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RITA CARNERE
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Downshrte Medical Center Brooklys, New York

The Influence of the Thyroid Gland on Polyploid Cell
Formaton in the External Orbital Gland of the Rat
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2 KITA CARRITRY

males (Walker 58 Baquiche ‘39) Ba
quiche showed that the difference was due
to male sex hormone gince there were
!mhmuuddmmmtedmﬂesmd

to as tham-operated age controls  Since
growth ceases about two weeks after thy
roldectomny s ted rats  corre
SPOndtnz" r wv,_be

thyrol

d after

and to females. However it must be con
cluded that factors other than male hor
mone infpence this phenomenon, since
large nucle! begin (0 accomulate well be-
fore puberty and since they occur in fe-
males. Hormonal factors concerned with

ypoth
that the thyrold gland might be implicated
was examined, since It was shown to play

al,
It has been found that external orbital
glzndccﬂsmxyubawxrrywldemhadc
figures cor d in size
mthzhr:cnudimdzhatnxhﬁg\m
of chromosomes

clet were polyplold (Teir 44)
present investigadon the relative DNA
content of individaal interphase nuddwn

body welght of the
£m) weze also added
Klled 147 days after the beginning of the
. They were housed under con-
ditions of controlled light and temperature
(81 =3 F) To insure thryrotd
they were fed the Jodine defid
ent diet described by Leblond and Eartly
('52) and drank 1< caldum factate in
dlstilled water during the first three weeks
{following operation (to prevent tetany due
to possible total parathyrvidectomy) and
distllled water thereafter Injections were
given at 12 hour intervals 3 ug/day of Na
dl-thyraxine untl] the rats reached 100 gm
body weight, and 6 ug/day afterwards
and, nftially 100 pg/day growth hor
mone (from tbe Connaught labonlodﬂ

Completepess of thyroidectomy was
fied (mudcm af body weight galng :b

seoce of sectlons
mlcwb-y}'ardyduﬁaltbluvd.ﬁ) Each

rats as in the previous experiment) 12

Arried out b Do e
This viperiment wes E‘r-



together
15 pg/day of thyroxine for ten days, then
3 pg/day for the rest of the experiment,

for
cxpeﬂme:ntl 1t waz found that the muclear
size classes were not clearly delineated
(fig 2) and these curves were ot analyzed
farther than to observe simply whether
altered the muclear stre distribu-

and 250 day of (n 1%
Dupand) for ten days and 500 pg/day
afterwards. Tbe wrere a fur

tions, Le. whether it Increased or de-
creased the numbers of nucled in the larger
aize range  Befare carrying out the second

several fixatlves (Zenker

0) They drank 1% cslehm lactate in
distilled water during the first four weeks,
and distilled water thereafter Three weeks

four in three of the the sham
operated age controls, doubly operated
Tats recelving thyraxine recetr
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males (Walker °‘58; Baguiche ‘59) Ba-
quiche showed that the difference was due
to male sex hormone, since there were
fewer large nucle in castrated males and
a greater number d after admini:

to as sham-operated age controls. Since
grmhwlmnbmtmmhdmrthy
roldectomy  sham
lp:md].ngtntbe
thy

tratlon of testosterome to castrated males
and to females. However it must be con-
cluded that factors other than male hor
mone influence this phen

body mdurpnpmnhcmld concelvahly

exert an effect. Therefore the hypothesis

that the thyrodd gland might be implicated

was examined, since 1t was shown to play

a rale in the accumulation of pal

liver nueldd (Carriere 55 '92; Swartz, '60;
60

meta)
in width to smaller nudd. It
was therefore concluded that the large nu
clel were palyploid (Telr 44) In the
present investigaton, the relative DNA

rically

147 days after the beginning of the
experiment. wers housed under con
ditions of controlled light and temperature
(81 =3°F) To insure complete thyrald

wrai Injections
given at 12 hour ntervals: 3 pg/day of Na
dl-thyroxine untl the rats reached 100 gm
body welght, and 6 pg/day afterwards,

uuplawdvity (Iahl(mdand Cartlere '55)
of th y was ver!

conmntoflnd.tvtdu.l]mmrphmnuddwu
de

ﬁnd(ceuadanufbodyw‘dzhtznhﬂ.nb—
in



THYROID IN ORXBITAL GLAND POLYPLGIDY
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larger

aged 7 8 p in dameter (g 3
The volume of a sphere with
Volumes half and twice this

nucld may
be cut far encugh fram the to remain
unrecognized and yet still far encugh
from the equator to have a &

amaller
d dmmﬁddmmmmm

-
0 1 rd 3 14 (L
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nuclosr sim distibutiens In 6 and 10 x sections of en external ahital gland from an
grovp of sham-opaatsd afe controls in expertmant 2 (body weight, 290 gm)
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contatn fewer tetraplodd pucled and rela
Mymhjgber oddy It is obvious

change within
t.budlplo!drmge Ln.hd:toBEu that frag
ments 65 u can be

percentage of palyplold nuded, the valoe
of interest in this investigation will not
be affected.

RESULTE AND CONCLUSIONE

Expertment }
e sfze d.ln:dbut.lon for the orbdtal
of sham-operat

hormone
and continued for 44 days,
veight, erbital gland weight
(table 2) and the mumbers of nucle! in
the]-rgadmnuge(
To test whether this effect was assoclated
with the action of thyroxine on the release
of pitultary growth hormone thyroider

RITA CARRIERE

showed no weight gains (table 2) and the
numbers of palyplald nuclel were not aug
mented (fig, 2)

Thus appesred to
essential to arbital growth and to
the formation of palyplald scinar nudlet.

the
in the lterature (Baquiche ’59)

Experiment 2
The problem of the interaction of the

experimen

1red in table 3 and figures 3 and 4 Ths
fact that the relative numbers of polyploid
nucle! increase with age may again be
observed and in this case the

gave a clearer pichure of ploidy distribu
tons In the 49 gm rats dipleld and tetra
old nuclel formed two clear peaks over
pping at 65 g (fig 3 first curve) At
269 gm body weight (fig. 3 second curve)
the overlapping point was 6 7 u and most
nucled werebeyr.mdthh Le. polyploid nu-
clel had increased and the relative numbers
c{d.lp]ddnucldmpudyreduccd Te-

otd

larger nuclel. There vwere anly 41 0% poly
ploid nuclel in the glands of the 49 gm
Tats whereas there were 91.5% 1in those of
the 269 gm rats (table 3)

TANLE 3
Experiment 1 The influence of the thyrod om body external orbital gland end sominal vericle wrights

: v

%bg 70 gm Body weight ey m

= u‘:"u"«nm’ wweignt weiht
-t SE mg>SE gyt 5E
Fham-operated rats (weight control ) 1060% 27 1208+ 73 380+ 20
Sham-operated age controls I7AH+11.0 a6+l 7 84302
Thyroldectomired rats 103.7+ 8.7 B8 73 4= TA
Thyroidectomized + thyraxine 2158+ 04 2013=819 9878147
Thyruidectoired + growth bormons 1511 a1 888105 5168

Seminal vesicls waighis arv inaluded te allow msermarent of sestionlar hevmece sctivhy



THYROID IN ORBITAL GLAND POLYPLOIDY

EXPERIMENT 1 NUCLEAR SIZE DISTRIBUTIONS

SHAM-OPERATID ERATS 104gm BODY WIKIHT

10
2-
E) 5 ° o 1 [P}
EHAM-OPERATED RATI 374gm BODY WTIGHT
10
-
-
3 ] s [ n 12 ]
5 THYROLDECTOMIZED EATS 106gm BODY WEIOHT
z
= 10—
Q
H
r 2
3 s 9 10 N [£3 n
THYROIDECTOMIZED + THYROXINE Tégm BODY WEHGHT
10—
2-
-
3 “ s [ 7 L] ® 0 n [T )
THYROIDECTOMIIID + GIOWTH HORMONE 15lgm  BODY WEIOHT
10-
2
- -
3 [ 7 8 0 10 " 2 13

NUCLEAR DIAMETER _Lb

z

Fig 2 mmmmmm«mm wxparirment 1 The first curve
represants the distribotians for ahem-opernted animals of body welght corrwsponding to the
curre, Tats



