal Uver actually
ellminates the of glucose secre- be 8
tlon by the fetal liver Z‘bh com-
sugrests the pl may
unction in terms of glucose sceretion as
a fetal lver through
The cdlose marpbal refal of

;;mmﬁmmmmwaﬂm

mallan lung (Sorokin et ab, "58) In tbe
earllest stages of lung formagon giycogen
oceurs in the primidve epithe-

the secondary emerge
they are rich in glycogen whereas glycogent
(o7 older)
of the airway pro-
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budding
%Lbolodolmmanﬂwﬂc

uﬂmlhhtm[ﬂngmm]ﬂednpdmﬂ:

rate indicates that
there {3 2. decline in mitotic activity
between 14 and 18 days (15% to 08% )
(Im.i:t) These results
suggest plays an impor
tant role in later of

Problammlua—dmgl;cogtnmmgcm

day
o of organ

m.f::ﬁhnwduunlla

dmtu;uluﬂnl functions of this
placents]l tssoe maybemmﬂ'dd.hh
sssumed that the spon)

Thus there was a mimicking of
the in tivo tern of
and P‘“ glycogen deposition

d b pin (Wis-
iochlndhdyknlz,‘ﬂl) mum
storage function of the span;

hnlun;bemknawn.lnddnremlud

gm:muft.hc
dhchmedby
organtzation of the

Thuhhmlo;lnl
not yet been ade-

yzed. The principal cells of this layer the
cytotrophoblasts, are beld in a loose epil-
thellal association by desmosomes (Schel

Tuml dacdbcd,mdlumxerudngdu
f has been ik

3
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bler and Knoop '59) At 21 days these
cells form a network with rather wide

electron mi there the
posddhility that maternal blood may di-
mcdyba!.helhc‘!ecytotmph by per

UILEN A. PADTYEULA AND DOROTHY AICIIARDEOY

Ins
space ogical study of the
fetal-maternal Junction shows a wide dis
trdbution of such specfalized storage cells
which reside on both sides of this border
(8gs 3 and 4) and this fact bas led sev
eral fnvestigatars to belleve that thesc gly
cogen cells may also be maternal in ordgin
(mBﬂdgmxn. 48 far a review of this
lterature)
The ouupbobllmhn?eamllde-
veloped etgastoplasm or granulated end
m:\c-ﬂmwhlchhhthermmaf
ghly oriented cisternge (Schelber and
Knoop ‘59) This elabarate
protein synthesis indicates that these cells
mmosrukdypmdndnzpmtdu[arb:::

far

purt.A:mundonedaner

‘3‘ heir histological
relationships and hi wmenlﬂfcrm'
plamlcri the periph-

sts of lhc hurnan pla
cenu.mdmxybewedtcoflm’dmd
cherente gﬂmdatmpin (Witlocki  and
Padykulz 81)

befare g
E.by-xinth(Bﬂe"SO Young '56). However
the matn hlood suppy to the sponglotropho-
blast is venous. Venous blood which drajns
) from the reglon of physidlogical transfer

the labyrinth enters into vemous sinu

SUBBIARY
The various maternal and fetal compo-
nents of the chorio-allantolc and Inverted

review of the rat placenta is
uded for convenience in interpredng
5 hemical and biochemical resalts-

The tmpartance of comparing quantatire
determinations with histochemical local-

zattons in this he argan b Mo

that the [
umhmedbyhhlocbcmlal
Tbededdua wwaumhmdmﬂ’

also o
ehvity: this Lhleumcﬂrnh:.lfd
rocose mayocn\?m
this part of the matemal
The major sites of f dfg
sition In chorio-allan

sponglotrophoblast  and )Ahrﬂn
spon Increases s dﬂ-“’%"”
store steadlly from implantadon to 15
days. Mighly specialized glycogen storag®
cells arise during this period and some of
thelr ultrastructural characieristics are
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described here. Glycogen first appears in

297

ce cells can kb lyze  glucoss-6phos-

phate quite readily during the last week
of gestation.
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changes in the
inate the quandtative resuls and the
labyrinthine rise 1s masked. These results

emphasize that a large of the
of the pla disc is stared by
the highly specialtred gl

glucose sccretion ma
mlhh!etallnyerdmdn[lhehnhnltnf
gestation. Thus there are two placental
reglons, the decidua and the labyrinthine
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u-cxlhobhnh always low when compared
with that of the maternal iver The spon-

ast 1 free of this
euzym.[cncd\-ltycmzptfyor tm-pbo-
blastic lining of vepous sipusolds

which are active.
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PLATE 1
EXPLANATION OF FIGUAL

Flxures 14 are photomicrograph  of perfodic acid-S5chiff (PAS) prep-
of cents.

aration Rossman  fixed parsfin sections of the rat pla

8 days
At this arly tage fetal placental dmxmhh:-ml mnnu:e

13 days

principal st [ glycogen the feta) plecenta ¢ 13
days s the spon hich s the dark band efretching

the lower hulf of the pl Below thl rich deposit of
glycogen, labyrmth (L) and visceral yolk ssc (Y)
be seecn Aboy the mpon L, band of decidus (D)
hmodrn!dytkhhdm The PAS resctivity in the upper right
coroet Is loc ted In the metnial gland (M)  ~ 30

13 dayn

Glycogen storage conunves t  high el | the spon

wotroploblast
(8) while it curiailed in the decidu (D)lnthtrr(hno{ﬂu
central rtery (right center { the photogr ph) swarm
glycoren cell apam the fetalmaternal Junctbon extend] g from lbo
metrial gland hrough the deosdua and  ponglotrophablast 0.

18 days
I bound | lscu se of the ponrictropbobla t

Glycoxen at:
(Hytnxbcdendu. od around the wall of the blood veisels in
metrial gland (M) 30
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FLATE 2

EXTL4WATION OF FICCRIS

110 3-8 are fMustrations of the placental disc and v enlarped
>

13 days, Romman  fix Hre PAS resction
ycogen are the
(G) An fsland ldccﬂnﬂcﬂh(n) ri:hl.udymn-n. an be seen

t the tpper margin of the pbotograph. In the Iabynnth (L) glyco-
E torage has begun, apd the pasticles are sparsely digribated
tre.

18 days, Rossman’s fxetive PAS reaction
6 Compare with fAgurs 5 t ocbecrro the docline which ocoxrs in the

Pvtmulllrrwm Doddnnl(D)lthmhku bandant.

21 days Rossman  fixath  PAS resction

7 Thba two wrrows indicate the line of junction between the spondotroph-

and (L); glyvogyn storage hhdrd.ln-ddumly Lice

lﬂdlrl(ﬂ!-ﬂ)l.nhxhl.bﬂ. fetal yones. Isalated pockets of rlyco-

hoblast often occwr [n the Labyrinth (sew kower ma

ﬂ.ndphow‘:‘rph) t this late stage in goststion., The gant cell

(G) hown here are depleted. Some glrcogen sill pershes in the
decidua

17 days glucose-8phosphatase activity 10 ¢cryostat ecction
nocled stabsed with carmine
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PLATE 3
IXPLAN TIOW OF FICURL

Fourteen days Labyrinth, Roseman s fitative PAS nnﬂhﬂ.

Euhmdlrl.hbntnlhﬁa PAS resction,
The Jocaltzation of wﬂhinthchnundmnndnnlhbr
bere 10 Com-
parhion of these two phatographs rtnnhlhcﬂuw’hkh.crwllnlbt
glycogen Jevel of the labyrinth between 14 and 18 dayv Fipure 10
represents the peak torage in this region. Thi rhe in the glycopen
content of the labyrinth i completely matked in the
dﬂnmhadm:mad-mthu.uddbc-(mnxﬁt-:) > 500

Seventeen da; fixation tn buflered
Od)(PH77)21mhmhlzu-cdm.P resction,
In this membrane glycoten §3 stored m.d.n.lyhl.b-v‘l.-cfﬂl
yeogen deposits here are black;
(er anstained) the ovmﬂPASmcr.h-ny

Serentren days, visceral mdodam.nmhhuﬂmd Os0,(pH " 7)
methacrylate section, PAS reaction.
Anm;hudnm(n)cmhmﬂndhmhmlmu
dormal cell. Ahhough dark ma ses of subonclesr tiycogen occur
commonly derse  swprannchear are alo in
-trrnldlbncnﬂl. Glycogen may be stored in mast of the
phnmh&mﬂh’dlﬂynﬁdﬂﬁbﬂa::ﬂﬂrh onaiut
of the

Note y Lsden cll
in the ceuter of the pbotograph ¥ 1,600,
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centa. The rrow points to the nucleus of & glant cell to indicate
lhl!cul-mnmdj The labyrinth (L) W
unreactive this stage but later develops this enxymbo activity

ys gestation, pa!od.l-:.dd-‘chlﬂ(PA!) od hem-
are depoalts of gly

mocopolysaccharide X 30O

Uminnnll-ndpcrdmulﬁwpl cental disc (21 days) Mossman
mdnmmmnncum, nocum.

Near term  the fetal placental ¢ (8 L) i1 gre tly deplated
and the m ternal deckd  has lhm(wllhh aycogen
In the tsrine wall (U) near term the principal glycogen reserve

1s Jocalired in the terine smooth musche (Indicated by arrews), X 30

Uterine wall (17 days) glycrrophowpt tame sctivity (pH 6.7) 10 &
wcte! mith carmine

Ly
rs in the
u:rnuthntrmrrlndlb-lcmumrhu taward the bottom. ¥ 113
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GLYCOGEN STORAGE IN THE NAT PLACENTA
Heben A. Pedykula smd Dorethy Ricksntson



Viscersl at 1 d.ny-. crtoplasm, electron mi
crograph, Jead hydrodde stalning.
Glycogen puctlnbavﬂynuhndwﬂhh'd.fulm large frregular
gxrer thoo within the ia
fairly hmmnmmful!nmnﬂnﬂdﬂ arrow) which
are nuTounded by glycogen The mews af g oceurs
in  eytoplasm which by richly packed with organelies. Numerou
endopla Ribo-

!
ig

light be viceral shewn in figu
12 In thiy ph (be gircogen partkcles ase  paresated
for the most part Into masses with bregular cutlloes, In the cedf t
the left the glycogen particks partially surround three mitochondria
In that same cell, profiles of the clsternac of the gra ular endeplas-
mic reticutum accu  beskde the glycogen depot, and the chitetnac are
armapged lomgitudinally and are somewhat parallel o ach other
Tlny smmootb-surfsced vesicles are present, especially near the plnma
membraoces. < 10300
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FLATE 5
EXPLAN TIOY O FICURLS

17 Viscers! endoderm t 17 deys, supranocles cytoplasm, ¢lectron mi-

crograph  lead stalning.
Glyeogen particles hn-ﬂy-u.lnrdwﬂhlud,lar:;_hkhm il
fairly for  few emall vesicles (arrow) which
ars surrounded by gl ‘The mas of glycoxen occurs
t  cytoplasm which b ric] ypund-m:wuneun. Numerous
profiles of rﬂk‘\ﬂm (rr) lnmdn:t.l\.\.bo-

sormes abso occur free fn (he cytoplasm. In
dsl r;&l-mncuda(v)mlnmh-mpho!lhemaﬂm
> 214

18 Visceral endoderm st 19 days, basal cytoplssm, clciton micrograph,
lesd hydrotide stalning.
Aceum
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The Development of the Clitorine Urethra and the

Distal Vagina i Dipodomys’

E W PFEIYFER

Depertmant of Zoology AMowtena Statr Untrersity
Misrouls, Montama

the transverse sagittzl ar frontal planes
and stained with and

this study The only sigritficant difference
that I have observed invalves olog
ditorine

structed were cut af hloctting paper
glued consecutively together patnted and
photographed.

Tais
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TARLE 1
Data on specimens studied

l’«‘&uﬂlﬁm No. of
D ordii; Fom Hrodifferent
BUnh 14pd(ferent
D merriami; Artrons-1 2 indifferent
D sgills; Callfornis 11 3-ndifferent
D. meriammly Artrons-8 2-{ndifferent
D. orddl) Dom 2
D ordil; AUl
K-Utah
Anm
D merriami; Nevada-1 1
Artzons-11 1
Arirona 13 1
1

D merriami; Callfornis-12
D. merriaml; Arizooe4
D. ordli L.Otsh

Eam

D merriaml; Arizona-2
Arirons-10
Artrons 12

D ordtl CUtah

7 Bnm P

D ordll; Cnm

DESCRIPTION

Indifferent embryos  In the 6-7 mm
embryo thero i3 a small genital tubercle
and the arorectal fold s beglnning to dl
vide the cloaca inte primitive rectum or
dorsal cloacal remnant Bengmark and
Forsberg "59) and urogenital sinus or ven
tral cloacal remnant (8g. 1) The ante-
rior wall of the urogenital enus portion
of the cloaca forms a lamella which mects
a thickening and infolding of the ecto-
derm to form the cloacal membrane (figs.
5 6) This membrane s called the cloacal
septum by Hall (368) {n her studies of the
urogenital sinus of the mouse

The gonads at thiy stage are small
masscs of condensed mesenchyme and
thickened celomic epithelium (Gmans
{ndlfferent stage Do 1) medlal to the well
developed mc:oncphg Metanephric buds
are 3

por
dssoe

Lotting
N ox
i A weopth s

H-27
24-27
24-27
--27
2427

a3
a3

Newborn

M) RN e M e B M e

In 10 mm embryos of D merriami the
genltal tubercle is now a phallus with 2
shallow groove on its inferdor surface
This groove appears to have been {¢
by infalding of ectoderm to form a solld
medinn urethral plate contlnuous
mally with the cloacal membrane (fg 6)
Thbe ‘ectodormal Ingrowth af the cloacal
membrane fArst appears Inferdor to the
hind gut at the junction of the latter
writh the almost completely divided cloaca
(fig. 7) Distally the te extends (o
within about 150 u from the tp of the
pballus  The supedor proximal pant of
the platc is penetrated by the hollow pars
phallica of the urogenital simux. The go-
nads show sex cords continvous with the
celomic eplthellum (Gliman x stage no. 1)
The Mudllerlan ducts are present along the
cephalic end of the Walflan ducts. Col
lecting ducts are budding from prim!
tve pelvls of the roe



DEVELOPMENT OF UNETHRA AND YAGINA IN DIPFODOMYS

Female embryos. In 13 mm and 14 mm
there is a groove

anlage of the peripeal or

to the tp of the phallux which appears to
be the distal end of the urethral plate with
surface ectoderm

nphe.whﬁ:ht:{;rmtinnﬂultfmﬂu

sinus
with the urethral plate (the do-
nulmmm‘-\tbemhgcndthebumo-
vesthhular glands are seen as epithelial
buds (figs. 8 11) They are apparently
dertved the ectodermal

into the urethral The gonads aro
stmllar to those 11 mm embryos, but
the Mllerian ducts have now reached the

