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The Comparative Structure of the Ureter

HIN-CHING LIT

of Amatymy U

While the Y of the

tty of Hemg Xomy

Kdney iz relatively wellknown, informe
tion in the Jiterature concerning the renal
excretary duct systems in vertebrates is
almost exctusively confined to the mam-

The purpote of this study was to obtain

information an the gross anatomy and his
tology and on certain histochemical as

MATERIALS AND METHODS

The {ollowing adult vertebrates occnr
lin}gktfsio_mhchmamumdhdx
zuh»w‘utzt—(.‘rpﬂmca-{u
Ctenoph don idellus  Aristich
nobllis

— Suganus sp  Epinephelus
~— Bufo asiatica Rama ¢»

Alarine
sp Plec
exlenta.

Reptiles — The soft-shelled turtle (Che
loxta amyda) Lizard (Gecko gecko) Skink
(Ewmeces chinenstr)

Birds — Duck (Melanitta deglandi)
Bigran (Columbe lnta) Domestic fowl
(Gallus domesticns)
c.?’ﬁf’ — Dog (Canls familiaris)

elis domesticus) Rabhit (Oryctol-
«gwe cuniculug) ) ¢

A. Anstomical

by
a few instances fnjection with vioyl
the was frst trexted whh
5% KOH overnight, and then cleared In
glycerin (figs. 8 10) Ureteral leogths
were vimyl acetare casts
and the & of the
verage e

GQroup . Sections were stalned by Alss-
san's trichrame method, Welgert's elastin
stain, and by szocannine to the gen-

5
»

the
vras fixed in 107 formalin. and later the



2 HIN-CIING LIU

OBSERVATIONS
For descriptive

The primary
ureterie tributary (PUT) refers to the arder
of tubule which conducts the utne from
the SUT into the main intra renal ureteric
canal. In estimating the amount of
ureteral smooth nuscle (g 1) only those
sections as close 25 possible to the trans-
verse plane yrere selected for measurement.

General Anatomy

Since the figures tables etc ted
here obviate much detafled descrip-
section consbsts of notes briefly

Muscle thcknss 14
A EEEE R R R R

I Fish

Vinylacetate casts show that the intra-
renal portion of the ureterde canal derives
fram two orders of tubule as follows:—

(1) A number of larper primary rodicles
(PUT) occupying the centers of the renal
lobules and adsing from the main ureteric
duct at acute angles.

(2) A pumber of secondary radicles
{(SUT) which recelve the contents of the
lobular collecting tubules (figs. 4 7 8 11
14) Table 1 lists the mumber of renal
lobules and PUT observed In casts of the
ureteric systems in the different types
studled.

Histology

{1) Fresh woter specles. In all three
types studied the eplthellum of the ureter
and its radicles consists of a single layer

1

Lecterymchms pictys reepec
carpls Aristichthys mobills
sh were ot incloded in the



* layer of plgment cells
occur

\ In the ureter proper both longitudinal
and muscle

¥
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Histology

(1) Bufo asiatica. Within the renal por
ton of the ureteric system the PUT and
SUT are lined by a cuboédal epithaitum
resting on 2 basernent membrane and in-
vested by a thin cost of collagenoos con-
nective tissne, In the mafn ureteric duct
tue eplthelt 13 o Nt

an muncle layer
(2) Rana esculenta. As above.
I Reptilla

General anatomy

In the Hzard, snake, and tartle the renal
to form lobes.
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(3) Naja atra (fig. 7) While the ton of mucin secreting cells, The eplthe-
ureters are of length they do not Ifal layer rests on a delicate baserment
octupy the same level the left assuming membrane and 1s supported by a collage-
a more dorsal positlon in the body than  nous lamina propria of which & sub-cpithe-
the dght. They lie along the center of the  [fa] elastin lamina {s a prominent feature.

ventral surface of the Kdney and Tissue phil cells and ph
mfmlhliwdmvhkhmmdlﬂyw are often found In this zone The wmooth
wards cloaca. muscle coats start {n the primary tdbe-
(4) Chelonia amyda (fig 8) Asabov® 1 g 55 thin irmer longitudinal and very
except that the ureters are on the s3m¢  gelicate outer circular layers, and only in
level within the body the lower third of the free portion of the
TABLE £ :rzttxnlhl.rdcxtemnllunzimdlnalhm

evel
Soecter Cothe Lwmuces hafa  Chelram (4) Chelonia ampdz In kdoey sec
ke hieemls aie [ tions cut to show the origin of the ureteric
.:;Pu'r . . » ;3 branches the collecting tubules can be
identified as delicate structures lined by &
pitt fning
Histology few mudin secreting cells. The

(1) Gecko gecko and secondary mv‘f.cﬁs: radicles have a

(2) Eumeces chinensis  In these spe-
cies the PUT are yery short compared with
those of the tartle and snake.

The ureteric tributaries and the entire
Iength of the ureter are Uned by a simple
Y pithel which is 1
delicate lamina propria containing thin

Ibngitudinal smooth muscle fibers

pithel rests on a dely b

Sectons stalned by W

fibers separates the secondary tubules
di thssue

membrane elgerts
elastin s1ain show a coane sub-epithellal
elastic network whose thickest elements
are longitudinally disposed. The extra-
renal free position shows a histological
structure similar to the foregoing but there
is a general { in the d of

the ureter due 10 an increase in the thick
ness of its adventitlal coat. The lumen s
wider and the epithelial lining less folded
than in the intra renal portlons. Towards
the cloacal end a thin layer of circular
smooth muscle appears in the adventiiial
coat There iy an tncrease in the number
of mucin secreting cells in the epithelial
Lning from the ureteric tributariet to the
extrarenal portion of the ureter

(3) Ngya atra  The primary ureteric
wributaries are relathely long and enter
the main ureteric canal at very acute an
gles. Thbe ureteric tnbutaries and the main
ureteric duct are lined by & simple colum-
nat epithelium contauning a high propor

in the number of cpithellum
mucinsecreting cells.

In the extrarenal free portion of the
ureter the eplthelial folding Is more
marked than in the enclosed portfons and
the museulature Is weak and f{ll-defined.
In this reglon however the adventita is
relatively thick, and the subepitheltal elas
tlc network has spread outwards to Invest
the muscular elements and penetrate the
cuter coll coat. The histologiest
pleture holds good for the entre length
of the {rec portlon of the preter except
that in the terminsl portion close to the
cloaca a few longitudinal muscle fbers
and many elastin fibers may be encourr
tered In the thick adventitial coat.




wall than elther the pigeon or the hen.
‘TABLE 2
Spocies Culles | Colembw  Melsex
Upper lobe . ] 7
1 Miide lobe 2 1 3
| Lowerlobe 3 2 [
f Histology

and distdbution of the lamina
are simflar to that seen in the duck.
V mammalia
The gross anstomy and hist of the
known

the presence of large

PAS-poritive goblet cells (figs. 18 18)
Amphkiblans The PASpositive

was concentrated at the free surfece of the

epitheHal
Reptiles  All the varieties studled con-
tained strongly-positive granules in the

showing a strong P.
and in the absence of a distinct basement

meTal
Birds 1n all three species the
cclls were PAS-pegative mmm
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faint d.Lﬂme reaction. Within this epi-
the goblet cells were strongly
PAS-positive.

Mammals The PAS reactlon In dog.

terms ammonotelic wreotelle and wrico-
telic are descriptively applled (table 4)

Embryological considerations a the
type of urine produced ( y
consistency and degree toxdcity) ha
bccnhe]d(ohnr:meluﬂuence ihe
structure of t.hcchm.uelltnml in i

mals however the epithelial cells did not
take up the staln.

) DISCUSSTON

The products of protein metaboliem and
thelr adaptive correlation 1o babitat have
been discusved by Prosser ('52) Delaunay
(29) Needham (35) and others It is
clear that although nitrogenous excretion
in any
ﬁnedlomyltng}e product, nevertheless

t excretory product can be

as a basls for a general classifica-

u.tm “‘here ammunh.umorm‘lc-c?}
the matn

Thus far example tn ammons
teles the high toxicity of ammonia and i
ready solubility and dlﬂ'uﬂbﬂltylnmm
have been contrasted with the relatively
tow toxicity and salubliity of uric acld fn

the aricotelic
Allt!‘_nﬂgﬁeﬂlhmhn!ppﬂﬂ
able but, a3 is shown fn this stody &

would be misleading to fnterpret it too
Dterally

The musculature

From a comparisan of histological see
tons there was no evidence that the
amount of musculsture In the ureteric sy»
tem of tubules 13 closely yelated eﬂbcrtn
the of the urine d or to
Its chemical \tutton. For e in
the marine and freshwater ammonoteles
which secrete a watery urine the ureters
are relatively long compared with the body
length and are falrdy muscular in the

tively short and have a relatively vre:ll
musculture; while In the snake the ureter
long and has strong musculsr coat.
There is however & correlation In the
reptiles birds and mammals, between the
length of the ureteric system and tb*
amount of the peri-ureteral smooth mu

cle (fg. 1)
In Is muscle cells can be dem

pzmdnmaboﬂ!mluﬂdrznlpedﬂ the

onstrated in the calcyces and pelvis of 1b¢

TARLT 4
Species Crise type Lrine Epichatium Coblet cvll
Freshwaterf b A e +
Saltwater Esh A < o
Amphitians v . € °
Reptiles Uco e +
(Tartle p)
Rirds teo ] P +
Mammals v -]
P ) colwmusr present
wrvete i L ermisalld Parwdseeritibed LR
gﬂ,-nuuuc | famimon



COMPARATIVE STRUCTURE OF THE URETER T

rensl palvis may contract ta ltom, containing many goblet cells may
neously and the pelvis and upper part af be apsociated with the type of
the ureter fill as a single unit, oaly actiop by which the semisolld urine is
contents of the ureter sre transported dis-  milked™ distally towards the cloece.
telly by the contrsctile waves (KHI, B7) Table 4 shows fn which species gohlet
Should this be so the mamalian kdney cells were found to be most prevalent. It
may well be d from beck P his that fn the pricoteles stndied
resulting from increases in intra-abdommd- cells are uniformly present, where-
nal pressure due to foctors much an alters and

tive contractim of the and,
Tenal artery or
vein (Baldwin 46) /

‘With the excepton of birds and mam-
mals, all the species studied have a stmple

ammmonotelc urine
per kg per day Grafftin "31) lubricative
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and protective mucin s most necessary
Hence the presence of goblet cells.
Histochemistry
01 the species studied only the ureotelic
Lk and Is prod
PAS-positive material in the form of glyco-
gen (Group 1A, Pearse '53) In

4 Epithelial gohlet cells are conspicw
ous in freash-water fish reptiles and birds,
but absent in salt-water fith amphiblans,
and mammals,

5. The predominant ureteral polysac
charide campiex in amphiblans and mam-
mnh‘h glyeogsn. Acid r;ucqimcchmde

to this acid mucopolysaccharides (Group
24, Pearse '53) te {n the am
monoteles and wricoteles (table §) In

TAPLE 5
Croup
ras _PAS
cvotred (g,
Fresh-wuter fish + + + Ita
F Y | =
Saltwarer fish + + + OA
.
Amphiblan + - - n
-
Reptiles + + + 7Y
X EIN Y §
Birds + + + I
ks E I 4
A mmaly + - - 7y
& = owmiet celts

formation en the comparative biochemistry

pr the ureteral epl-
theltum of fish reptles and
8 sihle fonetlanal slenifl

of the above observations, particularly con-
cerning that of the musculature in the
finer ureteric radicles is discusted but tos
little {s known of the comparative blochem-
istry of the urines in the different verte

brate types to te on the significance
of their mmm%m.m

A

1 with 1o thank Prof K. § Fronch

Chang for his invaluable help in dlrecting

this resegrch. I am also bted to Mr

Robin Maneely and Dr Arnold Hsieh for

thelr assistance in the preparation of the
manuscript.
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and protective mucin {8 most necessary
Hence the presence of goblet cells.
Histochemistry
Of the species studied, only the ureotelic
and Is producs ureteric
P, tive material in the form af glyco-
gen (Group 1A Pearse 53) In contrast

4 Epithelial gohlet cells are conspico-
ous in fresh-water fish, reptiles and birds;
but abeent in salt water fish
and mammals.

6 The predominant ureteral polyssc
charide complex n emphibians and mam-
mals is glycogen. Acid Iyssochgride

to this scid bardes (Group 1.1
24, Pearse "33) o In the am g of Db reptlles and brde,
taonoteles and uricoteles (table 5) In- of the abave particularly can
TARLE § cerning that of the muosculature in the
Cever ureterc radicles ta discussed; but too
ray JAS, Alkles FIRL litrde 18 known of the comparative biochem-
™) istry of the urines In the different verte
Frashwater fsh + + + WA brate types to ¢ an the significance
-~ 5 g of thejr
Salt-water fgh + + + 1A
. L]
A
Amphibtany Y o~ - m
1 wish to thank Prof K 5§ Francls
Raptibee + + + m C:hmgfurhuinv-n.lmhleb‘ggem directing
- s L rescarch. I am glsa bted to AMr
Birds + + + IA  Rohin Maneely and Dr Amald Hateh far
Mamgal o thetr assistance in the preparation of the
+ - - X mamuscrpt,
£~ R LITERATURE CITED
formation on the comparative bl Baldwmn, E. 1948 An Introdection to Compars-

of veriebrate urine is as yet insuffictent to

such ax exist in the oreteric eplthellal se-
cretion may thus aid the downward flow
of sernlsolid urines,

SUMAARY
1 In reptlles, birds and marmals (but
not in fish) there 18 a correlation between
ureteral length and the amount of perl-
ureteral smooth muscle,
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FLATE 2

IXFLANATION OF FIOUNES

Epitheliam

N fa gire. Intraremal branches of tho grvier, Lower left peiomary
urvieric radicle. Centes weconry wretaro radicle, Abovs, collecting
tubule. nbedding. Maseon trichrome stain.

Columba lrvia. Urmdp-udo—miﬁﬂodmlm-ﬁrh:um Par-
afin wax embedding. Mtsson trichrame staln X

Clu'lnnrnadl. Unhnlp-rh—stnﬂﬂod columnar epthelium.
cax embedding. Masson trichroms stain. X 718,

Gecko gecks  Primary ursterio radicle, laft) threo sccopdary ureterio
ndk.l.,ulv”'lndcmm Paraffin wax embedding. Masscon trichrame
stain, X

Gecke pecka, Bimple columpar epitbelium Hning the ureter Parafin

wax embedding Hesmutoryltn snd Ecetn. X 470

Naja atra, Ureteral simple columnar epithellom. The dark Intra

epithsilal bodiss are roamly

praciania e Tl % Muwon
X 3




COMPARATIVE STAUCTURE OF THE URKTER TFLATE 2
Him-Ching Lin
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The Human Embryomnic Heart m the Seventh Week'

DONALD G. VERNALL
of Anstomy The Untwersity of Mickigen,

The Department
Ann Arbor Mickigex

Although cardlac development has in-

employed. The model, reconstructed at a
magnificadon of 100X is dissectable at
vardous Jerels in a plane coinciding with

Horizon eardy XVIIL Several {i led
to the selection of heart
for recomtructlon (1) it fits well into

Y
features to best ad

Add 1 embryos of a comparable age
examined with the model
are Hsted below;

Lt Crown rump  pirasber’ Tizne
Hungber - b saction
FH18e 145 xvim Transverss
EH314 148 xvim Tranererse
EB407 145 xvi Sagittal
EH568 140 xvin Transverse
EHS83 4.8 xvn Tramyverse
OBSERVATIONS
External configuration
The defl and
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Inberventncudor sulcus

Fig 1 Venmal view of  war-plats reconstruction of the humsn embryomic heart in the sevend
weck of i C X 100 X 50.)

The contlmutty b the primordial distal portions of these arteries can b
pulmonary arteries (fig 2) and ths right seen projecting from this cut surface €
sixth aortic wrch 3 obscured by the mass route to the developing lungs.
of tissue deep to the cut surface of the The four pulmonary veins converge BX°
dorsal mesocardhum, although the more a comman trunk, the pulmonary fnket, b




EMPRYONIC HEART IN THE SELVENTH WIIK 19

fore entering the left atrdum (fig 3) Los of the right namow (fig 3) as they be-
('58) refers to this dilated in- come continuous with the homs the
let as the spattum sinus venosus (venous sinus)

pulm
Tbe wide lumen of the left common The Jeft horn of the venous sious has
and to a lesser extent that become more elongated than the rght and

"\ f:}L\ Fight dorsal cortic
Lett donal cont )ﬂ.\j /'%—— ot

%
]
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Imerventncutor  suicus

Fig. 1 Ventral vaw of & waxplats recoustroctian of the human smbryoaie beart in the sevesdt
ek of [¢ » 100 ¥ 50.)

The continutty betwren the primordial  distal portions of these arteries can M
arteries (fig 2) and the right seen projecting from this cut surface &

sixth sortic arch is obscured by the mass  route to the developing lungs.
of tissue deep to the cut surface of the  The four pulmonary veins converge 0%
dorsal mesocardtum slthough the more a cammon tnmk, the pulmonary inkt, b



Cororry wue et Cowcomory wus sephum
B

Fig. 3 Indrnal structure
lem.m-tnﬂnnxn.)

revealed as succeeding segments of the medel are removed. (Mecon-

The position and the elongation of the
left stnus borm as well as its paint of
cntry ioto the rlght n:dum graj

the pa

o by Los (T8)
even younger embryos (44 mm o
length)

1 by the venous
rln\ninmlhﬂ'lwdmx‘l;htolmm-lpnﬂ
midline position.

The cut attachments to the ventral body
wall thet are visth) on the anterlor sur
faces of the asrending aorta and inferior
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caval veln are not, according to James
Baker (personal communication) rem
nants of a vanishing ventral
that arose from the fuslon aof separate
lateral primordia. Examination of earlier
stages of development {ndicates that they
are actually formed by the extension of
the pericardial cavity on each side of them.
The relatively broad arteral and venous

DONALD C. VERNALL

(ﬂg 3) Licam(m)repomthumch

of development the area of the
an-m-u] functional orfice s roughly
equal to the ares of the inferor cavd
inlet and Patten Sommmerfield, and Paft
(°20) describe this area at term as being
only 40% of that of the Inferfor cand
vein. Patten points out that this relatire
diminutien in the size of the Interatrial

]:m)ximﬂllothucutludleelaf right
and left sinus horns is there some sug
gestion of this reduction 'I'hhumcr-;

tion is correlated with the i
creasing pulmonary return to the left at
dum as the lungs develop

Tbeﬂowo!bloodtmmcheﬂ;mwux
left atrhum is further encouraged by the
position of the well-developed right venow
valve The effectiveness af this

ppar in the
with the distal of the left sinus
hom presaging the formation of the lige
entous fald of Marshall in this area,

Internal structure
the 1 lar

The ab

vutiglton such as Patten ('63) that

this structure is always present at this

stage  Odgers ('35) and Los ('58) re-
unable to find

ernbryos had attained & crown-rump length
of 175 and 16 0 mm, respectively

fact, bowever that two of the five other
hearts from 14 0 to 16 0 mm

1 m
uagaofdevdopmentmordawmkn
individual varlability into fuller account.

greater than that of the inferlor caval veln

ment is d rated by the essen
similar sire of the two atria in spite of the
siriking differences in stze of the venow
channels into them. Same
vestigators wrere so intdgued with the eff
clency of this set-up that they felt littlo o
nane of the inferior caval stream could
escape being shunted ito the left atrhm
technics employed

The integrity of the right venous valre
has not as yet, been violated by the
thinned aregs which will presage the subee
quent resarption of much of this structure
writh the occasional of
'h“mkaupchiuf-nez_ Of the six

account for those portions of Ch:
that are occaslonally encountered in
position too medial to be considered &
peninewaof-pomanufdxﬂ;humw’

Thuldtvmmnvﬂvnwhichodcﬂ’

still welldeveloped but is by this to
smaller than the right. Iﬂpoddunhwd’



hood from the inferior caval vein into
the left atrfom.

The ridge that Is tn the floor of
the «inal bay of the right atrtum marks
the point where, In younger stages the
Ieft and dght originall

i
L
i
%ﬁ

il
giési’%i%%

{6
HY
il
b
I
el
gaEig

E

x

i

§

;
s
§elishg

wmental Horizon eardy XVTIT s der

A large
amen cccuples  almost completely
cechalic half of th
~lldevelopet righ
ted o

-om ¢tk

septum
ssnous valve Is lo-
> direct he blood enterlog
f~no- ca 1 vein toward the
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interatrial orifice. The left venous valve

is also well developed but is somewhat
smaller than the rght

5 The sinal bay of the right atrum is

dapundlhdtemdbythewnmvnhu

d of the cavoco y sinus

is

'eptu::n present as a ridge in the floor
of the xinal bay between the orifices of the

i

inlet (spatium pulmonale) of the
pulmonary veins opens into a conspicuous
channel (pulmonary bay) in the floor of
the Ieft atrtum.

7 The veptricles are in open continuity
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vironments and ts. were examined. In snimals possessing ex
The present investigation deals primarlly  TCelY glands, eg the
;‘l‘!lhlﬁchmttertnddlmﬂmdanufnﬂl— cow mal aress from each gland were
ackdic carboh: In view of

Lbzn\:mtcrofl.nlmaﬁntﬁ-odtdmv.hh Three fixatives were used In the pre-
wtudy the structural analysis is limited to  P2ration of wera
2 brief description of the parenchymal ele- DBoulns, Ze formol (10 ) and 10%
mﬁmhu!!hemmnﬂnryﬂzndﬂ formalin (con te)
eL. presence or or relad By -

of acint, | ‘duc‘: eosin Masson and Aal
and striated ducts. lory: sections were also
A Toudiplicity of terms is found in the (B¢ periodic method

example are described as being “homeo- 1OTY 60 were
"(Be 08) by the method of Mowry ('58) and re-
pcudomucows  (Wimsart, ‘56) acted with PAS AB-F CIF and 001%
£l at pH
28)  atyplcal mucous (Leblond, 50); +6 36 4.5 and 65 In additton to sulla-
and varfations of these Jacoby and ton, was
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mmmplhhedbyphunylhydnﬂmhlmhdo
oxydized l,2~glycoh (Pearse
BO) uxtyhdan and digestion of

diastase hytlmidanh.bﬂolub—
stances (McManuy and Mowry '60)
RESULTS
Opa stmple way to classify salteary
glands fa on the basis of the relstire

amounts of peutral and acidle palysac
wmdummgmmmqmmt.

TANLE 1
The effcct of relfatian on the statuing of veriows tizrwe componeany

Bafors milfation

001% Tol e
(PHRS)
Matachromatie

AR C1 PAS
poutitre

Moderataly Reduced
pouittre

Reduced

ool

ks
Negxttve or
Negative or
Negative o
M

ADwm C1 pJY}
Posltire Pusitive
Nexstive Moderately
Pouithre
Poaittre
Positirs

(hasester )

Mt ontl

Tracheal cartilege

Mucoos unts
Serews vultn

Mrtackrowa tho

M

(narmyter)



celle,
wg-n.djafwdmu. Sub-

time of puberty
Submaxillary glands of carnivores  Mul-
tipto areas were taken the snbmaxil
histochemnical

The rabhbit is included In this group of
Mﬂmﬁu“wu:{lﬁ

morph. & aciml
Tabbit are 1 (fig. 6) even
proxd-

strong toluidine hive metschromasia and
blocks PAS AB and CI statning of both
ecin! and demflunes of the cat and dog
submaxillary gland (cf. the effect of sulfa-
tlon on servus and seromucous elements)
Thw;hpbuhiyumvhmdwd:acubo—
bydrats diff in acinar and deml

m)wmmm but negative to AB This su
in this organ. F; is pot diastase labile.

acini are (y:foddra to PAS Botine and swine submaxillary glands
t pegative to AB and The striated Submaxillary glands of cows and hogs
docts of the rabhit and guinea pig obtained at a local slanghter bouse con-
maxillary glands contam a ble tain pred ly mucous acini
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(fig. 13) Blochemical studies of these
(Tsulld et al. ‘81;

’60b) revesal high sislic acid levels as in

gland.

cates 2 largely rmicous secreting gland.
With the exception of the demfllunes
which sre mare seromucous than muocous,
bovine snd swine s glands
stain intensely with PAS AB and CI (Bgs.
14 15) Quintarelll et al ('81) applied
the Wnation AB~PAS tlon to bo-
vinembmn.xﬂ‘lﬁryghnds. ]jheol_‘nr;r:‘hum-

that is, after sulfstion the serous scint ant

ovr red
and e acinl. The effect of sulfation
pt PAS and toluidine blue stat

is cal of both mucous cells (the gcini)

marked
in the acini and to & lesser extent in the

demflunes.

In general, histochemical reactions in
ruminant submaxillary glands do not
markedly from those of swrine (cf the
in ruminant and swine
) Intercalsted and strial
are present and vell developed.