EXPERIMENT 2

SHAM.OPIRATID RATS

_-n[}l'mhj-._r__.._
s & 1T & 8 Q0

L4 SHAR.OFILATIC AGE CONTIOLS

-
s -8

® PREGUINCY

THTROIDICTORITIO
0
2
4 L] L] 7 a * 10

CASTRATID RAT

4 -3 L1 7 [} *

NUCLEAZ DLAMETEA

3 Expectment 2, nucless size diraib

RITA CARRIERK

NUCLEAR SIZE DISTRIBUTIONS

4vgm BODY WhOHT

n 1z n 14 5

24tgm BODY WHGHT

] ] 2 3 23 13

RATE ¥lgm DODY WELIONT

n 1’ 12 14 15

242gm BODY WERIGHT

Flg.
u-ndanunm::l-r chm:lhrdm:l dt-aurru.lnr&u!dlnd. The 48 gm

ut the the
mmﬁd:wmlmﬂnw;boull.hwt.w e

In the glands of thyroidectomtzed rats
there were 45.3% polyplaid nuclel, which
was not significantly different from the
410% found in the tnitdal conmels the

tetraplold-sized
seen In the liver (Carriere, '62) under such
cond

tons,
Castraticn at 46 gm body welght did not
prevent the growth of the gland (table 3)

10 1 1’z 13 23 13
M
of thyro
e-drmﬂ]m-
wmatim-uqunum sham-operated

nor the formation of new polyplotd nucled,
for they Increased to B8.8% (table 3)
However the degree of atdy vras re-
duced in

rats of the same age. Total palyplotd pu-
clel were similar in numbers (91.5% In
the sham-operated controls and 88.5%
in castrates table 3) but there were only

significantly more 53 6% in the sham-
operated age controls. Testls lack there-
fore did interfere with polyplotd ~ell for
mation to some extent.



THYROTD IN ORNITAL GLAND POLYPLOIDY

EXPERIMENT 2

THYROIHCTOMIZFD AMD CABTRATID

NUCLEAR SIZE

DISTRIBUTIONS

Tigm BODT WIGHT

-
4 -] L] 7 L] 1] o " 1z n 14 15
—T THTROMDICTOMIIID AND CASTRATED + THYROXINE
to 1925 30DT WHOHT
b =
FHE [ ° 10 n 1z o “ 15
= THTIOWICTOMITID AND CASTRATID  TESTOSTERONI
® 10 J M flsm BODT WRIGHT
[} » L] " 2 13 14 £}
THTAOIDACTONIZID AND CASTRATID + THYROINE  TESTOSTERONE
LY 178gm  §ODT WEIOMT
2
—_ —y
4 35 L] 7 1] -] n [} n 14 (1]
NUCLIAL DAMNTIR i
Flg. 4 Experbmant %, noclear size distrfotions tn the external orbitsl gland following
wure begun 38 dayv after glamd
ltﬁrpldnnlndcmdmndhud.ly‘. The curves sarving ss sham-operated controls for these sre

thoss thown in figure 3.

The combination of castration with thy

10 yielded results (tabls 3 and Treatment of the operated rats with
fig. 4 first curve) sdmilar to thr tt 1 the b of poly
alone in that there was no significant nucled to 81 45 (table 3) and it can
ference in gland welight or in the b 1oded that the of .
of palyplald nuclel. However In harmaone 1s pecessary for the action of
son with the 49 rats  thyrotd hormone on the arbitsl cells.
there was a slight increase in However treatment of the doubly operated
and this was found to be statisti: sig  rats with testosterone fafled to increase
nificant (P = 002-0.01) These few new yreight, or the numbers of palyplodd
Plyploidml:lelmxywellhxvnbem nudel, over the values found in saline.
armed in the immedlate postoperative injected douhly operated rats (table 3 and
period befare complete ency fig. 4 third curve)



8 RITA CARRIERE

EXPERIMENT 2

SHAM.OFIRATID RATS

NUCLEAR SIZE DISTRIBUTIONS

4fgm BODY WIIGHT

o Jillhy -

1o SHAM-OPITATID AGE CONMTIOLS

7 e ’

W PHGUINCY
ES
7]
I
-

1] 12 B 14 15

24%gm JODY WHOHT

1o n 12 (k] 14 [E]

0 THYROMICTOMIZED RATS ¥1gm BODY WIGHT
z 4-’-[ }H_‘_ﬂ_h'h
A s L[ ] 7 ] ® 10

CASTRATED

4 5 ] 7 ] »

1] 13 13 14 3

EATE  ld2gm SODY wWHOMT

L] " ’ [} 14 13

HUCUAL Dlaminiz 4
il the b -
ted raes dios-
or the operstion
rats  nar the formaton of e

In the of thyroldectomtzed
there were 45.3% palyplaid nucled, which
was not significantly different from the
410% found in the initial controls the
49 gm mats. Thymid lack

ne
EE

Pl
seen in the liver (Cardere 62) u:udurmd:
condittans.

t did not

Castration at 49 gm body
growth of the (table 3)

prevent the

However the degree of polyploidy was re-
duced in comparisan with ted
rats of the same age. Total palyplodd mo-
clel were gmilar in numbers (91.5% in
the sham-operated age controls and 88.5%
n castrates, table 3) bat there were anly
24 9% of nucled above tetraplold sire M
the castrated rats whereas there were

operated age
fore did Interfere with palyplotd ~ell for
mation to some extent.



THYROID IN OREITAL

were fower fallowing castration, and thedr
numbers were increased by the adminis-
tratdon of testosterone (Walker 58 Ba

GLAND FOLYPLODY 11

is not a strict one however When values

exarbital gland acinl — with polyplodd nu-
e, tall 1a] and Teul
lumen — are

creased fc (such as gests they canstituted about ane tenth of
castration, thyruxine injection) allowing or
sthmulating pal: cell farmation. The In lver (Carriere "82) thers is aleo o
thonshi P strad by the Tlel ) argan weight and the
fact that of thy tve 1; of oid nudded but
Tats with hoemone, which fafled to  again, this rela 1s not a strict one
elictt weight gains and cell for g th; in
matlon in the external glands n- juvmﬂn(hnnotld\ﬂt)nu d:l.cnnminrl
creased both welght and in the e were gradually reduced
livers of the samm antmals ( ‘a2)
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A Relationship Between Fie Structure and Funchon
of Blood Vessels in the Central Nervous System

of Rabbit Fetuses '

SHEILA DOMAHUE
Department of Pathology Diwision
and Surpeons Colwmbia U

of College of
axd Newrclogwal Insitute

whverstty
of the Preshyterian Hotpetal, New York, New York

ment membrane and on the presence ar
absence of a complete ivestiment of perd

cells have no pores or fenestrn
thetr cytoplasm is volumtnons The base-

Am I asmaz, 15 1788

at 11 days after mating, until the twentleth
day after mating. This s a period of rapld
growth in the central pervous system of
the fetus.

MATERIALS AND METHODS
Dutch rabhits in which the period of
gestation was usually 30 days were em-
oyed. The age of the fetus was calcu-
ated from the thme of mating The dams
rere d
tal, a
made and the uterns was located. Small
incisions were mads in the uterine wall

e Rt iirre e T of Cprien Evea: Ty
ra i




18 SHEILA DONAHUE

away from the placenta] sites. The beating
hearts could be seen with a dissecting
microscope, and & small amount of Thoro-
trast (Testagar and Co. Inc. 24 to 26%
stabilized calloidel thorium dioxide by vol
umes 25% aqueous dextrin and 0 16%
methyl parasept as a preservative) a
proximately 0 05 cm’ wuin}ecmddl.rzctfy-
into the heart of some of the fetuses. These

were then wra, in warm aaline-soaked
gauze and re in the abdominal cay
ity with the fetal circulation intact. They

were removed for fixatdon 5 to 15 min-
utes later when the fetal hearts appeared
to be failing. Other fetuses were removed

fetuses were placed in & pool of 2% buf
fered osmhrm tetruxide (Palade, ‘52)

to one hour They were then rapidly de-
hydrated (Ito "81) and embedded in Epan

812 (Luft, 81)

Tissues thus from fetuses re-
moved at 8 9% 103 11 113 123
14 14% 17 17% 18% 183 and 20

ys after mating were secticned with
fn.nknhuonnPoﬂuBlummlmom

sections were examined with a
phuc contrast microscope Thin sections
with lead after the methods
af Knmcrvuky (’61) and Millonig ('81)
examined in an RCA 3C ar Slemens
Elmiskop 1 electron