1 A les are
forming in the

{ of the urethral
folds. It seems e that endodermal

Tmove y along the urethral plate
and that

genttal Proximal to the origln of
the anlagen, the
sinus is divided by the
urethro-vaginal fald into an mfeder va
is penetrated by the
ends of the Millerian ducts and by
the degenerating Walfflan ducts, and a
part (Ag 2) The ur
ethro- folds at Muller s
tubercle as lateral folds of the winus wall,
appear to [T] in the rat by
Bmmxﬂ-ndFmbatvsfgdL)andpzub-
are
m Thero to be a short stmuy
that described in the

or seminal anla; in tum {nto an urethra and the end
;l;.her-cxnn.hhmga In both sexes the of the vagina.
are fusing a3 enter At the base of the phallus 2 midline
the dnulnndwvﬂu’m,‘,’ al p ting the vet-
Wolffan ducts are present lateral the tige of the cloacal membrane conpects
Llhﬂerhndm There are glomeruli and  the anal canal with the mrogenital ostium
» les In the brd  Into which leads the wide and shallow
The ovarles are 1n Gilmans stage of sex  urethral groove The ostlum and its are
ual diffy tion and growth stage 2 thral and vaginal parts and the anal cansl
In the 21 mm female embryo of D mer  are lined a hypertrophied and hyper
rigm. folds are developing plastic d hell

:
B
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genital ostium and the glands are tubu-
lar branched structures lateral to the
rectum and apparently dedved from the
ectoderm af the urogenlital ostlum (fig. 16).
The proxtmal region of the urcthral falds
jotns the urethro-vaginal folds. At the
point of urethro-vaginal separation the
vaging is a solid cord of ectoderm which
extends cephalad for a short distance. At
the proxtmal end of this cord centrally

genital sinus are seen (A, 15 17). These
are penttrated proximaily by the fused
MiDerian ducts. There does not appesr
to be any degeneration of MODedan duct
tssue at this paint as has been described
in some other forms (Bulmer 57; Beng
mark and Forsberg '59) At the level of
the intermingling of endodermal and ecto-
dermal tissue in the vagina thero s a cul
de-gac which arises from the urethra and

urcthra) at its junction with the former
uwrogenita! sinus now the membranous
curcthra  The gonads are sl in Gilmans

degenierating tive sox cells

In 35 mm fetuses (near term) fusion
of the urethrowaginal folds bas moved
distally completely separating the urogen-
ital sinus and fts ostium inte vagina and
urethra (fg. 18) The lomen of the latter
has a thin strand of cells which separates
the former pdmitive and secondary
rooves. Distal to the point of fuston of
folds the primitve urcthral groove fs shal-
low and wide and dissolution of the cen-
tral cells of the urethra! plate §s forming
a lumen (8g 21) As a result of the com-
plete separation of the distal end of the
urogenital sinus into vagina and urethra,
the bulbovestibular gland ducts ot this
and later stages arise from the vaginal ep!
thelium which s clearly contdnuous with
the epidermis of the skin (fig 18)
The bulbovesubular glands are cofled,
branched. tubular  encapsulated  out
growths of the ducts lateral to the rectum
They are not as well developed as in the
male fetus of the same age and there is

E. W PFEIFFER

no indicatian of any other sex
organs homrologous to those present in
nthl:';iglm d;l;h: fused distal ends of
erian ducts penetrate the urogen-
ital sinus portion of the vagina aa In the
previous stage so that cells from tho ecto-
dermal ingrowth from the
urogenital «inus and from the Mibedan
duct mesoderm aro Intermingled (fig. 19)
The gonads remain jn Giimen

sex

In newborn females the urethral folds
are fused almost to the tp of the clitorls
(fig. 20) The urogenital dnus 13 com-
Pletely separated into the urethra, vagina,
and vulva. The epldermis of the vulva and

DISCUISTON AND CONCLUSIONS
The primordium of the urethral plate In
Dipodomys sppears to be derived in the

uperfor part
te but jt 13 Impossible with the
techniques employed to determine the ex
tent to which endodermal tissue moves

g
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on of this the under murface of the phallus as the

A possible explanat]
pbenomenaon is that in female D ordil the  urethral folds so that the urethra of uro-
derral el 2

genital stous odgin ts continuous with

produc
very resctive clitorine urethral epl  that of uretiral plate odigin. Therefore,

thelimm and that in the other spectes there  the factor(s) which causes masculintze

endoderm to supy IS tion of ths clitorls and stimulates the fetal

activity This explanation 1 conuls-  pylhovegtbuler of Dipodomys

mwm'r(mémmm pevertheless permits femintzation of the

potency o 1 by of
dlements are reacttve

fiipha of Dipodomys Ia tt the «dnux into vaginz snd urethra while

develops amy (39} the exogenous not ocnly
gland or related structure the clitoris, but also the uro-
urethral endoderm a3 occurs In cer  ©ATtal sinus by suppressing it partition,

other sterod hotmones while  chamb ita] nns Hs-

membranous urethra is not. sue Into which both thra

t:lnddnu-hdmdedlntol open.ubfmmdl.ut.bﬁl'mmm

& dorsal vaglna by fn-  female the glands of Dipo-

Mhnndfuﬂmnltbnhmuldnu:bvyvam should be referred to as bulborag
a

13 these ds in the male red squir

Iateral 1 rel This view mnlin:mwiﬂ:!hephylo—
growths which form the of the vertebrate tory organ

wethrevaginal folds are anto :E\gzwhnc- 14b) mﬂ?thc bulbo-re-
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genito! ostlum and the glands are tubu-
ler branched structures lateral to the
rectum and apparently derived fram the
ectoderm of the urogenital ostium (fig 16)
The proximal region of the urethral folds
joins the urcthrovaginal folds. At tha
point of urethrovaginal
vnglnuhnmlldcordo{cuodcrmwhlch
extends cephalad for a short distance. At
the proximal end of this cord centrally
located large clear cells similar to those
described by Raynaud in the mouse and
probably dertved from the endodermal uro-
genital sinus are seen (Ags. 15 17) These
are penstrated proximally by the fused
Mul}cﬂnn ducts, There does not appear
to bo any degeneration of Mfilledan duct
tissue at this paint as hos been described
in some other forms (Bulmer 57, Beng
mark and Forsberg ‘B9) At the Jevel of
the intermingling of endodermal and ecto-
dermal tsaue in the vagina there 1s a cul
desac which arises from the urethra and
axtcndslurnlhmtdlﬂancactph;hd(ﬁg
17) T!ﬂlmcrcpmnu praximal end
of the urcthral te (now the ditarino
urethra) at fts junction with the farmer
progenital sinus now the membranous
urethra. The gonads are still in Gllmans
Stage 2 but there are large numbers of

In 35 mm fetuses (pear term) fusion
of the urethro-vaginal folds has moved
distally completely separating the urogen
ita! sinus and its ostium into vagina and
urcthra (Ag 18) Tke lumen of the latter
has a thin strand of cells which

I W PFEIFFER

noindimdono!unyuﬂmrmamry
organs homologous to those present in

male fetuses The fuscd distal cnds of
ti::] Mtllerian ducts penetrate the urogen

al re not show as much

u{p&nmphyund nsia as docw that

the prenatal fetuses. The other strue
tures are as in the 35 mm fetuses.

anus which s the tHon

the former primitive and secondary
grooves. Distal to the peint of fusion of
falds the primitive urethral groove is shal
low and wide and dissolution of the cen

plete separaton of the distal md of the
urogenital sinus into vagina and urcthra,
the bulbovestibular gland ducts at this
and later stages arise from the vaginal ep!
thellum which 13 clearly continuous with
the cpldermis of the okin (fix 18)
The bulbovestibular glands are colled
branched  tubular  encapsulated  out
growths of the ducu lalcml to the rectum
They are not as well developed as in the
m:lc fetus of the same age and there Is

inferor surface of the phallus which forms
2 rnediun lnmlnn the urethral plate con-
with the c | fn-
gruwth of the cloaca.l membrane,  Sinus
endoderm #s undoubtedly {ncorporated In-
to the superior part of tho ure-
te but it 13 impossible with the
techniques employed to determine the €%
ndodermal tissue moves
distally aleng the urethral plate How
ever ihe clitorine urethral epithelium of
the adult D ordil reacts to certaln sex Loe-
mones (mercr 60) nhuww(g
other species of Dipodomys
published obsenvatlons) although the Fm”
anatomteal relationships are the same In
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AR, snotretimal rephe METD metanaphrs duct
g.vmm MU mambrancos orethra

closca PF
CC, corpus cevernorsm chtods PPH, pars phallica of the mrogenital s
G closca]l membrane R, rectum
CW cleacal wall $, culdesac fomed by the proxtmal eod of the
CLU clitering urythr urethral plate t ity junction with the mem-
IND emdodernnal erlls ‘beanoas urethea
ECTT, ectodermal cells UF urethral
%m«mwm UG, prhmitive urethmal groove
& ludion of the wrethmal folde UGS, uropsnital sinos

grital tmbarcle UP urethral plate
CU, mvthrs of the glans chiorides UM,
H, hind g o
mw:wmm UGO ostiwm of urogenital

:
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PLATE 1
EXPLANATION ©  FaOURES
Schematic Iateral view of the cloace and related structures 1 a 6 mm

embero based on » graphio reconstruction of s dttal sectioms. The
ectoderm of the loacal membrane 1 hearlly atippled, the endoderm






Sagittal section through the closcal region of 6 mm emtayn. The
thickened anterior wall of the cdoace joins the Ingrowth of surfsce
al membrane. X 30.

Frontal section through the loscal region of & 0 mm embeyo as
Indweated In 1 The double antrrior cloacal w U meets Ingrowth
from the surfzce epdtbelium to form the closcal mambrane X 200.

Transverse section of the urethral pl te of & 10 mm embryo showing
phallica of the urogenital slnes t jts most dhtal peoetration
f tbe urethral plate < 220,

Lateral jew of the model bown in 8 with the left sids partially cut
y X marks the most nterior and inferior point of penetration
of the pars phailica of the wrogental sinus, The line ¢ the eft Indi



PLATE ®

DIVELOPMENT OF URETHRA AND YAGINA IN DIFODOMYS
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PLATE 4
EXYLAN TION OF FICURES

Trans erse section through the wvanlul-l.unol

e Into
cnl-desac ube]uncdonollh-mrmbnm
clearly seen.

Tnnnrmncdmlhrw;h(b-"dnllﬁdlﬂrlmmlhrl 13

A5 mm fetiw The point of foston of the rethrovaginil folds b
distal to th t in 18 so thet the bulbovestibuiar gland ducts arise from
the ra; epitbeliom rather than the urogenital sinus cpithell m »
In 16 - TO.
Tnmfrrnuﬂ.mvllbeﬂdnldlbtnmmlm The fused
Mullerls  docts penctrate the solld cord of ectodermal and endoder
mal cell of the distal vagina. ~ 110

Traonene section through the clitofs of  newborn femake t th
most drtal point of fusfon of the urethral folde x 30
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Staining Properties of Hyaline Cartilage’

JAMES L. CONKLIN

of Amatomy The Uniwersity of Mickigan Medical School,

Department
Axn Arbor Michiyrn

definitive nfonna not
Teadily avaflable This is in of the
Dotthmuuﬂmﬁomuanln(Ala)xStoad
mum (50); Gamod ('50) Kramer

be & primary consideration when methods
aro t0 be evaluated since consiatent resutts

et
il
il
: %‘E
Big
g

MATERIALS AND METHODS

Adult mookey and adult rat tracheal
cartilage served as the test material for
the 1

the proce-
dures. Tissue samples wero fixed in 10%
neutral formalin contalning 8% cetyl py
ddinium chloride and by freeze substitu
ton in 10% acrolein in absglute alcohol

by freers substitution wers
brought to —40 C for mx hours, to 4 C for
six hours, f

to changes of
methanol for 12 hours each at 4 C trans-
ferred to chloraform at 4 C for two hours
brought to room temperature in a second
changs of chloroform and paraffin em

Thsue sections were stained by the fal

ures 1 the
le. the of lgwing p
tssne componenta by the application of the 1
method to the matedal in situ. In order  °58) followed by
(o do this It ts necesaary that (1) the ma- Biamarck brown
terlal to be examined is preserved and (2)

tron (Mowry s modification

in 1%
Y Cet. o NN 11 4n
1% scetic acid for one mimute.

Feprecied oy U ST gramt
P o A Ao g L b

a9



2 01% alcian blue 8GX (lot no. 130P
in acetic acid

4 acld-schiff (varyl modi
fication of the Hotchkiss 58)
5 Al fuehsin (Gomcu:l '50) (pH

NA 23 in 01 M citric acid
fer pH 586.
7 Two per cent light green, SF Cert
no. NL 19 in 1% acetic acld.
with anure A were do-

JAMES L. CONKLIN

hlished hed.

to e only
tuncrolalnﬂxedﬂ.wuclmccg

aldehydes ¢n the various methods remaing
be Thy

the lactma certatn staining char

adjacent to the territarlal matrix, com-

various methods was chtained by treating

for five minutes) poior to staintng.