Human and rhesuy monkey submaxil-

tid
ducts

]

lary glands The of

consist of oucous
and serous secreting acind (figs. 16 17)
The serous el u
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key are capped with

d and striated
toped 1n the
of the cat, dog and monkey

P2

y d

poorl

‘Iibexmm

fuinea pl
hm
of
intensely with

al
sub-

gual glands. Intercalated and striated
ducts of rodent and ongulate sublingual

G

totally absent In cat
are well developed however sub-
lﬂllda.ndlmn—alueddutummon
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cal reactions for rouein (figs.
31 33)

Zygomatic and molar glands  The
xygomatic (infracebital) dnnd}nthedag
s 2 fourth major salivary gland. The cat

mmtmboohufdogcrmannmmy
In our dissections of the dog a wmolar
gland wes not presant but instead a seriex
of mucous mvﬁngmhmrsa}ivu; ghndl
which neve rero

JOHN M. BIACKLEFORD AND O K. KLAPPER

ity In applying these data to
chamtegl eval

bmum:rza;!n’ds
hamster rablﬁtmdpn:oddglnmd
d&;’d%‘;md cat, exhibit low concenin

mdhlrzoc.bcmlcﬂlyldmﬁmlwthecst
mdxrgim ﬂcnnd

:ygcma molar glands con-

g branching mucous

mbuh: 37 36) S!uu,edmdintex

almost non-existent and

bulcl e in
dnculinedb'y umnut.oﬂmmed
cnhuldxlapithdlm (ﬂa 39 40) Inthc
study of scrial sections through the dog
xygornatic gland ope ares was composed
of a highly colled series of ducts. Ths in-
rstices of this area contained largs aum-

dérs of plasma cells (Ags 39 40)
Of all the salivary glands of this invest!

large for most purposce
DINCTESION
Burgen and Emmelin ("8E) report the
va of man

L( thoC) Schneyer and o o;ha 1 "‘lheF:;
Schneyer (*60) and { rotid actnd most
sonal eation) bt ammylare a " becaura of
is low in concentration in wubmaxillary structural and functional rosemblanct
s of the rat mouse rabbit and ham  these cells 1o the e actal nd 0
ster in relation 1o high levels of thils en-  chief cellx of fu stomach which ¥
thepuaud‘&mdtbm;ﬂh ny m:v haknawnm “"d‘i:"é;
Schneyer reported that Tymes. e have chars:
rotld gland acint of the cat and dog

being seromucous and the term



of mucous secretions.
raminic acid) 1s one of the more conas-
carbohiydrates which along
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granular
posed of serous secreting cells and xre not,
as Fekete (41) contends mucous ele-
ments.
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parotid glands and those of the dog and
cat sublingual are unusaal end do
Dot serous scini of other

anulzlmdndthaw%mdrbum
monkey and in parotd gl of the cat
but ars well devel in the other sall-

1053 Diw Mundspeichaldri-
Anst. Anx., 103 317

calls
of degy. Aunst Hec, 140 4347
Y A Coerel 1
function of sali-
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PLATE 1
TAFLANATION OF FICURE

Section of hamster submanllary sublingoal gland. Compare seromiscous acinl of ob-
manllasy gland (left) wuh procous acd of sublingual gland (slght)  Arrow Indicats
cnstaived granuler tubnle i snbmaxllary gland. Alclen bive — Feulgm staln. X 170,
Hammter submaxillsry glend. Amw:naamu.mvmmmnh fubule. Acmi
are darkly stmed and Al most of the Beld. Perlodic ackd Schiff-bematoxylm stabn.
Veto

Mouse submaxillary gland. Granular tubule at strow  Hematoxylin, orangs-G anfline
bloe stein. X 640

Rat sabmaflleyy ghand Granular tubule at arrow  Hematarylin oranpeG  anfline
bloe stxin. x 640,



FLATE 1

MAMMALIAN KALIYARY GLANDS
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Sohmaxillary gland of the rabhit to show lightly stained seramocous
acint Nucld are daxkly stained by the Feulgen technique. Alclan
hloe — Frulgem statn. X 170,

Sulmaxillary gland of the guinea pig. Arrow indicetws plgment gran-
ules in  striated duct. Homatoxylm orangeG, arfline bloe staln
X 640,

Sobmaxillary gland of the dog. Arrow [ndicates an intercalated doct
n  stristed doct. Hematoxylin, orangs-G, anfline hlwe
staln X 640,
Submaxillary gland of tho dog. Acid axo intensely stained by this
method. Alclan blueFeolgen statn. x 170
ﬂmddthnut. Acin! are intanwely stalned. Alcian
btue — Feulgen stam. X 170.






Submaxillary gland of the rabbit,

in the ducts which the eslls of the scinl whh

shart granolar interoalsted docts which, in tumn, terminate in the
docts. Hematoxy] Do hloe ataln. > 640,

Sutrmaxillary of the rabbit o how lightly stained seromocous
acinl, Nwclel re darkly stained by the Feulpen tochniqoe. Alcian
blos — Feulpen etan, ¥ 170,

Sohmaxillary gland of the guinea piy. Arow indicates plgment gran-
ules in  striated duct. Hematarylm oangeG, anfline bloe stain.
X 640

Suhm-muqdmdnltb-h. Arrow indicates an {ntercalated duoet
terminating in  siristed doct. Hematoxylin, orangeG, anfline bive
stain, X 640
Sobmaxillary gland of the dog. Acin! are intrmsely stalned by this
method  Alclan blue-Feulgen stain X 170

gland of the eat. Acinl ars intentely stained. Akisn
Woe — Fi stuln. x 170
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PLATE 4
EXFLAN TIOY aF FICTRIS

Parotid gland of the dog. mwdnct(hﬂola-nm)l veoll de-
vedoped  Acinl ary amall

Parotid gland of the cat. txj.nhdd‘nd(nnrrw)hpow*ydrnhpd
hmw*m with stristed docts of other mammallan parotid gland!

pcoﬂd.Hmmxyrm, aniline bios stain.
Parotid gland of the cat. Akctan Blee-Fealgm tain, ¥ 170
Parotid gland of the Arrow indicates  watachromutic intrs-
striated doct call. To]uid:mthlntlu-h- 7 €0,
Paretid gland &f the cow  Acin! are anypical wmvuhou'ﬁh"-bﬂ
mammmalun parotid glands. Note In particular the

Hematoxylin, orange-G, snifing bioe stafn. ¥ €40,

Parond gland of the rat. Striated duct in center of fddd. Heme-
toxylm, orsngs-G aniline blus stein, > 640,
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PLATE 8
IXPLANATION O FIGTRES
Parotld gland of the fuines pig. Btriated duct crosees fleld diagonally
Hemstoxylin, orange-G aniline blus stain X 640

Parotid gland of the rsbbit. Btriated ducts wre not abown Hema
toxylin, crangs-G aniline hloe staln. x 640

Parotid gland of the rhenm monkey Cross sectlon of mmall striated
duct in upper left comer Hematoxylin orsnge-G anfline biue stain.
X 640

Parotid gland of the pig. Acini appear vaculated Perlodlo scid §chiff
bematorylin stafn. X 170

Puartion of largs interiobar duct of the cow perotid gland. “Gobit

culls xre pumerous in the lining epitbelium. Pertodic acid Schiff
bematorriin, X 170,

Buhlingual glend of the hamster Alian WoeFrulgsn stalo. x 840,

Sablingual ghind of the dog. Perodlc acid Bchif-hemataxylln stain.
x 170.
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FLATE 8
EXFLAMATION OF YICUALS
Pwﬁmdmbthtudﬂmdnamydmo{mnmmunﬁm
oeoas secreting celh in the epitheliom  Pardodic ackd Schiff-hema-
myhn-u.tn. x 170,
Sablingmal gland of the pig. Alcdden bioe-Feulgan stain. x 170,

Portion of lergs duct of sublingus! gland containing “goblet cells
AldlnN*kau:mﬁlvlm

Sublingual gland of the sheep. Alcan bloeFenlpen tatn > 170
Sablingual gland of the cow Stristed doct fn kwsr left coroer
Hemstoxylin, orange-C aniline bloe stain, X 640.

‘uHhrudﬂundolLbndq.Eum in center of feld abows
wall devcloped intercelloler canalicoH (st arrow) Pedodie seld
Schiff hematorylin stain. < 1,000,
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PLATE 7
IXFLAMATION O TFISURES

Zygormatic gland f the dog. Secreting units composed of long m
cous tubales. Aldan blusFenlpemn stan, X 170









An Histological and Histochemical Analyms of the
Inner Lining and Glandular Epithehum of the

Chicken Gazzcnd'

IRMA EGLITIS axo R. A. KNOUFY
o Anctomy, The Ohio Stete Univerrity
mumcdubu.

The ghxard of the chicken as in all
WWMhlghlym

features that are cor
reluted with its grinding functons: (1)
an

‘armation fon instion with phase optics. They were
b}'berttzm‘ 1 of histoch d on and fixed i the
tests which may be used to sup- following (1) cold —20 C acetone (2)
plemmilhel:.lnecdveminlngmﬂbod;hu 10% (ne)utfnl formalin at room tempera-
« reapprainal of ture, (3) formal, alcohal, acetlc acid mix

the nature of this remarkable strocture wrere then washed with buffer
our report tis and and carded through the varlous histo-

sgrecment in

roatinely employed as the herd tough
from B T ST AT RSN R

49
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grinding membrane mede sectioning after
embedding difficult, The double
embedding method was used to provide
thinner sections for cytological study
For routine histological study
were stained with hematoxylin and eoain.
The following mors sslectien ataine were

hyaiin  granules The aldehyde fuchsin
staining method of Gomori (50) and Barg-
mans modification of Gomaris chrome
alum hemstoxylin (Pesrse 60 page 818)
vrere also emplayed for revealing the pres-
ence of aldehyde and thisl protetnboumd
gz

oxddation with pert
‘E)rif acid-PA-contral for presence of

After oxidation with pertodic actd
PAS-(McMarmn) Pearse 'S0 p
833.

After oaxidation writh lead tetrs
scetate LTAS(Shimiry and Xuma-

)

(d)
(e)
[¢)]

2. Stalning with toluldine blue to dem-
wcsd " hartd

(x) With toluidine blus below pH 5 in
dilution of 05 and 001 examined

IRMA ECLITIS AND R. A, KNOUYF

for alcohol yesistant metschs

masia.
(b) With toluidine blue us in the o
but following hyalaronidase digs

ton.,

(c) With toluldine blue as in the thw
but fallowing rixmuclease dipr
ton,

fled by the N
same and Itchikawa) Pearss, 80 p ¥
tetrazomfum resction B

(Pearse B0
tion of the Sakaguchi reaction for arghiy
according to the directions af Pearse W
p. 789 The amino-acids revesled by &
sbove tests are sbundantly found e

gen.

The protein bound sulftrydryl and &
Bde groups were evpecially investigatd!
these groups are fnvolved tn the kerati
ing The following reactions ¥¢

H

1 The difiydroxy dinapbthyl dise
(m:rg)4 teat (Barmeit and Sellgmez. ®
ond

{a) ‘)Vlt}wul prier treatment with £
a
MSH thadycolha] e
~-SH-~ groups alone.
(b) After treatment with sadtum ri;
glycoliste revesls both -SH
~§-5- groups.
After first blocklng the ~SH- B0
writh N-ethyl malelmide md‘d
dipulfide gou? 7
10% potassium cyanide - 67
strates the site ocoupsed by ¥

(e}

(a) Whhout prior oo
with performe
(b) Aneran_gsu;nm—_pegﬂ oot}

disulfide groups

'
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3 Staining with alcddan bloe (Adam
and Sloper) Pearse, '60 p 806
(2) Without prior cxidation (comtral)
(b) After oxtdation with performic acid
—also locate dieulfide —PFAAB

vof lplds Sudan black staining snd the
Schulz cholesterol tests wers applied.
oFresh and fixed froren sections were ex

tyurposes of correlation with the histo-
chemical results.

JISTOLOGICAL OBSERVATIONS
The glanduolar layer of the girxard wn-
the

groups. Sectioms through the glanduolar
r;zi;npanﬂdmdnguu-lcmrfucem

a lobular arrangement of the
tubules. Fach

Dective tisvue of the submucosa. A museu-
hn;hcnn:meumu(mﬁpxmz)
+oxin and the tolutdt

Y

Hmulhrdmumlmucdmzmeﬂc\cnﬂy

the compoddte nature of the covering layer
also its mode of formatian. It consists of:

ficial cells of the crypt and free sur
faco which appears to be deposited
periodically since it presents a pat
tetn of harizontal stria with darker
stripes which would rest
ing lines. The topological features
are well shown In figmres 1 3 7

the already rodlsts out of the

it el Auached to 18
ace (ig 8)

The epif of the tubular glands

varies from a low in the neck re-
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roass stain fafntly blue with Mallory s stain

IRMA EGLITIS AND R. 4. XNOUFFP

Wtqmmhmduunlnmmu

(clear In the fig. 14) wh the main
central mass staine red. The columns in

They appear to upeard from the
with others to
produce 2 compact mass which in the

1 tests as well, 00 the epid
pole presents an empty 8 ¢
6) Mautagna et al. ('53) have obsend
similar

demonatrated by this steln. They seem to 008 o microvilll
]:urﬂdpmtnlg.lmcm!omndm In fact d’l'bcﬂ.uuobetmulbecxvfﬂc’d-
Wiedershetm long ag (1672) believed the  AdJacent farm ridgea sriiich ey
basal perts of the cells also secrete and D Pl formations with & ¥
potir thefr secretlon intn the lumens by mﬁh‘i’“”“’f“”“l‘“‘m o
meany of intercellular capillaries. Thesa of epithelium and ¢
features are y the result of the nu;fzgecpi The cells st the w8
precipltating action of the flxa The i t}mcfo:mauamuim desw
Iuldioe blue staining in

v T mation g a strand of nuclear ®

the acid pH range ix with a ytoplagmic debris which extends

secreted columm (8g. 1)
there are two prisch
types of uu.mm%
zard; (1) the cubaldal cells of the
glands which produce a -
excroted !

Apparently dls-
the apocrine
method. Although the details of the proc-

ess are difficult to follow in cur prepars-
tioms, the supr T les sppear

stance which fs in the for!
rods or colmmns that pmsventi“
- ‘tbﬁeﬁﬂrﬂ LR dmﬁ

spreads over the free surface befort *
hardens and forms the substance of
hortzontal strice.

to swell and solubflire producing e clear
substance which fills the apical poles of
the cells (fig. 15} Thisx material is re-

i
masertal of the celis af the tubular £
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15 PAS and LTAS positive, but the intensity
of the reaction varies frum site to site. In
the fundus portian of the tobule there is
a very slight response, but as the material
collects

IRMA ZCLITIS ANDT R, A. KNOUFF

Thbe LTAS proced ded by
Glegg et 2. ('52) as = more specific test
for carbohydrates w) proteins are also
present, gave but somewhat

in the apical poles of the secredng e
(fig 18). This material is hardly colared¥
stains and only dightly tinge

freshly dischar®

B
3
#
B
2
:
i

thee

tained a single stained ing at these sites
basophilic cytoplamic material was tdent!  of the PAS and LTAS proveduret, e
fed as r P 1t dto that AF fafled to staln columns I2
be largel d by p with 4 memt
omgiea A very stiking positive respons¢ %

Scattered here and there amang the seen in the side membranes and reo=
chief cells with bars of the secreting cells }ﬁ"kd
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those of the superficial cells, These struc

tures were stalned very faintly by the

1PAS and LTAS methods. Aldehydefuchsin
the metachrumatic

65

the apical pole. As this process ocours they

refractory to the carbohydrate
tests. However o memhrane eppears about
each globula which reacts positively to
coupled tetrarontum

E

1 ol fafted to stain, ot 2t best gave anly very
weak

1 Tesponses.
Protetn reactions Al the carbohydrate
of the

in general those

slight posttive responses occur mear the
mouths of the crypts and fmmedtately ad-
\Jacent to the murrface cells alao

streaks mmuun'{.mwg

fringent matertal



56
desp tn the covering membrane in the

form of material, which ap-
peared to be a calchan compound (g, 13)
dditlon o histochemics] tests

IRMA EGLITIS AND X. A, XKNOUFF

Port Teferred 1o the lning as a coticnla s
chitinous

concentratian (1 13% ) than in horny &t
stances. He therefare referred to it o1
kerstinadd legyer & temm which has ben

former welght when pleced tn water The
membrana {1 not groesly soluble {n sce-
tone alcohal ethyl ether nurdoesltd.l;‘-

drolysis in strong acids or bases. Atternpts

t
l:’ydmlylis writh proteoiytic Wb? or with
hyalorontdass ul.

were not successd:
Finely minced memhbrane was extrrcted
repeatedly with bofling water the extracts
comtdned and treated with several volumes

approximately 6% of the fresh weight of
the membrane material

|
|

fon with p-dimet
ldshyde. N-tcetylgh war
not present, as shown by no increase In
the glucosamine reaction after bydrolysis.
Sulfates were shown to be present in the
material by the addition of bartum chloride
taahyd-mlguwpmducmglmpbmm

cipitats of badum sulfate.
The membrane wes with 8-
N hydrochloric acdd, to

DISCUSSION

Histordcally the concept that the hard
inner covering of the girzard 1s a keratin-
1e secretion is based on the enddy studiey
of Hedeniuy (1882) and Cornseilus ("25)
Curschmann (1868) in & still earlfer re-

tlon produet of the girrerd Accord
ing to his observations the secreted L

n the chicken as tn other sead-eating b
consists of — ome prodw
by the fundic portion glasd
Lheothcrbyxhe;g:heﬂrxmmuthemuﬂ
of the glands. former b

|

e

JEE
et
B
sliag=tt

:
E!
L
]
§
5
E
19



SECAETIONS OF TI[E GIZZARD GLANDS

de component (figs 9

11 12) It appears that at thls site espe-
Aally death overtakes cells still filled with
ecretory products. This feature is espe-
.ally noteworthy as it suggests that the
uperﬁ:hlcdllehhcn!uhxhamnwpdy
@cchardde and a substance con-
aining cystine. Apparently limng cells of
3 crypt move upwards and anto the free
« This behavior requires a replace-

Jated to the degree of atirition of the

57

only on the am;unt of carbohydrate pres-
ent but also on the number af moncsac
charide units combined to Jeave 1 $ glycal

in the lming cells of the
crypts and fres surface which are hyalu-
ronldase and anrylase fast, suggests that
the

kalies and organic solvents and a high con-

respomse weaker which would indicate dif
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ferent sequences of amino-acids in the two
substances.

Furthermore  Chempetier and Fauré-
Fremiet ("38) in an xruy anslysis of so-

K H Meyer Meyer (45) has also stated
that many and mu-
colds ave quite effective Inhibdtors of pro-
teolytic

JAMA YGLITIS AND R A. KNOUTF

i
:
i
i

analysis the Sulllvan test for cystine was
cystine crystals weve

Isolated by c tathan

Knaft-Lenz (D7) o a study of the di

ﬁcﬂ shows strong birefringent proper
By virtue of these differences we camnot

where & narrow line of reactive substance
may be seen.

Luppa ('39) In & histocherical stody of
the glandular epithelium during the em-
bryanic development of the girzard glands
found that In early stages the eecretion iy



SECAETIONS OF THE GIZZARD GLANDS

wu:ardhytheepimr_unllimznftbo

hiqee dew lobratines

des Sésnces de LAcsddmis des Bk
md rux:hm. Toﬂ)emamx mé“& -
Comal 1

cdl.whichformmﬂcalmnh‘ E aer 5 dec Vogel. Ge-
lhemy:uf :enb-mll;_wh.lggrb;:u m-a?;u
lmlhuc"dmc'fﬁ”:m “‘ﬁ"’h’d’e keimagpems der Tettochr £ Wies, Zool
1 Laiprig, 16 YM-TIS.
J upper peck portions and in the crypts  Egluhs, 1, and R A. Knocff 1057 Observations
to form dgid rods or columns which :&nmmdhmw#m
3m’w‘hmmm;c‘mmdwfmﬁmm; Glegt, R E Y Clermont nd C. P Leblond

"moderate to strong PAS and LTAS re-
sponses and strong protedn reaction includ
“lnzth:forpmteinboundmlﬂhydrylmd

5 groups.
The crypt and murface eplthellum repre-
leminl a comman type posseas metachro-
‘ tic supranuclear gramules which are
alio PAS and LTAS positive  Thewe celly
fproduce the matrix substance of the horl
{zontal strlze. It displays negative to weak
brmponmwdnﬂrbdiydrllam

Fmoderate 1o sTung Teaponses to protein
3and protein bound sulfhydryl and disulfide

# 1t is concluded that the so-cafled kera
of tha wommch and im—ﬁr-nflhnchr_km

s Chssmpetier
Chimm Phyrique Blalogpaue.

the periodic technic.  Stain Tech-
nology 27 277-303.

Gamard, G 1930 naw
statn for elestic tisos. Am. J. Cln. Path.,
0

n 2 40-2TH.
Academic Press, Inc., Y¢ N Y
Moutsgna, W . B. Chese and W C, Lobitz, ]



FLATE 1
EXPLAWATION OF TICUNES

Vertical scvtion of the muer wall of the ghoard, A, secreted mem-
D epitbellal

beans; B caypts C caps (surface epithelnim)
g extemdons of tnica yropoda betwesn crypts; E, desquamated

eptthallal cells from capL Formshn fixstron. Frozm sec

tum, Hemastoxyha eoxin, ¥ 73

Mocosn of the A, rwmbrane; B, secretion in gland

lomens and fn crypis. Formaln fixacon.

statn. < €9

Outer part of the secrated membeane. arrays of sscretion columns;

B dentats surfsce C barmontal stnee; D from
ted sarface epfthelun] cells Formalln fixspcn. Toluldine

blue 039 sohudon. /95

Cros  section of porthon of  crypt contalning distinct

rodlets secrwted by the ghzard glands. Formaln fixetion. Mabory’

foatton Tolmdine btue 055 > 1387
P arrow extemuon of tunica proyria between the crypis showing






10

14

PLATE 2
FXFLAN TION QF FICURKS
$ccrwted mwmimane and subjacent mocoss. A, secretion colmuns;

B, surface and crypt epitheltum with the sccrstfon gramles; C,
bortinatal strise. Farmalln fxadan. Tolokdine blne 0.5% x 71

Frozen section. Hematoxylin sod comin.

Sbuw-DNAdthcnml-Jdrhﬁal epithelial cells
are incorporated in Fornalin fix thou.
l‘rwm-rcﬂm.cmpm ama x 78
Sarfnce view of the froak secreted
the areas of the secreted colmnne which profect shightly
ace level A, secretion columms. X 172

Vertical section birelringent
and SH and -8-5- protein bound groups. Formalin fixation.
roxen of Ch and Fredetic,

Cros section of the upper ons-third of the tubuler ghrzard glands
showing tha dens acidophflic secretion. Note the resemblance in
memxmamwm Formslin
firation. Mallory” connective tisue staln. » 937

Tranyverse scction of the Upper part of the crypt. Nots the cser
ewpty spperrance of the apics! secretory poles, resaltiog the
solobiliration of (he secretion granules. Formalin fxation.
conDective tissoe staln. ¥ 937 Coampers with figures 8 and 6.






PLATE 3

EXPLAN TIOW FICUALS

Vertical wecthon of the mucoss incloding the secreted membrane

showing the slte of carboh complexcs, Note (1) the stroug
pou m portlons of the slands snd
thefr continustion fnto the less columns in the
membrans; (1) the granules fn the crypt nd
wurface cells £nd (3) the stghtly posttrre bortzontal striso slternating
with n Axatsan, te Kchiff
Vartical secthon of the erypt and adfacent secreted show-

the surface cp thellum. column § B cellola  debris.

Fr fixaton Coupled Tetraxomhmm X 430

Vi of crypt replon and djscent secroted

DDD resctton of Barmett and Bell the mtes of 38
The dark indicate

and SH groups. colored ares
£-8 snd SH groups Formalin fix ton. X 430,
vmmdmmmwﬂmqhhdlmm.

A stratum of the
wecTeted les; C, pale. For
mnmn:.u:n.u-dummuw x 970,










The Cremlovertebral Veins and Sinuses of the Dog

KARL R REINHARD MALCOLM E MILLER, iwxp HOWARD E. EVANS
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but also from the fact that it has become
::d y valuabl mhmi;rdhlL
research in veterlnary uman
medical sclences

mental warkers outside of the veterinary

snd spinal cord of various representative
vertebeates from Pisces to Perisrodactyla
P anls familiarls Zimmerman

Newwm and Pat Retrow
S s e e
New Yock okcermary Collers. Catmall Unl
T«_um' e -:i"n'q.m...

fricegg il oy S
fully v

4



68

KARL R, BEINHARD MALCOLM E, MILLER AND HOWARD E. EVANS

Four of the dogs were dl d by
mamual methods alone They afforded
valuable information on the relaton of
the veins to the soft structures However
this approach often resulted in the de-
struction of the more delicats velns and
the intracescous veins and sinuses. In
subsequent specimmens when manual dis-
section reached the level of the bony struc
tures the specimen was immersed in an
aqueous solutdon of 10% hydrochlorc
acid (final concentration, 35% to 3 8%
HCl) When the bones became leather

by hand. This minimized destruction of
Intrucssecus veins.
To allow observation of the finer venous
mhltecm:m without hszard of manual
ten specimens were macerated
ma-nica]]y All structures peripheral to
the cramlal and vertebral musculature
were Temoved  The specimen was then
immersed in & lye salution (10 to 15% )
Far this technique with large
depoaits of adipose tissue were found un-
because the fat layers would
prevent deeper penetration
{ya mlutla‘n When the spect

ctd of the ated
Intcmdou of the infarmation gained by
all dissection techniques ylelded 3
c]ear plcture of anatomic relatfonships.