OBYERVATIONS

B]oodveaaellamnotfrmmlnthe
ermal tesue of fetuses younger

presen and varles in
thickmess and denaity (g 3) In aress
devold of basement membrane the distance
between the plasma membrane of the
endothelfal and that of the neuroecto-
dermal cell i the same as tha distance
between the plasma membranes of nenro-
ectodermal cells Pericytes cells which in
the adult are fully enclosed by the bass-
ment nembrane but do not participate in
the formeation of the uminal surface are
difficult to define at this stage of develop-
ment, snce the basement membrane is

incomplete In figure 3 (a blood vesse]
of a 14 day fetus) Thorotrust injected
intracardially nine minates before fixation,
i3 seen as of thorfum dioxide n
2 large vesicle (LV ) In a cell procem
adjacent to the endothelial cell. This
probahly the process of a pericyte since
it {s partially enclosed by besement mem-

A conspicuous
the projection into the lumen of flaps or
flanges usually located adjacent to the
terminal bars. Theso flaps are larger and
are seen more frequently than in capll
lades in the adult cen nervous system
(Donahue and Pagnx. ‘62) Their fune
th

ton ap) e impounding of
murrlnfunt;mnmcblmdmmbymrdn:
over and coalescl e plasme mem-

than 11 days although they are

pleture of the spinal cord of an
11% day fetus) and figure 2 (phase con-
cture at the same magnification of
ald fetus) The fine structure of the
blood of the nervous system does
not changs during the developmental
studied Le. from day 11 to day 20
after mating. The close approximation of
the plaama membranes of the peuro-

faces (figs 3 4 5 8) of the endothellal
cells and of the cireulating blood cefls
Particles are taken up by pinocytosis
(Palade 53) 1e by inveginatons from
the endothelial csll surface forming xmall
vesicles (fig. 4 arrow) In additdon large

vedcle-contamluz thedum dloxide are
urmedby p:coa)eu:tnwi th¢
lumningl cell surface as seen in figure 6
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Fiur. 3 A capillary in the spinal cord of  rabhit fetus 14 days after ma
mathon of the plamna mambranes of the newroectodermal cells can be seen (arrows) Demse
terla) forming
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oz sesn in the endotbalial cvll cytoplasm. One largs vewicle (LV ) & present in cell that &
probably  pericTts as it 1 partially enclowsd by basernent membrane, X $3.000.
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pertkcles adhers are present. A
clated with this termine] bar pposr ¢ be t
ton to the adjscent coll membrape and sdberent particles of thortnm

vesicles draxide

o
S&ﬁ;‘«;; ;n;ﬁ‘e“:)ﬂ* ey A e

Ko S ﬂ*f‘@g““ T Sl

to which thorum

pro)
termunal bar fs present t T The flaps amo-
urned I such

w y that they ars | clows

Colgd  pparatus 1s present

Flaps about to tmpound thorium dioxdde
are seen tn figures 5 and 6 In

8 vesicles (V) containing such par
tickes are shown It {s probable that the
flaps are always located close to the termi
but this relatiomship may be
chscured by the plane of sectlon  In figure
5 particles of thorium dioxide are present
in o large vesicle that fs belng formed by

rTowe)

o7 pom distance toward the base of the cell bealde tho terminal ba (T) A large
(£33 near the nucleus (N) of this endotbelisl Thorotrast

wa injected int  the circulation of thl 14 day fetus nine minutes

before fix ton / 28,000

the flaps adjacent to the terminal bar (T)
Many smallcr vexicles containing thorium
dioxide particles also are present and are
scen extending towards the base of the
cell in close relationship to the terminal
bar

The presence of functioning flaps pro-
Jecting into the lurnen of blood vesscls of
fetuses of this period of gestatlon is not 3



BLOOD VESSELS IN CINS OF RABBIT FETUSES 3

condition related to the presence
diaxide

speclal

of thartum in the circulation
Flgures 7 and 8 show flaps In the blood
vessels of & 143 day fetus that did pot
recetve Thorotrast. The flaps are coalescing

tissue Between

eleventh and twentleth day is a pertod

of rapid growth of the central nervous sys-
of the rabbit fetus. We suggest that
formation of large vesicles by the flaps

of the capillaries of the sdolt cen-
tral system but they do not appear
to form large by g with

ventricle of the guinea yig heart that these
are flaps pot villous projections as d;z
appear in transverse sections. In the ca

laries of the traumatired sclatic nerve of

orming large vesicles are seen and the
endothelial cell cytoplasm is more yoluml-
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A basement membrane tween
larmal cell. A blood ceil (EC) i soom in the humen (L) of the capllary X 44,000

1ous than in the normal untraumatized
serve caplllary (S Donahue and G L Kaye
mpublished data) Thus in inflamed tis-
iue where there s known to be Increased
rapillary activity functioning flaps are
sbserved.

The pathway of the membrane-enclosed
Jhordurp dis particles adjacent to the
terminal bar in the endothellum of the
rabhit comea has been described by haye
end Pappas (62) wn tire and by Kaye
et al. in vitro (Kaye Pappas Donn and
Mallett '62) They also gcrﬂzed frregu-
larities of the corneal endothelial cell
plasma membrane to which numerous
thorflum dioxide particles adhered and
there was pinching off of vesicles contain
ing thorlum dioxide from the base of the
irregularittes  The circumstances of their
experiments would allow the s
that the marker might have yrovi

gddittenal stimulus to the activity of the

flape of the carneal endothelial cells. These

nts demonstrate the impounding
of material by flapas forming largs vesicles
and the transport of materlal in smaller
veslcles adjacent to the terminal bar in
corneal endothellal cells.

Kaye et al ('62) nlso describes thorfum
dioxide in the space between corneal endo-
thellal cells and point out that it is not
present in the region of the intercellular
space where the plasma membrane i3
thickened to form the terminal bar We
have not ohscrved thortum dioxide in tht
ntercellular space between endothelial
cells of blood vessels of the rabbhit fetus
nor have we seen thortum dloxide particles
in the basement membrane. However the
time Interval in our cxperiment between
imnjection of Thorotrast and fixation msy
hiave been too short (5 to 15 minutes) fo
these events to have occurred



It should, perhaps be emphaxized that
mdonmcuzgmlhnthamethodufup—
ake described Le the fmpounding of
mterulfmnthnbbodmumbyﬁapl

of end
cell cytoplasm replaced the usual pino-
cytotic mechanism. e belfeve that the
latter 1s also very active In the blood ves-
sels of the rapidly growing central nervous
system of the rabhit fetus
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Complste Dysraphism 1n 14 Somite Humean Embryo

A CONTRIBUTION TO NORMAL AND ABNORMAL
MORPHOGENESIS

and
Carmegle Institwtion of Way!

hes been reconstrocted from the microscopic sections and stodied in

ABSTRACT The youngest completely dysraphic homan embxyo of 275 mm GL.

the noursl folds failed to closs throughot the dorssl extent of this 14 somite embryo,

the begioning of ndepandent cloaore teok place rostrally at the
foaturs has been shown to be the uwal even! in narmal

i

torus The
«enbryos of this stage.

Caraful examinstion of other structures than the Dervous syviam rvveals anly mincr
eimarmalties. Thos, the dipersion of cells of somites I and I &y wall as loosening

of other sclerotornes in thie regian has begun premainrely On the other hand,
retardstion in the developmant of tho pharynx, heert and nephros has been
Fpecifically tha chorda, the mesenchyms, blood Tessals and gut have boen found to

the understanding of definitive terptologl- tonstdp to the abnormality in closure
cal anomalies a of the neural folds this called for more
of the total

during embryonic stages. Thus there ex the closure of the neural folds. Thirdly

ists a clear need for accumnlation of well the litETature on experimental

maf aberra.  Of closing of the neural folds requlres coti
tions of development. So far s few With theso and other ob;
early human embryos with pb- in mind we decided reinvestigate in
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bryd: 1t ts the youngest known totally of 14
drmc;'gcemhryu(H somites) It was __ 1his was tho second

utlized in part by Dekaban ('63 in press) year old white married woman whose first
in the study of anencephaly however ton resulted In a normal

there stlll remained a number of problems 1nital course of the pregnancy was un-

F
.
|
4
a
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No 778 completely dysraphic embryo



Gross description  The entfre specimen,
of decidua clot and ovum, was

A $ DIKABAN AND G. W BARTFIMEZ

Description of the model. It Is eviden
from the photograph of the model (fig. 1A)
that the neural folds failed to fuse through-
out most of the peuraxis. The cephalic
flexure is about 50 and the cerebral end