For descriptive purposes the cartilage
matrix was divided into five rones. These
have been designated as the capsular ter
ritorial,

interterritorial (divided into amar
phous and granular) and subperichondrial
matrices.
RESULTS

Cetyl pyridinium chiedde-formalin prov
edlobennucel]mlﬁnnvefonbepnta

poaitive when methylatton or
tion sequences are employed prior to stalr
an(ﬂz 7) The terdtoral and granulir

interterritorial matrices are

vatlon of
butwn-pom—ce!]uhrﬂnmnlheoon-
Y Acralein
stitution precomparabla prucrv:uon of
the ground substance and also resulted in
excellent atan of the various cell
types (8. 1) Sl.ncetheprtmarynb]ccdve
of the study was the comparison of meth-
ods the stalning characteristics to be re-

trix (Ag 2) This is in contrast to tbe
mil betn metachromasia of the
torial matrix. ortal s
The tnterterrit ma
hmmwm-mhhm‘
enly reglon which exhiblts an affinity for
Biamarck brown in the untreated scctiond

(ﬁz 6)
drial matrix 1s charac

are based only on cetyl pyrid
chloride formalin fixatdon. The effect of
gcroledn fixatden with the inoduction of

tcrtzed ? bdn' the most interely statned
by the PAS reaction and exhibiting tbe
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TABLE 1
The strining properties of hyaloee cartilege
TUmirested Salifeties
Lecumer capraber
Alcan bine ++4 — - +++ ++
Collaidal fon +++ — — +++ +
+4+4 — +++ +4+4++
e A (20) B++ — o+ o+ +
Amre A (40) a2+ — — o+ gr++++
Py - + + 4+ —
Ligit gron — ++ ++ ++ -
Terzisorkel matrixs
Alcan bwe +++ - — +++ +
Cofiokla) fron. +++ —_ _ ES
+44 - — — ++
‘mAELD) B4+ - a4 0+ O+ ++
Amr A (40) ++ - + 04 O+ 4
— — — — ++++
Pis ++ +++ ++ -
Light groen +4 ++ ++ +++ -
Inberierritoriel watric (emorphous):
Al Rwe + - — ++ +
Cafickdal fron - - — B
Akdet:re +++ - - — ++
‘mﬂiu) o+ - - o++ pH+++
Amxre A (4.0) ot + - — o+ +44
b +++ - o - ++++
+ ++ —
Ligkt groem + ++ + ++ -
Baserterriiorial matrix (grexxlerls
Aictan 4+ - — ++ +
Callaldal kroa 4+ — — it i,
+++ — — +
Az A (10) T+ 44+ — — TH+ B+ ++
Anmvd (40) TH++ - — T+ A+ ++
Pis + o + + rEE
Light oreen. + ++ + — —
Sabperichondriel mairiz:
Alctyn bine - - ++ +
Coliodal tren t - = - =
Aldelyde = = = i
Aroe A (20) — — —_ —_ o+
Azze A (4.0) ox - — — o+
Biwoarck brown —_ —_ _ — + 4+
Fis +4+ 44 +++ ++ —
Lght groen ++ ++ + ++ —
PAL, prriediy [eers —
n:_n....mﬁ. P AT T AT AT ey o e e T I T

matrix nor the With the staining of the

are stained by col-  territorial matrix, this inhibitdon was not

loidal by demethylation. The sulfation
Of the blockad hods, the 1 ) was in tnhik

thon & 1) ibited stain- by PAS and light green. It re
iog by alcdan blue collaidal iron aldehyde  duced the intensity of alclan hive and




sthy of the mat

S
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lloidal fron stalning, intesified or In-
troduced Bismarck brown affinity and re-
duced staining by aldehyde fuchsdn. The

this p ex
hibited more regional vadaton than the
other types of treatment. Demethylatton
Intensified the PAS reaction and light
green affinity of the capsule but either had
no effect or reduced this statning in other

JAMES L. CONKLIN

Hamerman '58) Methylation and & meth-
yhuundcutzdﬁmﬂuny consist
ently inhibited staining azure A. Thhy
I in agreement with the concept that sul-
fate esters are methanol and

quently removed by the latter treatiment
(Spicer and Lillle 58) It should be noted
hovever that all methods except PAS and

staining by azure
A was consistently reduced while aldehyde
fuchsin staining was either inhibited (ter
ritordal and amorphous matrices) or re
duted (granular matrix)
DISCUSSTON
In considering the specificity of the vari-
methods it 13 helpful to know the {den
demonstrated The
mucopalysaccharides of Bdl.}‘]t hyaline car

2
)
F
a
2
a

alteratlen of staining properties could
doe to a requirement for ether optimal
or al stercochemical

tilage are d. {tin sulfates
A and C and keratosulfate (Mulr '81;
Partridge et al. 61) Thus the groups
which are present and may be involved in
the stalning reactions are carboxyl and
sulfate groops and vicinal hydroxyls. Ace
tylated amines are also present but there
13 as yet no evidence to suggest their par
telpadon in the staining process.

As demonstrated previcusly (Conklin
"63) azure A at pH 2.0 does not stain ma
terial which is g in strongly acidic
groups. Therefore azure A staining I3 in
dicatlve of the prescnce of elther sulfate
or phosphate groups. The fact that there
is a regional difference (figs 2 and 3) In
the stalning which occurs with azure A
Le orth £la vx h is
probably due to a difference in elther the
nature or concentration of sulfate groups.
It has been dernomtr;cled that the occur
tence of metachromatic stalning is di
dmxuponthaprewnceofnhlghﬁ
Jar welght chromotrope (Schubert and

relationship of antonic groups In arder for
maximal metachromasia to occur Since
some stalning with axure A (pH 20)
occurred throughout the cartllage matrix
(fig. 2) sulfats groups mmust also be present
throughout. The greatest concentration of
sulfates appears to be fn the granalar inter
territorial matrix since this iy where the
ot metachromasta oceurs.
The subperichondrial matrix seems to ton-
tain the fewest sulfate groups as indicated
by the weakness of azure A staining. Anoe
A at pH 4 0 cxhibits Ieas specificity (£z. 3)
since the amarphous interterritorfal matrix
is also stained by this method. However
the distribution of gamma metachromasis
1s the same a3 with azure A ot pl{ 20.

It 13 of {nterest that the subperichondrial
matrix exhfbits the moat prominent PAS
staining. ﬂdmxh in u;:r:’edkmrm with
the t adjacent a RTOUpY
ma wpmn! the demomtration of alde-
Eydes produced by the period.

3a1d,
P




CARTILAGE MUCOPOLYSACCHARIDES

of victnal hydroxyls (Spicer "61) The fact
that 'AS

263
cbservadon) It should also

P h which only
carbaxyl groups (Canklin, *83) Spicer C60)
has suggested that slclan bine may also
staln certain sulfate groups while Belanger
and Migicoveky ('81) maintsin that cal-

This ts further the trices) or redoced the statning (granulsr
fact that & f redoed ‘by,’ )] steintng was either
fuchein staining with the exceptiom of unaffected by this treatment (lacunsr cap-
that in the lacumar capsule. However sul- #ule) or reduced (terdtarial and granular
fation reduced aldehyde foch i oth al
in all areas with the exception of the lacu- ci:nblmnxiuing‘occ?xﬂ‘dm[hqm
nar capsule where staining was ent d phous s P mairices while
Whils this leaves the nature of aldehyde the dal tron reaction was neg in
fuchsin staining unsettled, #t does point up  these areas. All of the above obeervations
the fact that the lecunar capsule fs vrould indicate that both methods will demn-
tve in itg to this sulfate in addition to car

ga
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FLATE 1
EXFLANATION OF FIGURLS

All Agures are of kyaling cartilage. X 125,

Hyaling cartilags Alxed by acrolein freeresubstitution and stained with
colloidal fron and Blimarck brown. Coutrast with figurs 6 which Iy
cetyl

Arure A pH 2.0, Nots the staining of the Lacunar capeuls, terrtarial
matrix, and gramuler interterrtorial matrix (arrow) Onlythahm.-r
ro0e exhibity garmme metschromasia, Photogrephed through &
Am.cdermc-mmh

Arure A pH 4.0 The stalning {3 more diffuse at this pIT and aho
occury in the amorphous interterritorial matrix (upper half of figure)
Photographed s fignre 2

Alclan blue The lscunar cspeule territorisl metrix, and gremuler
mn;;ﬂmummmmmd. Photographed through a W tten
Ba. flter

Colloidal iron and Blmarck brown. The distribotion of collofdal ren
is the same a3 akdan Blos (85 4) FPbotograpbed a3 figure 4
MmmmmAmdmnmm
statned amorphous intertwrritorial matrix is vible (arrow) Fhoto-
mpbtd(hrm;hlmﬁwnnmﬂuu
HylﬂmmﬁﬂlumurdbymﬁhyhlhnlndndndbyanAB
resction. The lyginly stained lacunar capsule (arrow) may be distin-
guished from the territorial matrix. Interferance green fllter
Aldehyds fochsin. Noto tha intense stainlng of all aress except the
subperichondria] matrix (arrow)
Hiyaline cartilage trested by deestedfoation and stained with Akl
blue Note the geners] stalning throughout the matrix. No. 12 Wratten

Hy‘llmurdhgeuwttdbydtﬂlﬂtﬂudwlndﬂdmd'ﬁh
Imn_ﬁunhl most prowiinent in the lactmar cspwke Ne. 22
Wratten filter
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PLATE 1

LXPLANATION OF YTOURLS
All figures are of hyaline cartflagpe. X 125

Hﬂmmnmwnﬂmmm.wm
Bixmerck brown. Contrast with figurs 8 which Is
ettylprﬂ.rﬂnhmchbﬂdlﬂndlndmlntdwﬂhthumlmﬂm
Azure A, pH 2.0. Note the staining of the lecunar eapsule territerial
matrix, and granular interterrtortal matrix (arow) Only the latter
zone cxhibits gamma metachromasie. Photographed through & Zeins
h:m-lu-mmﬂtu
Am-A.pHLD. Tb-m.!nin[hmdiﬂm t this pIT end alwo
matrix (upper of figure)
Pbom:nphd as figure 2.
Alcian bloe. The lacunar capsule, torritorial matrix end grapolar
interterritorial matrix are steined. Photograpbed throogh W stten
no. 23 Al
Collcidal tron and Blmerck brown. The distribotion of colloidal fron
1s the ssme as alclan bius (fig. 4) Fbotogrepbed as figure 4
WmmnmmAmdmnmm

stalned amorp intertritorial matrx s vible (arrow) Fhoto-
u—rpbtdthvvthlnn.u“'nnmﬂhﬂ
Hyaline cartilage trvated by mwthylstion PAS

Aldchyde fuchen. Note the Intense staining of all arcas except the
subpetichondrial matrix (arrow)

Hyaline curtilage treated by decsterification and stained with Alcla
blee. Nots the geoeral staining througheut the matrdx. No. £2 Wratten

Hyaline cartflage Mhmﬂmuﬁw'ﬂhmﬂ
trun.lutninllmmp-rvmim-m the lacwnar caprule No. 22
Wratten filter



Histology and Fine Structure of the Avascular and
Vascular Yolk-sac Placentae and the Obplacental

Giant Cells 1n the Rabhat'

JORGEN FALCK LARSEN &

8t Lows,

School of Medicine

t and use the electrem
to study some of the problems connected
with the morphalogy and function of these

m‘:ﬂfﬁdm of the yolk-sac placentae in
the microscope

‘bilaminar om;
lopleure to the uterlne epithelium of the
wde yolk-sac pla
€012 degenerates during the eleventh 1nd
twelfth day and by its dis-
* the luminal surfece of the vis-
ceral part of the yolk sac becomes

639 axdmow (1698) and
Amoross (52) In the light of the recent
estigatlony -sac of the rab-

etal P
31 Luse ‘88 and Davles '59) it was
hdk‘dwbenfn]mquranhecmy

MATERIAL AND METHODS

For observation in the light microscope the
tssire was fixed In Bouins sclution em-

microtome and statned with hematoxylln
z the Perlodic Acid-
(PAS) or with lene blue.
For electron tssue was

fixative far one hour It was found diffi-
cult to obtain satisfactory fixation of the
pon-vascular yolk-sac ta because
the delicate dssne becomes easdly detached
from the utenire mucosa. Pre-cml

wes Ln part by eramts
nHGPn’:Mh— Umird Sextes Publie

ealth Bervice and by the Jesiah Maey I T






YOLK SAC PLACENTAE IN RABBIT

plantation site (Falck Lamsen, 81) A
marked the place of fu-
lectron

§3€
P
%

a7
oles appeared In the basal part of the
symplasms.

The {nverted polk-sac placenta
(figs 7 9 and 10)

Fall the d

to be very diffcult for this
tisspe, The basal plasma
of the ectodermal

yolk-sac eplthelum a in the elec
trem u cuboldal cells each
with one one or two

lLdn—llh!nudcd.\(ﬂg.Q) In-m.mofthe
wuclel fat inclusons were found.
wurface cro-

many irregular
viﬂllndlmmedhtalybcm!hltmanym
of pnocytosds were found.
Thﬂqmplam was rch in erpnophi
and of

different size shape and eectron den-
sity Samuofthemdmim:mm
droplats and others may have been altered
red blood cells. Moat, however cunsisted
of:mnulutubﬂnnmmdmdbyl
which was
anmthnlthemxm-hllnlhemdn-

;h!l{ trregular and intercellular spaces
‘ound  The cells had a huemem
memkrne ard they were

th o surface with dcrmm
Th he volk sac lay close to the
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two dense nuclecll. The surface possessed
many skender and regular microvilll. Des-
mosomes were found between adjacent
cells. The supranuclear part of the cyto-

pared with tho inclusions found in the
epithelium of the yolk sac.

JYRMCEN FALCK LARSEN

around the cells. The glant cells decreased
in size and number during the following
week and at full term no glant cells could
be observed.

In the clectron microscope the nuckel
were found to contain intranuclear inclu-
:uum (fig 11) These inclusions were

sac. The
were electron dense solid ring lh.upcd or
granular surrounded by distinct
branes. In the supranuclear part cf the
cells a well developed Golgl up;nmtu: was
observed aps indicative
basal part of the celly w:u
occupled by dilated ergastoplasmic chan-
nels contalning a slightly electron dense
material. The mitochondria were few and
most of them were s{tunted In the Juminal
cytoplasm.

The obplacental glant cells
(fige. 3 7 8 11 and 14)

The glant cells wero seen finst cn the
ninth day of pregnancy in the arcas of
invasion by the ectoderm (fig. 3) At this
stage they were about 20-30 u in diameter;
105t of them were globular but spindle-
12ped cells were also obscrved In the
yasly stages they \rm found only in the
4 outermost part of the submucosa. The
/ctlh had one or more nucled with con-
spicuous nucleoll and basophilic inclusions,
The cytoplasm stained faintly with hema
toxylin and gave tive PAS reaction
which was unall by previous treatment
with saliva
The cells increased in pumber and slze
during the foﬂovrinu week and were most
arnd cight
cnth day o[ prcgn:lm:y At this stage they
were found throughout the uterine mu
cowa except in the area of the chorlo-al
lantole Pacenta. Most of the plant cells
were found in submucosa often in such
close relatlon to the vessel that they gave
the Impres lon of being a part of the lin-
Lng (fz 8) At this stage the cclls were
ery large some of them more than 100
\k;-.: of the cells appeared moncnuclear
but many had twmo or more nuclel in
which stronply basopiulic bodies were
found The cytopla m contained no gly
copen bat reacted posttive by the PAS-re.
actton after pretreatment witt saliva A
strongly PAS-positive b v Jer was obrsened

d of granular material
arranged in groups or islands surreunded
by membranes. The cytoplasm was rich
in ergastoplasm but In this respect varded
from one area to another within a single
cell and from cell to cell. Many channels
and vacuoles of the Galgl apparatus were
cbeerved Cvlophtmlc l.uclux}om wen:

lhe cytoplasm (ﬁg 13) Mm of J)ez
electron
dense material oI‘Lcn surrounded by a
membrune  Others were srongly electron

also found Mitochendda of nondescript
ahape were scattered The cell membrane
was complicated (fig 13) and often In-
folded into the cytoplasm In the form of
channels which may be Intracellular ea-
nalfculi.