ORSERVATIONS
In the following the osteo-
logic and neuroanatomical landmarks wed

to describe the course of vessels wil
not be defined For information on them
the reader iy referred to Miller (58 and
‘62) Ellenberger Baum ( 43) Slsson ad
Grossman ('53) and Nickel, Schummer
man and Seiferle ('54)

Veins and sinuses of the crambem
For convenience the cranial velns and

Lying along the internal
mdmedhythedornlfnldlgf‘;ﬁ?lmi
and extending from the foramen tmpe
to the dorsal end of the ethmaidal cret
1s the dorsal (superior) sagittal drnus Rov

cned superficlally it \vuplaccduna
-corroding wire screen and removed

daily from

aof the

lye bath for debridement

tissue. This was best

accomplished, without destruction of the
finer latex casts by directing a low veloc
ity jet of water on the area to be debrided.
Maceraton was discontinued before the

tap water Over a period of several hours
preparstion was slowly neutralired
with 10% hydrochlorlc acld.  After re-
matning tn the neutralized bath ove:might
the was rnsed several times
with water and placed in a 10%
hyd acld decalcifying bath  Man-
ual dissection was remrmed shen the bone
could be cut easfly with a knife.
The combination of maceration and de-
calcification greatly aided the study of

determined previously in the manual dis-

5% 2
i g_
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the corpus callosum and the oramen i€
par by of three veint. 07
are velns from the medial regions of
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Fig.
ht

Fo Isto! emiss ryw
Dortal sagitral alnus, (nternal cerebrol v
! M of corpus callosum
Fal cergbr

Tentoriom cerebalt
Occipstal o piot
Occ pital em 510 y

Temporal & nus -
Vertesral sy O

2 1
Ve tebral v Annrior ol foramen

g te Dorsol prtrosats us
Retroglencid Port  rebeat

1 Leteral view of
cerebral

major darsal crantel venous channels) right balf of dorsal cabvertum and
buenirphers removed.
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Ancatomons with dorsal sagittale

3 Anast with rt do sol pefrosals

"

Ant] terca ernous sinus

[PREVI

Do sum selios

Amastom tic be

Post cerebral
Dors | petrosal sirus =
Juguia foromen

Sigmad o
Transve st sinus
Do s 1 aag ttal | slaut)

7 Confive s8I m

R RN - SR A

Anastoraals of 1t v | ophthalmlc ve

. Orbital flasu ¢

_ -~ Forama rot dm

Cawe pous [nus

— —foromen !

— =~ Post int reovemous sinus
~ Tolnt arotid foromen

M ddis rmeningeal v
Ventral petrosal simus
Inp t obosi! recanal
Tempornd s/nus

~ Jogula foramen
$ gmo d sinus

=} “Cccipital em sory

~~candylold w n canat
vemtrot occlpital 8i us

Ventro! irfercccipital sinus

¢ 2 Dorml view showing poation o major venons channals; dorml calverium and brala reoored.

s
ulong the base of the ocedpital bone on the
The

parently carries & ma ah
Jor ahare of the

lar which recetve bl
train are (1) the
sinuses

i nemal lug
the Ju.

with the :]1p1m1d
snus  vortebral

ular was found to arginy
foramen in anzstomoaly
stnus  ventral
weln, and a
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The internal o, in man is the largest cord. The vertelral sinuses are lop
veln draining head fn contrast to jta  flatteped velns through the cervical,

dog by reason of fts  opldly In xize tn the sscral reghoo o
Telatively large size recelves & texminate in foian &t the Jevel of &
g:lﬁun the dorsal cerebral venous blood.  founth  fth o vertetn
y a vestige of the temporal o mmﬂmmmu}dndfmnmthnﬁ
man. The extemal jngular vein  diverge a3 thoy spmoach the
recefves most go In K each other chost
the dog the futernsl fugoler in man.  midwey slong each where ext
Other vyrigtions occur but cited  receives bral veix sxisiog e
ebove seem t0 bo of greater functiensl the vertelral body Occssionally ames
= :xiuuftheblﬂme . b;:g
vertebral veim
Vd“’“mf"”“}" number and location of thest anaRnRS
werte hidid i1 At each inter bal frx

Although the internal velns of the verte  tion an intervertebral vein axiees (=

~the vertebral canal, ventral to the spinal  cefve small veins from the dorsal exters

sogitral . Tholomostrata v

Occipital cermbror v Dorsol d ploic w
G eor e o internat cerebrat v
Stew ghts nus W of eorpuy cotfosm
Postaro cerebraln, \ Dorsal patrosal aincy
Trangrerse Mg g < Covarnous Jnus

Dore petrogal 5 s .
Goipricl em ssery Middiy mmlrgtd

$

Termporal § ms . B opt e £ nper
Supromesrod foramen-, 47 Arom B
- Opirthaimic
SS:: c,.,. ""’\ - g ~From deep focsst
Condy cana 1 Ortutof pleoet
Vet occeprtal s - g -~ . otaral figmirt
Hguio fornmen—: A1 1 ~ Forgaten ratundum
Hypogioxsai frame ~ ., - Atg canof
verrebrol s \F romin orale
4 tipgur " Mot ext corotsd foroming
Juguks formen ’ v Nyentrol petrosal sus
Cemd oy " carstid canai

Fetrogienodd  foramen' Yy, of patet ne plexus
Fig 3 Eemidiagrummstio rpresentition of  evebral venows drainage; intracranial !
conmections to major offfoent  eins ars shewn.
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1 vertebral vemous plexus which forms a

3 eral veins which drain the paraxial reglon.

73

At the axio-atlantal and the atlanto-occipt
tal joints they are especially masslve and
farm arcuous retes Joining the langitudinal
vertebral dinuses across the vertebral arch.

ned to the te transverse branch
at the apex of the internal vertebral arch.
o and Baum (43) pame the

ard dog In the internal
rrichral plex.  arrangemrs In man
ntral internal branches nect th lon-
udinal vertebral sthuse  rovs th floor
he vertebral canal  iwd also receive
basivertebra. ns  Thesc transverse
nches are Oy absent n the dog
4 the bashcriebral tr the ko
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gltudinal stnuses directly althooph bast  dorsum of the vertebral camal from &
vertebral veins anastomose under the lan- -3
gitudinal lgament or within the body the transverse hranches. We did o
Also. in man two retla extend along the  evidence of soch reta in the dog

Crnrcwl verteten 3 1 Ventro! Interooclphol sinus
Lvertsd ol sma
Roymerthaat Artoret  whthrereme (
ot rerema paeig

(it d vRrTed o
Leertnlamp T o
Fir 4 \errctnad venoos chammeds. cervical repko
e il
z
~ - s T e N v
VRN w e
R N

3 \ “’ “K"‘ﬁ
%&'\:" ﬂ?{\q“.& t.—\lr ?w;k_&i Lo
& 14

E3N

Nracn TeOTn



Systemic veins drabring the
vertebral reglons

the
pital Jolnt, tums dorsad, curves around

mall vein leaves the vertebral vein and
nmmcdluﬂ‘LLhmughlnmﬂcamlm
2 wall of atlas to joln the internal

THE CRANIOYEXTERRAL VEINS AND SINUSES OF THE DOG

t

75

recedving the intervertehral veins at the
intervertebral spaces. They continue ven-

lumbar intervertebral veins drain directly
into the axygos vein. A small anastomotic
branch of the arygos veln runs candad
alang the base of the vertebral column to
anastamose with the lumbar vein fram
the postcava. This anastomotic vein re-
ceives the second lumbar intervertebral

veins. The lumbsr Intervertebral veins
three to five are drained the lnnmbar
udad to the
the lumbar and

braxches of the postcava.
sixth lumbar vertebrae

nal ploxur
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sacral intervertebral veins are recelved by
trdbutaries of the internal illac veins The
small ventral median

the In draining into
the external jugolar (2) Cervical,
arfly the veins which

peimi

join the costocervical veins draining into

the va (3) Thorecic mveg pt

mmmeuymvdn,and(t})hmba
which drains into the

23
fliac and lumbar veins. However the en-
tire cranaxis 1s served by an |§

of infectlon or n
and axial spaces surrounding te
sucs. (Batson, 40 Worthman 56.)

into the comid

yo Vemn der Ni [
”0

Ellmberger W and H Baum 1534 Fendiad
der Vi dar Flemoms

municating system of internal sinuses and
veins which could serve to redistribute
flow should the draina,
;ﬁ:ﬂnﬂ external to the cranaxis The

m—ai circulatary potental of the lon-
tudinal vertebral snuses hay been ex

for pohiicss)
Nickal, Seiferie 1054 Laivkc
S Anatomis der Havstiers Band I, Brsersst

be interrupted _ sapparst Parey Beriin.
In Padget, D. H. 1057 The o -
crenial ysten in man from the

plored by Worthman ('68) A
of the veins serving the brain are particu
larly com and abundant.

mental isol
circumscribed areas of the brain might
pase dificult technical problems. Since
the craniovertetral venous dralnage is

unvalved and closely cl with that
of surround! dderahl

tssues,
tentlal exists for hematogenous oxlem};z

H Zattactr,
schichte 108 107-137
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EXTLANMATION OF FoURES
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onhnwties Between the Plasma Membrane and the
~reoplasmic Behculum in Crayfish Stretch Receptor
’ as Revealed by Reconstruchons from

1 Sechons’

X FRICE

PETERSON
Wﬂgammrwdgmmm

Untwervlty

a&mhm{ezmd =
g This by ded the methad ax
oy, firgt suggested from the work of W (Peterson and Pepe
F Huxley and cowrarkers ( rests ) Two major modifications were mada
4 thres sssumptions: (1) that  to facilitate study of the re
of the ticulum of the ruscles. To the fixing findd
1 the b (15% 020 buffered to pH 7 4 with 0 N
deshum (SR) are n Hidine) was added Catd 10 2 conoen-
Jthat o wave can tration of 0 IM.  Although the concentra
bog the SR membranes and (3) that tom of caldum I cra
N veave traveling saline (van Harreveld, 36) 15 001 in-
“mma;umhdmtbsdmn- uumutm&om
© :

membranes (as well as most of the other
membranes} To increase further the con-
trast of the they were staioed
on the grdd for 20-30 minutes with lead

] d! o0 Watson ("58) and

Peachy ('59) For the stadming of werfal
sections it was necesyacy font to modify

Tuk irveecetion wan seypeceed by T K. Puddie
W%«nwmuma



80 & PRICE
the method to msure grids free of lead
carbonate crystals as one crymtal in the

graphs were taken on an RCA EMU-3C
at an origing! magni
diameters.

electron microscope

fication of 13 000
Reconstructions The method used far
_ the reconstructions is as far as Iy
Yadwn to the anthor a new one and will
herefore be described in detall. The aim
f the reconstructions was to estahlish
vhether or not (1) the SR is continuous
rith the and (2)
continugus

these aims a considerable
unoumt of accuracy was needed in thaet
rrors of 100-200 A could give misleading
_esults. The classical methods dependent
upon reconstruction with wax or luche
sheets although tried were refected be
cause of insufficlent accuracy
method finally arrived at is essen-
two
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the fact that thiy fs epent
a two-dimensional reconstruction metdel

ﬁfollm'.huwhenthesndxcihm;

account by simply eurving the lines aa s
paper to to the oIt
of the SR. This ed reconstrets

plates were placed on
ud.nznnmpslom-l re!m;;;,ﬁ:
pendent of the vesicles under o e
nwnfanﬂthlttbendn("w
were coincident from sectlon 10 53
The-eca-ndcrrurhduew'-‘ff‘;t:’
fn most cases the sections were 0% -
—_— w10
ey hllatie frem Eract B P



CRAYFISH SARCOFLASMIC RETICULUM 81

Figare 1 Figure 2

Fie 1 A recoostractian, made by the method described In the text, of wes A (8. 7) as it
contioecs from fgure 7 through fgure 24 (part of the Tecmstruction i based upom mnother serhes
of microgranhe which show thh ares more fully) In &1 of the reconstroctions fhe durk arees indi-
cate the rebules ec shews of the sxrcoplasmic reciculum. The dark soiid Hne oo the left indi
catws the plesns membespa. From this #t may be sem that the b
CmtTOOCS with the planta membrine at foar plsces. From top to bottxs the recoustruction
coTseponds to sbout 0.6 » Jongirudinally slaoy the musels fiber,

Tl 2 A recomstroction of area B (fiy. 7) It ma? be seen that tho sarcolamma da contimeons
Witk he plerma membrane at fve differant places.

lmhu.a A reconstroction of ares C (fg. 7). As maY be seem in figure 7 the sarcoplasmic retico-
#n (hhs aree &3 curved forming the arc of cirche. Thws, for the reconstroction, the guide
vame curve. sarco-

are
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than the width of ths SR shest. This
means that the Individoal tubules may not
be contimuous completely through the sec
tion. However it must be esstmed i{n any

the plats cutting it cut, putting the plates
together and then, invarably a certain
amount of smoothing oot of wough sur

reconstruction 1y smoothed out it may have
relatively serious defects. Thus 3t is felt
where comsiderahle is re-

Jlapplicable. There is the additional ad-
antage over plate recanstructions of eass

nd speed of application

PETERSON

or specialized systemn than that foond b
most muscles to date (except Ampiions,
Peachy '61)

Figure 6 fllustrates the form of %
reticalar system in cross section thred
the muscle, Again the reticulum

quent and at random. series of ,er
tioms of which figure 6 i & member shor
contimmos

marked arrows) there scems to be wo*
sart mlm.mlhipbetweendttl;;

£
Y

53
w

i

EE
3

%
i

mrmtedbylmomh agragular elec
tron lines about 75 A wide (the
same width as the plasma membrane)
No unit membrane was resolved in this

fibrll, shows Do {nterrupdons alon.
the sarcomnere g to dyads”
(Smith '61) or trdads (Porter '36

Also no evidence of intermediary vericles
{Porter '58) or scparate transverse tubu-
lar systems was noted. In this respect it
seemy to be a somewhat less diferentlated

"r’g’%

'3

. ﬁ% §
aa%amﬂ%
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CRAYFIRH SARCOPLAFMIC RETICULUM a3

Thm only one i t com-
posed of SR which 1s continuous with the
Plagma membrane.
DICURSION
In this we have end d

acteristics which ars unknown, Thus it {3
conceivable that the depolarization of the

membrane could penetrate into the
interior of thix muscle fiber via & depolar-
2ation of the SR membranes as hypothe-
limdfcxothermu’cl:mby.‘.. F Huxley

(58) The problem remxins a3 to
whather this rrave could or
does instigate which

?Wtbemhﬂu(cmdnumvdm
extracellulay space) posdtive with re-
%ard 1o the sareoplasmic ground su
o magiraroplasmtc goung

adinsd
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5 A longtudinal an srea shnflar to that in the Jower
loft portian of figurs 4 Herw the myofibell has gone out of the plase
of sectian learing of rethcubum widch s

figure sbow the absence of any regular discouttouity of
1 dl
type structures. 84,000 -
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Quantitative Analymss of Spermatogenesis of the Rat
A HEVISED MODEL FOR THE RENEWAL OF SPERMATOGONIA

YVES CLEAMQNT

Department of Anatomy McGOl Untversity AMontreal, Canada

The prodh of tion  sfter

d of wper of the rat.

groenation of spermatocytes requires that
fpermatogonia continuously renew them-

57)
A sitmilar approach was sdopted
others In tvestigating the renew, oftp:'y
matogonia of varlous Ortavant
frveytignied the ram (54 58) and bull

hortty dormant  cells
Lﬂl-dl) which aross during the (Aer;
sony ung'mllmnin delayed divi

i
§
;
i

Roosen-Bunge ('65) had described

erating cells in the rat seminiferous epithe
lirm, at just about the tims in the cycle
when the frregulerity occurred in the
model (Le. at stage XIT) Although this
autbor had identified the cells as disinte

sper Y it was y
t to determine their nature, and the

though ft i3 rather difficult to obeain such
infoomation from histological sections an
attempt had already been made In this

by prep maps of
muntwdoujmmofﬂmcyéemdw
From these data an accurate
Stemn Cell Renewal model could be de-
dgned for this (Clermont and
Leblond, '58) The experience gained from
that at Jeast the fol-
lowing could be solved for the mat
As mdicated In the model (fig 1 arrow on
rise to the

The Ocle of the sminiorens ephbellem
evemts by which

I aoctcomae Folios e
b OvaT



Vil
vilt

YVES CLERMONT

I.ntwup'rﬂdnc-tmlcdh whjdzhm-npmd‘m-pﬁm-nmm(ocym

In tbe monkey testis the
existence of such differenual mitoscs was
rejected when it was found that the newly
formed stem cells were nmnged in paln

be modified? Tonn:werthctm""{;
maps of the lperm.llo‘vonlﬂ poret
wemprcpm'edof lnﬂ-lﬂl": P
A result of these two 8pFD
proved model will be proposcd 5 £

and d this ar

their Iife span. Comcquendy the mitoses
which gave rise to f tem cells
instead of belng dl.ﬁcrmun] re equi

apd the spermatogontul renewal
mode] was bullt accordingly Then do
differentfal” mitoses occur in the rat
testis? And {f not how should the model



SPERMATOGONIAL RENEWAL IN THE BAT

WATERIAL AND METHODS
Testes from 16 adult alkdno

113

sacrificed three hours and three days after
Injection the testes were fixed in Bouins
fluld, the sections were stained with PA

and
according to the technique of Blexsier and
Lehlond ( 57)
Flnally information was collected on

the top 1 distribution of resdng,
dividing and ing type A

even

sper along the basernent mem-
brans of tubules. The mapping method
used, was essentially the same as the ane
devised to stndy the distribution of sper
matogonla in the monkey (Clermont and
Leblond "59) This method can be briefty
described as follows: 50-300 serial sec

wodary v s rida T
Spermatocytes and sperma
of considerable differences in

Iong axis of the tul
the

L
s
i

a5 &
y of
cutting the cylinder wall along a line par
allel to the long axis of the cylinder and
1he
At

then unroliing this wall, on which
spermatogonia were mapped, onto a
surface
RESULTS
Q tive data on sperm
spermatocytes and spermatids
In th first serles of counts spermato-



114

YVES CLYRMONT

TABLE 1
Number of cells (. ia and ) per crous section of smixiferves
tubule at the stager of qdl l 'Id:)u w0 wmitoscs ware obserwrd
Type of calls concmtad Stages of the cycle fpteyid
Type A spermatograzis I, I, v VI, VI 113001
A spermatogonia x-X1 017
Type A spermatogonia purig 208201
type spermatogonia n-m 734=0%
Type B spermatogenia v z
Rasting v 29.7=01
Pachytene spermatocytes vi 3001120
Total numbser of tubules investizated 100
Meuns amd standard erron sied trom the veoaps cull cownty ebisieed tx o

2 Tmdred

anlimels erproximamal
cormacted Dy Abercrmeus feemals,

Cress pactions were surrered pur

cycle during which few or no TAXLE
gonial divisions occurred. (Spcrml(ogﬂnla Nl’lhrnlprl:-n-.rn!
were known to divide five times during step 1 end step 7 o o
one cycle Le. ot stages IX, XI XIVL IV "‘“"h"’d':u""f"ﬂ
gvluftbecyda. Clermmont and Leblond
thess stages were thuy eliminated  Type of call coumtmd o 5L
from the counts) - ™ .f:f—'m. e
The results ((able 1) ahowed that the  Laimleytotoe a o H=h
number of A ncm rpernm xav 33:11
Eary pachrtene 1
section averaged it pachytene o 50x17
\ummungenvmmzhmaevnmuon Late pachytene X1 3=t
N number had LL bled ln' ‘g::fu
age X and XI thatis after the mitosls 5P 1 spermailds Pt}
/-dna place at stage IX. By stage X1l 5P 7 spermatids vm a3
the number of type A spermatogonia had  Total number of tubular
only reached 308 that is 1.5 times the  Cross scctions L]
number at stages X and XI although the  iovwssisated —
occurrence of mitosls at stage XII of the  Means snd seadard LT
cycle had led us to expect a doubling of &%, mﬂaﬂu—nmﬁ—‘:
the number again At stages IIII, at carrscted by
stage V and again at stage VII the num- —
ber of cells (In B and R consecutively) Fig 2 Eurﬂ.nglnmtbl)a-dldlhﬂ‘*":
approximately doubled each tme due to mdmn;m.ndmdmlm-,
the mitoses observed at stages XIVI IV inss lustrate the ateps of crer@aBW0T, ) fn
and VI respectively (table 1) g A T iotonium B¢
The number of pachytene spermat rermatogoim, R restiog primary Oy
per tubular cross sectlon at stage VI of oie L ieptone spermaseye Z, STt T
the was closely similar to the num- matocytei P Pon Pxo ‘h“ﬂ,{m eret
ber of resting tocytes counted at the  FIETIER soethawciic LR ol the ek 8
same stage (table 1) This indicated that whach they ere found Di diplotens 1L
there was no change in lhedl;mmbcr og Ly rperm mcm’ ngﬂuv-m‘d rpromks 1:;
primary spermatocytes from the time of faiad
their formation untll the mid pachytenc m}:‘h‘,"xh‘ m'%":,;:.’ﬂ"""
step of the melotic hase he erous epithellvm (lauﬂm
The second series of count  tuble 2) 1-XIV) Lettering same a3 abov hw,.r-
ncluded a of spermatogenc 13 going  stafe XIv of the cyck [ and 1 Ko e
from the leptotene ncpogr the meioc At and second mater tem L ﬂor‘ln(;)":
prophase up to st 7 SpeTn 10gene i wers counted e
n ep meiotic prop s the %??ﬂ.‘,&-amm"ﬂ‘“

sis. During the long



1156

SPYRMATOCONIAL RENEWAL IN THE RAT

TYPES

CELL

15

16
13

17
7
L]

e >

5

19
19

g

<

B
>

1X

10

x

R

%

WEOWy Ouw I O>0JW

) No
<2
Nt\\”

s o
am e . = "
o &% I
uzz .
e g o ‘ h\\\l
%2R ——

[nd
. lk\
s DR P



118

numhcrufprmurylpamltocytelperm—
bular cross section remained remarkably
canstant (average = 34 9)

The number of Interphase nuclet af
secondary

step 7 spermatids

were identical (1014 and 101.3 respec
tively) but sgnificantly less than twice
the number of secondary (613 X g =
122.6) eor four times the number of pr-
mary spermatocytes (34.9 X 4 = 13986)
d g that a derable loss of cells
took place during the two maturation divi
slons. Since ezch spermatocyte
tids
spermal y counted

was only 72.6% of the expected yield

Identification and emumeration
of the degenerating cells

Degenerating nuclel were occasionally
seen along the basement membrane of the

them as arising from
tbtene tocytes. Oakberg (56) w
ing with the mouse identified simflar fig-
ures as degenerating type A spermato-
gonla. These degenerating nuclel, found
to ocar mostly at stage XII of the cycle
in the rat had the fallowing characterdstic
appearance the formed several
hemispherical globules along the nuclear
membrane which eventually coalesced Into
a dense trregular mass (figs. 102 10b D)
No transition could be seen the
surrounding normal resting germ cells and
the degenerating nucled so that the identd
flcation of the latter was difficult. How
ever since the degenerating nuclel were
found rmostly at stago XH of the cycle the
possibilities nere Umited to four t of
cells type A spermatoronia w inct-
dentally underwent division during this
stage of the cycle lep(menrhor Iygotenc
spermnatocytes  pachytene sper
m&: and finally close to the lumen
of the tbule step 12 spermauds (figs
10a 10b)
The nature of the degencraung cells
was clarified by examination of radicauto-
graphs of testes from anlmals injected

YVES CLFRMONT

with thymidine-H' and sacrificed eitter
three hours or three days after njeena
At three hours many typs A cells baxo

XI. Many d g nucked were v
labeled ( 11a, 11b) In contrav, &
three days in most type 4

Rti-]
ing nuclel were found at stage
every one of the six animals imenttprd
although thetr percentage
mal to anhnal (table 3)

Mapping of type A :pcmmyﬂ*"

I T A spermatogonia at sax
i Tnformation was At &

of the cycle o : A -
lected from maps showing
aper on the b ¢ membrsX

of tubules at stage VII of the cc
the four maps recoostructed fmm’ o
sectlons one Is lustrated in Agure B
such a map the type A stem Cfn:”mu
tendency to gather In groups o T,
sizes (two are outlined in fig 3 1) st
merged into one another lea g free
rather large areas of basement T, T
(such as the shaded area bin fig o
density of the population of t7P¢
precluded thelr arrangement wnrf"'
of 2 4 8 cella as done In the
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104
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032 Avenge 81(%)

Areregs nomber of calls per
tubwder cons saction 300
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(Clermont and Leblend 39) Suggestlon
of arran-~ement in pairs were frequent
(623 ¢) llomever a comparison by the
Student method of the mean distance br
tneen the two cells forming a pair to the
mean distance from any cclls in a pafr
to the nearest cell outside the palr re
sealed that this arrangement may be for
tultous and result from a random distritn
tlon1 of the cells (p values abme )
i1 Mapy of didding type A cellr at
atage IX of the excle A second series of
maps were reconstructed uvdng only mi-
totlic figures of type A stern cells from
tubular cross sections at stace IX of the
cycle e during the finst prak of sperrmato-
gontal mitosds (fiz. 4) It was found that
the dhiding cells were arran-ed into
groups or fslands  The boundaries of suth
groups of cells could be delimited easily
and were therefore indicated on the maps
(fiz- 9) If two groups of cells wmere w0
that their sepiratlon Into tmo dis
tinct hlands could be questioned by any
¢r then the o Islands were con
red as one  The results (takle 4)
gacd that all lslands of disviding sper
slomonia were composed of exen num
A+ 13 of cells The sire of the falands was
extremely variable but those composed of
six dividinz cells were the most numerous
(2087 )
Now comsddering the cills within the

m. divided In patrs each member
belng at exactly the same phase of mitosls
TAXLE 4

N ombersf ol perisland fd 4 3
Hpe A stem I

Humber

ot rell st g feroent gr
ot blind
2 s €3
4 *» 17
[ 16 pe-2
L d " ne
10 € kg}
12 9
14 s 104
16 2 2¢
18 3 7
0 o
> a
a1 1 N
2628 4
Total 7

YYTS CLYRMONT

(67 4) To test th- palr amirs—r—
the m=1n distance between the o oo
of an 2ssumm~d pair was capared (by 2e
t test) 1o the mean distance from ecte
paired cell to the prareit dnide. ¢ doz
side the piir Thew meanureorsi v
madr in the maps cortaminc e L=
20 assummed pain and no cemaderzis
was given to the phase of mo=n B
scrveral maps but pot In all the dZerr
Letwern the distancrs was Lo
(table 5) Esen when the aman-reztd
mitotic S~ures In pair was o ccfomr’
by this method — perbaps brcame o B
clome packin of the ceos — the exz==3
tion of the maps clrardly sarsese! ©f
exlstence of such pain This was proics
larly true wben the phaws of =23
were taken fnto account as sbrwn fx
ample in map 4 (L o) for whxh £¢
praloc was 094 TL fact (knt be pu3
could Le demomstrated taa aly 1:1:'_;
eral maps and mopt afly 1927
conddered 1o be aufla ng proof of =
existence