(30) To what extent this is dye to the

the Carnegle

by H. L Evans
The embryo measured 275 mm G L
its caudal end was bent sharply 1o the

don (fig. 2)

mare post mortern changes &s

mrefulg:dnﬁna] projection reconstroe




COMPLETE DYSRAPHISM IN HUMAMN FEMNRYO

sz

.mmu

and

as

smaller then in the 14-somite Heuser the midbrain
embryo end since they comprise the bulk  embryos
the

of the farebrain as $3 normally the case

1t would seem that
amaller than would be expected at
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COMPFLETE DYSRAPHISM IN HUMAN EMBRYO

of the surface ecto-
mhyp@hymlpﬂ
epitheltom marked off b{n:f

distinguished by cells

The
the oral
also an
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derm In
mordtum s a

of
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ting at
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VIII neural crest to widch
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ramus between it and the well differend

ture as in somite II (fig. 8) Somite IV is
similar fn structure but lacks a myocoel.
At this level the shift in the embryonic
axiy begins (fig. 8) Somite V is distorted
on the embryos left and has the pecullar
large loose sclerotome; somites VI to XTIV
are normal In structure. As in the 14-
samite embryo of Heusar somites XV and
x\r'luadl.ﬂmdaﬂ:ngbuzmnmyet
d from 1 plate
Synopsls lugmernltbecellpapuh
dauoftbctndlvidunlmmitclmaybedc-

creased  The dlspersion of the cells of
lmnju:slnndllhadbegunprmuuelyu
had the of

samites T to ¥ Theabnom-mlcmd;luom
tn the occipital and upper
cetvical levels are egnificant in view of
certatn anomalies e:pecinlly the typlcal
Imdodjnfthmreg‘lmn intenceph:
and anencephalus
Intermediate cell mass and nephric pri
mardia. Bemmn-amltulmW:ndtbe
yma s
loose methaleve]ofmnltc

alus

it
!
35z
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A. 8 DEKARAN AND G, W BARTELMFZ

The heart is shnple In form similar
to that of embryos of hariton X as de-
scribed by deVres and Saunders ('62)
The median axis of the m tcardlum {s
straight caudally where broad meso-
cardfum narrows it divides into right and
left atrlz. The endocardlum divides to
fulmmeﬂrnlgalruflmﬂcnmbuwbhh
loop around the first pharyngeal pouch.
On the right, the arch and dorsal sorts are
greatly dilated. On this side the second
erch is forming

A serles of intersegmentsl ram{ srise
from each darsal aorta between the levels
of somlites I-1I as far as somites XI-XIL
There are laterul aartic rami in the region
of samites VII to IX here the peph
mardis were developing. In the reglon of
somites VII to X {ntestinal ramli reach the
wnﬂu!thegulﬂu!humyvtwpmtrd
{rom the sac.

The lllcveinextmdlfcr
ward to thereaion the optic vesicle,
giving off rami to the regions of the trt
geminal and the acustco-faclal neurl
crest Like the dorsal aortae the cephalic
vein has alternately dilated and canstdcted

A series of interrupted vascular
cumnpundlnginpamlonmzhe
be recognized as far

system Is present. Compared with
with Lhe 14 somite embryo of Heuser the

Synopsis  Some retardation in the de
velopment of the pnephros The entire
mwnckyme'grn normal except faor
post mortem ge This is significant
as it confirms the conclusion of Boerema
("208) and Davis (42) that mesenchyme
1z pot involved in the faflure of the neural
folds to close.

ded In develop
ment.

Gut Atl.bemu-nlmdu!thephlryﬂx
the cells are Joosely arranged this can be
identified as the ardal plate (fig. 2)
There 1s an opening in the oral membrane
mc.hudounotap'pexr normally untl
harizon XII The normal s ce of
the cells at the rounded margins of the
opening suggest that this candition is pre
mature rather than tberuuhaf?o“
mortem maceraton. Onthcmber
the differentlation of the
pouches is retarded. On the em
there 1y a mﬂmo(mntxctdthﬂ
ﬂntpoumbwhhlborurfnneecmdczm
minute branchial membrane is depressed
On the left the components of this mer
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Symopsis  The pharynx Is retarded but

opment (B) evidence derived
perimental studles and (C) detalled stod
d humean

l:lcrfeaﬂymﬁ:tof

embryos. This aspect 13 particularly
important far the evaluation of dysraphic
states which are by for the most frequent

ufv.bennn‘llpl:temdtheth
: T
ristog of peural folds and thelr closure




XVI are differentlating but are not yst
d from 7 1] e.
Symopsis  In the cell popula
tion of the individual samites may be de-
The of the cells of
somites I and II had begun prematurely gs
had the } ming of the scl of
samites I to V' The abnormal conditions

somites [ to IV and the

upper levels. In the VII-VII intersamitc
space there {3 & small vesicle fn contact
with the mesothellum. At the level of the

bles “nephric rid; first

in man by Wen ("28) The nephric pd
are o to this gys-

temn in Heusers

Synopds  Some retardation in the de-

A, 5. DEXABAN ANMD G W RARTELMEZ

Vascular system. The pericardial cavity
1s almost filled by the myovepicardial man-
tle (figs. 2 6 and 7)

The heart is simple in form stmilar
to that of embryos of harizan X as de-
scribed by deVries and Saunders ('6%)
The median axis of the ]
straight caudally where meso-
cardlum narrows {t divides into right end
left atrda. The endocardium divides to
form the first of aortic arches which
loop around the first pharyngeal pouch.
On the right, the arch and dorsal gorts are
greatly dilated. On this side the secomd

£

samites VII to X intestinal ram! reach the
vrall of the gut that has not yet separated
from the yolk sac.

The primary cephalic vein extends for
ward to the reglon of the optic veside
glving off ram! to the regions of the trk
geminal and the acustico-factal peural
crest. Like the dorsal aortae the cephalic

caudally as somite X.

Synopsis  No gross abnormality of the
vascular system 1s present. Compared with
with the 14 samite embryo of Heuser tbe
heart {s somewhat retarded n develop
ment.

Gut. At the rostral end of the pharymX
the cells are loosely arranged this can b

ordal plate (fig. 2)

g In the oral membrane
such as does not eppear normally untdl
XII. The nounal lppemnctﬂ’

cells at the rounded margins of the
opening suggest that this canditien is pre
matuwe rather than the result of pott
Ontbeotbarh‘l;)d

the

o right

|

(29) and Davis (42) that mesenchyme
15 not involved in the faflure of the neural
folds to close.
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ed from

nervous system  the folds had dosed nor
maslly in only two
When a like the first was incu-

bated far 54 hours the nervous systern
open for onefourth to opethird of
length in only five, whereas fn 12 it hed
closed. This demanstrated that the frradt-

WAS
ix

s e,
Incubstion for 54 hoors after 15 seconds
b2}

Cﬂ'ﬂ’P’ﬂdl neural plate, 12 with the
neural or cpe-aixth to ome-
half theyr ; n the ramaintog twelvo

the tube had tch

r.hgna Davis showed that folding and
tube closure procended normally This had
also been 4 d for Ambl

2 P bably related to vitamin

(sez Bellamys fAgs
e

10 and 11) A‘lhhttunmaf’ph.m&
ysis of pigment appeared in the reglons
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is unique however in that the surface the end of the pharynx so that in sections
ectoderm ovedies the lateral extremity of it appesrs to be ventral to the midbrain,
the neursl folds as far forward as the mid- The torus opticus however remains ter
bratn. A shmilar conditlon appeared in the minal in positon. In the 14-samite Heuser
17-s0mite embryo of Wen (28) in which embryo (‘30 figs. 4 and 10) the torn
the surface ectodetm had already closed appears elongated. As the subsequent

by a xmall area where ing forward from the midbrain. As

might
clel and peu  be expected, the location of the point of the

can be recognized This site meating of the two seams of closure varies

22 23 somite Consequently peither the anterior neuro-

first noted chnston  week of gestation.

midiine (Bartelmez and ard snd Craig, ‘12) Thus far however

2)and
“Legge, lhamu:h;dlnppeuing ported by J JO_‘Davil (42

9, Heuser we have been able to find anly ope stody

13somite  in which the formation of the neural tube

1 was specifically inhibled. This was
and

i}

P 13 o

]
3
;

lz‘famhm‘]m the substance or substances which msy

vesicles meet at the be involved in the process of normal cos-

nervous system this ure of the neural folds. Since most of

cightsomite embryo of his material is contained fn his mpud-
and Evans (26 ﬁpmug‘;D) lished thesis we will discuss his
ten-somits Cormer embryo (99 at greater len Using
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PLATE 1
EXPLAN TION OF FIGURES

3 Section 1-#-2 paming through fhe optic vegicls, magnified x 172,
7  Section 1-5-13 pascing throagh the first ortde arch magnified X 178
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PLATE 2