The glant cells were not found te be
part of the lining of a vessel in any scc

processes
of cndothellal cells between the lumen
and the cell membrane of the glant cdls
As menttoned aboie the ergastoplasm var
fed from one cell to another but it wat
pot possible to classify them into types.
ard there was no characteristic difference
between the cells in the submucosa nnd
tn the lar layer A cytopl
tinulty between glant Cd{l and nmooth
muscle cells was not found In the clectron
microscope. In some cawes, however the
smooth muscle cells were found In cdowe
contact with the folded membranc of 2
glant cell (fig 14)

DISCUSSION

The Importance of the non sascular
yolk-1ac placenta in the early days of
nancy in the rabbit {s difficult to cvaluate
in the yresent state of our knowledre It
is the only anatemkeal contact Letween
the fetus and the mother durlng the sc¥
enth day The absence of vessels In the
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arez may be explained by the dificulty fn
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two dense nucleoli The nn{acepouuu.-d
microvilll. Des-

plasm contained small vacucles and many
inclusions meost of which were small com-
pared with the Inclustons found in the
epithelium of the yolk sac. The inclusi

JOBROEN FALCK LARSEN

around the cells. The glant cells decreased

were electron dense salld ring lhnped ar
granular surrounded by distnet

branes. In the supranuclesr part of the
cells a well developed Golgl apparatus was
chserved aps indicative of 2 secretory
palarity basal part of the cells was
occupled by dilated crg:noplum.lc chzn-
nels contalning a slighly

one area to another within a single
cell and from cell to cell. Many channels
and vacuales of the Golgl apparatus were
observed. Cytoplasmlic inclusions were

materdal. The mitochondria were few and
most of them were sltuated in the luminal
cytoplasm
The obplacental glant cells
(figr 3 7 8 11 and 14)
The glant cells were seen first on the

ninth da; pregnancy In the areas of
invasion the ectoderm (fiy 3) At this
stage they were about 2030 ¢ in dlameter

most of them were globular but spindle-
shaped cells were also observed In the
chrly stages they were found only in the
outerroost part of the submucosa. The
cells had one or more nuclel with con-

hilre inclusl

d of electron
dense material often surrounded by s
m were strongly electron

elin figures. A few fat inclusions wrere
also found. Mitochondria of nondescript
shape were scattered The cell membrane
was complicated (fig. 13) and often in-
folded into the cytoplasm in the form of
channels which may be Intracellular ca
nalicull

The glant cells were not found to be
part of the lining of a vessel {n any se¢
don. In the electron microscope 1t was
always possible (o find narrow processes

The cytoplasm stained I:llm.lz with hema

of endothelial cells between the lumen

toxylin and gave posaltive PAS reaction lnd the cell membrnnt of the glant u-ll'
which was 1 by previous t foned above the cr .
with salna xedlmnonccc[lmanozhfrbuxnnv

The cells increased 1n number and size
during the folowing week and were most
on the sen and eight

cnth day of pregnancy At this stage they
were found throughout the utenpe mu-
cowa except in the arca of the chono-al
lantale placents  \ost of the pant cells
were found In submucos2 often in such
close relation to the vessel that gave
the impresson of betng a part of the lin
lng (fiz 8) At this stage the cells were

ery large some of them more than 100

\lcn( of the cells appeared rononuclcar
but many had tmo or more nucler tn
which stronely basophilic bodies wnere
found The cytopla m contained no gly
cozsen but reacted positne by the PASre
actlon after pretreatment with aalna A
strongly PAS-potitt e border was olmened

not possible to classify them into types
and there was no characterdsuc dIff Tenee
between the cells in the submucosa nnd
in the lar [ayer A cytop

tunuity between glant cells and mooth
muscle cells was not found In the el ctron
microscope  In some cases homever the
smooth muscle cells were found in clowe
contact with the folded membrance of a
glant cell (fg 14)

DISCUSSION

The im, of the nomascular
yolk-sac placenta in the early days of r"ﬂ
nancy in the rabblt §s difficult to e1alua
in the present state of our knonledge It
is the only anatomlcal contact between
the fetus and the mother during the s
enth day The absence of vessd o the
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PLATE 2
IXPLANATION OF TICTALS

Electrom ricrographs of the mom-sascaler yolk-sac placente.

5 Area wreilar to the coe indicated by mquare in figure L The ecto-
Mmhumbudmn(?)hrdnhm.dnmuﬂnm
hn.lmmh'.lm(ll!) The lmw of foefon between the m@l‘md
the ectoderm un:d.n- symplasma™ 1s indicated
Vacoales (V) are found on m.l.lddlnll.b-moffmlm.

un:ltm(\?:)hllrrﬂlui more frregulsr than
-.bo-co{uh-‘rrm-pbmn B cootatns a aketndlke mocleslos

elulmd:hm replamis (US) contatnlng icloden
Iy bas many (P)

\‘ncndn(")-«mmdylnlhem formed bmrm
aod the mddfrmzupm”y(c) ~c \x!.rmulu;:muy







PLATE 3
EIPLAN TION OT FIGURKS

? u;h(mkrvmphdtkmwﬂ:dyo&mphnnumlbemmlh
The epithelhrm of

non-rxscul
yolk-sse placenta {s found in the Jumen. The terine cphbellom bas
been restored forming end obpl 1 glant
cells wre found in subrmucosz (CS) as well ¢ in the jnper laysr ol
mwscularks (G3) H and E, ¥ 100
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PLATL 4
EXPLANATION OF FICURLS

Electrom micrographs of the iuverted polk-sec placents.

Visceral yolkasc on the fourteenth day of Many inclo
slons are foand of which some ere f ¢t (F) ctleers ars com-
poscd by granular material with an epen (I ) or complete (T ) sur
rounding membrane. Solkd dense inclotlons may be eogulfed
red blood cells (L) A fetal nucksted blood cell (FB) Ly sesn In
voreel (VY) in the yolk eac. A process of  fetal mesenchymal eell
(m)-epmmlb-nmlfrm;rlhbntmlucmMmollht
D D T
NY Nockeos of a epithelul cell UL Uterine lumen, > 4,000
uterine on the edght h day of preg-
nsocy The soriacy ha microvilll w! regular cony
pated with those on the sarfsce [ the 4ac eplthelium. The
supranuclesr part of the cell con (C) and
many inchrjons (I) The bysal pert ergario-






PLATE 5
IXPLANATION oF FIGUNIS

Electron micrograph  of parts of obplacental glawt cell

Part of rclems of glant cell. CG Cytoplamm of ghant ce. N Nu-
lkolos. NU Noclea Inclosbons. % 3,000

Crioplasm of glant cell CAl Cell membrane. E  Ergastoplasmic
channel I Incl slom 3 Mitochondris. » 23 000.

Cyioplasmic inclmijons in glant cell ]  Fat droplet ] Electron

deose laminer inclustome. L G ma

mrmbnnrl Lavrer and more lectron demse granokes I Solld,
dense inc] dons The cell membrane shows complic ted

Inkﬂ.n((C}l} « 6,000,

Smooth muscle cell (3MC) in contsct with the cell membrane of
gant cell CG Cytoplamm of glant cell. NM Noclew of emooth
masch cell > 3.000.
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Identification of and Observahons on Epmephnne
and Norepmephrine Containing Cells in the

Adrenal Medulla

JOE G. WOOD

mdm The Unirerstty of Texss Medical Branch,
Taxas

According to Bemmett ( 41) Vulplan tn BEVIEW OF THE LITERATURE
Immthonmgaummdanmﬂn Vulplan observed tn 1836 that in the
unmsoal properiies adrensl medulla. Pnnn' medullary tisare thers was 2
This work was followed by a pr tro which on oxidath duced
et of ph chemical and £ characteristic colar resctions. Henle tn
malty studles which have led 1865 found that subjecting the adrenal
o our present dolla to chromte acid or to

little to provide » definite cof  thing but success 1

ﬁfhﬂbﬁmthatypnn!eeﬂ-mn Imdf-s.;) ¢

the clectron microscope and the W0 One of far

resction was fsalated by both Alddch

wﬁ%'}rl&mh'ﬂﬂmﬂ&- 20d Tekemine in 01 xnd Abel (02) pve

wﬂﬂ:"fmioglul of the adrenal the description for the proper far

b which s & correlation epinephrne was

o e cell types and the fun 1 state Mshed by Stolz in 04 and the Ken-

cells In'relation to the of o of the axidation product &y sdre-

X enpepiioe and hrine present.  nochrome was achiered in 37 by Green

USPHE
u.’:n-nx"""‘ €7 et seperiemts
el e
nme
e < Drparome; ot Amstemy Tl



286 Jox ¢
soine discusedon regarding the amount of
chrame salt in the adrenal medul-
lary tiysus following oxidation with the
b The evid: il that
whether or not the chrame 1s respansible
for the dark coloratian there s indeed a

amount of it present in the

dichromate fixed material produced t
appearing cells with large coarss granules
and darker appearing cells with a more
h 1! Binder described

twudzuafcélh‘forunhudltype
concerned

fixed by other means, cholamine were found to exist in large a3
In49Etﬂurdenmbarg(49bEmd well a3 amall varietes, He ascribed this
Bergstram, Euler and Hamberg size difference to the functioual state of the
the presence of norepinephrine in the cell and further hypothesized that the cells
suprarengl gland. In that same year with the large gramules were

and Hamb identified norad h. narepinephrne prodaction  while
tndnotedtimdg;ul&:nmﬁctthul.bn those with the homogeneous

rates of axidation of h end nor 1 d to the thrine producin,
epinephrine vwere diffe depending on  group Destaining was a critical factor
Lbcp}{olthauﬂdﬂngmluﬂun(dh) in this ure and as has been palnted

This made it possibls to atudy the relattre
of both holamines in various

tHasues. (Eade '58 Goodall, '51; Hokfelt,
1 Van Arman, '50; West and Hunter

known npeurchumor of the time epl-

nephrine.

Blinder (30) reparted a tech-
nique whereby he observed sz different
coloration of two kinds of cells in the
adrens]l meduolla. Although Blinder dis-
tinguished these two diff ly staining
cells in a number of antmals he was mn-
abls to do 50 in the rat which was definitely

ules. It was also noted that no evid
was t tndicating a oytological dif
ferentiation of the two cell types of the



notepinephrine.
Nilson ('B4) performed a detailed
al and demonstrated gramules d
cells in both the fixed and Uve  in that it
stute. Thewe granoles in both instances rine in the
The

EPINIPHAINE AND NOREFINXPHRINE CELLS

287

relation to iizﬂna medullary cells an the besis of granul
Hlﬂnplflpdjff and lndttllnjng,bctnlml&nlilnﬂurl:ti.g-
cytologl-  nique the

in Indl
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vrere edther decaupitated or had their necks
broken and the sdrenals were removed

fmmediately
Three of the histocherntcal procedures
employed were the fodate method of Hil-
larp and Hokfelt ('33) the potassium
msthod of Hillop

chromate-dichromate

and H3kfelt ('B5) and the f
method of Eriinkd (52) These methods
uss sectiona cut on the fresring microtome
a2t 10-20 p. The sectons were mounted
on glass slides, and studied in the pre
scribed

manner
Two edditional fixatives ussd were

ot were
decapitated sith the excepiion of
by & blow on the back of the neck with

i
%s
if



IPINEPHRINE AND NORIFINEFHRINE CELLS

the v area and trmediately ad
Jacent to the cortex in the Sydan hemster
This location

289
a gremular cytopleam, Fixation with Orths
fiud extremely hard material
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with fol-
lowing formalin fixation correspond to
the Dorepinephrine cells distin-
Sulshed prevional

and 3 con! cells
are of e Ll con-

while the cells lo-
cated in their

blue sisin Sy liirs cells previously
hlmﬂhzgulnthnndrmﬂmeduﬂl.m Glemsa stain bced n

tYpe w) dominated the medullary area fning & derker green
In the rat was brownith-porple color  than the taining cells,



200 JOE 6. WooD
eptnephrine cells The eocsin-anflin blue
4 was yed since tnin

A detalled study of eoxinanilin stelned
mﬂcd.llathighﬁpawmvﬂdlthullgm

specifie
in the two types of adrenal medullary calls
in the rat. The hrine

regular ganglion cells but
eccentric, brdghtly statning nucleoll
are further charscterized

is
are cells of Hghter staining intensity
are generally bhre to
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EFINEPHRINE AND NOREPINKPHRINE CELLS

doees of 025 exhiblied cnly
& ddight loes of staingble maf
witlle the f single injections

251

A stdy of other tissues of the antmals
employed was dans to determine whbether
cells such as argentaffin cells might stain

characteristic
color This calor is of a very light golden
appesrance and not stmilar to that of
efther of the two cell

tions from the

the

others mentioned there is no indication of
any staining similar to that of efther of
the two sdrenamedullary celln

DISCUSSION

The results with todate treat
ment presented here n the rat, mose and
cat agree quite well with those of Hillarp
mmd Hokfelt ('53) and Erfinkd (55d)
and the results in the S; hamster are

nor
;l:lmPhﬂmcdhu the con- 11s seen tn the adrenal medulla of
h.!nimhmﬁmmmdla This the rabbit and no n ephrine cells aro
of granal in  present agree with histochemicsl

the
}.J}'ncdmﬂynﬂ(ﬁmdtlndhfdmn '60)
talets of medullary cells in
the rat were seen that corresponded to
the jodate positive cells as painted out by
FErfinkd (550) but stnce the jodate method

the
Tecelving xingle injections of 4 mg/kg of
tke drug show an almost com

ble material and

crally thers was ouly a slight hint of brown
tutuing material within the cells but
Do staining was evident upon care-
ful study at high powers.
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holamdt tmul ly Thus the tles When small amounts of eosin were
need for sections ranging from 2-7 y and  2dded to the enflin blue solution all In-
Tating both epinephri nor  dl ining properties of the latter
was apparent as pointed out disappeared and the stain took on an en-
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solution soon lost its staining proper



, %0es were fxed in dichromate
, wlutiony buffered to the pH of 40 ar less
, thers was certainly a Ioes of
. the cells. Thus, the ideas
, Som dieromate fixstion which have been
bl for 2 long tima cannot be doubted
 bere; howsver when formaldehyde is
, Wded 1o tha bcifered
, (b0 picture 1s enttrely different and It is
, befleved that the use of the farmaldshyde
istrumental in the subsequent fixing
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The other cell present in the adrenal
Toedulla sre eT calls
cells or the type which has been
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that
1 for which It is designed. The ac
tHon of % in its sel depl

has been y
studled by Erink3 and Hopsu ('58) and
was used In this work a3 ¢ confirmation of
the loas of fram the edre-
nal medulla. Also fact that the mate.
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ral prepared with the new fixative can be  McNutt far the use of laboratory fecilities
stained by other methods or studied om- lndthaco!m-phmomphlclppanmx.
stained spesks well far a sslective oxids- Speclal appreciation is extended to Dr
tive fixation process which might not be WlllberHl.ldoftbchxmeCu]nnehhun—
chemica! tury[orthauhngufzbcpbmpboto—
method employed by Euler and Hamberg }nlcmznphlmderDamld

5
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CUTANEOUS BRLANCHES OF RADIAL, NERVE

85%) Thero are two subtypes distin-

a07

(2) N cutansys brachil laterglis in-
feriar

cotancps branches

29 specimens, 52% ) that is,
((1) (2) (3)—En)nh of them s the
same gbove.