1 Mapping of e 'urrszu e 4
spermatoqorda J1 was povicuy
that degencratng type A I?ﬂﬂ”-"f;
were usually found a s+ XO o
ocle that i dunp o El’“d
prak Maps of de=eneraan as well 8
& lding typr A cells were alio ncE
structed It was found that the 277,
Inz type A spromato” rix WerT :-m—r:“
In groups sometimes of consntri- £ 7

showed even numbens  Thar ]
in pairs was not fefrecpnt o
degeneratin~ pormally cividin 1 wet

I ecm of E7F
i 4 “""”’“”"‘hm““‘mﬁ-aett"



SPTIRMATOCOMIAL RENKWAL IN THE RAT 118

~ 0%,
i (Yt
v %o
%o
N
e
~— ~——
T
- —
o P
¢ by o~
-
{«
- -
— e
e ! e
™~ [\ s
- .
ie ey
°To * -
J—

LT e 3
o
o o
© °
>
L] Py (1]
4
© PROPHASE
. METAPHASE
“» 0 ANAPHASE
o
8400 «» TELOPHASE

Frgure 4



122

and Irradiated mouse concluded that they
belonged to type A spermatogonia. Radio-
autographs of testes from animals Injected
with thymldine-}l showed that radioactive
degencrating nuclel were assoclated with
nammal radioactive type A spermatogonta
indicating clearly thar the former must
arise from the Jatter  Furthermore a close
cxamination of nuclel in areas of base-
ment membrane where degenerating cells
8y well ax mitotle figures were numerous
indicated that the degeneraton of the
type A cclls takes place mainly during
early prophase

Light per cent of the 1ype A cells ot
stage X1 of the coyele underwent degen
cratlon (table 3) Since the type A cells
degenerate In prophase or before disislon
a better estimate of the percentage of
type A ccll affected may be obtalned by
usng yespectively the number of deren
erating nuclel per tubular cross sectlon at
stage NIl of the cycle (032) and the
numbet of type A spermatogonia per cros

ction of tubule at stage \I (30) f¢

or to the mliotic peak The value thus

yained 1067 i1 Jower than the 257

« degenerating type A cells found In the
,mousc by Oakberz ( 58)

Although no degeneratien of primary
spermatocytes wax obactved during the
long melotke prophase (table 2) some of
the germ cefls degencerated during the sub-

scquent maturation divisions  Such an
abnermality in the devel t of sper
matocytes was mentho; for the rat

(Roosen Runge '65) and for ather mam
mals (Oakberg, 55 Ortavant 56 Kramer
'60) Howeser it rematned to be keen for
the rat whether the first and or the sccond
maturatlon division was affected and to
what extent  The chm data shawed
that on the basls of the number of pri
mary spermatocytes the sumber of step 1
spermatids per tubular cross eection is
27 47 lower than expected  Of this per
centage  a; tely 12% of the cells
are affected during tho first and 15¢ dur
ing thoe second maturation diviston These
results differ from those of Roosen Runge
{'85) who reported that 25 of the sper
matocytes degenerated during the first ma
turation divison and pone during the
second division. The percentage of cclls
lost during the maturation divistony of

YVFS CLYRMONT

the rat s greater than that (137 ) fed
in the mouse by Oakberg ('55)

Spermatids also degenerste at se=r
critical u?« of their development Booer
Runge ('55) estimated that approximaidy
107 of the spermatids disintegrated d=
ing sperml is  Our data essabiated
that from step 1 to step 7 of s>
fenesis no spermatld was lost. Dok
ties In obtaining corrected counts froe
older spermatids an sorarTe
cstimate of eell th d;:lrln: the b‘-:
steps of spermiogencesis. Howerer n
ready polnted out by Roosen Romge (35)
cytologieal examination clearly todikatn
that step 10 and 11 spermatids are e
ones which are the most frequently sz
to underpo disintegraton This fs the o=
during which chromatin rearganizes fo st
nuclel, whkh;’be?ﬁ:ba#)ne Irom 2 spbt
to a paint sickle (fig. 2

The spontancous depencration of ‘:’;
cells seems to be closely aseoclated o
the chromosomal behavior since b’\”‘
casc of the type A spenmatogonl
curred during of the suce X
divistens In c.;la;_lc 3.{
during the maturat v
the case of spermatids daring the
arrangemnent and condemation of
matin bSuch an nbs;'g;)ﬁonb‘o‘”
made by Oalberg »
that the nuckel contafning ﬂbﬂm"m
moeomes were eliminated ”'rl:’;nr('?
steps of spermatogenesls.
of chromosome damage Tematns o
honever

At any event considering oor 481
on the of sy
(1067 ) &mmﬁﬁm(ﬁ e
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“"f by R munns:;é“) '":'.;nk'
of spermatozoa prod: per P
cell would be in the rat D‘:FW
theoretical yleld
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el

it
1. Jt was appropriate 0 8¢
iniuanty proposed stem Cll Repemsl 2]
(8g 1) war tuplgo'ru‘d by
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(Clermont and Leblond 33) hat at cach  ef rudioautagraph in antmals B
cyele @ seminiferous epithclium the  with thymidine-
ducin e s The Tatlos 2 mﬁumrfn:ﬂ:ﬂ:
£ Bew gtem whilo they simulta  type A stem cells to 4
neously yield spermatocytes which later of other germ cells ealculared Ir\n““‘:
gtee rise to the mature germ cells the corrected by Abercrombics f“mﬂ’ﬂhd
Spermatozoa. ruxd-lﬂ'creml‘rumﬂredmﬂ:r:aﬂ”&
culated from the uncorrected Leblo?
SUMMARY ready published (aﬂm"gwwﬁ
The mode of development and renewal  '53)  Thun the previoady PUbE e ')
of spermatogenia 1o the adult rat was ramwﬁmm”“mm
reinvestigated by snalyzing counts of germ  would not need gan oA
cels (type A, In and B 12 of cell counts "n{'hm,,A
spermatocytea) at the vardous stages of Howvever .ma_:e IDB. duﬂﬂld"’:

the P o
and by investigating maps of resting and  phase of the sccond he o>
dhiding type A stem-spermatogania. De  fosls at stage ercle e
generation of germ cells taking place at beno{ce!llnrhln:fﬂ’mmn
critical steps of sper st s ( the
Investigated guantitatively and by means considercd to be below
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by & similer percentage and the cell counts
were comrected accardin; New ratios of
fype A stem cells 1o the maore matare
germ cells were calculated from these cor
tected counts,
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vascular pedicle was clamped  thed off
cut and the whole spleen with contalned
blood put fn fixatise In two addiuonal
rablits this procedure followed two min
utes of pawhe cangestion fnduced by
clamping the splenic vein at fts entrance
into the portal veln  In three rabbits the
speen was removed after fixatlon in situ
by perfusion

Hiration  The fixatse used wasy 17
osmium tetrodde buffered to pH 745 by
veronal — HCl and contatning 57 sy
crose  Except In perfusion the fixathe
was chilled in lce water Portions of fresh
spleen from central and peripheral por
thons of the organ were cut into Hoeks
aprroximately 2 mm_and fixed for about
anc hour Whole splectts stased fa Sxa
tive 40 minutes to arc hour and then the
superficta) blackened areas were cut into
Wocks about 2 mm and left In fixative 30
to 45 minutey mare

In three rabbits the apleen was per
fused by 150 ml fixathve preceded by 23
ml saline under a pressure of 100 mm

\N;: The ustont required abaut five
utes e solutlons were warmed to
1 and uscd cephalad through the

sbdominal aorta just above the renal arter

1 aflter the thoracie sorta hepatic artery
and mesenteric arterics were clamped
and the splente vein cut The spleen was
left in sttu about ten minutes and then
large porttons 20 to 30 mm in length
were placed in 037 ethanol and allowed
to harden overnight. Then the blackened
arcas were dissected free and further
dehydrated.

Embedding  scctioning and staining
Blocks were dehydrated in ethanol and
embedded in methacrylate (20 methyt —
80 butyl) or ina few cases In dlre.
The methaerylate was polymerized with
ultra violet light. It waz not prepolymer
fxed.

Blum microtome with a diamond knife
d from 3

v do
Imestigaciones Clentificay Caracas Vene-
ruela

Thin sections on carbon-coated formvar
grids  were stained by flotetion upon a

LYON wriss

solutlon of 27 uranyl acetate two ko
at room temperature (Watsen, S8). s
studied {n 1he Slemens Emslop [ erd
acrylate sections were well stained st
this procedure while those embedded b
araldite were not. Increased contrast ¥
sometimes cbtained fn the laer mred
by employlng 40 KV ratber than 6.
The blocks were also atw
3 w and stained for Hzht microseopy ¥v=
the c acid Sehiff (PAS) melsl
and hematoxylin (Welss 57 ) T
used spleens wete soctioned enfy &
microscopy

it

cht
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SPLINIC ARTERTAL YESSELS

to retatn blood, red cells are

133

(fig. 1 2, 4-7) They form a complate
layer only in the larger vessels. They may
b H

Ve

ous with the sbhmminal endothellal pro-

jections mentioned above, Adventitial

cells contain consderable copcentrations

of ANP parfides but seldom any fis-
structure.

processes dertred from adventital cells,
ﬂff)“dt“mvtbenael(ﬁp.s

yewels narrow to a diameter
aboot 95y the

The extracellular connectve Hasue
contrfbuting o the sdventids 1s usually
a ground materisl contalning few and
variable concentrations of Abers. It forms
@ complete layer around the vestel con-
tmrous with endothella]l bagsment mem
brane and urn.

Dog vessels in the dog
resemble those in the rabbft. M
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cells of the cords. There s some Thoro
trast within the walls of the arterial ves-
scls and only a te amount within
the lning cells and Jumen of dnuses In
the dog on the other hand there 13 litile
Thoroirast the arterfal endings
Ie is rated I the sheaths  This
difference in pattern of concentration of
particulate materia] between rabbit and
dog spleens was demonstrated by Mils
(26) with Indla Ink. Within the sheaths
of dogs Tharotrast {s present extracellu
larly and within intracttoplasmic vacuoles.
There is a great deal of Thorotrast in the
extracellul. rlal It Is
ent moreover in the endothellum of the
sheath caplllary disposcd In ways sug
peating transport across the wall (g 18)

WIiss

The distributions of Thorotrast § and 4

PLATES

Flgures 2.4 8 0 10 13 and 14 are presented with
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PLATL 2

T raN oY or N

are rich In woall mitachond | d contain ma y small veskcher A scanty

matrix Incomplet Iy reoundd  be  oma. nd Whely represents Schw  ncell iy
nerve la§ vested by neomplet but conspicuous Bbrous sheath and peripbersl 4 200
aleoder celluls 16y e tn  mprsing the perincwrinm. Note the buler In the S50
layer (F) Inthe w Il [ 1 ;cles cytop] wmic stramds are of en preseyt HL
rvsemble the axom prese €1 re ut lackl g this bl tological picture }t ha pot be?
aible t establish  peur | - ™
The contentration of m it} rdr  nd veskles In these sxons  gests this B3
pretcrmainal segment [ h 20,000.

th -
podule of white rulp in rabbit plern ne  the branching of several %‘k
™
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FLATE 3
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PLATE 4
¥ TLAY TION OF FCTR 3

:
1
%

3 Rabhkit Thl arteriol oNJqutlydl plays
brancu  and

Ar
a3
S
7
i
£7
i

:

g
BEr
h%i

xroand
pare with fitvure ®0 for the dog ) Agaln some of thewe
o scles others pen [Hy bl minal ex ension  of the eadetbellom
ef hentitlal cell cytopl m. Posslbly sowe of the oviopls
X 3,000

G Rabbit Thl lender rierla) vessel Liey within the white
Mu  f endothellal cells, two of which hav porton of ueled inc
section, brane which | in tom
Layer [ achentitisl cell. The endothellal cell meet nd
1 men. The endothellal cylop] m contatn  moder | umber of s
RNA partkles, cabches, m!nmh nes Not  t the arrow demithes
thon to the ccll ccll

ery lftul-rmophlmknlrmbq (C.E.) lying tn the b b sement memboe,
rortion [ the bawment membrane ls thick asd potice Hy rich 1
Severnl ad  tial cell (Ad) urrownd the trwcture ibey wre
lyephetytew. ¥ 23,000
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K
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PLATF 8

APLAN 10N O FictR

R bbbt This section Includes tw saecls [n white pulp
ibly me  thel bifurc tion  The endsthelum [ low
Ing el th Iy oluminon lumen The endothellal cell

re kb in RNA p rticles and contaln denee mitechondria

A noteworthy h racteri tic of thl endothelium to it blum

inal projections 1 to the rroundi £ extracellula  connce

th th ue ( rmom ) Those projection becone contiawou
with (B reega] lemaellee. shermett x with 1 yens lh
cxracell lar connecth 1 we  These layers fallow

cumf rential pattern  mund the blood ersel  od around

the | rew ce rral ccll which probably | #d entitfal cell

i
from d entitd | celle. Compare espectally w th Bg re 20 1
dox_splcen
Th  preparation w pot stained flor &t < 23.000






PLATE 6

EXPLAY Tiow oF mictas

3inUs

: m-

mn

f m

comthkx  tructure containl g tw  terminal
n.lnllymihrvbhl)lndpl: rocytic cells. The

8 Rablit Moat of thh Light m

—

14






148

10 Rabbit. This s
pIMORAN el
prroxim tely 23 2 fa

portion  f the pprek
mated pla ma e
brancs Thi B en occs-

2
3
7
2
g
B
g
k

]

in the preceding vessels, althoweh this membrane {s very 1d Iy orach
10 clastsc Abers than that in the larger preceding vevsels, The mem!
f prominent and ebows far lers convol ton than in the arber 8
m sche ppears beent although sone of the cytoplagmic proces ©
wpper porthom of the plat may extend from smooth musche cells.
portion of the ciael 11 an cxample of the relatlanship betwren
veusel and the cord into which it empties  1ere arterial endotbe
the otnerse awrface of  basement membrace and the Lining ccll of

3
¢
Hiy

¥
3

um

%
i

endotbelium may cunn roand the end of the basemert membrane

o Lipe part of the cordal lumen. This | nﬂ\ntr-ndm;bekh»dedﬂ;

arterial opening in thi plate The opening bere &5 sepde  chapnel whic!
ots h this  ewed







PLATE #
EXPLAN TIOW OF FICUR

11 R kit Thi secthen io soccendve to that in figure S

mmacrophage Lics some of §#t Ls free in the
cytoplaem Except for that In

membrane
hag  almost afl of (he thortom dioxide by exTa-

in thi preparstion and, oo first glance 14 oo~
fused with the marr y sized, shaped and
erganized thorium
Again, note the of the cordal lning el 4






FLATE 10
EAFLAY TIOY of FICORL
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antmsd
Liteled

14 Rabkt Thi feld caotan Fovbon of rod pulp ne
unot The trscing
he same manner  Agure )L “ote the Laing cel of the s s
The






PLATE 12
F FLANATION OF FICUATS

13 Rabbit Thi  rteriole | just within the whlu P Ip of rabbat
by trimmed &

The basement membr ne largel t bl In
#ch of the comers (arrow ) The  cvel ony f a
tures 1 red cell present In the | men moderately deformed and clowe
xainst endothela) am od 2 slender longat Juminad cyropl wmie

The rndothelrur | bigh mplmly effacing the lumen, Ithough the
mecting [ endothelial cell luminal puafasces can be mad~ out. T
‘hmhhnumr-rud«plymuudbyrum = terlal Thn
material conalats of e tirsoe &nd "
Thorotra & Most of the larpe iregular granolar material

Note be relation [ the sbeath to the swrrounding red paolp Cumv-r'
w th the remaliung Agures expecially figures 17 18 and 19 0.
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PLATE 13
EXPLANATION OF FICUT

17 Dog Thi sheatbed #rtery way sectioned from the aose Mk
that in Sxure 18 The esscl consists of an endothelir lying opon
hwmmmbnmnndm\hcm .mu—uhnﬂ;phuvtrﬂf

nlldwﬂhhmnhrnlh:duwndmlrdﬂ coatalnlog
centratoes of Abers. Not the highly folded lenghy cell mmd.ﬁdﬂﬂﬂ!
of the she th celln
Mout of the thorium dicaide | pn-n-m-dlhl.nlarrrmﬂrbmk""
oolew Many of thewe scoubes morrover contain other invibed mit
rial A great deal ef thortum i lmmmnmﬂh
nu-nﬂn wlar connective tissurs.

No smooth m wle ppears fresent
""lmbﬂundrdhtbemm;kumudnuxbnmrnﬁﬂﬂﬂ“
n the next plate 4.000






Ppear present here crtop] sm centalning scanty to mod-
grate moant  f ANA partkcles, some rel tively Large mitocbondria, bt
lacking gramules or micul m. f2 little or no Thoro-
trant in thh cytoplaam nd it probably represent the more related ecto
portion e 2 dense larm contalning vacw
oles mitochondria €ranules, and incloslons of Thorotrast. grao-
small mitachondria present in slbre conmur end

the of an external ane

-
sparerates in figurvs 18 nd 19 made up of Thorotrast, and demse 2+
mwbeﬂujbodhnubauydrdwdlmnd«u-.mymmyh
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plasm  containy amorpbous, granaler  ariably denwe
ground material identical 'ﬂb Lb-ll present extracellulady
Dense massey  re prevent in the seticwlom.
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E’:Pﬂmdomofmmmdumo[nb.

Arterlal endothelium embedded in methacrylate after fixa
arteres in this material were char  HOD I0 osmium tetroxide and statned by
endothellum and a 'he PAS method, and have found only a
though this was not I€% arterloles in bome marrow with o

the terminal hiEh endothelinm.

Same of the terminal arterfal 1essels
terrminal seg in the dog resembled some of thosge In
the spleen has the rabldt in the presence of slender

(1891) Abluminllendotbd.ulpmjccdumorphtes

('Oll;y X contin, with dmilar 1
Salnll ‘37) Spook uous cytoplasmic
Mlgﬁ:’.]( Q&m and Jectlons dedved from advendtal £

ar cal These wind Ir lady around

23 Altschul 54) Inter VOven reticular fibers noted by Snook

'58) In the rabbit. Abluminal endothe

(
a fixative in presery 112l Projections or basal fringes have been

=3

H

I

7

¥
R

EE

B3

arterial system tn rob. 1ations similar to those described here
me in Dr

|

e 3TzEy
E
i

method used Sheathed capillaries

very faintly The spleen of the rablit and the spleen
orunig are cifferent after Thorotrast

In the dog the Thorotrast was concen

trated in the sheath. In the rabbit it was

!
i
§

%
:
]

gg
§E
g
5
B
2

es.

A major function of the sheath there-
fore is the clearance of plasma. This
conclusion was drawn by Schwelgger
Seidel (1862) Hueck (29) and Mils

25
g
i

to mry knowl The sheath bears comparison with the
glomeru-

reported for lus. Within five lol.znmli:‘r_utn after in-
f N il

t PY W
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ters the centrolobular reglon In high

interea
(Latta Majmshach and Madden, '60)

conrcentration, penctrating the intercellu-
lar substance between

cells

It is likely that the primary pathwsy of
materials into the shezth is through the
arterial endothellum rather than from the

cent to the endothelum have vacuoles
rich in Thorotrast before the more periph-
enal reticular cells and the pulp around

retentton  However material

the sheath gives no consistent evidence of
Thorotrast

can reach the sheath from the periphery

to & more restricted degres (Mills 28)

Krdsely s (*36) observations on the con-
tmction In the sheath is stimulating in
light of Mills and Solnitzkys ('37) ob-

servations which I can

that

srooth muscls {8 lscking in the aheath,

i

5
g

Their cytoplasmic fibers may ind

ng in the sheath or in the endothelium
ay closs or open it vessel, As monomu-

basopiilia (= dye binding by ANP) &
miirdahes (Welss and Faweett, 33) Genth

and Bodian ( 43)

ceils increased in volume with decres
in Nissl substance

90

hat the Jarge RND molerdes Tooes o

into smaller osmotically more active com-
with the result that the cells im-

bibed water and

siderations may apply

It Iy p obable,

moreover that Knisely s observanon of the
abrupt cessation of flow in the *eab de-

!
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5
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gnized {n the light mi P A free
e bepr?nsedlgllmtmc.hnltum;
terpreted as attached to

the basement membrane (eee fig. 13)
Except in those cases where the hning
cells have been stimalated to leave thetr

membrane are present
over the whole surface of the basement
membrane and thus help estahlish the
ﬁmdamcnulpalitmof!hemdp\ﬂp viz:

lning cell, lumen lnin, basemen
111:7:!1])111::1:].I.l:lin,gl:e.l],lugzl)(:;_u1 t

Separation of plasma and
corpuscles

eep
endothellal infaldings the dmninution of
the Jumen in the arterial vessels stodied

pso
the organ. Knisely (36) apparently found
bood flow through these vessels unre-
markable except during contraction of the

sheath, W]Lhﬁxednmdcr&x:numcq’\ul
to normal blood pressure vessels un

arteries when introduced through
e splenic vein (Steda, 1862 Mall, 03
Tait and Cashin, ‘25 nnd,e:E:hllylﬂDJ

artenicle or arterial capillary completely
Hockzdﬂ.phmpamdnndc'ﬂhtbem-

371
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i
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£
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g
i
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£e

g
E g
sgé
it
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L
§

by in a
3 forced through a narmow
m’ﬂzndbactﬂr.hnajnﬁﬂﬂ

and 4 blood flow unlmpeded.
ddi to any
ina 1 arterial fall
arteriolar or capillary coustrictim, the
plasma sk to this




white pgadmdthh zone would ap-

pear to sort of pardtion wi
tranches having

than others. I have £ a great number

o R e i B s

ity After
dal is present within vesicles in the ar
teddal wall and in the mem-

and cats has s higher in
the peripheral biood becauss splerdc lym-
plasma  awsy

don of whole pulp because shutting
down venous return did not kxing the
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myhbl:yt;_nn o shea d.l.l]:.la!:':l'-be

complets The endo- The th cells Y complex con-

terminal vessels may be yich vulutfdcrlljlmcdmsmdllw slender
J

elfum
of the sheathed

caplllary With the doses enployed only
m ln:ﬂyu! mmell to moderate amounts wers Fpresent

- in Lfe, d ding
It appears that e, depen upon
endothellum and the ad- ot

g{;ﬁ‘a

o

g‘g’gg‘ g7

i

L2
i
£

£

Eﬁ’@

§

FRRFEEEE
i

L
a

1

the degree of constriction,
slender proc
about the vessels  Delght of the endothellum in thess arterial




174 LEOM

roten Milrpuls, Verh. anat. Ges, 335 G Flscher

Broun, G. O 1933 RBlood destructin derng
iy bone merrow
stimules, J Mad, 87 187-206.
Croaby W H. 195 Normal of the
spleen tive to red bood calls A review
Blood, 14
Gesh, L, and D Bodisn 1043 Soese
in 3 Cell. and
Physiol, 21 253-280.
!h;:,Tl‘L,lng B. Ceatha 1 Relation

e of oo rat. Amer. ¥ Anst 57

351

Jiger E. 1029 Dis Goflmryersorgung dar mal-
in der mix  Zeltschr

kocperchen
Zallforsch o, mikr An t, 8 578-60L
P 1908 The spleem In

soperer P A. D Pollack and G. Beslr 1541

Patbhalogy aof trd erythematosms,
of Path., 33, 5A0-#£31.

AL H. 1638 Splees stodies. L Micros

obsrvations of the arcolatary system

spleens,

Anst. Hec €5 A3,
Xoboth L 1030 Uber des Gittaefasesgeriist der
roten Alpulpa mit oinem Bertreg Za Direr

1921 Joww pesT
Tak, ¥ and M Culin 1033 fooe 2
Exp. Physidl, 15 1041

W oteon, M. L. 1658 Stalnteg of thows




THE ROULE OF THE. SPLEEN
IN THE BEMOVAL OF NORMALLY AGED RED CELLS
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ﬁﬂmmybclusnwwlnpbyw’
ood destruction than in man,

ences to the movement of macrophages
Miescher ('57) morcover roviews and
contributes pew date on the manner in
which red colls are broken up and phago-
cytized

1t is clear that under experimental and
pathological conditions moderately dam-
aged red colls aro removed by the spleen
and severely damaged red cells by tho
retlculoendothellal system as o whole
The rolo of the splcen In the physiological
dostruction of red cells y turns
on how rapidly a red celt from a
viablo to & non viable stalc Should red
cells normally decline abrupdy to the
counterpart of savercly damaged experl
mental or pathological cells they may be
removed diffusely through the retleulo-
endotheltal system. Or should they ho har

bored in marrow or elsewhore during a
poriod of more gradual detedoration and
released to the blood in ¢ markedly do
graded stote the same fate would awalt
therm. llowever if rod colls doeterlorate
gradually while cirenlating they mny puss
ffirough a stage of moderate damage dur
ing which time the spleen might cxercise
$ Lt special power In removing red cells
There is cvidence that red cells do grad-
ually deterjorsto aa they ags (Crosby 59)
This stage mey be long enough to exposa
tho rod cedls to the spleen yet shart encugh
10 lfo within the perlod of indetorminancy
af avnflablo methods for determining life
span  Jandls estimate of splenio blood
mlnhmmwnp based upon the

tho clreulating blood each minute provides
moro than 500 passes every 24 hours for
the spleen.

method
bo put at lcast sevaral days I er the
postbility that thoso cclls living the
greator part of thelr statistical life span
may decline sufficlently slowly tsulpm
through a phaso in which thoy aro vuiner
able to the spfeen  Only if they elude the
oen by langulshiog elsowhere during
ir decline gre removed throughout
the reticulocodothelial system. In tho
rabbit where a significant of red
cells may bo defectlve at outset, the
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“Fiogeness of the Human Fetal Pancreqs'
JAMES 1. CONKLIN
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hyma there s obvi

JAMES L. CONKLIN

employed in & study of the development of are expressed tn terms of crownd?

the tic {slets of the human fetus.  length m%mmhm:
present study was undertzken in  to facilitate tt and has m

an stternpt to describe the 1 de- T } igridft

1 af the hymg of the hu !

the time of development of the several
cell types.