EXFLAX TIOW OF NCUKIS
S$ection 1-3-7 passing through the peural erest of cranfal nerves
VO-VOI, pagrifed - 75.
Section 1-3-12 passtng throogh rbembomers IV magnifed ~ 75
Section 148 pa stug through the ot Hif, magnified 75
Section 3-1-11 pesdng tirough the second somite, magnified r 75.
$ectlon 3-3-16 passing through the £fth samits msgnified X 75

Section 3-3-12 cut obliqoely through the samites 10-14 sagntfed
7 51
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A Histologic Descniption of Certann Epithehial and
Vascular Structures in the Kidney of the

Normal Rat’

DON YOUNG awn STEVEN L. WISSIG

relattvely
mapm.ﬂ..dwhnﬁmmimmly-m.mm

.ppma-md.m of the

pear the spex of

nfch-mmcrhrlmhu!lmd

the
mmﬁnmwmm&mmm

It 1s interesting to note that

lterature on this subject. More recently
Rbodin ( 58a; B8b) appended newrer find-
mptmm electron microscopy However

his description covers only the cortical par
dﬂuo{thembulewhidabembdividuh:ﬂo
an initsl

part
lcl]uwedl:rytbolmbcdpm‘tionuf!hecd—
lecting tobule.

impetus for maore tharough ologle ex S}dmtnnd(“.)notzdlnthemcuwkid
amination of this critical ares, and this ney that the transdton fram dstal tubule
tons by to connecting part of the collecting mbule

light microscopy of certain of fts epithelal  takes place relxtively abruptly Junc
cam| arrengement of mitochondda in

From Its origin in the cortex at the ter  a cells of
mination of the distal comvoluted tubule  the convoluted segment of the distal tubule
the collecting tubule pezses ly  termd the mi dria of sub-

20nes of the medulls, and the pa
Upon the apex of the pa; it
em; into vis of the ureter and
at Point, its g epithelium

sequent segments of the uriniferous tub-
ule sre more randomly scattered in the
cytoplagm  of the lning cells. Many

authors have reported that two of
cells may be identibed in the of
tubule (see S5}5strand, 44;

axcbmduﬂjdl:xdl;ddxlbdﬂm In the

rgzlrdy homogeneous :ﬂ conul‘m few

QBB LIRS, SR

Wt e
Sorvice.

£}
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gramules vacuoles and mitochondria. The
latter are Jocated mostly in the base of the
cell The second type of cell referred to
as “dark or “Intercalated” cells fs slightly
broader and taller than ordinary lining
cells. It occurs singly and contains abun-
dant cytoplasmic granules. The granules
have been unequivocally identifled as mito-
chondrda on the basis of their fine struc
ture (Rhodin ‘58a, “58b) The less mumer
ous intercalated cells occur with greatest
frequency in some of the cortical segments
of the collecting tubule apd are absent
from its terminal segments (See Obser

vatlons.)
The capfllaries of the rena! medulla and
1

vasa recta display an increasing concentrs

White et al. 60 Maganzini and Lillenfield,
61 Lassen and Longley '61)

through the outer portion of the renal me-
dulla (Longley et sl "60) These consist
solely of bundles of intermingled ascend-

papilla receive arterisl blood pred ¥
from efferent glomerular arteries ardsing

ing and d d ltmbs of the caplliaoy
loops. The two may be readily distin

Tolla to
the apices of the renal papillae (Wirz et
a] 51 Bray '60) The cortex is isosmotic
1%ith the plasma of the general drenlation,
whereas the
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d p hym hing from
ﬁ?ﬂﬂmmnmdhmpﬂl& A
photarmcroycope with 2
plate camera attachment was used for
photomicrography
OBSERVATIONS

Topography of the rat kidney

tains the t portions of proximal
of distal b
ules, and collecting tubules. Zome III the

45

densa constituted its convoloted

The portian of the kidney

Iy of the papllls, is
AR Koy Aot iy
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face of the cell in & manmer remintscent of
the basal paltsade they form tn cells of the

distal tubule (fg. 2) Since the pumber of
mitochondds with ! 1s oso-

ordentation (figs 3and 4) (A [
type of cell the
tmay occasionally appear in the initial seg-
ment but it does not oceur in sif
nificant numbers in the epithelirs
before the second ) All of te
cells of the segment are taller centrally
where their nucled are dtpated than b
the region of thelr lsteral border Thr
matrx of the round nudld of both ot
tional and ordinary Hning cells 15 of b>

of epithellal eells can be tdentified 1o
Iining (8gs. 5-8) ordimry i
ing cells lke those of the first segment £
well as scattered 1o cells Loer
calated cells are in singly amect
the other epithellal and are peoenlt
taller and broader Their cytoplasm

%

distinctive for ts rich content
deepl

|
|
i

width a5 those of the latter On the basts matin in their matrix. As the second #F
of cytological properties two of ment nears Zane IV fts ol
cells may be identified n the epiihelal comes progr 1y lower In A
lintng transitional cells and ordinary lin-  termina fust within this zove, B
ing cells Tramitonsl cells are usually ah!.edodlsdlnppmhumtbeeﬂw
scattered singly or in mmall groups in the lining. >

(fige. 3 and 4) They The third dtbe%
are to ordinary lining cells ule another Rﬁ@‘- v E

to Zoo
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u.lcd],brmdtuwidthnndoflmvhdsh‘-
which appears devald of
atharthmnfewmmedmho-
chondrla (fig 8)
Thafmmb-egm! thepﬂlﬂlﬂl'yd“u
evolves g by

normal levels. In contrast, the plasma of

T Ily stains most
heavﬂymdthuj-ppelntobemoszcon-
centrated In ca at the tip of the

p:}:ﬂll(ﬁgl.lllndli) The plasma be
comes 1y Jens

bundles to numerous retla mirabflla  crens:
(figs. 13 ;;;i 14) Not a2l mo{thﬂphmm mmp‘rt:-
tra 4 region are included in retia vel
e i o 2 ety gressively with proximity to the apex.
mn:dn Above and below DISCUSSION

capfllaries mingle randomly with morpbol of the
tubules. An fnteresting o antrl- azhelmumngoﬁ:hzuﬂccuugwbuh
bute of capillaties in the retia is their along its length in & sufficiently

wtains avidly with some compo- dearcut manner to peomit us to

used in the Mallory d it into four In past the ex

(fg 14) The enhanced ty of the istence of tndividual uhubeen

largely overlooked, and collecting tu
ulehubtcndnllﬂ!hulﬂn;leurdtby
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W e vert.

moest mar and phy

On
the basis of physiologic evidence the col
lecting tubule is assumed to carry out sev

flald passing through its lumen. By adjust
ing s permeakbdlity to water in responae 1o

secreting concentrated urine. It is not yet
feastble to aszign indtvidoal fi to

h 1 a4,

r 2 of salt
centration in the Interstithum of the

each of the four segments of the tubule

change of cations are thought to take
near the arigin of the tubule and

tion in formation of concentrated urine i
limited to the partion of the tubule located
within the pa;

tubules (S}Bstrand

B5) strdated docts of the gland
(Puk.z '61) and salt- of marine

birds e, '60) It fs possihle that the
il ‘Dc?lu-dc.b d eells scat

tered singly in the um of the secand
segment of the ecting tubule function

as a countercurrent muldplier and the
vusa recta of the same region act as 2
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ion appears to be of
normal cancentration. Since the walls of

lined by fenestrated endotheltum may also

be raised, although there is ag yot no satis
factory angwer the bexis of physalogic
data gathered {n studies of other organs,
we have good suypect, an the

e Pm‘fmmvmrecu
near the tip of the pa of
In ope s (Ullrich et al

are duﬂ; of the by

plasma. Our oheerva
];11-1‘: finding. The cther study
(Ulldch et al. 'Bla) fAndings that

o constant, averaging only 1.2 tmes
as great as that of systemic on
d b ‘-Mb‘&‘:'dmmﬁmlof,odhmlm
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faster than water molecules leave and
therefare that the semipermeable capillary

ay large.
the glomerular membrane of mammals is
relatively

findings can be cited. In this stu
as in an earler ane (Longley and

“Finally Thiran cal
(Longisyetal '60) y Thurau et al.
('60) found a gradient of incressing con-
centration of plasme albumin from the
base to the apex of the papilla in vasa
recta of the hamster kdney Maxtmum
concentratians ranging fram 2.1-2.9 as
great as that of systemic plasms wers
reached at the apex.