branch (runming
teral head of the triceps In

Type II.  With four
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Of these cases described in table 1 we (3) The former runs through the mid-
may dismiss the case 1 overlooking the dlo portion of the lateral
existence of the nn. cutansus brachil poste-  septum in company o radial nerve,

Cactants Text-bosks!
1 The n cutangus poeteticr and )
n. cutanews brachil laturelis inferior the 2. Braua ('80)
n. cutaneds Carrting ("22)
4 Papkopt (43)
8. Ragber-Kopech (’53)
Sobotta ('BT)

A. Miuing the n. eut. br Lat fof, 1 Spattebolz ("S9)
or including #t in the n. cwt
antebr, post,

B. Afentioning the n. cot i, fst. inf. Gegenbans (1696
and iy sdmitring the exist 2. Goes ('50) — Amser-
ence of thres different cuts- Scan edition of the
peous branches of the radial

2 Mentkming the nerve, but calling this & branch a (1882)
n eot bW of the o cut antebr post 4 or ('51)
post. without giving ft parsie B. Testut (1897)
mistake. nome, & Thaoe (1
c. the three branches L o8,
“mymwhm %, Brash ('31)
30) — i
tion «f the Gray’
Anstomy
4. Pleredl ("18)

Abent the book-names and Che ruthers in compiett form, soe Htmrature ciied, presruind ot the end
of (bis paper
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I every fpect the ¢ i e Mimschen, 8.2, Act & a¥7tes. Letpsie

in the text-books have been caused by the

rdoption of anly two of themn in the nomen- G"‘I‘E,%"" 1050 Cexy' Anstomy 17 ol 1029-

ditre of the BNA. JNA and PNA. Huses K 108 Floss boacifsls @ d

(before ity revision in "60) Tho present Nerrm 4, oberen Lrbdm:nd.

stody has darified the arigin, the course II Abt d. Anst. Instik A Kaitseolicken

md the grea of distdbution of ell the . X7oeo Seda 4. Hehe 2. 93-53,

three constant cutaneous branches, Jm“": ,T :3 ':f "nm,mnlwl Gy

also revealed the existence af the perfarat Green and Co., Laodan.

h(ummou:bmmhe:mnningﬂnmrg Linedl, E A. 1921 The distrliation of

the triceps mmscle In 31 (5250 ) of the h&lnv{uﬁlmmn—lm

specimens. P e snachen.

i rudy the conoepton of the n. | A B4 L A T e s

cataneus lateralts inferlor newly Pigwal G. 1916 Humen Anatomy 5 ed 1308—

sdopted in the P.NA. s clarified and the 1314. J B. Lippincott Co. Philadelphda &

distingaishing three Landan,

m 7 of Aferent e Kepch. 1955 Lelzbuck Atlss der

dam Bd. 2. Aof, 19 513
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Fine Structure of the Reticulum and Sinuses

of Lymph Nodes'**
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OBSERVATIONS
The supporting framewark of Iym
nodes includes a capsule with o
called trabeculze which penetrate into the
Iymph node and a fibroceltular net or
reticulum which spans T, between
the e, trabeculas and blood vessels.

ular cells and reticuloandothelial ceils.

L MOr

[

hm® When the electron microecope
employed, many sections of the extracel-
lular core reveal no fibers; the contents

of this [} to be with
unﬂam:i’a‘!::wlmty (e, figs. g} 4) o to
alnt filarnentous orentaton (e,

have a
fig. 5) In other sections however obvi-
ous fibrils embedded in

i
BEs
E%fw

H
58

thin sheet-like
/mwnp'pedhﬁambe
figs. 2, 5)
Retfcular

or sheath (RC

:
2
:

g

each other by simple cell-to-cell abutment,

byavm-hppindg.orbylnmﬂuodl ult i mﬂlmuonaf}bc

tions. At random intervals gaps are found “Tnbedding i g 4

m%‘ﬁém G‘H"“um(mmm areas are thought to be sites of compres-

are homogenecus tn o toa of the

2 double muclear membrans and ear knife agatnst the

pares. The cytoplasm of the reticular cells

contains somo tubular and ovodd mito- Struses

chondria with obvicus cristae, numerous General structure (figs 7—02. The Io-

sl ey all o et o elongated reticulo-

! some may occupy nesd: thin fla greatly

the vistbla Oneurmurc(!dzi endothellal cells 8§ of reticulum

areas can sometimes beo seen; ususlly traverse the lumina much like

mal stacks of Golgl membranes are bridges. the retioul Ho-
concurrently with well developed ex  ing on the side away from the lumen Iy

tengtve axm, 2 peritinuscldal space which contains vark

The compaonent or core of ahle ratios of wavy fibrils ground sab-

the reticulum is a space 005 -2 p wide stance perisinusoldal spaco

ted at irregular intervals by reticu- and cells is a sheath or ad

cell « 2, 4 The
pocesscs (¢, fig )nﬂ_

cunltmlufo!fhhlpamlmwhul!gm
croscoplsts often interpreted s a
fiber or sometimes odmply as “reticu-

éé
i

gy 7-8) contains many particles
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planmic vexicles other r \? helial or epithelial cells as seen with the electron
cells may show anly a small mumber of X Is re-
mttochondris and have more a around the

space 1s with
that cuter muclear membrane some- mmmﬂw(ﬂg
extenslons or evaginations 12) and with the nlar core of the

wiich project Into the sdjacent cytoplasm  reticuhmm within the cinuses (fg. 13)
these ex eristnusoldal  reticular cell theath

are Iined on one side with Pal. Draped around the reticuloendothelial
that part of the Ing of the simuses ke a fish-net 3 an
thtn a cell may develop In af reticular cells. These

:

traverses the sinus lx. paradically cell p

u

!

i

35553

;
¥

il
!

strands of reticulum which mmumm 1s
like bridges. These y on electron
drﬂitulnmliatompﬂledoll because of the thinness of the sections.
Teticnloendothedial cell p
a reticular core (figs. 11 13) DISCULTION
into the lumen from the sinus Reticular trierstiium. A single inte-
13) this tube of Joendo-  grated space
cells is constructed tn sthe sema l
43 & tube of reticular cells within the reticolum in lymph nodes. This ex
Parenchyma, except that the tube of tensive structurs the
crosxing the winus is  lular portion of entire
Ypﬂ'fmtedby;p;mm That is to say the extracellu-
core looks Identical to the reticolar lnsundthe within the par

§

in z to be
o Bhatts Thd g o .mgpg be
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Guncepummdoneduptothhpdm;m
8

ROGER ¥ MOE

ing ]ymphld.c shnuses of all the
d above.

ure 1
Cotnparison of lymph node sinuses with
other lial and Iym

the sinuses of most of the above
organs have been c-tegm:lmd b{ Weiss

branes only a part of this

as Lot cleady in electron
micrographs

lndl-‘uqu.hn- ’35) adrenal cortex
(Zdnndzr 59)

("61) according to a system of i
thon devised by Bermett et al. (‘'58) Sup-
;ﬂmmcnury comparative data may be nee-

Intercellular fenestrations which may morph othella] tssue
sparse or numerous have been found as in different organs, and as
in the lining of the xinuses of 1 nodes  comipered with lymphatic vessels.
borre marrow liver and red p of ths
spleen. Some lymphatic also have SUMMARY
intercellulsr fenestrations. The lining of ticulum within the t
the «dnuses of the s of lymph nrodes consists of narrow strands
hypophysis may differ in this respect. { stellate reticolar cells with an
thi Zelander ('69) and extracell core substancs
Lose ('61) showed small fe and both
which look tntracellolar rather than  sre equally tmportant, Gaps here snd
intercell On there between the retl allow some

tic sinmses are bounded by flat
discrete cells
which in essence are sexv
n, suslly an interval

fibrils sur
m-mdltbecumr:]umlnalddanfadlxlm-

reticul
hnperlnnumida.!tp-onDS‘;}.ﬁnwiﬁﬂ
ous fibrls. Abamentmgmbnnebg
An 1
1 cheath of retcular cele les

between the perisinusoidal space -ndl.bﬂ
parenchyma.
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An important feature is & «ngle exten-
v

however contents of
these thres areas look idemtical and are di-
continnons, The reticular

pending functions, and with
the retleqlar taterstithum they make op the
retiodlom of

the struchire of lymph Dode
sinuses hys been compared
structures in other g retio-
uloendothellal tissre and with lymphatlc
versels, potnting out
and differences,
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Tiode of the =t Am- ] Anst, 108

e
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velty

1064 Blotrche wal tesswto oo wpleen, of the rat. Anat Bac
Dettiro reticalare can (1 microscopéo elattronico. ord, % 238 ( y
mxoun.mmmmm fbre  Ho A 1011 Dey Beillon - der
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o, core of the i
E, eotinophtls Fh, phayocyta
{ collagencos fibrils peendopod]
O,:Irtnnd:n]mdmhdlm RC, retcular cell
J Junction RE, reticuloandotbellsl cell
L, 8, perhdrusoldal spece
1g, lumen of alom trabecutum
MC, roedullarly cord X, wxtensian of outer nuclser membeane
n, noclews
FLATE 1
XIXFLAN TRON OF FICURNS
1 electron micrograph showing very thin elongated strands
the (rrows) coarsing throagh of the paren-
chywa pode. Most of the viafbls tghtly packed
Irmphocytss (L) ahtbough several reticular calls (RO) are seem.
Muny n one or mors nuclecll, which ars more dense
surroanding chromatin, X 2,200
2 Further ma. of  strand of retienlum within the paren-
chyms. Overlapping (RC) an extra.
gulu ar cars (o) 15 0.08-0.15 u wide at tuls site,

Obligue secticn of  strand of the ndc-hmwuhhd:npumckm
A gap spproximately 0.8 & wide (betwwen arrows) separating two

nuc';-u;mn ()dlﬂmllmhurru(l.)mlhm
core (o reticalam, The howogrmects
muctoss (a) of the d by an

"The 1op of the Agiire fs occapied by the crioplasm
Pl i e S o i it b 5

3













PLATE 3

EXFLAN TION OF FICUXES

5 thrrmmiﬂcnth‘.\al l:rwu'cth:luf trand of reticulum in
the parenchyms «bows  wrn. of reticular call processes (RC)
around an extraceltuler core ( ) whach 1 largely amarphous except
far  famt filementou pattern, ¥ 61,000
€  Another regdon of xt  simfler shows col-
hmlﬂhﬂl(l)ﬂndﬁﬂm&mﬂnm Nots that nooe of th
fibnls swggest any iotmcytoplasmic continuity  (Stained with arenyl

scetate.) ¥ 63,000,






FPLATE 4
IXPLAMATION OF FoUAIS
7 Lymphatc sinus. Within the jumen {Ja) are

(L) sod 0 hile (E) ‘The
formed b7 narrow reticulosndotbalial cells (RE) At the base of the

i
¥
|

sheath
of calh (ucrows) betwrsen the parisl
nusoidel spuce and the parenchyms (P) much Hke tbe adventith
of capillares. (Smined with oranyl x 11,500
8 Narrow Iymphatic anus which Les ('nz
of figurse) m(uc bottom of Agure) Tha
processes of ctlls (RE) contain chumpe of par
teles, scattired vegicles, and  faw call tunction (1)
1 present betwsen two middle

nnus eome of them of ph

1] spece ( ) portim of reticular
cells (BC) contain paztscles of Palade and rastoplasm
than the RE cells, but these differsnces m are no¢ con-
stant A tTansected arwa of the meticular care ( )} b at the upper
beft corner of the Agure Longitudinal section. ¥ 17,000
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FLATE 5
IXPLANATION mcvris

Longitudinal vection of oo edge of  Jymphatic sinus. A gap 0.16 &
wide (G) exists In the reticulosndotbalium, allowing tho contents of

the ginus Jumen (1 } to with (he poco

(1) The outer nuclesr the (RE)

;n jectons (x) which are lined oo one side with particley of
of

the RE cell as thet of diacemt

sbeath cells (KC). Nots gap
separating cell s sheath cells (RC) (Stalood
with Jead tartrate.) 19,



FLATE &

EETICULUM AXD KINUAIS OF LYMPA NODES
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PLATE &

IXPLAN Tro~ oF FIcUMLS

Longitudinal section of ane #dye of  lymiphatic sinus, A gap 0.16 &
wide (G) cxiss in the reticulotndetieliam, the contents of
the cinwe lumen (1) to with the wpace
() The outer nucleas of the cell (RE)
Bas projections (x) which are lined on oue side with particles of
Py to

the RE cell looks aboat the same a3 that of adjacent

reticular calls (RC) Nots gap (betwern arrows) of 02 x
mnumuumdmnmmmm(nc) (Btatned
with lead tartrate ) x 19,000

:h‘mmﬂdrhllvcydtnﬂﬂ’h)nnldhcmm FP(G)clﬂ.lﬁin
reticubosndothelrmm. lm‘y"
fual! from the reticuloendothelium (RE) The Nght

the yup f+ doe to the reticolar core ()wh:nhhnpwcdmdn
wous lamen (1 ) > 17.000.
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Extracellular Studies of Uterus

1. DISAPPEARANCE OF THE DISCRETE COLLAGEN BUNDLES IN
ENDOMETRIAL STROMA DURING VARIOUS REPRODUCTIVE

STATES IN THE BAT

THEODORE FAINYTAT

The

Departmant of Obstetrics and Gynecology of Harvard Medical Schoel, and
al L of Horoord

h?ﬁlmthnﬁmwuﬁvmto
thoughts concerning c roles of
extracellular ts of dsrues In

companen|

health and disease Wolbach and Howe

(98) showed that the normal f
collagen fibers 1s

matic ch hibited by the coll
ous stromz in various reproductive states
and under certain endocrine influences
as well as the significance of thess ch

with regard to various reproductive

nomens, form the subject matter of this
report and others to follow from this lab-

oratory The vrere atmed to
throw on the dymamics of conpective
tissne in tract, as

well as to utilize the reproductive tract as
an effecttre system for the study of con-
Dective tisxues.

Falmstat ('80) reported that in the rat
uterus the deposition, lmv‘:gtﬂoalnd

of deuse collegenous bundles in the non-
Neural

-
ovarlan mediation ntuthum;ufpm-

The!uc\nulod.muﬂmmzhemdy collagen bun-
reparted here 19 based on the end: dles wrere ly seen ar
- where decidual had d
Ilndlhelrmnldultvinh:nti(mybe in advanced pregonancy and after loog
etred to as a densely genous con-  —————

tlesue which is intimately g AR e g AL
ated with the of the uterine

address  Poywten L - t-11
e i rE e R
of Eadarrincleyy wty 1980,

n7



Edema in the uterus

FAINSTAT

which serves as nutdment. Hertlg and
Rock ('51) reported that fmplantation of

another early
(Brewer "38)
dur

tmlthmhxednmdc‘ ary fiow which
submucosal eggrlu,

notmcedneutbeephhdlm
In most mammels changes in
metrial stroma during the {imtal

the endo-
phases of
those in

are simflar to
the armadillo i.nwhichumcndumsuhl
m-umzhmnkedlyedemtmntham—

set of (Enders, B
u:nd Talmage, '58) The cellulay

mrdxﬂvdydhpcned,lndtbstﬂur&a

ature with regard to crmtmplumdm.
Coﬂagmchanmwodatedwﬂh
reproductive tissues

Soan after those findings which inftiated
this ttudy were made an encouraging re-
Chan,
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the activated fibrobl cause

kg

callagen fibers powsibl; secreting
c:nll::zym Hutmcttcdmlnmm-

4
i
3

mals In which pelvic

occur rats were ob d by p
the conpective tissus changes are brought ing a ligation and transection” at cne
aboat by the activisy of regionally spectfic function on the second dxy
fibroblasts. after coltus.” Prior to injection the estra
In 54 Harkness snd Harkness fist pre-  410] was disgolved tn sesame ofl and the
-mxedmdunmfurlnmtnem:;;_ in 3 the c.