MATERIALS AND METHODS

LA L

The dsrues employed fn thix study con-
sisted of i} from 54

'33) The wrere fixed in either
10% neutral  buiffered f Bouins
faid or formal.  After paraffin ar
bedding the tissue

sections were subjected to fallowing
proced yHn and

eoxin or the Masson trichrome method,

(Masson ‘29) for routine histology
hyde fuchsin (Gompori, "50) Massom A

S
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3
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lomen. In a few of the aciai intercalated
become

JAMES 1. CONKLIN

affinity for eftler sldebyde fuchsin or e
Toidal

fron,

110-150 mm CR (145-17 weehy)
During this stage the scinsr epithels
demontrate the greatest change, The et
tirs cytoplsam of these cella becomer i
sensely basophilic but graduslly the boo
philia” becomes most promivent fn e

Glycogen s in  modeate

amounts in the large doct cells (Ags. 10

and 11) It iDcreases fn amualler dect

cells and Is present in smounts in

ﬂxendnuceﬂbudl%ﬂyg.ﬂ) Istet cell

mm(ﬁ;l‘a)t the

Initially the islets four cell

WL&WMM‘I;E’C‘ camnulate
¥ bl ) thoogh mort

while inthapaio&ﬂzemstpm

lent falet cell are delta

i
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H
|
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g
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i
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i
gia

langer

lar strorna are 0o argyrophullc, stain
and exhibdt a slight

lightly with acid dyes
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thcletalhm.gandmctmsidcmdwbu Lum, 1t was observed that raany of the
a reflection of the maturty of the cells  lslets were still attached to the tntercalated |
Le. the more primitive epitbellum com-  ducts at the end of the fetsl perfod.
tained the most glycogen. This probahly All of the cells of the Immature et
accounts for the eady disappearance of cell buda are intensely basophilic but aftr
glycogen from the presumptive lslet cells lhenp;mmnonollpcdﬁacd]tymdy
and indicates the later maturation af the the beta cells continue to be moderately
tubule and acinar epltheliim. This does basophilic.
not explain completely however the per The first distinctive islet cell to appext
sistenrce of glycogen in the aciner epithe- s the argyrophilic cell. This cell fs prb-
lhnnnflerthc- of mature zymo-  ably an intermediate fn the formatim of
gz]ni though maore subtle meta  the alpha cell as suggested by Ferer snd
cchangum‘ybcmomclu-dymlntcd Stoeckentus ('51) Hultquist snd Thore?
to the maturation of these cells (’53) and Bencosme (B5) Tbe arpre-
The cells which will produce islet ts phflic cell appears fust before the tipht ¢
sue are recognizable late in the second cull s found in the same location as the
manthbytbea.ccmnuhtiunafcﬁoplunﬂc ﬂmeﬂ.mmuawﬂ

i 5 o e pme i o
T probably to the - o al cells became more
“Insulocytes of Kardasewitch ('37) mn&m@mﬂk decream.
are located In cell buds which are Also the stal ch {stics of thest !
directly from the primitive tubules in con- twro cells are su ve of such & relstiar
trast to cell buds which later originate ship The agestt cells which st
from intralobular and intercalated ducts. ﬂ‘g are DVAB pegathe

coumes ‘55 Morl and Haga, '80) have

derignated tho difference tn derivation of  51ee¢ the argentafiin reaction lr demor
cell buds as primary and secondary lalet Smted by amipophendls, amang

-~ 1, this seems to be an

ey
the same regardless of origin and the as oy Y
)g:ﬂare:mlnd.m'nﬂonupmbably only Hate or hydroxykynurenine. Th:lﬂI:
another indication of the progresstve matu- ltaneelwmﬂdbeuxpecmimuhﬂﬂd
ratlon of the tubule epfthelium. affinity for sliver while the tryptopha
the fsl

ment was referred to as the Inseifeld” by  Although F and Stoeckenlm (S‘Q
Neubert ("27) and Ferner and Stoeckenius  sugges that the delta cell wes 8 pol
(S51) Seyfarth (20) suggested that the {ve type, evid has been

Inlets exerted an inductive effect on acinar mncdmthopruentmdywhkhmlf:
development. Although this could not be  that this cell i Intermediate in (be
determined in the present study it is true  mation of the bete ccll First, the
that the islets do appear befors the acinl  cells appear slightly before the betd
and always lis pear the center of the lobula  are apparent. Secondly prior
mnall

surrounded by acinar tissue

The “Mantelinse] stage described by are observed which cuntain
Ferner and Stoeckenfus was said to per h fuchsin.positive cytoplammic
st untll the fourth postnatal year In the 1t s thought, in sgrecten!
present study this stage was predominant Munger (38) that theso are Un
only durng the ffth fetal month and the  cells described by Neubert (27

thereafter
While Pearce ('03) reported that the jslets  gested by Ferner and S
;octtheklmi(:hmtmxwtbuwhﬂecpﬂho- Flnally the distributlon of the &2
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('65) slso reported having observed these
structures but thedr existence has beem
questioned by Coupland ('58) and Munger
('68) Neurainsular complexes were not
obacrved In the pretent study and al
though many of the ganglla are in close

to both islets and acini, there
scemed to be a well defined connective ts-
sue capsule separating the parenchyme
from the gangiia.

SUMMARY
The sequential development of the hu
h

JAMES L. CONKLIN

cell {s thought to bo a of Inter  Gomorl, G. 1941 OCbsscrations
i.mcdmteofthebaum]l]: The slpha and  stainy o homm tilets of Langeskeot 12
beta cells aro fixed cell types and trans- T PRRIZ ALy ey e
formatlon of ane typo to the other was for elastic tiwna. Am. J Ciin. Path, 30 8
not observed. 668, [ s
From the end of the fourth month unti] 1051 Microacovia Fittocbeniety
term, the beta cells exhibit m m{wmﬁmﬂﬂ
evidenco of secretory activity The alphe  *tom of the alphs and bois cells In B8 B
cells offer only transitory indlcations of  areatio fshet of the rat. Am. J Anat T
secretory activity eary in the fifth month 403 Tharell Cricier-
Glycogen is prosent in the duct eplthe- = m:&nhmhﬁw
lUum and acird during & part of thetr &~ of Lengeien uuna.nmnhd;rﬂ
velopment but 1 absent from the Ialets 2t vilet miaowopy Acts peth €
all stages. poandine, 33 M oberaorie &7
The acint d {ate from s des

acinar differentiation is an a alter
lﬂmﬂ.nmdnic.d.dmuabmm 1s
feTlgwred p

granles which the ch ics

Lane, M. & 1007 The cvsiegen), B
103722 ytck
h:’p-rB 1633  Studlen s E
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PLATE 1
TOTAUTION o FTSUNES
anhymumnhm(n)mthmnusul 30 mm CR fetur

Hematoxylin and
The pancrestic tubules of wmcﬂf«u'ﬂnnnddddu
tubular cells are omall end intansely besopidlic. Hemataoriin amd
eosin. X 123,

Aruyrophilic cells within paratubelar coll bude of a 30 mmm CR fecus
Protaryol. X 250.

Alpha cells (A) within an Islet as damoostrated by the dimethyd
amtnobenzaldehiyds teckmique. X 400

~Muddy” calls (M) in the perenchyma of mm 85 mm CR feen
Aldehyds fuchein, Masean A and lght gresn. X 250

A pancreatic lober duct. The duct eptthaital calls are lightly statoed
and enclosed within an il

ﬂbusmmfnd:dn,umAmdmm X 400,

Ar—nnnﬂutnmbhludnﬂ. Aldehyds fochstn, Marsou A and
it

grem X 400,
A pancrestio neyrealatsd Tho pecimater of the doct
hes besn outhned In ik, Thh duct and the foteatobuler duct xw
thin basement fachsin, Maseon

duct of & 100 mm CR
htu:. Cnﬂnunlmmdm-dd—ﬂ:mﬂ(?“) X 230
Duastuss cantrnl. Coflokdal jron and PAS. x!SD-

Clreopen 1n tha sctnl of & 110 mum CR teres.
T e e i P e BB B
tron and PAS. » 2350,
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PLATE 2
IXPLAMATION OF YroURKS

An flet (I) nd falet cell bud (B) of 110 mm CR frtue. Note
the beence [ glycogen in thews structures. Colloidsl [ron and
PAS x 250,
Beta crlls In an hlet of 4 100 mm CR fetus. Aldchyde fochsin,
Masscr A and light green. X 630
A “Mantelmsel” in the pancroas of « 110 mm fetur The bets
cells (darkly stained) are centrally bocated and by
other islet call types. Aldehyde f Maseon A end light
green X 250,
A beta cell (B) In the wall f an intralobuler duct. Beta cells

mhﬂhm'hhl&lﬂﬂm“lhmmﬂt The noclesll
also prominently staioed. Methylens blue X 400

The demomstration ftry‘pmphlmln!hﬂ.dnurrmﬂ'mm
ules. D

Noowpecific esterase activity in the scinar epithelle. #mall
uhﬂmtmrmlhh‘dlm((:)lm‘llbtn mumfnlh
pical oytoplasm. N phibal-AB-acetat and gumet GBC. X 650
Mitochondrs th-bcuccu(B)-nddduceﬂ(D) Almamm
acid fochun and Hght green. X 650,

Nouspecific esteraso sctivity in the scinl of 210 mm fetus
N pbol-AS scetate and garnet GBC X 630
D-'Irlnnhnﬂbtucnu (B) in  fetel Llst. Gm
th:mhlbo-mdmuﬂolmm hlets (dashed Lioe)
Aldehyds fuchun Masson A and light green, X 630

o

Pastally degramulated bets cells. Nots the accumulation
u.lc--dpcentwlh-mpﬂhrhl(c) Aldehyde
fuchmn AunmAmdu;htm x 630,

Lightly basophulic bets calls (B) in  fetal fslot. Only (he no-
cleoli sre promuinently stained. Msthyleno bloe. X 400
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Vagqunal and

CARMIE A. PERROTTA

itiafian of Cell Prohferation in the
Uterme Epithehar of the Mouss®
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@ population of cells
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CARMIE A, PENROTTA

developed in D/19 and
modification

12 noon,

Tbefaﬂawinxﬂnmtypan{q\zmh

tive rrere an the 1
thelfirm: (1) Index, (2

of the proliferative stimulos, the a
light of this one specific question which number of cells to contaln six mitoses w5
the present ta destgned lated. Samples of tids sire gh
terphlsehce;l'n o oo ) e or cncdm.cnz
to entar the 5 phase or extimate the rate of cell prod
whether it tedggers cells de the number of ponbx

ace in
Bouins fludd. Mid-portions of the vaginay
and uterine harr wers emubedded in
fin and sectioned at 6 o
sections were dipped intw ouclear
teeck emulson, exposed for four days



IMTIATION OF CELL PROLIFERATION
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INITIATION OF CILL PROLIFERATION
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divided once and soms of these have
divided twice within 36 hours following
the admintstration of estrogen.

Jensen (60) reported that there In
meximom radlosctivity in the uterus and
vagina of the rat st the same time after
the gdministration of extrogen. This sug
gesis that auy differences in the tme of
tnitistion of DNA synthesls between the
uterus and vegina is not because the estro-

responss of the uteras and vaging. Walker
(’60) stated that sufficlent DNA synthesis
oocurs just befors proesiras in the uterine
etk to 1 3

provide p
ﬁthuDNAtymhed:mmuﬂjnm

CAXMIE A, FERROTTA

nﬂdhn)d%nm . X
ton of synthests  (Bollom
Potter '58) It conld be huportent ta &
terrine if estrogen is & factor wiich ox
trols the emergeuce of

in the synthesis of DNA,

SUMMARY AND COMCLURCS
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A
el

:
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§

present in the vagine and uterus as soon LITERATURE CITED @
a8 ane hour after the admimstration of Allen, E aumhmdwvmﬂﬁ":w
estrogen  Jemsen (760) {found that there m&vﬁ n,,,.g
s radicactivity n the V- g 2 I B0, 00 acod Ty
glus and uterus of the rat one 1o two bours Hstoti rr b fhe vestut) eSS
afver the injection of e ,mewﬂﬂtﬂ""
One is, ore confronted with the  don J 9, 12610 o ook
af what the action of geo 18 Bom-dn.rs.fndvmmmm,,;;
tbe time it reaches the genital VL Sanbl W’,““M' “""-7:0—‘
tasoe (probably ome hour after the 8@ ige to thymiline phospbats end I
ministrotion of estrogen) and the time Rewarch, 19 B581-468. «M"‘d,:
DNA synthesia f» initiated fn the epithe cdtmr.u_ng Inttistion s SIS ol
Htum of the uterus and vagine. To resolve ﬂ’“'”“n m‘”)""““"d‘; l-”’.’:)
[hilprcb!cm.poldh!yomuhc;ﬂdﬂ; WM‘BEL“’L‘M;”,I"
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Alrsaader Baticrworthe Sclentifo Publics- Peckham, B 1661 Cullalar bebavier in the
cpithellom of estrogen-trosted

call popals-
Adﬂnc‘d‘lhttrmulnnl tlons {n the femals mouse. Am. ] Anast, 107
Endocrinology ©3-108.
Coperlingen, Abgiract no, 268
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At adrographe of vapmal epitbettem.

Jected wnth tntlated thymxdine 21 bours after estrachal infection
bebed

ccll 1 the besal layer are femer than t 18 bours compare

b frwre 6. The ep thel um w four Ay layens hick  x 500,

From
O aa

yec ed with trita ed thymudme 30 bours fter extexdiol | jection

satmal in 1
er half of the cell in the busal Layer show label The er helum s 8 o el
Lyers thiel. 800

From ritiated thymidme 368 hours .ft tradial
T An antmal insected with boury It e Injection.

=umber of cells 1n tbe besal layer shewing
& The

30 howr com-
¥
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INITLATION OF CYLL PACLIFERATION
Carsrle A Furrotia

Aatorsdswograph  of utering epstbelium.
10 memumkﬂ-ﬂmmmmlﬂmdmnﬂﬁbm
12%.
From an solmal lnwcted with (citated tiymidive 18 bours alter enmalich sabects
cacrachol tojerim

Most of the spithella]l I ¢bhow Label - 1230
From an ammal inpected with tsitated thymadine 38 bours after

Three cells show label (arrows) $mall derk dots ars trigom grun
pudlear ehonents which have taken up stain.

1

peesent

befin] cells show Label Two mitetsc figures 1t

A lurgs pumber of he epnt
¥ 1250
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sedes. Hatching usually ocourred between

formations were mads befare during, and
after treatment,
Both trested and untreated

AORRTY RMITHSIAG

the percentsge of sbnormalities
in embryos surviving untll the end of the
1,

Glucose studies

The effects of the addition of glucose to
the solution comtaining the drug tested.
Glucose in concentrations of 025 0.50 or
1.0% eras added to dmilar concentrations
of tolbutamide io a factorlsl experiment.
‘This series of experimen!

%

{

Py

were d {ning
volames of dixtilled water Farther counts
were ascertained at comvenient intervals
untll the background radlation level was
reached

RESULTS
Observations ol;erbnp! the most re
ma:r] !!E ﬁﬂdmﬁ these expcﬁmcnu Ywas
(hat every 8 embfyo sbovwed staghy

s B
thirce factor experiment with four kvek &
ch of the factars. Ahiopetber there ¥
total of 84 tabular eells wikin e S

=2

£2
ag
157
%é‘
aé% z
i



of m Dormal eatly Medaka embrro shew

ahowing sbesnce of extra-ambryook cirenlation end
mwmm&mmmmkmhmﬂ,ﬂ. The beart
thseoe.

tafl aTe abuormally curred.

Rarmal emabeyo recently hatched of fiv eame age 83 enbxyos depictad fn 1B and IC.

ot miall stz of yolk 300 a5 compered to sbocmel amiTyos.
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208 Atomurs
uFuu l!kdﬂ:p}tood that
ar exam; treat
6 blastula and 24.

the dry, the greatar
thIlﬁelhncmmL

Het  respects
values may be obtatned by averaging over
theuﬂ:ermofactmufcancentrwonmd
licions 5 Grag S 128 Snflar cal
ndmgcanoentrsﬂunufli pro-

exposure. Trestments for 4
3 2, and 1 day(s) produced 40 3z 18
and 6% malformations respectivaly The

O 2-4
e g 16
B B Blagtuls
Aeweh 24 Hour

Pareant Abmormal

MITHYERG

increasing percentage
for stages 34 and 8-16. It b caly

Iras for the blastuls stage. The 2

stage may or may not be exceptional (et
A similar plot of the dats was mk

which related the percentage of abeoms

For exampls a drug
increars from 580 to 0 T5R predzed
about the same percentage inereme

023

, .
0 50 073 i0

Tolbutemtds Concentr tion (ga/100 ml)

Fig. 3
developmantal

-
wmmmwmwwﬂ“mhf
stages,



exch developmental stage A possd  tratlon. This, however was barely
e exceptian o this mry be 24-hour  cally dgnificimt at the 5% level As
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statistl

can

trge group. In summery we may say that be seen from f 3 this was no doubt
stege, drug copcentration, dus to the slightly different behavior af the

©d exporure time operate relatively in-  24-hour stage in comparison with the other
drpendently of aps another stages.
Tests of statistical cance of these Studies with glucose The effects of

With this analysts all of the the drug (2) produce a more radical
maln effects — that 1s, the factors of stage  apomaly but not change the proportion of

statis!  anomalous embryos, (3) produce a larger

g concentration — were T o
goificant at for lesa than the 1%  percen of anamalies or ( Ve Do
ﬂ-l)mufﬂm ok of theso expert-

Gt the one for stage and drug concen- ments are shown n table 1

The efvcts of the addition of glacoee and d of
h-aw-fuuu.whmim ofmum:ei.mmdfwumh.

Caceme (%) 10 o5 ass
Telmtcande () .4 Ma. N Me. » _'."_.1
10-as 0 £ 20 FY ] n n
on 14 o 10 ° 13 1
o L ) 4 0 B 0

o

g
1

¢
w oo Wy T3 1 67 LRI . Y

e Ders
2™ ia embryes e distiDed water afier their t
h“‘.:ﬁmc""““““"’“."md”“" i m ity
wm“mhmmn without drog.




210 HEORAIN

‘The embryos In which glucose alone was
added to the solution showed no sbnormali-
ties On the other hand, 100% of the
emhrymmwnhmmcdhummin)ngbmh
glucose and the drug showed abnormsit-
ties when the concentration of talbutamids
used was greator than 0.25% All of the
malformed embryos showed cardicvascular

SMITHARC

eardiovascuiar trvoleement and oll thowed

defects oye defecty and of 1
curvature.
I studies  In order to study ooy
ty changes resulting from the
sction of the drug embryos were placed in
2 salt solution containing Na*® to which 2
teratogentc concentration of the drug waa
added. Embryos lnuhmfuﬂu:n
contalning Na® without drug served as
contrals, The results of thess sxperiments

both groups of
e STl 1 in dis-

illed vrater showed three distinct phases
There was an initial stesp drop in both
ibcupcrimmmlmdwntmlewpswﬂh
the ] curve steeper

th of then paraileled
each other in 2 gradu in which the
turnover of Na® sl y F1

Ad experimental group with
\-bt}-mumdﬂngtbabankgrmmd}wda
»days than the controls.

heartless & sitostion
aulted tn the coincidental finding of defec
tive eyes. Under the influence of the drug
50% of the malformed em-
thosa exhibiting the greas

k showed

yaxion
gmlcf:ﬁmu x?;yﬂ;b: secondary to clrelx
it e
;?muconﬁngf:i mgzxd!.eun;ni.{n vascslr

curvature of the truok and i o

The
sorne of the abnormal may bat
machanically that fr, e

Marked retardation of the &
yolk sac chara aboorsd
embryos (fig. 1C) However this &>
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TERATOGENENIS IN FISH

MR R petien ey T
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Ty m..,mmv m(szmw i m@mmm Mmmummmmm _mdmmm,muw mmmmxm
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LR desenes e di
m m mmmwmmm M,w%mwm.wwmwmwmmmw mm i wwmwm
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mz)lzlm-thut.heacunnof:hedmgeﬂ'em
acmgv!npumuhﬂ]ryofthe]ﬂuma
memhrane

nal e resulting in abnorm
development. The solvents may
have also ind A per biity ch

In F pethaps by the dissclution of
B L ] e S
TanE

SUMMARY

1 Tolbutamide (sodium) when intro-
duced into the medhun of the developing
Medaka fish caused various cansistent gb.
normalities. The abmormalities produced
were (1) lhsenmufextrrandtntmum—
bryonlc circulation with associated hegrt

1 2y d

bryos wers treated
2-cell stage to the 24-
hour stags. Four concentrations of the
dmg(oﬂstolos)nnd4uxposmptrl-
ods (ane to four days) ivers ured
3 It wes establithed that each of the

peri

i3 the lkelfhood of defect. No suspension

of devel duriog as ob-

served

4 The mode of teratogentc action of the

druludhcu.uedlnnghlafﬂteredperme
ability of the cellular membrane
LITERATURE CITED
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Oryxias latipes, Bial Bull, 78 163-170.

and hatth- ——— 1915 Experimertal blood and vascular

TERATOGENESIS IN FISH
af Flahes,







yslological Analysis of the Preganglionic
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[ Histo-Ph:
|

|

, TSR e g
E
PR e
R0 i L S
;b imm dmmmmmymmﬁw;mm ;
: : : :

W mm;m%mmmwmmmwmmﬁm e
| s pams s
i T L i
U e
mm m__ wmmmmm 5,83 mmw ium%w
il
m@ L?E m% nm.mw h@mu % $5d  haz

1s



218

by Langley (1892) He noted dilation of
the pupfl of n
stimul

spinal nerves He fafled to ellcit this re
hen stimulating the eighth cer
vical ar fourth thoraclc nerve and con-
duded that the preganglionic cutflow fram
the first three thoracic of the

JAMYS L, HALL

spingl cord is malnly concermed with the
mechaplsm of the eye.

The results of stimulation of nerve cells
have been reported by varfous authars
Hodge (1585 1838 1892, 1894) noted an
increase in size of the nucleus an

disnl 3 1a) gt

Jowing brief electrical stimulation. Mann
(1894) Niml (1898) end Pick (1898)
saw n cellular sire and

tion of chromatin. Spitzka and Radasch
(*12) noted production of leslons particu-
lary along vessels in the brain after
_electrocution. Kocher C16), however could
Do stroctural differences between noc-
and fatigued perve cells
}_/Vore recently Heinbecker and OLeary
,(.30) have shown that prolonged stimula-
ton of autonomic ganglion cells results
in granulston of the noclear chromatin
and clumping about the nocleclus. Inger
soll ("34) saw a decreate In the eze of the
cellac ganglion cells and nuclel. Winkel
man and Moore ( 44) observed no morpho-
logical changes in the cerebrum of the cat
following el shock treatment, but
Ferraro Roizin and Helfand (48) ssw
some vacuolization and pyknosls of nerve
ceils tn the

mm-rympﬂcd;!:mu-hm
Changes tn the appearance
can thus be demonsirated folowist &
Using such TEr
and o Richis
son, "42) and the toluidine blos (RS0
and Hn}], 'G8) stalning T
suthor has studied the

varistions

Sulkin (47) and Sulkin and Kuntz ( 48)
used prolonged faradic stimulation to fn-
duce a breakdown of the Galgl network
in the autonomic ganglion cells of cats
They also hyperplacia of inter
stitial tssue and capsule cells.
Finarson (‘32, "33 °'51) and Elnarson
and Krogh ('55) utlired galocyanin-
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Vindrom ('55) They observed no differ
enmmmmm;mmdmﬁnmm

o thtwe hours. After sthmuls
eperiar cervical sympathet, post-chromation necesxary for successful
By oo S TAI (RS e for Heblas end
oun cetate fixation
the prepara- :.:ldfom-chmmumnecusaryfurmm
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chromidiat sul
is light stalning with a darker basophilic
nuclealus  The glial cells have blue nuclel
and light blue processes.

B The effects of sympathetic trunk
stimalgtion

;
ire
Eggg
E§g§=

L EdyE &

iz
g
i
e
i
)
H

green
green but elusters of dark stalning chro-
midlal subatance may seon at the pe-
riphery The nucleus s lipht staining and
cctentrie In poaltdon. A nuclear cap of
darker stalning chromatin materlal may
bo located near a amall portlon of ha

o
Eé
itz
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periphery  The noclet of the gHal ceils
are blue and thetr cytoplasmic procestes

JAMEIS L. HALL

thetic trunk are prodeced o the
cervical ganglion after stimulstion of

are yellow-green, ventral roots of the first three thorack
Depletion of the chromidial sul il of the vental ooty
1s dermonstrated by the gellocyaninchrome of the elghth cervical and fourth to eighth
alum method. £ almost 1 focluxive, howeret
disappearance of this material 2t to elicit these changes.

the extrome peripheries of the cells, The
cdh:“namawhumhrgad.witheccﬁ; DIsCUzsoN

tric el There is no change in A. The Uowic comméctions
staining reactlon of the glial Hasve. Dfﬂwmm cervical sym

C The effects of autonomic drugs
{See Table 1)

1 Ergotoxine ethanesulphonate This
drug blocks the effects of stmulation
demonstrable with toluidine blue. The neu-
rones 1o both contrel and experimental
Hssues appear hlue and granular Glial

cell nucled are bipe and the cytopl

processes are yallow-green.