Blood circulating through the renal me

nmnufindtu‘l‘h arteries wheresas the
phrery e stream consists largely of
L Intral arterles tranch at

rdght angles fram thelr parent artery As

a comsequence of the unequal
in

inspection of
ﬂdm]tlnd]y not ideal test ob}ecu[vrchh
does not uncover an
lm:d of erythrocytes in the renal me-
dunnwpamﬂz.bunhupd.u requires
additional scrutiny before mors define
statements can be made

LITERATURE CITED

1000 Freexing point deprorcom of
rat kidney elicas during water diuresis end oot
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PLATE 1
EXFLANATION OF YIGURLS

3 A segment of the coavoluted portin of  dittal tobule in Zone 1
croswes the Sl Part of noths lies slong the vpper sargin of
fgors. Blam peradopod  protrmde from Flews of & mumber

the cuboidal lining cell fnto th lnmufl.h-tubulu.nod]tu
the cytoplasm of the lining cclls arw kiontifed &9 mitochoudris, They
1eem 10 be  beent from the prendepods. hlhup‘nnd-hlu.lqmpumlau

form parmal to the
bawal sarface of each cell ¥ 2,040,
3 Ahndmdh:ﬂnﬂnnthrw;hlcmvdﬂmdlhlnlﬂdnmmt




XIDNEY OF THE NORMAL RAT
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PLATE 2
IXFLANATION OF FICUNES

4 Ammﬁoﬂdmhﬂtﬂlwd cnnocdnzmbulclnzan-l-
Ordinl.ryltnln(c-ﬂl T

mmdﬁmrm.mmmmdmﬂ

SA:rc-Itﬂm:\athcl-cmidw Lecting in Zoow
L The lining calls are toonder and not as tall as cells of tho {nital
wsegment. The ordinery colls appear t contain

The two more darkly stained cefls in the epithellsl
identified 23 Intercalated oelle stain more
becanse of the concentrul thefr cyto-






PLATE 3

IXFLAN TIOM OF FIGUNES

because they also ars generally taller thoy protrode

homen. X 2,040

EE

5 mhme
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tubule
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PLATE 4

IXFLAN TIGN OF FIGURES
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A portiem of the fourth seyment of  collecting tubmlo situsted pear

of the renal pepdila, Its epithelial lining is comprised of o

1le typs of low columnar cell. The borders betwesn adjecent ephk
cells tructures
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PLATE 6
IXPLANATION OF FICURK

HEGH

a






PLATE 7

AXFLAW TTON OF FIQURE

-

: mmmm

and ascending porthons of distal tubules (DT) X 970






PLATE 8

IXPLAN TION OF FIGURE

34 A longitodinal section o  reto mirahle
The within capillaries of the et
vipualization ' ! erythrocytss in the capfllary lamens. The

Lemba loops (HL) end ascending






PLATE ¢

IXPLAN TION OF FIGUALS

15-18 Qpﬂllrlnnm(hnhpuftbﬂp‘pﬂll_ mwmﬁn

ascrlar
tHum ppears to contain a single nniq\urpn:k!ulctuim
which many fins cy radiate to
neighboring cspillaries, Henls s Joops urpncnchrmﬂtuhuh.'rb-
matrix  { the ppears and relatirely
devold of connective tissus flbars, X 1770 (fig. 18); X 1,840
(8¢ 18)
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An Electron Microscopic Study of the Ependyma
and Subependymal Gha of the Lateral

Ventncle of the Cat’

GEORGE H. KLINKERFUSS
Departmsnts of mcﬂNnrolq" Washington Untsersity School

of Medicine Saint

ABSTRACT Portlons of the wall of the lateral ventricles of the cat were obtained &-

rectly and after initlal After further wrero

bedded In Epan-813, on Porter-Blum microtome snd examined in the slec
Obssrvations on ths of

siia of the felme lateral are devscribed. The ependyma contains  pale oyto-

plaxm with many vescles, network of

and numerons are present along the luminal sarfece which

heve  well defined besal body from which

srecialized o

intrrceltalar stdded with owule adkerens this form ac
Hoks betwean cilla and  merp relation to the plamss mem-

brane betwesn spendymal Theardes tn mam-

bensath deep into the
undertying whits matter. No ependymal ealls are observad to send processas into the
white matter and it js sogpested that in the adult cat this is the [roperty of the

ependymal astrocyte

of the lateral ventricles of

enal blue. They then considered a
correlation between structure of
u"pendnnnlndluundulyiugglhwﬂhthis

ton by Termywon
and Pappas ('62) have d the fine

of the Hning of the
agueduct In fetal, early and adult
rabbits.

Brightman P, 83
mﬂyhmﬂn md-hy( );

ufﬂ:eclthoflnturutbothtnthceum—

mhdvmuicmm.benL &hmwbohm

of the ultrastructure of ependyma mduﬁc
Luse ('Ba) Palay ('58) ond Brightman
(81 the ependyma of the rat Oksche
Laire (50) of 1 cmbrrents SHiebins oot
Schultz, Berkowitx

of
uwdlubctwecnnrksm

areas in ventricular system.

MATERIALS AND METHODS
Six adult cats were anesthetized with
obarbital sodium and

veere
the ventricular systems perfused with Dal
tons chrome-camium fixative for 15 min-

werk wus im part by Un-::
memﬂm:m

ket



wall of the body of
were removed and placed in fresh fixatve
for an additional 30 minutes. In three anj-
mals tssue was quickly removed from the
samme part of the wall of the ventricle fa!
lowin on and placed directly
into Daltons solution.
tion was by 10% incremnents of
from 10to0 100% Tissue was then

OBSERVATIONS

The ependyma of the lateral ventricles
of the adult cat fundlmenul]yll similar to
mammalian

described in other
species (Tennyson and Pappas
um that rarely is

‘82 Brdght
cubat

$iI4 and ‘also extends out along the cilia.
Rarely a microvillus has a bulbous ter
mmaicxpanﬂon(ﬂ;ﬂ) There also are
other membrane outlined structures con-
A _narrow
In addl
tion to vesicles with or without dense
centers some may even contain mitochon
dria ha

neck of is
packing of its pheral flaments
termination of F:ﬂm central flaments

(ﬁﬂ12.13)
The wall of Lhah‘nlbodth
a contlnuston of the nine

(figs- 1

that often s continuous with that

other basal bodles sometimes even

the dense specialized cytoplasm st

interceliviar junctures (fgs. 7 13)
Fach of the tubular filaments !

the basal body gives rise to mult-‘r]ﬂc

striated rootlets alang the entire

the basal body including lts mﬂﬂn“”‘

The tubular structure of the the flaments &%

Ea

n.%i ¥

(g 13)
these i
bﬂl!mlmngedinlpanﬂdlmyand
,o-rmnml] Il (ﬂpﬁ

of pe 100 A thro

the rat (Brightman and Palay
Clear vesicles 20-100 my in diam



FELINE EFEMDYMA AND SUBEPENDYMAL CLIA

into the cell (fig. 11) Thelr
tions form @ characteristic by which they
may be when solated the

sade along eech side of cell

14) that may be resalved into two elec  tochondria into the and vedcular
tron lines by a pale central  reglon to terndnate ths linesdly ar
rone (fig 12) One or two nerrower intra ranged mitochondria (figs. 15 18) At
f:d.odlinuocanwtﬂﬂntbopﬂmrybmd deeper lavels call Posscss DO
g (fign. 9 12 13) Cross ding is ap- speclalizgtion and soon are by

in umstained sections as well as  processes of by proces-

dlameter are located adjacemt to the mu-
cleus (fig. 11) These structures are Tarely
scen and serizl sections would be necessary

ependyma
side and hence are not the product of
ferential rates of fixatom, The first sand

the appearance of an adjacent zomulz te and amell dlameter course paral-
adherexs tmmedia below (figr. 6 8) Iel to the bese of the ependymas, intertwine

The second 1 hes a 1 frregularly with emilar
;ﬂmﬂmﬁm(ﬂuﬂn 15 16) At the main relatively superfidal in the white
uminal y are bound matter (ig 10) Othar cells with fdentical
by a zomula adherens with each off large which
distinct, but oc deep {nto the white mat
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bundles of fil the ped

braned

a0 3
cytoplazm es well as the processes. They
intertwine among mitochondra and other

cytoplasmic components and insert into

wnderdying pale fibrillar
cytoplasm where the cell of origin can be
Identified,

artedolet occur

2 double basement membrane that may be
focally fused (figs. 19 20) This small
extracellular space " 1 Oc

| J“,thecmter'

enlarging the extent of the small extra
cellulsr space (fig. 20)

DISCUSSION
The varlation in as demon-
strated by supravital technics (Feldberg
and Fleischhauer 60) as well as by histo-
1 hods (Flelschh '3

ces limitations on the iInterpreta
% tion and comparison of varfous electron
studiey fn diffe of Nag (

ned structure d.
dense vesicles 15 of unknown s,

Since Frwcett and Porter's (54) de
tafled description of the flne structure of
the basal corpuscle 1its stmflarities, vads
tlons and functions have been the suljea
of extensive ultrastroctural investigatio

In amphibdans
served only ane such rootlet for each bl
corpuscle whereas there were no defin™
rootlets in the poorly developed cifizt
basal bodies of mammals, although ewt
banded structures did occur in sdjacrt!