) T das glycal
5 ';hﬂ‘ y paralleled i;xinwnm:pmdedd!hermhumxuﬂ
partrition All femnales were primigravi-
ufmeutem:&h!]pm:tpnnml m?;ﬁll:- dar was timed from the
values below uﬁm{m.ﬁm appearance of the vaginel sperm plug and
m(l::rpudundndﬁmtha dtho]:nmncaafrpuxmlnthengmnl
mmmmmm smear  Females vere placed In the cage

mm) In contrast, & dimtnu-

L
B

soppart of the idsa that colagen is com-
degraded within the uterms
parturition, and thooght that a coll

the va nnexr the morning

screenings. Th of parturition was

cnuutcdudlyummtbnpna-pa-tumby .
P .

2

o
i
5=k
Ei ;

and included the mesometrial ares, ant-
1a] ares, and both edes of the
uterus. The path of the suture entered
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tire length from cervix to tubal junction
by withdrawing the needle while exerting
gantle pressure against the

‘THEODORE

with the burr The 1t Te-
sponse invalved the entire length of the
endometdum.

At autopsy the uter] were weighed on a
Roller-Smith mrlianbalmce,]!ouinlﬂ;..

s two grams

each of anfline blue, orange G and phos-

phomolybdic acld in 100 cm of distilled
and

usual implantation area in the
antimesometrial roms.
The luminal covering arcas

solution composed of 800 cm' of 1%  of atroma which have dectdual
dqueous Blebrch scarlet, 100 ecm of 1%  modification is not merely peed to low
¢ acid fuchin, and 10 cm of gleclal acetlo  cubotdal (Ag. 5) or W (Ag. 6)
acld. Greensed: This que Yz uso- lons buth:ﬂf q ly ele-
fulfardemonmd.ngthach.m" in the nte&'t‘:mnt.haltrmnamlhumlcrmcuplc
ratio of cells to Ilul (g 12) This artifact of sepa-

ration has not octurred in any of hum-
dreds af sections of uterus in which the
endometrium contains no decidus, bow

tolufdine blue f

statned with we for

or with PAS by the Hotchkiss/
fcManus meth

¥ Treatments for the following two ex
yc:im.emllmimahmnotdet:rﬂ:edd»
where in the paper Rat number T 26 was

over it has i frequently in sections
in which decidual changes are t.
In sections of utert (Imthﬁeﬁ-;:el-
Eimtdumm'sﬂmhm:lwuhniﬂu
four zones can be seen in endame-
fenﬂydcddmlmodlﬂa-
tlon (fig 7 and egmdLOAmbeplLbclhl
densely cellular ares is bordered by a zone
of stroma which lfponnmbcmu;kcdly
4, Individaal diff n the

trium

among
lar or fdentical treatments (figs. 6 and 7)
Deep to the zone of marked stroma! edema
are anreas of dispersed and spilt colla,
fibers which stain poorly with sniline boe,
and dular arcas 1 what
a to be intact denss collogen bun-
Ndiu which stain intensely sith anfline
us.




deeply with snfline blue persist

7 U of the
uterus and in the commective tissue sur
rounding the blood vessels which course
between the muscle coats. The stroma
of the castrated rats lacks the sbundant

stained  discrete collagen bundles
which characterize the stroma of intect
rats (figs. 1 and 2) Although pedvaseun-
lar areas between the cirenlar and longl-
coats in intact rats fre
quently stain during estrus (fig. 1),
during diestrus ( 2) very little collagen
is gpparent in

occurs, a
pattern of the collagen bundles and In a
d in thelr

the of stain-
ing with u:zlllna Hue (Sgs. 14-18) 'B:;

ment appear

occasgionally fragmented. However the de-
gree of these changes
varlable

only effect a

(figs. 1 22 and 23)
dense collagen bundles which stain in-

the most.

thme stains intensely with arfline bloe
gh in all other d.
incloding those from early pregnancy the
bas virtmally no affinity for

The dreolar muscle coat is proportion-

the anlive bloe
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For mare than a week following parturi-
Hon (fige. 24-27) the endometrdum is

stll essentially free of coarse coll
bundles. The stromal cells are large and
1 of

ppears
ve tissues or arcas of
'ia Dense co!hzenou: dssue
t in metdal tdangle (fig 27)
rom the time of implantation untll the
time of parturition there is & i
1 4 in

stroma mmﬂngdmmﬂmmd
dispersion of the collagen es and a
decreaging stromal affinity for aniline

embryanic
wround healln,

wire network of faintly stalning reitcnler
fibers was present. This network

Decidual reactions and epithelium
Blandau (49) emphasized that the
slightest disturbance of Juminal epithe
lixm i3 to the decidual
reaction. He stated “The (decidual)
changes described be observed only
those

in areas where the
abembryenal poles of the ova are in con
tact with 1 dthelt X 1

with regularity It may be suggested

trauma can cause the local liberatton of

« chemical transmitter whese first site of

action is the neighbaring

stroma which has & differential ability for
tng this lus or

ani struma has the greatest
grdtywrupmdmmumnlndwrdly

uf!bapuz-endﬁﬂtycrflhen!ﬂ'&—
metrdum to smsll stimull and of the re-
led to an

of

dssues (Rubin and Novak, '56)

pe t ded to q the con-
clushon of Velardo, Dawson, Olsen and




n Teport may

The luminsl eplthellam iy the first ma- ve of en-

termal tseae to be tovolved tn a dometdal stroma. Tho pauclty of anth

and in metabalic with fetal trial pithell bun-

tissue. Congldering this role ths ccll d des in d trh may
epithelirm  which overlies

coarse bundles is almost syo-
15 ion. The wave
of localized stromal cansing con

o by abundant nnduwlnd pdl

t t ca)
E{fhlpﬂudemmmmddm
mamive decidual of the

Intact bundles
cannot be found in tho wake of decidual

and shly permisel dectd modificat
the ﬂo‘uufs‘imo.sth? e ‘“.d ey e
I _5901 the substance and decidua.
"h“’d*fp) hhdn ;ht.hhlnmd Attachment of blastocysts to the pterine
to
e e e, el o eptbel e rplen x4
lecul both partly sible for what we may
tn the strom (H 60) Theso call of In asso-
Mﬂt‘mk&:m:dnedwﬂhthomm clathm with plantation, a pattern of

For brevity we may refer to these changes

as the nterine stromal CCC

» CELL y and hy

P COLLAG ting,
traying, disaggregation, dem:rm'?ln. and
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disappearance md CAPILLARY and other
blood vessel on and

FAINSTAT

Collagen bundle disappearance may be
umd.nwd with lessened rigidity ur in-

creased of the tissue thus per
mitting growth of dectdua and tropho-
blast In the implantatdon area while

contributing to the supply of extr
used in nourist of the

growing cells. Fnﬂmofldcnnnnddﬂd
l:nmd]atogivaw:ymt.hunpdd

collz
cell hypertrophy and
clated with decidua and

may result in implantation faflures eardy
abortions abnormal fetal development or

ergy
CCCﬁ:enummmybeviﬂvedunhy
to the of the

nidation media.

Collagen bundle disappearance
daring pregnancy
JTO account for many extracellular ac
vitles Loeven ('56) described a tricom
plex system formed by the collagen male-
cules situated at the periphery of the
collagen fibrils the molecular collagen

don of Inp of
uﬁymt:mvi.nednnddmldypuchd
lagen fibrls.

Collagen molecules versus

collagen bundles
Spectrum of collagen apgregates. The
changes in the tecture of the

may be a reflection of the nature

d that in ch
tivut{umthmhncondnuom

or the degree of
lbecd}ngm fibrils (Rohb—Smlt.h '52) Ar

formatan may involve the associs
llmlaflolublecoﬂlganwspmtd.nwhhn
ide the di of fi-

bers belng'.bemwmpmcal may io-
volve the dissoclation from the fiber of the

ccharide fraction and some
collagen molecules which then become
dispersed n the amarphous ground sub-
stance (Bowes Elliott and Moss ‘53)

n this study the s of argyro-
philic, helically cotled in the uterine
stroma late in pregnancy coarse
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In the whale rat uters. In

the collagen i converted to a
ﬂuuﬂfm(rlldn&hydrdmm
collagen content is estimated from
the hydraxyproline content of the acid
Y Tho values obtatned by this
techrique reflect the total molecular col-

35

well as the orlentation of collagen fibers
in a connective tissue regenerate appears
t0 be related in part to mechanical farces.
Cullen and Harkness ('58) found that the
breaking stress of collagencus tissne is
related to the quantity of callegen present.
They also reported that at the end of
pregonancy the collagenous tissue of the

paratively low tansions.

Enzyme action during pregrancy
A uterine collagenase? Woessner (39)
many of the findings of the
Harknesses. From lds data he su
that coll be ch ded

may y
within the rat uteros liberating

whld:hmmrmwndbym

¢ found no increase in urinary hydroxy

proline although there was a significant

elevation in semm hydrexyproline tmmedi

Lbalnmunlnutednewetwdgtbmm
collagen
mmﬂﬂn““n&mufdmwum]y
cne-fourth that of Test of the uterus
e R L
1t has been foung thar, 1y ey oy PUAl

ately foll o
Pérez Tamayo ('61) confirmed the findings
of the Harknesses and Woessner and
showed that, although the total utertne col-
lagen (extracted

creased 3)

4485 af the callagen content of Intact rat

2

rewer ('60) stimulated by kmowledge of
the ability of the involuting uterus to ef
ect the male-

fetwses contatned In it (Harkness and
L:l?]r..m“u) Thﬂhn'u:elnmdecuhx
mh’mmm‘mlymdn.u Aad
Part of the uterus. The Harknesses su,
gested that In the uterus mech-
tnical distention an important part
ﬁ“ﬂlm ‘forng,o'n (Hartkmess ond
(-;:kne"- '58) Edwards and Dunphy
) a5 2 remult of work with wound
h“nﬂlpdnudwgmmmequu

& camposite of two ses has been ex
y Houck and Jacob
('81) first process would iovolve the
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embryonic and adult (Hilis apd Bang,
59; Ehrmann and '58) The use of

I:Loleaeﬂ.nxmunzyme. Thess cells may
be invalved in new collagenocus fibers,

unrzrrgrhﬂuhlweﬂ-knawnehnnt
teristic developing fibers in healing
wounds and tssue culture.  Bartelmez
('57) pointed out that the superficial

enzyme on collagen pregnant  cycle. He referred to the degeneration of
uterus. The likelthood of collagenase ac  reticulum as a feature of repelr noting
tivity in the uterus has Wis that the endometrium at the end of men-
1 and Dempsey ( 48) stated struation is characterired by fragmented
“The ytio (in the reticular fibers.
wteras] have invoived the prodoct of edems, The tyo{nm!oind}nmmm
b {i the degradation of collagencms for such changes was suggested by Speert
( following a study on the uterine
mdm.undmﬂ decldua in He stated,
mdmpummdu:;m y of the decidusal stroma was
elements decidna ere st death
z:hdmd-ﬂadyd-mvy-dhl.h-m ?m"ml”l'?r“nm::f“’?ﬂ. p
mmhmhmmmgmmm.ﬂ, the reticulum  and alough occurred
mmammmmu Hamﬁedthnthmmmmyml-
to
e 1455 tate in pormal intrauterine preg
#P_and the individual bits diseive
‘h:‘l':.m todicate forther M fem
forming the eroomd The ! muscle coat extends far
[l "'j“n"“‘""“"‘hm:‘b‘“‘“"’ tnto the suspensory Ugnment of the uterut
tropboblast forming two arms of the metrisl trdangle

the arez through which the major pis-
cental vessels p2ss and in which the me-
tdal gland develops. The outer muscle
coat surrounds the whale uterus with jongt-
tudinally oriented muscle




DANCy or pror to pregnancy

HISTOCHEMISTEY
Gensrally PAS statned argyrophflic fi-
bers 1 ty and bundles faintly

Where PAS was
were in agreement with those reported by

the observations

the completsly toverted les for these  Mail (’60) in her discusslon of the
dyes which these edjacent rrescular struc invaluting rat uteres. Our studies using
tures display at the time of parturition. meta unfortunately provided no
However 1t may be in order to sid t or in the
in this light, the fact that all of the re- Abrous rat endametrdum. The above histo-
ported remults concerning est of ch hods added lirtle of signif-
the quantity of molecnlar collagen in the  cance to our kuowledgs of the fiber
obtained from ct of d A by,

§
;
]

i
i
I
i3
ERE

I
i
i
1
5
!

in simflar mi stained
with anfline blue. of
stromal fibers widespread as the
d of tho coll i

brils becomes marked during pregnancy

During early decidual modification four
zones may be clearly evident in the endo-
metrial stroma

densely celluler subepithellsl

1) s
uen) a mossic pattern of large
Tular fibrous

perod of 15 days. These
Shanges appear 1o be Ldentical 1o thoss o
Fat uterus as described sbove,
The
chinges [n the collagen fibery and
mmmu{huﬁﬂm
1 Ty O0ing relaxin admintstration
%'ﬂ.ﬁu remintscent of the
Ppear during pregnancy
?Mﬂln‘mudiﬂudm'smdmﬂn
Das LATACHT 0 the changes drscribed ear
In wtromal aress iy
Seclta, aa well an o the diffuse chects ou
ﬂhm"'unhwm The looser
Pattern the fibers and the
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collagen fibers which staln only faintly
with aniline hlue;

(2) an area of marked stromal eda:nx

FAINSTAT

The decidual reactlon can

1.

occum‘l.ugu-mveo!gmmd
of he de-

(3)nmmpcdpbm-nledgmamuluee
coflagen fibrfla and

(4) an arex of denss colla bundles
m:mwmmn;lﬂm form-
ing the line of last resistance to cullagen
fiber dispersion.

d r}

sdon of call

The author s deeply grateful to Profes-
sor Frederick L. Hisaw who has been in-
toception

or his enc
Mt Elfzabeth Ann Hi

camponents of the uterus occurs in assoct-
ation with advancing pregnancy with re-
treatments, and with the wave of
stramnal edema at the barder of a decddual
reaction.  Thick collagenous fibers sbout
the basal endometrial glands and edjecent
to the myometrium remain relatively un-
z!;ﬁnpd.whﬂethudupenedmdametdﬂ
agen fibers nearby have lost affinity for
anfline hlue v
Changes simflar to thoss in the uterns
about 2 fetal sac, but of a lesser degree
occurred in interplacental and interim-
Plantation sites and in the
Dcu%—i:emntum

ton of end

trial colagen in rats treated with relaxin

maintenance or laying down of thick ed
lagen fibers may be dependent upen ovar
{an hormanes.