2 Atropine sulphats With tolofdins
blue the neurones stain lavender-blue after
intr infection of . 1ph
Tbecyglnmmdnuddnbcwt.hhmeu—
chromatic resction both before and after
stimuolation  Nocled of the glial cells zro
biue and the cytoplasmlc processes are
pals hlue,
y 8 Hexamethoniwm bromide Both the
~clel and cytoplasm of the neurons stafn
1 der with toluidine blue. lated
and control tssues show simfltar statning
reactians. Glial cell nuclet end cytoplasmic
processes gre pale blue

D Stimulation of spinal nerve roots
Color ch a0d ch dtal depl

in the peurones identical to those resulting
from stimulation of the cervical sympa

drep N
Teluidine bine staining tnfection of o
- Superior cervical panptia Y
N drug Ergotaxine Atropias __,__—'—’E“"
e [ Ctimatsaeg Contrs =T
Cowtrl KOF Comat RO Contrel —
Ser Levender Pmpe T
Nerve Nﬂl Bloe Green  Blur Rlow Laren i - W
Crtop! em Btw
Glal Nockers  Rlow  Blue  Blee  Boe  Ble B
Cells Pake
Bright Yelow Yellow Pake Pale Pk
Cytoplesm Yellow 5 ght 0 Bloe Btoe Rioe +
Grees —
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mnencdt.hltludﬂnﬁ.onu-pcd.ﬁzfur
pbosphate groups and Landsmeer and
Giel ('58) beHeved that phosphate groups
In bratn tssue act as substrates for stain
ing with tohddine blue These observa
tions plos the fact that post-chramatlon
1% necessary far the success of the toluldine
Hoe reactions, suggest that it acts upon

Phosphate groups are the most abundant
of the assayed companents of nerve tispre
Hllou(‘ES)limmomd:mSOphm-phurmu
compounds in such tavues. Since histo-
logical methods for investigating them gre
scarce Investigation of the talul-
dmnbluamcdunlhmldmdznlﬁmm

C  The effects of autonomic drugs

Hmmaihunhnnbmmldaﬂor.hthelyn—
lpsuinthnwpmﬁmcurﬂmlmzlhm,md
the

neu-
rones which camprise most, if not all of
the gl The

i
i

Jeotion
but the drug might interfere with the
nvolved 1n f

the of
the staining effects. Metachrumaia is also
ubmredmthnm?mnfihemperbr

of b Richins and Hall (58)

suggested that it might be due to an ac
ton af baslc bol

The results are summarized in table 1
of the Appendix.

cervical sympathetic ganglion and in al
teration of staining
xe:-poummdhatulhuthmﬁemu}x
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the chief source of preganglionic outflow
to the ganglion.

The altered toluddine hlue staining reac-
ptie sthmulation
are confirmed,

um technique
of Elnarson (*32) Tbe fact that thees
Tesponses to stimulation may be nulltfied
by pharmacologio of the auto-
nomjc components {ndfcates that they have
mﬂdgnlﬁmmint.hamdyofﬂlaﬁmc
tional activity within the ganglion.

SUMMARY
Electrcal stimulstion of genglion{o
ﬂbn-ufl.honvendcdrvimffympa&wﬂc
mkpmu‘ucudemunmblechm@.m
:h:ﬂmmmmmmguundtbeca:.
Al nnlningruacdan-mdmm-pho-
changes are manifested with the

uldine hiue method as employed by
Rch.medHaﬂ('Be)mdtbemllacynnln—
chrome alum method

superlor cervical ganglion fram thess seg
mental levels Stimulstion of the ventral
oots of the elghth carvical segment

spinal
:ghtbtbamdongmmu:hcwednumd:
ects.

JAMES L. HALL

~———— 19185 Branches of fhe ganglun cery!
cale supering. Ihid, 26 7-34, i
Einsrson, L.

|
E
|

Neur

T o8
Foley J O, loh.:alltﬂd-llm ‘“‘4
to the sympathetic trosl §

1 Dedéer's pack®

s:;l)mn
A:uou-,»llirry;u.( mﬂ'n
bt et Neurol. scandine  (Beh 7y
18 pp. i
r and J L OLeay WO

Autonomic drags may be used to mullify ~ fAber e 45 318,
memmeﬂecuofm This 70 T & Hallaodee un_r:_:';
mpruducedziuer‘;mnncdvityre:uldng tona and gmeers. J Lab and O
from the tion employed. Lol ?}"W‘m d«u;l::“"
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nodoss gangha following stimalstian end drog
in Ni wd Exp
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Shetnin, Y J 1832 On the changes In the xize
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stance fn the after fxation in
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Ik (vacaal) fhers with thy merve call, SUWram, . 1054 A speciho aining for mm
;mwm,]mn,& cleic acids wih toluidine hive, Acts. Anst,
20 36-3.
UNes LU F and B Gl 1958 Seatn. Balkin N M., and A Kantr 1950 A isto.
Hhcﬁ:um:ndm—bdmnﬂmn chemical stufy of the sutonomic ganglis fol-
:‘"ﬂhm-imw.vmm.
Loy Criochen., 4 60-72. Anat. Bec., 108 385078
tJC L L Bailty ond W F Windlo 1856 1953 Histochemjou! alteration tn ento-
.X‘Wkudmltrm:tnnl:hmmh namio gangfon calls associated with apemt
a2 ¥ Iotacse tan ) 1 7 E33ae
=y wr]dmhmxm—___;mmwdmmh oo
ganghion cells and
h:"m‘n“’“ﬁl modification following stimulaticn and fnduced
L mmﬂh ng cedly J Neuropath. and Exy Newrol,
LRy Amat & Phywicd, Ve
TN D eictunen s Nesw. Tandles D.J 1958 An ackd compenent of the
ok g iten, ribenden lead eoriata roscton. ] Hiocbem end Crio
chem,, 4 1
':;“;ndqlfw-a. Histochemstry Ve, F 1802 Stodien ber dem Bau des Chro-
Litrle, Brown matins der
p:,L'Q o b o Bon T malke Anats 407 375389 .
Albergtiony Colgd Wiml, 1908 A clrums#n stain.
iy 0 Derve calls, Bnh:,::;ﬂ- mint-JBm-.AbuﬂmuLWd:hdm.. 18
""“‘m vgten Gunttene it W oend M. T Moors 1344
and Ganglienmal.  Winkhetnan, IV
"‘D'ﬁ-:hnd.wm fndings tn

treatment ] Neuropath. and Exper

tre abock
Neurol, 3 169-200.






Tubule Cells of the Rectal Salt-Glend of Urolophus'

WILLIAM L. DOYLE

Department of Awatomy The University of Chicago
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Treated specimens were fixed 20 minutes
after tnjection and are designated salted.
salted spectmens

with the addition of 0.8 M sodium
for sorne spectmens. This mixture was re-
lace with 10% formalin similardy buf

in late or epoxy
reatn (Shell Epon 812) For certain spect-
mens the Michaells er -Ace-
tate HC1) in Palades fluld was sdjusted to
pH 69 74 and 77 Palade

finld has an osmolarity of 0.20 and this

Flgures 2, 4 10 11 selected from
aro .
cpcdmenﬂ.mdl.unOEGo‘mohr

tapered shape of
of us other dog
skates is somewhat

The simple
the digitiform gland
fishes, sharks, and

i poct by _rrent (RG-C-IVTI) from the
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dified in Uroloph In Sgualus (see
also Hosking 17) primary and secondary
simple tubular glands radiate from a large
straight central duct viz short lobular
ducts. There is a peripheral arterdal sup-
ply to a caplllary pnetwork which courses
centrally to & venous drainage viz sinn-
soldal vessels bordering the lumen of the
central duct. The cepillary blood flow 1s
concurrent in direction with the flow of
secretian in the tubules, In Urolophus the
gland 1s somewhat S-shaped gnd Jobulated;
the central duct branches and there is an
increased number of Jobular ducts The
overall pattern of yascular supply i3 stmi-
lar to that In Squalus but the central alnu-
saldal veins are disposad In the commective
tasue layer surrounding the central ducts.
The central ducts have a multllayered
coboldal epithelium in which there are
a few scattered intra-epd

glands, The lobular ducts tmmediately ad-
jacent to the central ducts usually have
two layers of epithelial cells, and at the
next brupching the docts have a simple
columnar eplthelhom

Whereas sdult Squalus are approd
mately one meter kong and weigh a few
kilograms the Urolophus are small sting
rays about the stze and shape of o dinner
plate (18-18 cm in diameter) excluding

which vary in height from 18 to 8 p de-
pending upon the distentian of the lumen

Mucous cells are found rarely scattered
d_uﬁymp_hembulu The se
cretory cells have sul nucle] with

mare deep Infoldings of the basal-
mo[mnuc}eumemm (Bg 2)
Nucleoli are t
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arations statned with lead the small 150
ARNA ey which are relattvely abun
dant (fig lo&mkuhnmedutnlyobnom
because of the

of
larger 300 A glycogen granules (fig 8)
The accumulations of thess larger lead
staining granules are consistent with light
microscope observations on the distriba-
tion of PAS staining for glycogen

Vesicular elements of the cytoplasm

In addition to or posmthly existing xs
ions of the endoplasmic reticu-

542
I
i1
i

Jum, there are numerous vacuoles in the
cytoplasm which seem to fall Into certain
natural size classes
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The cell are
larnelliform but give rise to tubular exten
slons In some reglons. Thess tubuler ex

contain
and they give rise to rows af vacudles (V
fign. 8 11) At the lateral barders of the
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(text-figure 1K) have been found in speck

rectal glands, As -6 1K
¥ mens kept for 24 hours in poody aerated
e

RECTAL SALT-GLAND
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There appears to be a Hmited range in dt
mmeter of the outer vacuoles fram 0.29 to
066 n with an average dizmeter of 040 n
= 07 u AD Since pot all of the sections
wers meridional, the upper range of stzes

The
rarlty of smaller sires suggests a sudden
formation of these outer vacualexr. Of the

WILLIAM L. DOYLE

clfic If to tan (especially sodhrmn)
punhﬁd"beenmmed. Hokin eod Hok
('GO)andHDhn(luKIdnztﬂcrlﬁ
'61) have stressed the slgnificance of pbre

1

4

B

i

38
igéa?
it 38

symmetry in camparison with free unit
acuoles.

Although & ferr U-shaped outlines of sec-
wons of incomplets outer vacurales partially
surrounding groups of unit vacucles are
to be found in this materfal, they are
rare. Such formations might be secttans of
newly forming cuter vacuoles or of collap-
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in given sitoatans which bhave
over rates and he dizcusses the
liptd fractions which are most
concerned in membrape
The situation in the salt
birds s quite different fram
elasmobranch rectal gland
logical pattern of elaborately
branes the
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as Hokins ('60)
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Typicsl cytoplesm X 38, Bogment of nucent »t
Jower right. Gddmmh“‘lnnlthﬂunhut n!hn:kuhhbﬂhgg
center correeponding to F in rext figure and at Jower right
Lazaclletsd demse bodies noer Golgl array shenld with
those in figures & and 8. Membrapnos o, R. Salted specimen.
Phatpholipdd droplet with four arees of myelold lamellation. X 35,500,
Noreoal apectmen,

Three dense lipid agyh

xod two bodles. The
Lmg axts of the larpe ovold conglomerates apprommately 1 p. Gy~
cogen particles fn the eytoplagm. X 35,230, Salted spectmen
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PLATE 4

IXFLAN TIOW  FIGURAKS

Ealted spactmen X 25200 Cell boundaries and assoclated rows of
400 A vesicles, V. at right. Golgl region upper left. ANA pariches
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Morphogenetic Studies of the Rabbat
OIX. ACCESSORY OSSIFICATION CENTERS AT THE OCCIFITO-
ARTICULATION OF THE DACHS
(CHONDEODYSTROPHY ) RABBIT'

P B. SAWIN MARY RANLETT awxo DORCAS D. CHARY
Rosces B Jacksow krmoriel Laborstory

Bar Hariror
Beports by independent investigators of
d inheritance of dis-
mdmxmmdnrﬁ:m in s pumber of
#gree in showing evidence of gener
E'renrdmmnf common to 2l
d crigin. They dtffer with ref

€rencs to genetic domtmance (stome dwarl
¥ots being dominant and others reces-
) and in the pattern of of
e greatest retardetion effect. Uﬂﬂm
but
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ment of the tetrapod skeleton (Evans ‘39
Wiliams, ‘'59) Abnorrmalides of this re-
glon with the tharacic and
hnobar regloms, sre relatively few Yet
the Da gene, arising as & single

iz
583

and fimetlon it neveriiless &5 one which
bas passed through a certain precise evolu
Senary change sccompanying the develop
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ORSERVATIONS
In the earlier study of the more mature
skeletons of the dechs (Sawin and Crary
‘57a) vadation In powtHon of what was
considered to be the dens and a bilateral
duplication of parts particularly of the
tral hypocentram, were

Variations tn normal elements

The relative position of the elements of
the last two rings of bones of a narmal

in figure 1 with the accessory
induced by the dachs gene shown In

‘The arrangement in the dachs is essen-
tially the sare uafln‘ Lbe normal. The

P P SAWDN MARY RANLETT AND DORCAS D CRARY

oomist or ab-
norms! spacing of ft 1 parts ac-

panled by Inclusion of y ele-
ments and subsequently by irregularities
of fuslon of ndjucglnt ]normﬂ mdd/or
accessary parts resulting in malformation
and malocclusion. The atlas centrum and
neural arches are essentlally normal ex
cept for occasonal frregularitics of fuston
The well-known normal unton of the at

found as trvo
W’%&mﬂ“‘;
eazly tal development (ﬂsf;ﬂ,
© and 10) and oven in el MTF
skeletons (fig 13) Tt“dw:‘m
arise sty with oo F-ud.u
1 ) -‘mbduwlllh‘ et
ventral arch. Frequendy Mt o8 Bg)
either anterforly to pital {

i
%3

or ventrally to an sccexsoTy
tral orch (fig. 12, plate 1)
posteriorly to the
1t {s found to essify as too C°0)
ultimately may (or may PX
shown in figure 12,

u
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SCHEMATIC DIAGRAM OF POSTERIOR
SXULL AND VEHTEBRAL ELEMENTS
FRONTAL

w‘ru

A )

occipiTAL SR ——

A
SPHENOID \%\ “%_ PRO ATLAS
- \

ATLAS
A —
ventra arcres < g B\ )
TN
1
\
Y
Al

DACHS ACCESSORIES = = v = = *— CENTRA

.
~— - NEURAL ARCHES

plex of the rABLit amd (he direction of the merre
Poaitng ted sccrmory of oeibeation and the modibed
of the tord with refarence tn the skall occarTing fn the dachs (DaDe) rabbit are

Accesory ossification centers centrum ot hypocentnom {3 det 1ty
total of elght 1, ha e ludmvmmm‘wtu.m’

The proatlas

Proatles ventral arch  The most com- Ctativm distinguished by its more dorsa)

of them fs one which ardses at about Position may also arise a3 o paired ele
ventral arch Tent.

atlos
Anterlor :Ilndu!!heume Proatlat mewral arches. Two other ac
dorscn entral bevel (ga. 10 and 19 plate 1) cossory are dy
Yariey y in sizc and shope clated with the exoccipnals “"o'm
4 very often arises a3 two bilat most eatlly seen in early Iu]b'!
fometdeal or t mens wm‘m“. lpn:t-’
#01.8 7 ond 10) which at later ages are  fused the exoceipdtal. nfyla-»d‘hmdm

',
tich other 0) Fi tly they (3) In fgures 5 and 3;
Emcmrgfinlm;nmd%m-m ﬂmnilrs and (2) tn (1) In
asiceciphtal attached to the
hmwu;u:n\heckmthprmw of the atlas in Il neura)
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2;5 they may occur as small
in part articulat

pital as well 29 the exoceipial
Lc’mnplex‘of:comrym!ﬂed

referred to egaln in discussion of spacial
est accessory elements of
the cipital ars not pecull

tions
¥ Into the foramen magnum which In
normal rabbits is nearly round. Flgures 22
A B A s C4) from th
at out 4) from the exoc-
dpxte’.;lm;ﬂanmm as in figures 24 and

13(228)
405)

Baal

Deda 2

0 38
e1 L7(H 1)
=450 df=1 po00S

dads and
DuDe
TARLE B
Spacing of w—-lnd/wmn-i“":_'
Nomber 30N
3
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OCCIPITO-VERTERMAL ARTICULATION
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nearal arches of both dachs, heterozygutes
tod pormals in 17 cases. Thess sre char

fred (ﬂx.altod‘hu Jl'a“ in the
exociﬁl:n.l dght) or Iaterally
the neural arch (fig 11) Thcy$
most striking in the

¥ B SAWIN MAXY RANLEIT AND DORCAS [, CRARY
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fcation centers. poip of te
nificance of the ACCOINNT
can be better understood by ol
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OCCIPTTO-VEATEBRAL ARTICULATION

SEREESIRESRENY FERSESLYCLG Rt TpeTsiTand
Wmumdmwmmmmmm% wmm mm { m.mmmmmm £ mmyw mmw. wwmwm
Mmmmwmmmmwm il ﬁwmmmmmmm
st PRI i
3 o] ,m ddm.num ,.m ! m.m .m mmm a4 Mh muummwm
it mmmm mmwm 5 Erga 23351 m mmmmm m mmmm mw g
mmwmmwmm%m Hilihiig mmmmmmfwmﬁ% Mmmmmm
2E8 5 L ELENE g 5,.,_ 53438
R R
s g
ﬁmmmmmm 5 mmmmmdw m .m .mw.m.m dm\w m mmfmm 2
Easky m mm m m g mm 3 m
b
wwmwﬂmmmmmmmm m mmwi mm.m mm&mwmwm% mmmm
il B E%& i



P B SAWIN MARY RANLETT AND DORCAS D. CRARY

ment which in narmal animal is the
dens eus. The dens (when pres-
ent singly or biparted, ar even its

WRYS My appeir
the fact that all

the same as those of

parts.
ware first described

1

of the mherent forces Welss ("29) m“"""m”’(-"’g;ﬁdaﬂ
for differentiation of this region. Further Welss and Amprino (40) £ 700,
THehad y units Ljuxmdymmgldﬂﬂ bt

resulting from this in titro. These autbors have show® B
nism together with the normal unhs have the thickness of cartflage epRITE ",
mﬁ:amﬁﬂ’

creases the growth potential of the region.

m[mhtypedlt&lmﬁ!ﬂbu
been reparted as occurring in dachs
rabbit et the tips of many of the vertebral
grocesses (spinous, mammillary and par
ticulsrly the transverse) (Sawin and Crary
s7b) These were interpretated as trac

epiphyses because they

§

§
%

rate. —
sdve study of
lnml.mm;; “5)‘“_‘.1,0-11
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-~ tut the infloence of rapidly developing palate and other anomalies associated with
cotal cartilage delays and inhibits oslfi- the mutants urogenital (ur) and
g e sternum at the region of melia (pe) af the mouse where the
In relationships of

rtaded development of cos- widé:d.hnen.uﬂmlofpxm by

ul carnlage sufficlent to prevent comtect ossification centers between the frontal
perztts the ossification of the entire ster  banes of the skull; and by duplication of
or a3 & eingle unit. The same sort of ossification centers (bipartite) accessory
stustion was formd by Stein end Macken-  elements and fuslons vertehra

2 (57) in the loop tafled mouse. The The third manifestation of retardatiom,
fppaslts effect, coalescence of soveral obs  fusion of skelctal wnits has been men
h“nmrdlnginm:mﬂnuum,qrpu n pessing times abave.
ely occurring by overgromwth of the Fuslon, v in the case of the epiphyses of
&m alwo take place tn the 1 hydro-  the ve: and lang bones, i3 an event
opbalic mouse a3 shown by Grilnebery of maturation, which terminates the cs-
(%) The relationshtp between bone and pacity for growth. However there are
m‘l‘mﬁmﬁnnmhmbemhﬁuﬁ— other cases of elements in mamy species
H!tmﬁmdurpdmuﬂybychm which fuse prematurely under wormal
(2, 83) who favared & mech lex o ot le tn the frontal
Hinxton rather than o chemical bones of the human skull, certatn of the
Thos, some sort of effect upon the sutures of the rabhit (Sawin,

toclation the g okull bones lmdy of the sphemrcld and bones,
o the sntures by they aro sepa  1s also found In at least certain of the
Bated, or by fuslon, These achandroplasias. In man (Steln '55) and
hh:‘beﬂil’ﬂ'hwcdby\'mmg ('59) who in dwarf cattle (Tyler et al. ’57) it is con-
‘h"ruhmhcrthntu-paﬂmenml-l aldered pathognomonic. In the dachs rab-
Hon of the cranlal contents odapts the  bit the amount of fusion in this reglon fs
mmmnnlmﬂdiﬂellhntimarqm varied and is sccompanied by diminution
o matoration fn sutyral arcss. of fusion tn the occipital complex (Sawin
Ll"f‘l]-‘ieufnewbum:.mmdduwnm:\:!m'd Ranlett, and Crary ‘59) Now having also
h“ﬂlmnzemcmnfmmnluuue le fourd in the same populstion of dachs a
Palel to gutyral cells ond fibers He dimtnution of fusion i the e
oclodes that the aicull is & pl m‘u‘ a tend ,fn‘rfu:'.l;cnof
tively independent functlonal compo-  the proa a ts to oc
IS which are fntlmately related to par  cipital complex, it appenrs that there i3 a
%ular saft tisgne and that borderline To- forward st of the Tartan process at both
ons are qusceptitls to forces arlstng o the and proa
20 than one group of AP 13 closely simi-
ﬁ"““vdfpend.lngcnd and extent lar to that described Curry for droopy
o there forces. Such interrelation of tis-  ear In that mmbﬂm: of the pro-
et however 1y not imited to the skeletal  atlas hypocentrum either as & single or
th“ﬂbmm;ym,emuchuﬂkr Zwil  hipartite element in manper {nhibits
h(('&ﬁ)ha-evidavccufrrdprwdde- pormal fuston of the proatlas and atlas
Pendence of embryonic Limb bud ectoderm  centra. Elther the proatlas centrum
d mesodern, or with its own hypocentrum  jolns with
Thess same tnfluences araing from the  the bastoceipital or the proatlas
étrelatlonship of tissues are m“"'ﬂ?"bﬂpﬂfﬂmdlhepro;’u“

)
by Fltek ('57) in the study of cleft  eentrum and fuscs with the

i
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In either case the atlss centrum is forced
to form a two way articulating surface or
condyle for articolgtion of the skull

as shown by Sawin and Crary ( 87b) Both
are reminiscent of the situation found in
birds crocodiles monotremes and other
earliey vertebrate forma. Hence fusion
cannot be considered exclusively as @ ma
turation ph The { {ons
of crowding with fusion occurring at the
more closaly appraximated borders reveals
lheplnmtobndepmwdmtuponthordn
tlve intimacy and growth copacity of
sification centars g d

:;Lnﬂ panﬂeﬂug'thn length to width
pattern of obsarved In the ur/ur

P B BAVIN MARY MANLETT AND DORCAS D CRARY
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of growth

mice by Fitch ('57) Genetlc diff
in the directionsl pattern of vertebral
gmw‘l.h(lenx&nndwldﬂ:)hawnhabecu
described by Sawin and Crary (36) in
unreleted and closad rectal populations of
normmal rabbits and in normal and dwarf
cattls (Tyler Julian aend Gregory '57)
The concspt of ordentation and directional
1Evm.hpaltcrnlhbynummmnew The
w varously referred to as o develop-
mental direction, ant devrel
ment, and
koown. I

development (including
entiation) in the long axis of the body ap-
pmnﬁmlutbcbmdregionmduﬁm'
grmmrd.lthnuﬂ.w{thmtd y
slon in the tr plane

B

which it operates is
ablish the patterns of differ
centerin
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cipito-etlanto-axial regiom of 246 rabbits
(dachs and normal controls) ranging in
age from birth to 21 monthy

with normal controls of the same race
shows sabnormality of spacing, induction
of fram aoe to eight accessory cmsification
centers and fuslon of normal and acees-
sory parts. By their relations to normal
centers of the region these are conddered
to represent the comrponent parts of a com-
Piete extra urit of the axial skeleton cam
parable either to a vertehra with centrum
peural arches ard hypocentrum, or to the
last or occipital ring of skull bones. Hav
Ing as it does compaonents af both vertebra
and skull, it may be considered as a transi-
tonal unit inserted between the two.

2. The proatlas centrum, which in nor
mal rabbits first appears by the thirty
fifth day (postcopulatian) is much more
varlable being found in some cases at
birth (31) and in others not untfl after 60
days. Its fudon tends to be antedordy to
the occlput or ventrally to the hypocen-
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cella and

the
tissues and the orentatton of
directtonal growth as produced
mentally by tissus transfer and

5’55

it

£
g
7

vartatlon
tion of retardation in the oc
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260 ROBEXT J
One hundred and sixty bats were collected
at intervals during the spring of 1959 by
Dr J N Layne end prepared by the
author All animals came from the victn-
ity of Gainesville Flarda.