The fine structure of basal bodies &
mammalian clliated epithelis s nor bet
eumlmdlndeuﬂtnep:fxy{mbed&gﬁ
sue statned by a varlety of technics.
Tcsson and Biérkman (‘62) demonsrird
disttnct  cross-striad

the rat, but rather a delicate netwark of

body
ring with regularity near the ventricular
surface of ependymal celly Thisx gingle
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FELINE EPENDYMA AMD SUBLPINDTMAL CLIA

as in the present study en the cat, cToss-
striatlons have been a common feature of

af other cfHated reveal simflar
ultrastrocture an ate explanation of

should weigh
the proximity of rootlets to specialired




FLATE 1

IXFLAXATION OF FICURX

lAlﬂ'm.lpﬂﬂnlhn of epandyms of the Lrteral vamtrics of the cat

are seen in section «t the luminal surface. Mpo-

chondria the roclel The clasr con-
taims mamy fhrils, KNA particles, and Galgd
with cytoplaym to ependymal are




FELINE FFENDTMA AND SUBEFENDYMAL GLIA
Goarys B. Kimlyrfuee

PLATE 1




PLATE 1

IXFL4NATION OF FICURE

1 A low magnification of of the lateral ventricke of the cat
fustrates  single eell layer with underlying processes
and myelinated axons. Portkans ymal cells are seps-

many Abefls, ANA particles, nd_Golgl
apparatus, Procemes aimilar cytoplasm to ependymal ars
t their basst &3 1 single derk containing closely
packed kil dymal cells from




FELINE EPENDTMA AND SUBEPENDYMAL GLIA
Cowpe B. Khnkerfose

FLATE 1
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PLATE 3

IXPLAN TiOW OF FiCUEK

2 The ventricular surface of ependymal cell exhildts microvilll nd
other cell processes with nasrow bases extending into the ventricular
1m;\uhecmmnmmmphanb.dmnum.mv of mito-
chondria to plagms with semxla
sdkerent n.btctl]nn-f-:n. A 30,000,

3 A coll process slmiler to thoss in fgure 3 contabms numerous heht
nd dark vesicles. ¥ 20,00,

4 Simer processes 1o thoso §n Sgwres 2 and 3 contaln mitochondria,
7 additen mumerou  csichs arv present 20000,







5

A dymal cilia and their
bodles at upper nght. In the lowser half f the {llustratwa
of of she extend be-
tween calle ¥ 8,000
A tangential section through the mowt portion of epandymal
cells and cilia t the luminal maofsce md
numerous ronwles dherens form almost contin ous Lines
the three cedls A ronlna tud at right
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PLATE 4
IXFLAN TIGN O FICURES

7 An exsmple of mitochondria in close association with the
call taining severeal s
In it can be noted that the dense cytoplaym from  nelghbor
ing basal body becomes contimuous with the denss fibeillar cytoplasm
along the cell membrane. X 48,000,

8 An cxampls of zoxmle ocel dem with a zomwie

tely desp to fts inner extent. A small collection of pn-lldm-n:ed
nbnhmuruh-ddnthood.ljnmtmx 70,000
9 A high bodies shows the singlo

hmlnnlntmbﬂmudtbtmnﬂnd:udﬂuﬁwddﬂdundmﬂ
sbown generally in the surrounding cytoplasm. X 30,000






PLATE 5

EXPLAN TION OF PIOURT

10 An ependymal cell fs seen in the upper balf of the Mmtration with
ted intercaltular membruses. A

typical pHeated astrocyts whh am

clongated nocks and parlﬂdmlht

sarface Hes {inmedistely benesth In clomo p-
oo wihb myelinated axon  glhsl csll with deme

is noted  Flbnls are in the process at right bot are pot sp-

parent m the perin crtoplnm. /8,000
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the citium. Within the basal bodirs the penpberal flaments ! the
dlfum continos as the tubuler component f the wall. The walls of
the basal body are parallel in longitudinal sections but elipsold when

rootlets y in

§
¥
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PLATE 7
IXFLAN TIOW OF FIGUALS

A langitudina] section through three besal bodies and their alla
&mmlht:fbulnwdlhcﬂlmndﬂn“ﬂlnd
the denss

proximity to & mitochondrian cytoplasm
rounding the basal body wxtepds laterally and appeans continoous
with that of its neighbar X 46,000

Scveral n how be|
thewo cross-striated tructuves. At bower center rootlets from  baml
body or centriole jain of basal body almost t ther
erigm. At bower right almost touches



PLATE 7

FILINE FPENDYMA AND SUBEFENDYMAL GLIA










PLATE B

IXPLAN TION O FIOURES

organelles being present toward the pcrlpbcry > 10000

Geveral t
il memts inscrting into the cell membrana. X 20,000






PLATE 11

IXFLAN TioN © FIGUAE

20 Another capillary d the of the b Foem-
h-nmhcnrrrnnuucyﬂ:pmcum t upper right. Fusiom [ the two

n-;mcnumtbntanno{mem stratfon.  x 20,000,




TLATE 11

YILINY. FYIXDYMA AND STFEPENDTYMAL GLIa
Coarpe 1. Kiinkerfum
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The Anatomy of the Artenal Supply to the
Cramal Reqions of the Sheep and Ox

Befcnpmcredtugtouxpedmentalmni
33 on the cephalic circolation in the
and ox (Baldwin and Bell ‘63a '63b) It
bas been the

and gheep. Texts by Montane and Bour
delle (17) and M ('58) were mot
considered suffickently complete or rellable
™ provide a basis for experimental work.
Tandler (1899) in his classical work on
"he“ﬂmuofl}nbmlnlnnmdt\nmty
mlmm;hmcnt’wnjt.bemhﬁeﬂv and
Emm'.bcnmtumy of these vessels in
be emilar Schmidt ( 10)

13 101 1e

E‘
i
:
:

gives an aceurate account of the cranial

blood vessels of the ox which has obvicusly
a basts for the text of

and Baum ( 43) Ask-Upmark ('35) also

cranial the

Danlel, Davres and Prtchard (53) describe
the carodd rete and {ts formative arteries
in & pumber of species Mncluding the
sheep and ax, but they have necessarily
concentrated upon these structures and
(m}yrefexlnpaningtothewruhnlu
Furthenmore these latter authors
wzmuulylblemenml.m spectmen
oflheox.thato{a{anmonthddcalf
The carotdd rete widch is a2 »uiXing
feature of the cephalic circulat system
in both the sheep and ox fs be! to
have been discovered by Herophilus, al
though the first detafled account of it is
given by Galen (Cole 44)
More recent investigadons of the rete
include those of Ask Upmark ('35 44 and
‘53) Its histological structure has been

Present_add Drpartment of Physieloqy Usi
qudam":uumcmnumhu

101
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studied by Bolssezon (41) and Legaft (45)
Davis and Starey ( 43) have described the
cranfal blood vessels of the cat includl

B A BALDWIN

moval of the latex casts, The canty wen
cleaned by placing them into nater md

an account of the rete

MATERIAL AND METHODS

Material was examined from 20 oxen
The specimens vaded in age from one
week to flve years but the majority of the
animals were calves a few weeks ald
Material was examined from 20 sheep

going surgical preparation for experi
mental studies

Injection of Neoprene Latex
Fresh spectmens of the sheep and calf
v abatteir material and from anfmals
,tmployed in the experimental work, were
used to prepare neoprene latex casts of the
vessels of the head and neck.