During the last five days of pregnancy
at the dme of parturition, and during the
first few days of the the endo-
metrium is essenti

valuable assistance wi
the

versd| lndU.S.P.HSrmmhmmm
ber A-3804 to the author as wel as
USPHS. grant A2673 to Professor
Hisaw
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PLATE 1
EXYLANATION OF FICUNIS

‘Taneverso sectims of Tat wirl in vadious reproductive siates. Aniline

Hn-;:...ln.Andupﬁulﬂm was used in photomicrography

-

abandant, lerge intracsllulur secretion vacwales, {5 charmcteristic of
the laty estroms phase of the cycla. X 9

Uterns in late diestrus ( mux:hnsm!ythwdlnhhrm.nh\ul)
The l.htltnmhdmphhw without evidencs of

metrium. X 28

o
swelling of the trlangulsr spece. A metrisl gland was destined 0 de-
velop in this sres within ane ar two days. X I8,

Uterus of nlaﬂtnhddxrmn:.bbt{m utopey Dnudym!-
EFTous Dgament

vflhmlntblpuimymﬂxhl liun-ofzhopvﬂ-
topsure, betwesn the circular and longhtudionl muscle costs af
myoeoetrinm. endometrial gen bundles «re

striking rewult
manifested us extracellolar hmmﬂthh\dumdnmﬁﬂlm. x84

Abbrrviations
bel, besal gland In endosnctrl m Uy, umpensory Ugamment of ouro
by blood tm Tuscie of
cm, clrcular moscle of myemetrium lo, Jumen of wtaroy

D decidusl reaction mesernetrial triangle
andomeirial






PLATE 1
FXPLANATION OF YICULES

ranaverse pecthms of rat uter] In various roprodoctive states. Anfling
Hmmln. Andopdm!ﬂlumu.dh:phomhucnp

1 Utu-mlnh;-hm The vasculature between the muscle layes b

|
E
:
|
s
|
£

e in
of the in perimyometrisl tissus of the peri-
tonewm, the circnlar and jongltudinal muscle coaty of
endometrial bundles are
and show litthe afinity for anfine bice, The endomwtrium fs rmarkedly
reduced in Ppears more ol then any of the
other tevoes of the utarus, A striking resalt of long-term o
manifested s changes within the
Abbrrviations
byl, betal gland in endometriam lg suspensory LUgament of uterus
by blood versel ) m
o, cirenlar muscle of myomatriom lo, lumen of wteros
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FLAIE 8
LXFLANATION OF FIGURES

Sargically fndoced decidual renctions in pseudopregnent mt oterl

S Transrese section through the peripheral portion of a 73-hour de
cddoama. Note the motaic pattern within the decidooma as  resalt
visible extra-

of tho lerge, stromal cells and minimal
space. sseociated with the decidusl
transformation is evident. In contrast to the non-
decidual stromal cells rescmbling fibeo-
ma Abwo, note the
wave of stromse! edems ¢ the border of the decidooma, tn
of the spreadmg The Juminal epitheltum edjscent

1 the is
adjacent to the decidoal tissue ranges from Jow cubaldal to squamony.
Butrxch scariet-ackd fochsin stain, X 37
e rm—mmm-mumummmdn
day of

:
i
é
|
§
E

zeregated
::.)dfm of dense collapen bondles bout the basal endometrial

Sk emtare nd
’ h-mt.nlb-lmm f the uterus. Masson y trichroms siafn.

-
-

ransverse scction through the otervs eight hours after insertion of
wlk sutirs  Fragments of ollk and domps of keukocytes ars prvsent
where the sature w ket 1n place  AMarked stromal edanas js evident
on the samse e of the Leru the ature Thers b1 marked com
p-rt;_llm f the usioe arvund the sutare Aaston  trichrose stain,

Abbrevigtions
nma  antrorsometrial oren od, stromal edema
by bload ewel 1 otertne lomen
D decednal resciton 1 ep opl Uning of uterine I men
E. endometnal  troma £ p th of 6-0 surmicsl silk suture
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PLATE 3
IXPLAN TION OF FICUREY

The phs sections through both  terd

fred 1 v
fr\!nltwdmldn’mlhd:-'.hmd.lyulddcdd rml:(hnlnd-ﬂth
uterus.

© Transverso sectlon of control uterus Noto the denmly collagenoas
endotetrial

sement memicane and sub-
facemt reticutum and the haight of the loniinal Compare
these Andings with thoss of the deckd sl resction In the rut  otber
uteros ss shown in figurne 10 11 end 12 Wider' reticulin stan
and *light green staln  x 179

10 Transverso sectlon throagh 72-hour decidual resctiom in the trac-
tired 1

uterus wa 810
mg whils the confrol nterus (fig 6) wrighed 106 The anly
1s, end nm ad)a-
cent 4o the clrculsr muscle coat of the myomnetrium aronnd

Campare
red optical flter w used in photooicrography X 46,

1 wmmmmwmummmm
of the frayed pleces of collagen

bundies are dupsrsed among the mosaic of decdd al celis which can
ht-ena:\lyulhdawl.m'ﬂdcuhn {by virtue of ity maining
does ot (an Abrous, {o-

u.-(l.:lnz network) Cmtp.re figure § \Vilder rwticulin stain







{ demmely col

strom  fs from en interim tion. ares, An area of de-

od ble from the decid al pam on the keft, wa
present t the right of the call The

1 rather from the area of essentially intact collagencus endo-

arex E, endometrial stroma

amm, anumesometrial
D decsdual resction % p . gulnea pig onit of relaxin
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Thwsdars Triagtet

19



from
figures 7 13 and 17 tirough 23, Rat T §2. X 144,

Abdrevietions

. endommirial gland In, uterine hmen
SPpu., guines pig nnits of relaxin
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FLATE 6

IXFLANATION OF FISURES

Tnmfﬂnmbvmuﬁlﬂdnuwhkhlunbﬂnmu:dwﬁh
rdaxin, Anfline

blus staln. Ted optical fllter was uwed during the

Dense collagenous bundles are avident in the kower left quadrant

of tba pl h deep in the endometrium and tmmediately
discwnt to the endamyometrial juncture as well x1 in areas

the The aress of greatest and
Jowest collxgen occur farthest from both the
endoroetrial glands and the myometrium, N diiated blood
versels can b scen in photomicrograph in the areas of Jowest
dense collegmm bundle concentrabion. Rat T 28 » 1

Nots the edematons nltbccd.hpubundlcl.llhmv
widespread but beew mar! tham in the previous thrro figures. Again

1o this section, the lea t disperxion cxn be st in arces  losest te
the myurpstrium of the endomatrial glands. Rat T 90, X 1M

Abbreviations
om, arculer m scle o endometrl 1 gland






PLATE 7

IXFLAN TION r FIGURES

Tnm-.cﬂcuntmmu’!n‘inlﬁmnntnm Anfline blue statn.
A red optcal flter was used during photomicrography

neous brsophulic cytop! In the patch to the right of the lettar “D”
in the antimesometrial of the oterms; and the gmaller yacuo-
Liaed decidual calls to the left of the "D~ on the mesometrial side.
The marked i In the endometrium thers are
demve contlguouy with the myometrtum eod arvmd
the basal glands. rtrama sepacates (he danso bundles
from the decidun, X 23,
20 Uterms at day 12 of pregnancy Nots the perlglanduler collagen
of and the edematons strowna between
the two  Litde retaains in the small amount of exdo~
metrfum found t this stag pregnaney X
Abbrevietions
cm, circulay musche of myonwtrium od, stromal edema
D decidual
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EXFLANATION oF FICURES
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ph
collagen
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Lerge dilated blood
fAgure 21 end
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y wih snfine bloe whereas the myometriom
animals and of ankmaly 1n easly pregnancy stained only lij
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cm circolar moscle of



>

S
o T T T
J\C . f“ _ = H
{ X 3 7 <y - Pt
1 u’—':c;& Aty et . pg

LG -~ o - -
o :Hf -~ &7 3
Sy * g
s U SN T o e &3

S e T D Lo £

Ry ¢ LT e Uaehn

e b= [~ SEPS ‘,‘ Sy gl 3\ 1

Sy = SRS (LX)
= = - - T T

o . - ‘@’.“f%;}:;;"u; \',
oy A TRt T L

AT 3 N H
= st P A A

p EAR I M ~ o gl
2T R b Gy (f::,’ LR, T
Ly (‘(ﬂ; ol ~ \5\& o -
\’1*";13 14 { > 3 K
EA N o -
h \ C S °
B - +






COLLIGEN BUMDLE DMEAPPEANANCE PLATE »
Theaders Frostat
T P apd . XL L T d T X~ —~ - =
R 1 o D) 1-3,,.}.1".:—-‘-':* Rl
y - — B il

m - N ¢

=z Y

NP C“«;ﬁ:ﬁ I S SN P L e PR S

“‘TQ‘,«":;)"'(E ! G AL 7. f&‘s-;( {%‘—*' 4

Py < P i KT A<

‘¢jrnrﬁ$§ &Nﬂ-’ ;q-t%vi;\f-f 25x b !

Ay a2 [ = oy - A2
S PR B AR

s

e R
A







Extracellular Studies of Uterus
II. HEGENERATION OF COLLAGEN BUNDLES IN UTERINE
STROMA AFTER PARTURITION

THEODORE. FAINFTAT
Departmrnt of Obstetrics and Gynecology of Hervard Mrdical Scheol, end
Ths Bick L o Harvard

The focus of adentatlon in this serdes components of the uteri had atrophied, but
of tove is on the end firn  to varying degrees the endametrium hav-
s

demely eqll the fum during late estrus, while

trwe which {s amoclated with the epl themymuinmhndsh-lmklgnlym::

e e dgnifeance of with of the uterus and fn the
;‘ﬁrdmﬂ:v::;u Yy ve ph ding the g
ingts ect matter of prior reports  yegsels which between the mu
g],,,, W ‘81 "62) and of others to coau.'i“’humuf castrated rats
[t 0 s laboratory The fmveath hmmummmm

£m to throw light dynamics  crete collagen bondles w. characterize

!o% ! ne at the time of parturition, and
et 1o o Denstruation have been ik during the first few days of the poer
M%Wmﬂmmm endometrium was essentially

term Thim  are_compromised by long  mens from which were not preg
Ctftration. It was therefore sug-

fred tha the ce or laying o ASPblTl ITERIRSR
of thick collagen fibers may be de- > " ot

3



a5
42, 50 and 60 days post partum uter] were

parall

The endometrium at the time of par
turitton was virtually vold of thick col-
lagen bundles and for more than a week
thereafter the endometrim was still es-
sentlally free of coarse collagen

stroma post:

castrated fernales as controls tn a study of
i bundle under the

influence of the ovarier.

MATERIALS AND METHODS
Ninety healthy rirgin female albino rats
of the Harvard Wistar stock were used in
this study Each rat entered the exper!

kiss-McManus meth



COLLACEN BUMDLE RECENERATION
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lially at five days post partum. At this
tims this retfculiom was fatrly t
for a depth of about two cells but
was only faintly stained throughout the
rest of the stroma. A.tw:mday:thil

1 + + hout the

was
stroma.  Flne multfibrillations could be
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agglamern

the epithellum, with varying

packing, resulting in a patchy and dis-
=t At best,

this basement membrans tended to be-

cams mare uniform as the stroma in gen-

eral becarne more fibrous.

When the sections were treated with
PAS the resulting pattern of the intensity
of staining of the fibers was in each cate
retfculln

cell wreTe Y
Afyometrizm
endometrium was pallid at

the time of parturition the circular mus-

cle of oryometrium was deeply stained
wizhmﬂtnnuu{uwdluhy”!bcsﬂver

of the
of the animal prior to autopsy
the deep staining of this muscle in most




its affinity for
vwane. By 72 houns following parturtion
the muscle had became paler in
marny cases. It was pallid in all cases at
five or more days following parturition
In contrast, the puter langltudinal muscle

when mich sections
woere treated with PAS (Malbenco '80)

Castrated animals
In contrast with accu-

the
muhdondthhkmuldﬂm:nlm
bundles which occurred In the stroma of
intact rats the stroma of rats castrated
following parturition did not undergo such
a tion of callegen bundles (figs.
12-19) In this scries as the uterus invo-

Some deeply stalning extracellular ma
terials as well as the markedly edematous
ground substance could be seen in some
portions of the strama shortly following
delivery (figs. 12 and 13) At 14 days fol
lowing castration a well formed reticulum

m of fibers of relatively uniform
strama

FAINSTAT

conpective tissue with an unusual capacity
to respond to the ovarles. The stromal ex
b . can be implicated
as an important target or locus of ovarian

three or four weeks
wmzmmammzmmtg'ﬂd‘

was present throughout the
in imp with sl
ver At the same time the sut 11al

reticulum was agelomerated into what ap-

to be a thick basement membrane.

ter the condensed extracellular mate

rials contnived to be argyrophilic but were

H Tar tn th di and

apparently not organizred into either a
reticulum or thick collagen bundles

DISCUSSION
The findings support the iden that the
endametrial stroma i3 & specially evolved




COLLACIN BUNDLI RIQENERATION

charges fn connective tissues during the
repair of wounds.
In this light it is of interest to clte Bar
teimex’s ('57) interpeetation of the de-
of in the

mookey 12 g feature of repatr He noted

that the endametriom at the end of men-

srustion is charecterized by fragmented

reticuler fibers, disappearance of ground
and an in in the

of stromal cells,
Teorganized

il
L
§’§ §
§
]
i

r
i

i
E
|
i

373

tween the quandty of stromal exira
cellolar fluld” and the staining of some
extracellular materials. An argyrophilic

retl in the stroma in aseo-
cation with the shrinkage. After further
condensation of components same

Tegeneration of the dchly coll circular nmuscle may be a reflection of am
D01 Connective thaae stroms of (he eao. pp
;ﬁ?ﬂmmr'dhﬂmmw 1t should be in mind that In each of

Los of most of the stromal edema  the
toired during pregnancy the uterd of of the quantty of callagen In the uterus
mmm:lhlmdn:rwe:mmduﬂnndwn— DO on of endometrium mryo-
i further g2, Thich resulted made. I.n.uead.l'.herq:ndr:

cell
mmhothmﬂuln‘-njmcdlﬂlﬂ nterus as a whale or in segments of the



E, epitheltum of the uterine lumen by blood veesel
3 endomstrial stroma o, endametrial gland
M, myometrium

FLATE 1

A serles of trom sectins of adult rat
wterl. bive stain. Litters removed from thelr mothers cn day
of birth, x 170,

T T y-£o bours There {1 Do evidence of

“

Five days fallowing parturttion. The stroma fs sl generally paltid
It bhas become wider a3 puarperal reargantzstion ss occwrred fo all
the uterine tirrmes. Scme deeply statning Abers adjscent to the
derper portions of (he endomwtrial glands are again prewnt No
myomstriom is inchided in this photombcrograph.

t partem stroms fs densely and the stromal
pui n.h-ﬂ.m'dn'h
ms widerpresd stroms for
this serien. No present in this



I — A T

.y e A

frpe E‘ijgﬁ

o 0 1‘0?&3.‘4;’2 fy‘ﬁ"ff Cﬁ?
1 Y s

- / 2

L]

i u‘ .I _1’{
A

v} ‘_:-!',_.“

.