In order to obtain material at regular
intervals several bats were kept in captiv
ity with varying degrees of success. The

pt made to reg: the
and humidity They were fed on a dally
diet of 15 to 20 meal worms per individ-
ual. Fresh water was made avallable in
a petri dish at all times.
serial sections of the entire

STEPITENS

The presence of Hplds was fovesti,.
throughout the gestation pesiod by tbe
of materisl fired fn Yarmal
(Baker 46) and subsequently
chromed. Frozen sections of 10 to 13
were prepared and subjected to
tests to determine thelr lpid
MeManus s Sudan black B method (™

test (Baker 46) was used to
phospholipids control slides beiog

tracted with

For the of birefringent Hpkdt
sues and sectioned g3 sbove
mounted in glycerin and exxmined

e : csmic acd od
Palsde

% parafin and cut at 5 to 10 p. These were

stained with Hards' hematoxylin and
eosin, Mastons trichrome, Mallory azan
and in toto in HCl carmine.
’almnﬂm:lwmdmmed,m
lPP‘lUpImc to udd.tct_htmphdm
of certain sreas

ered

phate at a pH of 96 for from 5 to 60
minntes. Contral slides were incubsted
in the same salation far the same

of time but with the sodium ycero-

excl
Cold acetone-fixed sectfons were treated
for ackd phosphatase activity in a sub-

‘micToscope.
Tlssues fixed in 2% ; 5
bedded in
d at 5 w, mourtrd
moder the Fe

strate of sodiom B-gly P at &
of 47 for 36 hours. Cantrol slides
Eﬁtmltdfﬂr]ﬁmlnu:;:lnﬁﬂ N oso-
dimn fluoride to inhfbit enzyme, were
in::’:inleda]o'ngwuhlbetmdldu.

025% and 5> 10 M
toluldlne bloe were
were stained 30 seconds

hours. I-‘_umlnauwﬂmcmi*“’



PLACENTA OF FREE TAILED BAT 261

*2et and tumediately upon mounting.  substitution of unnatural foods This led

Maddal for the demomstration of BNA  to such stateroents as that of Gates (36):
l:&gnnmmmmr The m&w;:ﬂdmww

fections were incubated in vercnal (LaConts) apparently thire

Infer (pH 6.78) for three hours at 50 C. w myvmmwhmmuh

Cocerid itdes were Incubated 1n & 10% Sning fams eocogh to be hendied -

miion of honuclease in veronal buffer oot ressstmens.

were

fex tatned together for 94 bours In & Constantine (32) and Krutzach and

5X10~ M salution of toluldine hlve. Sulidn (%)hnvezmn(edm{ja;
» free-tall

gram of Comstantine more closely p]:;
hhu&siu:ltnc. Control slides were :‘:,{’:’“é;;éf&?f&"’ﬁ%’“i?ﬁ
A5 o s wors theoed sl 0 S e
m::;”“}"ﬂmcﬂon(&ma)wu %ﬂgmkmmﬂmmasﬂ
h“"‘ﬁ;mldc acid Enm Obeervattons made an & groap of four

f22d tn Botpy
Coedar gy o0 ey fulds and #¢  opp arriving at Ithaca on Aprll 10 1859
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symmetrical cornua,

1 mm in length  The fallopian tubes enter

at the apices of each cornu, slightly to-
aspect via and ucal

4 5 pun long. At its distal end
inner surface of the

tion and ovulation (Sherman.
showed 2 marked dilatation of

bt

STEPHENS

the right horn of the uterot. The orare
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PLACENTA OF FREK TAILED BAT
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266 ROBERT J STEPHENS

degenerative (figs 11 12) [These large endothellum which is not al

multinuclested cells may be found at term,  fdentifiable (fig. 18) o ey

although they are relatively scarcer at this Shortly after mid tion, the maters

time.] endothellal nuclel ppear and 2y
As the di al 5 estab- Rl i 1n age the

lUshed and functianal, further changes be- membrane too irregular and

e distinct. P, which

come evident in the area of the diffuse
placanta. The first extravasation of hlood
mentloned above occurs about pid-gesta
tion and subsequently the more superficial
maternal blood vessels are also eroded un

placed to the interneal surface, elthough
same vessels still penetrate more deeply
During the Jater third of gestation the re-
maining parietal tissue becomes permea
with lipid material (fgs. 20 30)

infiltrated by trophoblastic tissue, and por
tions of the utertne glends may still be
recognired in this area at midpestation
T endometrium here eventually plasmo-

and at term the eutire arex is com-

-d of large multnucleated cells some
' which appear pycnotic.
~ Turning again to the area overlylng the
opening of the fallopian tube which s
destined to become the discoidal placenta

cytial trophoblastic tissue fs early observed
(ﬂﬁnfx) Many mitotic fi
i it. During the ear]

tantly the maternal vessels of the endo-
metrium infiltrate the trophoblastic zone.
Shortly allantsic blood vessels begin to in
filtrate the area and ramify in close rela
the maternal labyrinth The pla

the maternal capillades and the maternal

The wmbilical cord ead
fetal circulation

idve umbilical cord (figr 1 and 3)s
from the



287

PLACENTA OF FREE TAILED BAT
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In his paper on unilateral progesterone re-
action in the uterus of Pieropus suggests
two possible mechanisms by which the re-
ection in the frdt bat may be explaned.
He found an isthmus of tissue jatning the
ovary to the utedoe wall in which small
blood vessels were observed ho theordzed
that the secretion from the
corpus luterm could be preferentlally dis-
tﬂlmtedwd:edﬁ:ulemluﬂhnrightiwm,
thus ditfioning the impl jon site
He also suggested that direct diffuddon of

however a preferential blood flow carry
ing estrogen and pro to the right
born and causing threshold to rise
sufficiently to effect a reaction there and
not in the left cornu, is stll o possibdlicy
It may be found that an explanation of
this peculfar unfl;
difference In the relative responsiveness
of the endometrdum of the two horns to
estrogen and progesterons.,
Morphogenesis of the yolk sac of Tadar
da seems very closely related to that of
minmembenuf&c Vespertilionidae,
»ag Mpotls lucifugus Inclfugns (Wimsate,
45 and 4'9) the Emballonuridae e.g.
Taph atm iy

Hipp
17

idre eg H d

(Gopelakrishns, '58) and contrasts greatly
writh that of the Phyllostomidae (Hamlett,
and Desmodontidae (Wimsatt '34)

ROBERT J

); and iz

most abembryanic position of the yolk s,
where the advancing viteline
nearly meet. As the allantode vessels b
vade the area of the trophoblast previowly
o e beton o e ad e ol

sa0 to collapec 2.
derm into a tall cotomyr
epithellum. The mesothellum of the 7ok
embryonfc carity

Faterdt 3 are sep
@ thin Jayer of conncetive tissue coniaiy
ing the vitclline vessels. This sitvation it
paralleled in the Ve [Otd
satt 45) The yolk stalk ts oblfterated b

yolk sac of

obscnrus are also very close to those found
in Tadarida. T‘}:]e differences in !h;{lof?c‘l‘

of the sac of the o3~
B Pl with. the Phyllotio.
midae and Desmodontidae seem to be
directly related to the types of implanta
tiom observed in each. Tbtvfuct that yv;lku

the

in ‘espertilion]
b mﬁzﬁ;;mdae parallels that of Ta-

bly due to the fact dmtbtc}ﬁr
mode implantation Is simflar g
p:mnll‘;f Le cfal in the Vespertilionidze
and E.mm:ﬁﬂdac and completely su-
perficlal in the Molassidae  This condition
alloses the yolk sac to expand with the
enlarging sac, which ultimately
fills the entire uterine cavity The yolk

.—g to _..”‘14 ,’Td
in Myotls lucifugus by Wimmatt
49)nnd!nmuguotbcrv'espcrtﬂlﬂdd’
Brunca ("23) and Gerard (28) s
numbers of these acklophflic and Pl
pmizivvrxg]al:rulel1-reﬂ:tr:b-:fomxifﬂlmL
ydklul:dtg‘lnxwll)mm

gestati

T Piarida ax 10 the vemedh

term o
fonidae these accumulations are ﬁmw
fined 10 the {nfolded sogments of the A

thellum which aro pot directy expred
the exococlomic cavity but c\tﬂhﬂﬂlh: et
pear also fn mesothe, cells mnlnu
posed surfaces Contrary 10 the Sy,
in Myotis [ocifugas in which )
at term (Wimaaft e

secm pot to persist to term in
yolk sac of Tadarlda
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been made to  a juncton. This method of amniogencsia
ules in the contrasts sherply with that of other
and Dempeey  Chiroptera amniogenests tn Phyllostoma
49) Itscems tidae (Hamlett '35) and Desmodontidae
(Wimsatt, '54) ts wholly by cavitation; in
Vespertilionidas the definitive amnlon ap-
pears to be formed not by an actual folding
process, but by an upgrowth of cctodermal
elements from the margin of the embry
onfc disc (Duval, 1855 189G 1897,
ted Gerard, 28 Wimsatt, 44)
is Allantolc development doex not contruat
via  greatly with that found in the famllioa
mentioned above. It would scem  howy
ever that the allantols of Tadaridy A lwon
hat earlier than presumed liy 1ay
lett (°35) for Phyllostornatidac an thay
the cavity attalns a greater dinnwir than
that described for the other bata, The ()
Vdomdm begins befare the formatioy of
the gut, and the sac a XY
mum size during the early Hml luil wjp
connective tissue fibers ar bt by the late limb Mapeopap i) 11!
on of WHmoy |y
bltterat cmhn(;am[v Al
tions. It stalk except for EXITCTM Wty yf ,
Lavi Traces of the stalk may ba fiul |, Hy
ombilical cord antll mkl y rwtitluyy ¢, )
bryo of 10-12 mm)
Since implantation in {4 hittily 1 m
perficial, D:hld:gdu:[:”r”ﬁ;‘,; 18 Vit gy 1f
The troph CXTUININ Gy 4y,
i3 therefore of particular comtact ‘with the Ulirie ¢ 9/’7’ ;yi,’/; /'(.,
entlre A T PR
dve ur:don lgl the m:um 1 fisy "
summary sues. None o 1Ty kg
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od !H ey
RS cell lar troplaldae 4 g L
eted  cytial tm\:huld.au w3 Ity
olizes the epdtlyfy , | B 1 Itnten apgl
T be utern o tutesten thum

it
|
it

g

T
i
ésgizf
il
Hist

i
!
5
;5

g
]
£
£

85

i
i
S
147

Y
55555;5;5
i
i
¥ E‘%ﬁi

i
i
i
%?
1

i
5
!
5
;

577
5555
?&g
&g
]
E-r:g'
s
sl

LI L
55@5555555
sii35d Fef
gi%?%gﬁ
ael

SEbef

SelEzdgt

Firtt
5
,gg
i
L
g
=X

the
% t othtlr lml:'.“;” Y15 w gy o for
changes beiy ,A,,‘:“ iyt pical ex

igé’
ef
2
%E
g
3
i
EE
o)
'

g'ﬂ'
1]
&s:
i
%%_E
i
’
:

2
i
z

in

]
g
2
§d
5
z
3,

reladvel L TN o
migrates far forward 1o cffect  howey, Ubpyy o AomAneT o

£
g



272

scls. The allantoic vessels supplant the
" SUPpR!

ROBEET J

STEPHIENS

whlcih‘nau to conust {n the oatn of cyior

vitelline ) and capl-
Iaries and connective tanue penetrate the
trabeculae of trophohlastic tsmue, and In
this manner establish a diffuse labyrinth-
Ine endothelio-chorlal type pi e
sccond majar physiclogical exchange de
vice with the maternal circulation. This
Placental relationship which covers the
entire inner wall of the uterus has not
been described before in Chilroptera (or
any other mammal to my knowledge) and

trophoblast. The fundic portions of wen
Ine glands and endometrium emocited
with them rematn distio beneatk

and fetus throug the tnder of
gestation.  Thess functions will be dis-
cussed further in relation to the histoch:

stont of the Mal

fcal findings.
When im; tation is completed the
located

of the early stages a5 found {n the prexst
atudy will now be presented with a
on the

it

embryanic is antl
trlally while the pad” which is now dis
tingulshable and which Is destined to be-
come the discaldal placenta is located
sometrially overdylng tbe entrance of
falloplan tube This to my knowledge
s in dlatinct contrast to all other Chirop-
tera studied. In the Pl‘r}lloctnmldae Ves
pertil: and Iy’ Hdae .

beiet
Three reasons for tho belief that te 1
cytlal trophoblast dusappeary early In the
amonhcdhculdulpucmmm:(l)m
extravasation of the maternal ks ok~
served thus erosdon vvhlchlnu:c-p;u-lﬂ.z-!I
areas 1w attributable to syncytlal trophoi-
blast is arrested pioor to v ure of oty
dothel (3) only one ayer of el

don (and subsequently the discoldal
E:ncenm) is antimesometral, and the em-

c disc s also orented antimeso-
metrially In the suborder M

Teprescn
(Moghe, ‘51

3
thelial cells s observed hetween the BIET i
nal blood space and the fetal ory
tissue even at very eudy staget and (352
with the phase muc (but ot "
the light microscope ) 3 umzmonbr”:
can often bo detect d ground the ctllt
the corly placental pad and [
also In can} w th the t

which i3 interstdal and orentation of
the embryonic are srinl

iy € e e have
anly Chiropters presently to have
the definitive placentn and em dlsc
orlentated at oppostie poles of blosto-
dermic velcle

The mode of establishment of the dis-
coidal plscenta 1 of partcular intercst
sdnce It appears to differ in several re-
spects {rom that reported In other Chirop-
terg. The initial erosion af the superficial
endometrium s mpld i typical syncydal
trophoblast was originally present here it
has disappeared in the earllest formative
stage of the discoldal placenta avallable
in this study Jor the regton is occupled by

Mol a

after 1t Is Impoasitle o Jocate an
nat endothell

ment memnbrane an w} ch ft lrea ¢ S
apparent in the ear nupnn: lb‘“*’\

served Wimsatt | 38)
m:(cmag’veud: duning the ,f?mr’:‘;‘:
discoldal placentt quently

thetr dlamcter many fald. s 3
paoslon of surface arca 13 ;lrd’ﬁhbk
cantributing factor in the o
nlng of the endothelial cytoplsm .
ap| t disappearance of the MM{
ual nuclet By mud pestation

and
eef ¢
y m! (L

) nuclcd

a dense pad” of t nhobl,

i
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a highly attenuated maternal
im remxn (which seems un-
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striking histochemical fea
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digniff cant amounts in later
but is preser( early withm the cyto-
components of the chorlon
overlle the hanetalis at all stages
papers b ¢ been presented Link
enryme o kaline phosphatase vith
glycogen Jeposttion Wislockd and
(45) found that ap arca of
phosph  ase activ ity im arlably in-
betwor  the mat blood cs-
the ¢ cogen depontions in the
th sow cat rodent and man
48 found thy relattomshi also
the zcenta of \lpotis lacifuge
T darida ' strmlar situatlon prevails
The glycopen deposits abeered duting the
mh brad st ce arc separied o
®iternal capllanes by an a2 @
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phosphatase activity The hlood spaces of
the discaidal

tervenes betwreen the glycogen deposits
Iocated in the tropheblast and the mater
nal hlood spaces.

The exds that lipdd metabolism
and e phosphatase activity are re-
lated (Hard, 46; Wimsatt, 48) is sup-
ported by the observatians of the present
study Neutral fats and phospholipids
gbound in the trophohlastic tissues over
lying the decidua where phos-
phatase activity is s0 prominent. It should
I:;Fointedmt.hmm that tase

Al bk are dem-

by :ech-niquen&l.lcd_ Neu-
u—a}(llpldl.uurt'vctledl:ﬂyl’JJ hlue sl
phate are also present in the mesothelium
af the yolk sac; and as revenled by Sudan
black B and Nile hive are present in the

but the means by which it achieves this
end apparently differ from one species to
another In some mammals, iron is se
creted by the uterine glands, in others

of jron I8 by direct absorption from the

maternal  blood (Wislocki Deane and
Dempsey 468 \Wislocki and
46sbc  Widocki and  Wimsatt 46

Flexner Vosburgh and Cowle 48 Wim-

satt 49) Within the Chiroptera alone

several of obtaining tron have

been obsered. A specislized placental
ma the pri

v
source in the Emballomuridae (Wimsate
and Gopalaknshna '58) in Alyotis 1t
has been concluded t at practically al] the

embryos TEqUICm Nt are met by
pa sage d 1 frem the m tern | hiond
through + T t nou mrr £ R
allant \vim 1

It h ted = wy T
and n
che A
tn tt Aular o1
a1 :;n - Jantadon

u - since eroz T

' ndomw + rida tales pla

ny ead T aial deposlts aro
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absorbed by the advancing trophobl

ROBERT J

STEPITENS

of Pecullart

sarbed by the trophohlast. Sinoe these

ot o!iu!eum—
nmctumlnoompudm
discoidal pinczmau!mherbuuueemph»

The distribution of atkaline and scd
hosph and ircg

depoxits of tron are &0 it
seermy only logical o interpsctthemu
major supplies of fetsd iron in Tedarida.
This does not exclude the possthility of
course that later requirements of the
fetus may be met by mare direct transmis-
slon of jron through the barder of the
discoidal placenta.

BUMAMIARY AND CONCLUSIONS

1t was faund that Tadaride cynocephals
can be mainteined in captivity during
pregonancy with normal development of
the fetus

Gross and microscoplc structure of the
uterus falloptan tubes knd ovary prior to
ovulation are described. A unique smitus
ton is observed in that the cervix and
corpus uter! are Hued by a thin stratified

1 wish to expresa my thanks to Dr Wi
llam A Wimsatt for his suggestfon of the
prablem and for his interest and gddance

for help in preparing the doawiage
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mpbedrmmvzbc of the emtbryo, while the

aterior is exposed to the uterioe cavity (u} The yolk esc

nmy(y)nﬂzhnmwmhm()mmfm
and eoaln) x 45,

A view of the area of the “placental pad™ (p) during the early limbk

the allantae and vitelline ton pverlylng

indicate thres
hopmmth--ﬂunmcavtry(bemsmm:ndmm) A
mymndtbclﬂmto&dhwﬂcﬂum(d)wxlb.mﬂd

the yooio cotlam () Th posterior por
ha;;flbamnh:-kumy(?b-hown(bcn-mhn od soxdn)
x
A Jow power view howing the relstlonship of the placentsl pad”
(P)nﬂth-ﬂidm(m)dnrtntlh-umbhdm‘u(bcﬂmﬂﬂ
*ogmn)

A section at Itmb bod stage showing the allantolc cavit  (al) tthe
hd.lhldmmlorm:. The arrow indcates the slla rok falk
which | stlll opes et this aa(hummyuumdww
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A high powsr of the trophoblas Iring thr yolk ssc 2t
the Hmb bad stage. Tbccytotmphrum(t)humuudumnh
syneyial e eyult of Te wl ﬂxcd.mrr:
crtial hinﬂ]n'mnllndrrmﬁn; ..
ritellmy versls (v) wre closdy swwocisted with the tropho-
Bast ¢ this stage douin methyleme blig) x

A section fuummnnum)d-mm the ndltrs
mﬂlﬂmmhloodmnhmmmmnmne(MI $ro-
cydaltrwboum()mnumd:tbemtnulumd esel (m) The
hmdhx“mddnmk-uduﬂ:(d)mwm--mu
bauqmo{th-pktmhd-ddm amson  trichrone.

A crem section of the disceidal placenta ¢ trm (eosin methylens
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PLATE 3

IXFLANATION OfF YICUNLS

A low power view ghawing the relationship of the placenta (¢) and

the s0ik sac (y) during the lster half of the gestation

fedod. The decidus ares fa indic ted by arrows (eosin

mathylens blne) x 1%

The yolk sac at midges The srrow [ndic tey (he proteinoos
Lerlls () ot the

cullx,
Wammmm(w-::::W? 7 43

mdlmﬂddﬂmunmuwmlmmmmumu&d

speces (m) by-

indicate the posftion of apﬂluh-(slm tneh:vmt)«xm

mdwﬂmunmmwwllrmﬂmdmﬂ(')wd
el rwt]

(m) Anvwrtndlcnmv.hphmtdhn‘m(l!\lm?n

bematovylin) % 270

Anm-acdond!hcmdm‘hg-ﬂymudoﬂ rwmdmm'ﬂ

in the crlular trophoblast which h closly socuud with

Helloe  csstls (v) The arrow indicates glycogen 1n

blood  essel (Mcilanus PAS) > 00

Clycogen deposits in the endodermual cails of e polk sac mear bevm.

The arrow Indicates the mesodermal cells which do not ceotria
glycogen (3cM am PAS) - 24D
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PLATE 4
IXPLAM TION OF MNgURIS

Acld ph in the terus (. d with pars-
carmine) > 82
Acldpboq;hlunu:dﬂrymxtrrmlnlmddmdtdd parieals
where the membrancus charkon undercut  the dracoldal placents
(parscarmins counterstain) < 3.

Alkaline phosphatase sctivity in the Gterine gland (-rrw‘l)nll.b:
'Mmﬂukﬁhlctxvhyhlhnmtlmndhbod‘-
wall of Parsca

in the moscular teru rmine counterstain) X 5.
Mmmmmndmmmnw
d ring the Hmy bod eage. The muain 15 beerred 1

reaction
maternal endomotrdum which ha  been infiltrated with
nool.bclh]cdll(um)ddnydk“cml]wp.mu (pars-
counterstain)

Amwgmmmmmw
placents (p) yolk ssc (y) nd decld  parietal m:u-m-.A
ring of activity is seen around each of the mat rmal blood spaces
in the discoldal plscenta. Activity in thy mesothelal el of the yoll
ssc | procurent, however the xons  f positn re ctim in tbe
paristalls {s the most evident (paracanmine counterstain)

Alkalipe pboiph tass sctivity (arrows) sprrounding the matersal
biood spaces (m) in the discoidal placents pear term (parscarmine

counterstain) ¥ 45,
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PLATE &
OOLAN TION OF FICURES

Afkalne phosphatase activity in the yolk ssc, neas term. The resc
don 1y confined to the mesotbelial cells and endothelium of the blood
Vessals (errow) (parscarmine countsrsiain) ¥ 330.

Thbe darkly tained materfal indscates iron deposit in Ose area of
the deckdua parietalis about nud-gestanon. Note the number of a-
].mmkbloodfh’tk(wm)(l’“lndl’af fertic mon) x 52
Smﬂdnmmn&mﬂﬂpﬂmtmw
muw&umﬂmmm oear term (peotral
red coanterstain)
Nmnﬂﬁjﬂddmphutnlh-tmphoblmnl!haﬂrxrd parielahs
arse near term (nfle blue sulphate) > 365
A section of yolk wac at term sbowing mesotbetial oell  wihout Lpid
(arrow) and endoderm eontaming ipid droplets (osmic acid) ¥ 320
A section of the uterns before ovulation showing the U toied sypan-
oo epabelinm Linin mmm(m)lndlwﬂlmdlh
wtering canity () (. hin and eonn)
Amlhrwghdncwm!pupdh.hmdn'mnutkm’lh&d
squamou  cpithelinm Lning the vagin () & well
canal (¢) (bemawsnbln and eown) 1Y






ton iy £ the mesothalial cell 4 of the biccd

vertels (arrow) (Nrmzmm.mmmum) X Xm0

Iron deposits n the of the aterws prier to ovalatian.
utrrine

hqdnﬂymmdmuuiulntﬂcmhmdtmumlhmd
Note tha number of al-

P-rku).hnhnmnlﬂ—.nuum.
hn\niabbod'tudg(lnvn) {PAS and Perfs ferrc ton) ¥ M2

lud.nbhcthvm.hnnsbthu‘thmn tent throaghoat
mwumlmmmuﬂwf:m(mu

Ntumjupfddmkuinm.tmpbou.ndlbodwnwkuh
ltunclrhrun(nﬂnﬂm‘ll‘pbqh) > 345,

A wction of yolk gag t term showing mesothetiat s witbowt Jipid
(lrmw)lndl'nduirnnmnulnuubpnidrvphu(ﬂmnxld) X320,
Amatmmwmmmwn‘mfn tided squrm-
mrpl!hdlnmhln‘ngthlﬁwwulm(nw):.d Portian of (be
uterine cavity (u) {bematoxytin sod eonin) > 323

Am:mzhm;nmmvmmmu.w.mmmm«!
ridamous emibelnnm Linlng the Bno()  mell  the cenkest
ﬂnd()(hcn.wwunmdmn) 85



Ulrastructure of the Human Submexillary Gland
L ARCHITECTURE AND HISTOLOGICAL RELATIONSHIPS OF

THE SECRETORY CELLS'

Demerol, Seconal, and an
scopalamine,
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Small stivers of tissae were excised with
a mininm of handling, and with the
blmximpplytotheghndn:ﬂllntact.md
were tmmediately dropped tato a pool of
cald fixative. The tissue was finely minced
+ith a razor biade and transferred to a vial
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were palymerized by heat (50 to 60 C

Sflver-gray sections were cut with a Sarv.

thin-sectioning or with an LXKB
Ultrotome and were stained with either
uranyl acetats (Watsan B8a) lesd hy
droxide (Watsan, 58b Dalton and Ziegel,
'80) or lead te (Dalton and
Zisgel '60). The sections were in

aperture in the objective lens or tn an
RCA EMU2B electron The
accelerating potentizls were 80 and 50 kv
respectively Micrographs wers taken at

Il ly 2700

T ArTAngEIe) The
md,donmendmthehmrd margim of

BEANARD TANDLFR

gzcdl.butumﬁ?dml:duanm
foot processes (fige. 1 1) Viewed from
above the cell has the da

nate longf cut besal fods o
continuous with the of the o
shemate &+
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BYANARD TANDLYR

Whatever the actual status of the cells of lary (8g. 13) Loogitodinally orented
different densities, they constitute con- bars tmflaer 0
venlent merphologieal markers. “tight Intercellular in other tr
The extremely rare observation of a sues (Farquhar and Palade '8)) tsere
desmosomedike struchure foining two basal  the cohesion of the capillary walls, s
folds (fig. 8) tends to support the thesis close off the capillary from the space be-
that adfacent folds artse from different tween adjacent cells.
cells. The secretory capillaries may
In methecrylate sections (figs. 4 6) round or angular in cross section, sod vy
the sdfscent folds are widely ted from 01 to 0.5 ¢ In dlameter They aprr
and the srex betwesn them is elec to the sclnar lumen and st thedr basd
tron-lucent. In epon sections ( 7 B end recetve several tribmtaries, sme o
10) on the other hand adjacent folds are  which may be bodzontally cdented. Ur
»een to be closely and the space  like the apicsl cefl membrancs, which &
between confronted plasma membranes i almost devoid of specializations, the mex
octupled by an of branes of the secretory capillariey are pro
a density simflar to that of the basement vided with numerous fingerlike profet
dons (fige. 11 12, 13) The miooid
The folds are deltmited by s 784 thick protrude Into the caplllary Jumen, vier
plasma membrane which cin be resolved  they are most often seen In paofle !
into a unit membrans (fig. 10) Round mbnmn.bundmtthn!'—bq!?fm
tubular or flask-lke invaginatons of the ude the Jumen. Ithobﬂaﬂ-aﬂ
MMmfmnﬂym thetr marphology Mm%“
tered ( ) b . &re p N
ing the invaginations reteins its charucter merely fransient d‘m]w]“m?)m

istic tripiedayering with no obrious change
in dimenxions. Tﬁacomcmafthainvui—
nations {8 of an electron density greater
than that of the cytoplasmic matrix,

In sections cut to the basement
membrane and lylng between the cell
bage and the nucleus basal folds are

in & corona around the lateral
marging of the cell (Ag 9) The inter
digitation of the folds with foot processes
from adjacent cells §s spparent At a
higher level adlacent cells are closely co-
herent along their laternl borders
foot processes at this level rather short
are tightly interlocked (ﬁiem) Above
the level of the mcleus lateral sur
faces of adjacent cells are closely approxi-
mated except where a secretory capillary

many desmosomes. At thelr apieal mar
gins cells wre tighty jained by cerminal
bars The luminal surface of the secretory
cells lacks specialired structures,
for a very few microvilli (8g 11)

The are continua

several

ln-omcln.rumuu: y‘-’;g‘.’
of fine callber moy

the cell base. The ﬁ%‘%“
e e

H
il
e
]
LBE

|
%
il

piflary at their Line of
;aﬂd".pmuono!d:ewnnu!lhccnw
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the transfer of material gh the cell
membrare is not ndent upun a large
eoergy

limybeotvduelnhcﬂunltd diffu
Secretory ca) ries hare bten lnter
preted y a3 being involved in the
secretory  procem  (Zimmermann  27)

£
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BIRNARD TANDLER

lo fole, Je pancreas, st ks glandes qaltvaires
Zallforech, 37 281-300. r

towardy the sciner lumen

Burgen, A. 5.V end P Setsen 1058 Thervke

SUMMARY of i sative e § riael-Rericy
The micromophology of normal human ., 119-143. *
submaxfllary glands hes been studled with  4Bed 7 B. 1057 Effecs of vering de
the electran ok The t o the Mhmg%ﬁm;m

ax
e ot rpey Sl el Dot K1 35 4 ety
1s thrown into numerous slender (400 to ”““""m‘*,,h’,,“" mn. m’ B"‘l‘ m"_.ﬂ_,‘ gl
6504 wide) folds which extend beyond ﬁdmu&‘fxmumw 4
lateral margins of the cell as o series phys. Biochem. Cytol, T 400410,
%dTmmdﬂgdfuidm Theso basal Firmmhir 3. G, eod G E Falie 1981 Takt
are eytopl o Procecdi

Foot processes of adjacent cells interdigi- c‘nnun‘ym.:::lul 61, >
tate loosely It has been ted that rma_.ma.amhm?lndmn
the Iaciniate configuration of the cell base  Rikroskapischs Unterrachungen sa der Ciod
the basal surfscs ares ut Jeayt  PLAfobreandibuleris und parots des Momchs
60 fold Thia increase facilitates diffuston m,’;f‘g_’ ]Dwnf.p:\::-}::mhnhﬂi
of materials into the cell. Numerous croecopy ] Hiopirys, Blochem. Criol, 7 -3
Iar caplllardes farmed by adjs Ferey E W 1960 Elsctron mkrecsic o
cent secretory cells open Into the acinar Q"’“,,‘“‘”"““’”H'“’dh"w'h‘"ﬂ*
lumen. These capllaries potsess & Great Gasias A, sog B DiadeFroms. 1953 ok
number of mj Secretory a1 microscope Dectronique de Terpustoplesss
d%wmmwmm° d;,ianwnnnkuhncml

basal anly one ar two terminal Hally strectore
banndimnwuytmlﬂuoqp.m "ma_&}mymﬁ:a_m .
arrangement may provide a pathway for Do, 8. 1061 Tbe retiesbt o
mddlunldv]edmamﬂlnhtopin Wlmf;ﬂt’w"”’

access to e scinar lumen from maquet Rothschid,
the extracellular space The morphology Ivmml'i;lumn-:émdm;:
of the secretory capillaties that ﬁmmm:nmi-”
rociy cwied
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HOMAN SUBMAXTLLARY GLAND
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PLATE 1

IXFLAMATION OF FIQURT

i wm

cell.
the
e
At
axie,
large
T
olde
#croes the lowsr barder of the micrograph, Msthscryl fe

mm:h
mhtd&!d_

X 37,000
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The baso of  sercus methaerylal gumber of
dense folds cxtend from the cell shown ¢t the top of th

to the (BM) A theve foids, are
discontinuor Lighter folds, which come g coll of breer
dem The wsde f n heroctmstie af

ty of
Lb-m;tfhncryhnmbedded materlal Vexicies and swvera) lovagiod
present m some of the folds. X 80,000,
the
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PLATE &

EXTLAN TION OF FIGURE

l.numhmu.hub;mhu‘ { two serous celly fixed with
Ths saction






PLATE 6
XXTULAN TTON OF FIOUALS

't(hl.hulum(w)af wrous sciuus. The of
ncmdc-pﬂluyuznacmdbyzhmw The secretory capQlaries
Asw abmost

yrorided with
y beent from the Juminal surfaces of the serous celle
acrylate embedded X 13.000.

11 A levghodinelly sectioned upmm(a:)hmxdnm
contnuity mouth







by tedd
seen in profile Tbe sacretory capmllary fs urround~d by fet
of delacaty Bhell and {3 separ ted from the buse] fulds (BF) by
two terminal bers. Msthaent te embedded. » 73,000









Abnormal Development Induced by the Matemal
Admimistration of Phosphorus-32 after 14 or 17 Days

of Gestation in the Rat
L SKELETAL DEFECTS'

MELYIN R. 8STKOV 4w JAMES E LOFRTROM

Lok of Wayns
Recatyving Hoapital, Detrott, Muckigan

Stnty ty Collepe of Medictnr and

of gestation.

As was tndicated in the review by Rus-
sell ('54) pathology of the central nervous
systern is the usual ogkc finding
after exterpal radfation at this latter time
of gestation. Omnly rarely has extraneural
damsge been re; in the case

natal death and late pathology has been
Teported by several anthors. Warkany and

Schaffenberger (47) found that frradia-
limited. Finkel ( 48) has reported that the  tHon with of acute x rays pro-
tx utero ation of doced a number af akeletal
ot pl d p 1 death in DA % when d during
mice growth and gave rise to B¢ Period between 10 and 16 days of
various effects, Burstone (51) hay ESSHOT n the rat Levy et al (33)

demonstrated that P 32 injection in

Dixon
(49) have uced embryonle mortality
and uctmtchtng size by rad
administration in the chick al
though this treatment did pot ind ce mal-
{ormaatton. of A of
The present report s part of a « 1>« of
sptematc quantitative studkes on T ef
fects of internal irradlation with ph~ no-
rus-32 throughout gestatlon and iri  the
early Iife of tho rat. As waaindicat  n
earlier gtudies In this senes (Shov o
Noonan 57 '58) P-32 administration
Ing the first one-half of gestation prod 4
effects which were qualitathely and qu
Utatively different than those found v 5

and one-half days of gestation
found a reduction in the size of certain

bopes  al;
a ,'-'-"'Wshthenhape-“mm‘

is recefied after P32 »d
Inieteation e £ 7R After P O e
uslng x-radiation,

—_—
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METHODS AND MATERIALS

Female rats of the Wistar albino straln
welghing ahout 200 grama were caged
with males of the same straln  The pres-
encedg;germmmev:gmd smear was
can as presumptive evidence of
mating. Nine oclock Axs of the day fol-
lowing matf:;gwudmmcduday one of
gestatlon. described previously (Sfkov
and Lofs '57) the p femal
‘wrere intraperitoneally injected with graded
doses of high specific actlvity P-32 In ss-
Une after 14 or 17 days of gestation. Con-
trol antmals were injected with & compar

The animals
after injection by asphyxistion with nat
ural gza. The rats were apened and the
fetuses dissected free, weighed and ex
amined under a low-powered stereoscopic
microscope for grosy malformatons. The
older fetuses and newbomn rats obtained
in this experiment were rasdomly distrib-
uted Into several groups for more detailed
study determination of radicactivity prep-
sration of histologie slides and clearing
ad statning for study of skeletal develop

ment.
The latter fetuses were eviscerated and
yfixed in formalin. They were then stained
with tolutdine blue and alizarin red after
/ maceratlon in potassium hydroxide gc
cording to the modificatdon of the tech-
nigue described by Guyer (738) Several
sieletal elements were measured includ
ing those structures reparted upon by Levy
et o ('53) and the resulient data ana-
Iyred fn several ways  Usually between
wix and twelve preparations were studied
in each agedose group Some of these
measures are {Hustrated in figure 1 The
skeletons were also examined for a variety
of specific malformations and defects in
osaification
OBSTRYATIONS
It was found in these studses that there
was a general reduction i the linear dr
mensdons in the varous skeleral elements
of the more heavnly frradiated fetuses

MELVIN R. SIKOV AND JAMES E. LOFSTROM

MANDIBLE

FEMUR

PARIETAL ¥
Fg 1 D wa of s of o 0O
ment ased ta U stody

birth both control and those FTist 2%
ous doses of P32 ap 14 and ]

ton are presented after wr
graphed stmuliancowsly the orens!
As may be scen 0 talile 10X 00
length of the skull was sty
the admi wtration of "owrﬂlf
(mc) at 14 days of gestavion B By
smaller doses of P32 Nﬁ""gﬁ,@
ext dose injected a8 17 8378 2% e
stantial effect On the other ol of £
way a faldy marked cﬂb:';h[:‘m e
twnmcfn‘!rt*ol::fug ,,;4&“:

sets of

Some Tep

of the various structures arc presented in
table 1 This decrease in skeletal sze iy
pethaps more dramatcally lustrated tn
Agure 3 in which representatne skeltons at

me
Fertiiion procdoced  mared &ITOTE 0
skl hetght which could be 5700, Ll
x5 19 days of gestation. Aight

at this time produced onfy 3

kS
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2

mpumdgnmndmumtbe

t of the skull. Injection of 2.0 me

at 17 days of gestation produced a sifght
but definite decrease in the skull hefght
2t birth which for efther measure could
be detected at 21 days of gestation.

ments of the parke

As flustrated in 8 1 four meanuye-

bone were obtatned

The administration of 2.0 me 2t 14 days
roduced

of gestatdon again p

largest

effect. However the earllest that any de
crease In size could be noted was at 90

days of

tion Lesser effects were noted

oty
with 10 me at this thoe and with 20 me

At

17 days of gestation The reduction In

size war marked for certain of these meas-
ures while the dimipution in others was
minimal This led to a posterlor narrow

In
A

present instance.

g of the skull in the
of the dible again siry-

Har to those of Levy et al showed a
synupetricat

reduction in size This de-

crease was natable as early 21 19 days of
gestation

at

Both of the measures of e femur were
the administratlon of 20 me

decressed by
14 days It is notable that the decrease

length was much more than
the decrease o dumeter In fact

\qnl; lengih was redoced by 10 me After

+,bé Injection of 20 mce at 17 days a sub-

#Bantsl decrease in lenpth vas evident at
21 days of gestation and at birth whereas
omly a slight transient decrease In thick
ness was noted

The gerwrsiized decrease 3n the size of

the animals ls perhaps most evident in

e

vertebral colt mn

2

decrease in

rros of the measure of the length of the
With the injection of
0 me of P332 at 14 days of gextation »
this measure 13 evident from

18 dayt of gestation onward  thus shosten
ing s ouly transient with lovrer doses A
gdecrease in tize is evident 1n the keletans
measured at 21 das of gemation and at

birth after the injection

of 20 mc at

17 days. A decrease in the size of the

il

zlone was also noted but

this Is tess marked and 13 evident only

la
been noted In these Leleton

ter
Several qualitatt ¢ abnormalines have
The most

promoinent of these 1 a nb defect which
consisted of 3 tharo  phalad angulation
at abowt the darsal third of the pos-

MELVIN R. SIKOV AND JAMES E. LOFSTROM

terfor several ribs with hyperottests 21 the
apex of the angle (see fig 4} Th con

as is shown in table 2. The angulation and
hypercatosts weas only found after treat
ment with 2 mc whes (njection Is made 5t
17 days of gestation

greater unossified areas {4
assoctated sutures (g 5) ftisaho
noted that there was a
ammnqammm&b!
more heavily treated animals 38

to the controls As s indicated fn B
table mmmnummm:
creased porosity as well 5¢

which frank faults in osificaton o .

tobe

talls which were noted

mals kave bern

of preparation
DISCUSSION o

The specific skeletal eflects
phosphorus injection in ibe ’G‘W"b’{
ments have been found 10 b;_qm Tem
different than those which feoi Wy
scute x radlatzon at the nl’fm«u
gestation  As we shall indiate
ferences may be expected foF 3 2
reascis.

’chy et al (53) usin """"l ;%
radlation found a penerat Rdnu shbes
size of vartouy skeltal eleme o
there was o chante in the
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defects aftrr matcrnel admintstration of
pestation

theation
P32 at 14 or 17 days of

14Duytn
Day tajectum 17 Day injection
10m0 20 rec LOome 2O e
Meaplaton  Noted at 81 Notsdat18days  Not somn Noted in same anly
-l dayy and birth ot g zld-moderate
1n some — wfld and severs
Dacrtewd promt-  Noted Ln some Notable at 21 Not noted Noted in some at
weace of greater t birth dxys and birth 21 days nd brth
rochumter of
b
CGintal bones Dexcreased Uniformly ds- Increase fun- Decrtaied extent of
of cetfication creased ousifled aren — onifled aren n
tnroany Occa-  thomand - mostly Limited many
cadonally in- creased to parictals densdty and in-
crvnsed creased poroaity
hegity. of ‘_" of of Betard. of oesi-
Handthie Osdfication f uhts Non Dotable None notably
Bcation fanits in moet
Stermam Slghtretard on  Markedretsrds.  Slight (1) retarda- Moderate
Tetardation
of o of oezifica- thon of of
fon omlfication
10ec, uncher
acterinad defects
of fntraverte
bral discs

in the rate of growth or relathe growth.
Simflarly In the experiments of Warren
and Dixon (49) P32 in the chick em-
bryo produced a grneralized reduction in
size without an alterntion in the proportion

at 14 days of gestation, did alter
tve shaps of specific bones as well as
major :E:letzx elements Thus, as was
domanstrated above the effect of wradia
tion was to decrease the rate of linear in-
crease in tho fermur although there was a
much lesser effect on the Increase in the
dlameter of this bone Simiarly the dif
ferential effect (n the parictal bone and
other structures led to shulls which were
of approxtmately normal lencth although
lhgwercm:ried]y lowered and narrowed
Unfortunat ly the narrow range over
which measurements were obtained as well
s the intrinsic varlability made It fmpos-
aiblo to construct allometric graphs mith &
high degree of accuracy Despite this lack

of accural
o 2ee ¢y such plots have confirmed the

atlons

dlmt.?gnue pml:'all:lhy Dot sultalde for a

.ng"ﬁhi:nnlndamtm the results of Levy
our results are com,

Eirw‘;;xklny and Schrnl]‘mbﬁarg l: :ahu:ru

2 well as differences

of the malformation

the length of the jaws
of cleft palate were
noled al o that these
he the

We may lha’nlhncummum
ruches note that In the P
FrULien the poroaity o cortatn of the T
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branous bones as well as the normal esst
fication pattern was altered by the ad
miniatration of P-32. Although 1t is difficult
to infer directly from such observatlons
the mechanism by which this occurs a
few tentatlve postulates may be advanced.
It is known that the depesition of phos-
phorus is not uniform throughout a struc-
ture and that there are areas of greater
and lesser specific activity The prezence

MELVIN R. SIKOV AND JAMES E LOFSTROM

amount of P32 Is infected at 17 dnys,
greater than 3 000 rep are delivered (o the
skeleton by the time of birth At this dowe
level howover ft is to be noted that about
400 rep have been received by the skejeton
by 17 days of gestation when injection
made at 14 days. Since the specific effects
are much greater after infectlon at the
earlier time we must conclude that s
little as 400 rep over the threeday period
between 14 and 17 days #s capable of pro-
ducing substantial damage to the devclop-

Addltionally we must consider tmoatber
Important factors: dove rate and radizdon

A (n the ton  ing skel
of a structure on the other hand may well

be releted to a ation to

that structure

Not the least of the reasoms for these
differcnces is the markedly greater radia
ton doses reccived by the developing akel
eton in the present experiments. As was
demronstrated fn a previous report ( 657)
and shown in figure 2 the shape of the
curves of accurnulated radfaton deso to
the bone deponds on whether infection is
made at 14 or at 17 days of gestation.
1t is found that about 2,200 rep are re-
celved by the fetal skeleion by the tme

birth when 2.0 mc are administered at

4, days of gestaton When the same

Y 200

As we have demaonstrated

ergy is capable of greally mﬂndn{ the
amount of malformaton prodoced by x
radiation administered to the rat embeys.
It ts thus not remarkable that, despite b
great magnitude of the redlation
ceived by the skeletan the xmount
ags is not even greater than was
When (nfection is mads at 14
gestation the average dose-nate to
eton is approximately 0 18 rep per mimset
and after Infection at 17 days it spps:
mates 041 rep per minute. dose-
rates which are in the range

et al. where 210 kvp x
.

potxibly glving an RBE of Jess ton oot
mlm)&e‘:enogmmdwkﬂmz
t.endu:rmu't!.'lpn:n:.‘v.l'clﬂl"“’“m
effect.

todt
Levy et ol (‘33) feel thet thets !

snd the Lterature indlcate mz;t::“c:ﬁ‘]
differentiation in the moue has T e
pleted by 15 days of gestation. jecten
prescnt experiments h
of the rat at 14 days of gestatish (whk
(o about twelse end fo 8

days to 13 days ';‘dlh' ":_nd“ ,_,3,, m3lfor
lesser extent at 1 d’(y:r:(bﬁ’ tn relatht

(21
the basls of the
°11.mnu. from tbe T

A
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with a moderate increass in cornification.
The squamous epithelium of the trigone
‘was more dense than usual. The third case
2 73-yearold woman received stilbestrol
for two years which was stopped one year
befare death. Testosterone was then given
for a year untl two months priar to death.

At this time stibestrol therapy was re-
surned, 5 mg daily for the first month, and
20 mg dafly thereafter tion dis-

closed the epithelfum of the vagina to be
well differentiated and diffusely carnified.
There was no epithelium seen

in the trigone; but squamous thellum
of the vercal neck and urethra
was differentiated and cornifled,
which is unususl in patients of this age

not recetving hormones.

My observations suggest that the basic
characteristics of stratified squamous epd-
theltumn at the vesical neck, proximal ure-
thra, and distal urethra, when such
thelium 1is present at these sites,
those of the squamous epithellum of the
vagine. This aspect of the study al
though it does not include as many cases
nthantudycf'.huu?fune doumdug
cpresentative cases pregnan

a-etoryphuennhemmstrullcygemd

births and newborns whers female sex

Comification has been specially studied
with the Shorr ( 41) stain. The cornified

DONALD E. TYLER

crlhmumeﬂecﬂvelyltnninlhenum
In vromen a distinet I

i
;
|
%

to be reported n another
DISCUSSION

Orlgin of stratified squarnons
epitheliurm in the trigone
Tbazfm at least three posstbilities of
origin of stratified squemous
in the vesical trigone that should be com
This squamous cpithelium m3y
of preexisiiog

result from meta
kb or desciop frm

ace and expanston
ﬁwhlchwmﬂdmnmtbempaﬂdal

ﬁl‘.ll!mm.lngnorma] ébﬂﬂl
um can under certaln

fled theltum. Frer
form [ . ea of



[ SQUAMOUS EFITHELIOM IN TRIQONE

lged foftation chronic infection, radia
tn, and bormonal stimulation such as
Iy estrogens at high levels (Mostofl, B4
Tockerman, 40

a
brddges may not always be
adly demonstrated (Clfventes 47; N
Eindich, '56) but in some they are
They were particularty

#

spplicable and logical. The Welffian duct
13 ebeorbed into the wall of the developing
bladder yntil the ureteral bud also jolns
the bladder At this tme the Wolffian
ducts lis medial to the ureters. Then a
relattve craniolateral migration of the ure-
ters, or possihly a candal migration of the
Walffian duocts, takes place, The Walflan

prominent.
thellum was observed in the
five male and 16 femals newborns

which 2

that the
of squamous eplithelimm in this location
in females In later life 13 not simply the
rexult of estrogen simulation of trand
Ine'Flfl the posdhility that the
conldering ty
h is dis-

£

embr ly

ticed tissue a review of the
seems in order  An attempt to

traluate the lterature em-

certaln
Brockis ('52) and Wesson (‘20) concern
. tog the dovelopment of the trigone seem



324
from the Wolfan ducts than the ureters.

the ureteral orifices (Brockls, "32) Con-
sdering the angle of entry of the ureter
1} of

DONALD K. TYLER

thess structures (Hamflton, et al, 45
Also Wolfian ducts at times myu;l.

of the trigone and

into the hladder and the d

in the same tissue
Mullerian ducts later
urethra, usually but pot in
variahbly distal to the g of the Walf
flan ducts (Lowsley ‘12) If the caudal
migration of the Wolflan ducts ts not com-
plete at the time that the Mullerlan ducts
make contact with the urethra the strat!
fled squamous Tv.heliummthcmethn
concelvably could come from the Mullerian
ducts. The utriculus prostaticus or vagina
which s of Mullerian duct

onic
cloze proximity to the Wolfilan ducts smd
envel

g
g
23

with that of the adult male s sug-
gestive of a profound estrogen uence
dmilar to that in the vagina Cifuentes
{ 47) notes Vilass concept that the lining
of the vagina ts derived from the urogenital
sinus and postulates that the islands of
squamous epithelium in the trigone may
come fram em residues of the mu-

ty that
urogenital sinus epithellum spreads onto

the trigone (Hamil and M

45). Zuckerroan (40) postulates that the
caudal ends of the Mullerian and Wollfian
ducts are lovaded by epithellum from the
urogendtal sinus and that the caudal part

urethra but might also explain tbe pres

ence of squamous epitbelhm In the vas

deferens  seminal vesicles, and epiixly

mis of the mouse (Zockerman 40) and
seminal

sinus (Johnson '20) with possibly some
contdbution from the Mullerfan dwetr. 2
From tho stody of the pewborms,

there is no squemous epithellum

in the trigone Howeier
m.nybefmmdiuputr.h:.-llnlthmﬂil“-'d
particalady in

urethra. Its @
some junction: mmmﬂ‘h”‘h”
epithellum can spread

cells particularly when 1t 1s being
. ) These factors

enced by hormones.
that the most likely origin of bl

woulduppeuthntna:lanmaﬂu"z\

E__

#

§
FEER:Y S

i
]
g
g
%
‘%ﬁ

g
18
B

cells from the cloacal reglon. These ecto-
dermal cells could be expected to uce

amous epithellum. The possibility that
Mullerian cells could become displaced in
the Wolffian ducts might also be considered
in view of the possibde simflar origin of

CONCLUSIONS
1 Stratified squamous
commonly found in the tlFpome
neck of adult women.
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FLATE 1
IXPLANATION OF FIGUARS

BTy o e st o,
Ammxﬁmmhwmd
fruthreeagioa dumm!mhtmﬂthul;hhﬁ
urethra ez well as the vagine presumably doe to matermal hor.
Ty iy el B gk w3 e e e

in figure 4 8
A parch of belhm ! ephbellim prox-
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FLATE 4
EXFLANATION OF FIGURES

Stratified squamous eplthelium in the vexcul trigone of  41-peer
old woman in tho sarly secretory phase of the menstural cpce
s & inad from the emd 40%

Vagina of came in figrr & 40X

Siratified squamous epithelium in the vesical trigone of 31
yoar-old woman in the early manses phase of the menstroal cyche.
40 x

The vaginal epithelizm f the same case as in Agure 8 40
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PLATE 3
IXFLANATION OF YIGURES

Stratifled squamous spithelium in the yeucal trigone ! a 36yesr
old wuman in the laty menses and early proliferatve phame of
menstrual crele.
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V mnal epithelium of sams cese oy n Agure 10 40>
Stratified squamons epltbelivm in the trigeos of 41 yvaroid
woman in the proliferative phase of the menstrual cyehe 40X
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PLATE 4
EXFLANATION OF FIQUNIS

The thickensd and vescolar stratified squamous epithehom In
the vesical togone of  17-year-6ld woman pregnant with 175 gram
fetus 40 x

Vaginal epitheltum from the same case as figure 14 40 <
Stratified sqnamony epithellum in the vesical trixone of 67
yearold woman hes  dbtinet intreepathelial carnified
layer Shoer Sisin. 40 X

¥ ginal epithelium from the same case 1+ Agure 16
smilar layer of ttrsepdithelia] comification. Sbarr Stain. 40 x
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18 Atrophic stratified aquamous epithellom fn the vesical trigreow of
an $2-yearold woman 40 x
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Moderately atrophie styatifad squamons eplthellum (n the vesbeal
tripme of  38-yearwld woman, 70 %X

Vaginal epithalium from (he same case  Agare 20, 70%
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