T

-d A
¢
s
1

I = TRQne L, AL e T
v
-

PLATE 1



PLATE R
EXPLANATION OF FIGURLS

Photomicrographs from transverss sections of adult rat uterl, Aniline
bloe statn, utm:md!mthlrmol.hmmd-yolbmh. x 170

folowing partutition,
riods heve occwrred. A few desply staining extraceltular stromal
Abars can be sevn pear the myometriom.
7 Twentyooe days fall d
fibery are present througbout the stroms. They are thicker where the
distance from the Jsminal epithelium 3 greater
s Twmyddﬂd.:y:fﬂﬂc-tn:p-ﬂwiﬂm. Thbe strownal Abers dominate
wetion, The fibeillar composition of the thick Abers b evident.
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PLATE 3
XXPLAN TION OF FICURES

trangrerse section of adult rat oterl. Anfline

hotonricTographs from
biue staln, Litters removed froen their mothers on day of hirth. x 170

Thirty-five days follewing parturition. Thkk dense collagen bundhes
pormeste the endometrial stroms and are the dominant feature In
microscopic sections  t this thoe.

Fifty days { Dowing parturiion. The lese dense strouna in this sec
ton ey compared with the previons one {s an exampl  of the individ
al vardsbility which was seen

8cxty days following partuntion. Deep stroms tbe
collapm bundles ppesr ¢ branch frequentdy Nots
the anastomoses betwesn neighbonng They are formed
nuu-p-o{ﬂmhcvmmanwlho along
Qaff portions of thelr lrntlh,lndcmhﬁmcml.bunﬂcuhrrd






3
{

bes wider  pocrperal rvorgamizas
uterine terues of pregrancy has progressed. Thin Abers cam be
wost commmonly near the glands and deep tn the stroma.
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PLATE 3
EXFLANATION OF FICURLS

from transverse sectioms of sdult rat uterl Aniline

Fhotomicrograph
bluc statn. Mothers were castrated and litters were removed from motbers
ca day of birth, X 170,

18

Foartesn dsyx Neo thick
1agenou ﬂberlclnb-mlnlbapbammtrvuﬂh. Ithﬂidmzdul
the uteru {s markedly atrophied since mors than one-half

wm can be sten In th! photamicrogrsph, Aﬂdlhcmlln
cell types are rednced in sixe, but the cell remain compact becanss
of the great low of extracellnlar comstitoents.

Twentyooe dsys following partoritlon and clnrlt!m.N thick
coll genoas fibers can be seen In the photomicrograph. Compars to
figure

7
ThutyfBvs days and The uterus s

x which h
ery moch anlike the pattern ulth-cﬂlmln'p-nnucdm(ﬂlﬂ)h
which collagenod  Abers daminate the troma,

Flity days and No thick collagen
bupdies

Juncture
k trown in the

'
¢
B
{
g
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A Morphological Study of Fat Tramsport in the

Normal Human Jejunum'

AARON J LADMAN HELEN A. PADYKULA
Awp ELLIOTT W STRAUSS
Depariment of Anatomy Harvard Medical School, Boston Massachaseits

num confirm those reported by Palay and
Karlin in the rat. The interpretation s
made that the capacity to absarb lipdd in-
creases as the absorptive cell migrates
fram the crypt towards the apex of the
villos.

was fn ¥ the

10 ml of corn ol (Mazola) and approxd

mately 20 mmimtes later capsular
h was

f
§;
!

'mn‘:duln-xhr.nwdmnlnmnn-n
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After ch the
donnfthacnpmloummthmedabcve
pa!umemlumculeomdlwuad.mmip

A. J LADMAN H. A. PADYKULA AND E W STRAUSS

absorptive epithelium (fig 1) A consple
uous gradient in the amount of intrs
thellal lipid is evident; the distal balf of
villus contains the largest emount of I
ﬁgﬁ-}plld2‘) mdzbeamnumnfmtmepl

tered and small {approximately
0.2 ml) af the ] contents were with-
drawn ten l

were with an alccholic solution of

Sudan I to identfy the fat in the con-
tents. At 20 minutes after swallowing the
corn oll detectable quantities of fat were
recovered from the jejunum through the

first was fixed in 10% phosphate buffered
formalin while the was
for electron microscopy Frozen sections
(5—10 p) of the formalin-fived
materia] were stained with Su-
danBlkafarnemanummdcom—
pared with cantrols which were extracted
in absolute acetane prior to staining with
the Sudan dye
Scctiom(l—ﬂ u) were
h!ochulmnhan-ylnwem dnue,
and stained with Lhapeﬂodfcl
method and hematoxylin In order to orent
7the specimens for thin sectioning. In addi

Tblnmlmuohuluble blocks were cut
on a Porter Blum and were
stained with elther aqueous Jead acetats
or saturated urany acetate in 50% ethanal
and sandwiched with a thin film of cel-
laddin. Spedmcm were cxam.!ned m an

from the
apex to the base of the villus ( 34
The cells of the villus nearest the
are generally free of
hovwever fine droplets of lipld occur in the
reglon of the basernent membrane (figs. 3,

4) Lipd are absent in the epd-
thellal cells of the (figr. 1 3 4)
Cy plets fill the
picalcymplum of the absorptive cells
near the villous tip (ﬂp.n.B) In these
Sudan black striated boe-
der and the mmrutued,nnd-ho

llpid-freeceﬂjuncdommndunuﬁdn!

near the a; of the villus lpdd droplets
are y those occunring
elsewhers in the apical fig. 8)
Lipid droplets in the a oyt of

of the lower villus aro fewer in mun-
bermd;fpmrtobemaﬂntlnlltﬂh
this part of the villus the droplets scoumu-
late seclectively in the Golgl region (fign

OBSTAVATIONS
Light microscopy

Twenty to forty minutes after the in;
uun of corn nﬂ Lbe fejumal vﬂll h:ve nb-

reaction in theso thons occurs in the
strinted barder in fg goblet
fine granules in the apical cytoplasm.
Electron microscopy

Twenty to Iarty minutes sfter corn ©
has been ingested the absarptve cells n
the apex of the villus contain nu
fat in the apical mczlﬂ

phmclipid whkh b mnccntnted ln the



FAT TRANSPORT IN HUMAN JLJUNUM 301

Em (8g2 8 9) In additian, at this time Al lipld whether at the lat

ouies which may fovaginations membranes (#
g
‘hﬂ‘m‘mmﬂnmﬁmudn 24-26) Munnftbel!piddm-pl%umtu
ect the lacteal by passing between endothellal
Seraodiar reticubum (figs, 13 15). Theear  cells. Howerer t quantities of
of cellular was  Hpid can usually be found within the endo-
ﬁu&nhﬂmm the ter  thellal suggesting that the endo-
h:‘mﬂ:":'f""htﬂ'uun.:rylumlll are  thellum also roay participate directly in the
(Rgs. 13 14) In other ections  transport of lipid fnto the (fg.

E
i
§
|
:
|
3
*a

ks oeeyy

g g, 2 the basal cytoplasm It fs tmal and distal cells that dif

troen, that the lipiq havemoved farences in :Eitymlyeﬂn

um,,‘h":mdtbeandnmmmm along the langth of the

g0 the Intercellular space (fg. 17)

mmfm“"mmcdmxdmomdo- DINCUKKION

- Teticuhmm with the lateral plasma From the present observations it is evi-

Rtiony were observed in these prepa dent that ultrastructural pathway for

kg Thﬂ‘] 12 somne suggestion that the  the transport of fat by the nonmal human
'm“‘zﬁh qﬁzeb:nm]bam e e byP.hydefdn;&‘(l'sg&).

trom ace of  scribed in the rat
e ol (8 21 22) rurt In both these droplets



392 A. ] LADMAN H. A. PADYXULA AND E. W STRAUSS

ure seen between the microvilll and the conttnuous acement of the intey
enter the cells in droplet form by pinocy  tinal helt s morphalogical
tosis. However other modes of entry may and histochemical evidence which indl.
muhummdmhqmgmim g_‘g’}; mmthu:hotntcsﬂmlmyd ellum differ
Wilson ('62) or its migraton
From here the lipid pesses through the (Pdmm; Pad ‘82) In
terminal web in some ynknown mamner  the narmal human jef eplthelium 1t
Dropl

thesls of triglycer et al, '61) and also have differen-
ide occurs beneath the terminal web (Wil an
son, '62 Porter 61 Senlor and Issel- (Brown '63) a guantitative study
bacher ‘62) Our observatiors suggest Brown ('82) measured
that a tubular spans the terminal  crypt, lower villus and vilhis crest of the
web although Hpid were not cb-  normal human fehunum. From his data it
within it. Below the terminal web  is possibl
xmall lipid droplets enclosed become long narrower and more -

smooth-surfaced tubules Closer to the mi-  These changes in the form
cdeus Hpid droplets are larger and infre- microvilll result in an extensive elabors-

gates and The var b surface may provide more numer
1o\npodd.mnotheﬁplddm-pleumnybo ous sites for digestive ty and trans
considered as markers of and also may be related to
omununyn!thecd]nnhcnwn.hthcgﬂv‘ ar vesiculation as
um and Golgl a postulated by Bennett (86)

tus (Palay '80) A diminuton in A m clogical need for
size may occur as the lpid 39 discharged fat absorption may be an abundant
into the intercellular space at the lateral dquﬂ.:mmemmmmfmd
&m;zimoflhalbmxpumch The Upid agran H Gol;

ets now devold of membranous furtnmcrl}uluu—am—pon. Inm‘l«:hl:igl-e
ings move basclly and pass through the cytopl Ired
basement membrane into the lamina pro-  blochemical transformations of absorbed
pria where they enter the lacteals. material. Sentor and Iesclbacher (60 ‘ﬁz

It has long been appreciated that the found that the microsomal fraction of
lipid droplets first appear within the ab. intestinal mucosa participates tn the acth~
wv)d\-:celbnlbedpﬁtbevﬂ]ul ation of fatty acids and this {s consistent
(Weiner 28 Verzar and McDougall *38)  with the view that fatty acids can be con-

These distal celly olso sccumulate intra-  verted to triglycerides in the

pithellal lipdd tn g bund and lum of the cell (Kennedy '61) It

there is ly less Upid in the more  may well be that the formation of dabo-

mmevﬂ]u Itis well estab- rate membrane systemns especially agran-
that epithelial cells of the £t ularr lum and Golgl b fsan-

are extruded at the villus tp and are con-  other one of the principal end results of

stantly being emlgrating  the differentiative process. In

from Walker '56; thereis same evidence which suggests that

and N 'ﬁ‘nd be progressive ch in the
agy '61) This gradient there may ve changes
in lipid absorption is most likely related to  cytoplasmic membrancs during epithetial
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differentiation. Weiner ("28) in a study of
observed ex

fat sbsarpden a
pansion of the Golgl apparatus of absarp-
tve cells from the base to the tip of the

383

10 m! of com all Observations were made
with the electron microscope and also on
frozen sections stained with Sudan black

t is evident in the

at the tip of the villus and diminishes
progressively from the apex toward the
base. In the distal of the villus 1pdd
appears as small in the
oytoplasm and as Larger assemblages
Golgl reglon; in the proximal part
viltus lpid is predominently localized
the Golg! reglon as smaller dropleis. The

e
E?EE

diffe in absorptive ity and prob-
ahly relates to the progressive differentia
thon of the epitheltum during its

from the crypt to the tip

aclds (Sentar

Inselbacher '62) it fol aho that

2 wmount of membrane might re-
t {n mere handiing of

of
pathway of gdlnnl-
is ximilar to that described in the rat
Pm&nmnﬂmm droplets
within
tive cells are enclosed by smooth-surfaced
membranes which are part of an exten-
adve trid ] agramular redcul
Nearer the nucleus, droplets may be sur
rounded by portions af grannlar endoples-
reticulum. Small droplets are first

the
The tn ol 1 1

thetr réle in lipdd metaboliem.
SUMMARY
The pathway of fat absorption by
mmdh;mhlmwbym in
nmcosa obtatned Crosby
xugtmudmmﬂuﬂupnmzom
40 min ttea after the su



PLATE 1

IXPLANATION OF FIUURTS

Flgures 1-8 are photomicrographs of jojunal bicpsles cbtalned 10 mln-

utes after the Ingestion of 10 ml of corn ofl,

Hp na i
iy i N
i
i

G-BiFay JAERdLcy 513y
i Wummmwwmm w.ﬂ
it ikl il
mmn Mmh ,mmwmmm mmmmm
mm.mmrm mmmmm H Wmmm“

(proximal) pedodic acid-Schiff reaction
methacrylste section X 500.
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PLATE 3

EXFLAN TION 60 FICURE
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and cull Iuncdmmﬁ-unflm!d- X 10,000,

Proximal beorpth ¢ell, pical cytoplasm. Both  microviDous barder
(mv, lndl‘cnnlnllhn(tb)ml:mnmx_ﬂn:pkd
n droplets whan compared figure 10 and

u:ﬂdml:uh:thﬂddmﬂnmmﬂmdrchmdyrpn-
with Agarey 3 and 4 x 10,000



MATE 4

BUMAN JEJUNUM

Pudykuls snd E. W Siriwes
0

' DIYSPRT I

Hlom X 4
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PLATE 6

IAFLANATION O FIOUAES

Destal epithelfum. Apdcal cytoplasm. The scction s cut alightly ob
indlcution

hich correspond to
gercrlption of the curealas (c) of Yamada (35) Theso sprenion
Pasticien of lpid ocewr ¢ th-b-t-D{lhcrulcrvvﬂh.lnm'mmlmhnon
with an iovagination into the Twgln of the terminal web, In the
substance

nd may represent  portian

chondrion (M) b Indcated below 40,000

An arez bstween two cell in the nuclear region showing the fnter
droplets. In

left number of RNF particles occur fres | the cytoplanm. 1 the

ctuuth-dthhnmnlmnnh!cndophmk wm (erg) are

found in and one fstermal loment contains  lpid
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