The neck was usually scvered between
the fifth and sixth cervical vertebrae La
tex wa# injected into the carotid arteries
in the midcervical reglon fallowing perfu-
son with salipe in order to remove any
remaining blood

On completion of the injection the spe-
cimens were placed in & dilute solution of
hydrochlorc acdd far 24 hours in order to
solidify the neoprepe latex The skin
which subsequent maceration was
then removed and the treated
In varfous ways depending upon the type

T g any tissue debris
hrushing, or 1if fat remained attached o
the cast, by placing it In 20% potasim
hydroxdde for a few days.

b Preparation of Neopreme latex custi
in relatlonship to the skull aed cerckd
vertebrae  This technique was developed
in order to preserve the relatonship k-
tween the injected vascular and the
skeletal structures. After making a porsl
neoprene Injection and hardening the L
in dilute hydrochloric acid the spechoes
was skinned and macerated in a wart
tank at 60 C when after a period of 7 12
days according to the aize of the specime
an intact cast together with the skeietd

structures remained
¢. Preparation of radiopaque Neopew
injections A sta b

specimens have the further advamtage
dissection can be carried out and mot
radlographs taken at subsequent sUEC

d. Preparation of Neoprese Latét o8/
of the venous system  These easts

Histological examination of
the carotid rete
o

of preparation required
a Preparution of a smimple Neop!

latex cast The skinned specimen was

ced In concentrated hydrochloric acld
ar about seven days until the dssues were
macerated sufficfently to allow careful re-

hematoxylin -costn or Masson®
stain



posteriorly
. anmastomotic vessels (.
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CRANIAL AXTERIFS OF SHEFF AND OX 1

Measurement of the common carotid
and in

dody and through mumerous
pl 1 g

ton
4) The
mmdahmntbofmmwzdmm-

8

surrounds tbe pitnitary body Arterial blood
destined for the Clrele of Wills can only
reach this sirocture after passing through
the rete. In the ax, the rete possertes an
anterior Vghaped extension which enters
Lbeopdclwﬂmé;l.unelﬂnufdn"u
each optic perve throngh the
ﬁrlme:n(g.l fig. 4) The distal ends of
these extensions emerge into the orhdtal
cavity to be jained by xmall branches from
the arteris snsstomotics
The rets receives an afferent blood sup-

L

the large basi-occipital plexus, dertved

tundum snterdody to just beyond the for  from the vertebral and occipital arteries
smen ovale 1 dy Itis P ly makes a large contribution to
2 complex mass of intertwining anasto-  the rete posteriody (pl. 2, fig. 8) Another
motlc arteries which are largest on the bt minor source of blood supply to the
dorm! surface. The two halves of the rete  rate 13 from the accessory meningeal ar
He on each gids of the pltuitary body and, tery a branch of the superficial temporal
becanse of the anterior and posterior com-  artery These branches are given off in
tranches, the rete eff y the 1 canal and enter the crania!

ARTERIAL ARRANGEMENT IN THE CALF

CIRCLE OF WILLIS

C

DYRA

BASILAR

WATER
CAROTID RETE

~.. RAMUS
A‘HDTOHOTICUI
\\
INT
CAROTID

ARTERIA
ANASTONOTICA

IRT MAXILLARY

EXT
CAROTID

VEHTRAL SPINAL

\

g INT CAROTID
\ PARI-OCCIPITAL PLEXUS \ \ \
L {‘_

YERTEBRAL
QCCIPITO-

VERTEBRAL
ANASTOROSIS

COMMON CAROTID

e 1 Disgram Mestrn
o Due ting the atrengonent of the cephubic arteries in the calf, The dotted Hne

imternal

ariry does 1ot perxist in the adult
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cavity between the petrous temporal and
the parietal bones and supply the lateral
part of the rete

The rete has a single efferent vessel the
homologue of the distal portion of the
internal carotid. This vessel ernerges from
the darso-medial surface (pl. 1 fig. 4) to
plerce the dura mater before dividing into
enterior and posterior branches which
unite to form the Circle of Willis

g the arterigl rete

with the maxlary
and ophthalmic divislons of the fifth cra

These arteries constitute the major routs
which caroiid blood from the internal
artery enters the rete  Usually

ATt stems are de-

medistely within it so that its subsequent
course within the rete cannot be fdentified.

B. A. BALDWIN

smaller {n dlameter than the combioei
branches of the arterla anestomotica,
The internal carotid artery  This vemd
arses elther from the common caros!
artery at its divislen into occipitsl, exter
nal and external carotid rieris
or from the of the oedd
does not give off any during s
course to the cranial cavity through the
foramen lacerum but in the foamen e
curl.

ramify within the complex and lose by
identity for its course through the r
can be clearly established dmsectin
(pl 3 fig 11) As shown by etd
(53) asthetn carotid passes through

old and in one case, it was stlll
unilaterally as a fine threadlike vessd &2
Homever & B

ternal carotl pmxim.n]lotbcf'“
has a the “ntrarete a
slats retains ity individuality gt
The bast-occipttal b
P e
occipltal e 8

e kel vastailon . the £

and complexity of the plexus.
'Ihepl’:m!.lmppllcd posteriory by
rtebral arteries by the

The ramus s y



ally 1t takes the form of three large vessels
which enter the rete with a supparting or
d vessel t

3 them
as they join the rete
The ! ar

The
tery is one of the terminal branches of the
common carotid srtery Atiuoﬂginbethcm
to

wrise from the subclavian artery on the left
wide and usually from the
trunk on the right side nrt
vertehral may arise from the right
subclavlan artery ad)azcent to the brachio-
cephalic trunk.
The vertebral arteties leave the thoracic
antedor to the first b and enter

the foramen transversadimm of the sixth
vertehra.

frem beneath the first b the arteries give

off a large branch which the dor

sal cervical prusculature which Sissan

('63) tenrus the dorsal A

i

matic branches cormmunicate with the ven-
tral spinal artery by means of small anas-

one
(a calf a few weeks old) it was posdhle to
demanstrate that anterior externsion of
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soatomy of the cerebeal circulaton 1n the sheep History Vol 18 Na. 1
and cx. The dynamic distribation of the hlood  Ellenberger 1Y F Baom 1943 Handbuch
soprlied by the carotd and vertsbral artechs der veryl
w cranul regions. J Anst. (Lond) #7 03— Revised by Ackerknecht and
215 H Grao, 18th od pringec Vi
10635 The effect of temporary redoc Roces, E. 1911 Las fast &l sviluppo & 1e-
tion In cxphalic blood Sow on the EEG of sherp e ey
Electrosnceph. clin, Neurophysiol, wmmmm;mumm
15 107-113
Bowseroo, P 1641 La resea Legait, E. 1945 Corposches nerv ox dams la
agnesu Bull dela Boc.  parcis des arteres du carot!
dHbrt. Nat. Toclouse., 76 dwn. C. R Soc. Mol Parle, 139 340-341
Cmova, P 1008 Die arteriellm Geffwse des  Mcleod, W 1983 tnd. Ed
Bulbus wnd abemorgane bad Schaf und by M. M. Trotter and J W Lumb,
Arch. Amat. Physol Lpa, An t Abt Minnespotis Burgass
1. Mantane 1., and E. Bourdalls 1817 Anstomie
Chawrsan, A. 1801 The comparative anatomy
of (he #nd English edi- Flls.
o0 _revised with the cooperation of Aroing  Rogers, L. C. 1947 The Crealos
3 Trame and Fleming, Landon Arteriosas Bratn, 70 171-1T8.
Schomdt, K. 1010 Die
Cols, F ] 1044 A history Comparative Int Mschr Anat Phydol, 37
Adstotls te the Eighteenth 187 284
Century 1sted Sitaeon, 8. 1953 The anatomy of
Dankal, P M, J D. K Dawes and Marjorle 3. L. snunals. Revised by J D Crossmen, 4th Ed.
1 the carod rets  Philadelphis and Landon W B Saunders
tndh:-.-od.nhd Philos. Tracs. B pany
Tandler ] 1809 Zar verglechanden Anstomie
Du'k.D.Dﬂ;h:.nndnmha:B.lm 143 der Kopfarterion bed den Mammalls, Denkschr

carotd circulation in the domestio eat, Aksd. Wi, Wien §7 677-784



A Arterls M C,, Middla cerebeal srtery

AC., Anterlor ceve Artery

A Anterior communicating artery OF Optic foramina

B, artery C., Posterior cetebeal artery

B 0., Bastoccipital arterial phexus PCL,

C.C,, Commun Carotid P.Com., Posterior copmmnicating ety
Carotid Ramus

C.OW Circle of Willis V Vertebral

E-C., External Carothd Artery V.8 Ventrul 8 Artery

1.C,, Internal Carotid V.Ext., Anterior V-aheped Extensicn of

1AL, Internal Maxfllary Artery the

1D Irferior demtal artery

PLATE 1

IXPLANATION O FIGURES

Sbeep. Dornal view of latex cast showing the dispodition of
$es concerned fn the cerebeal blood supply The Chrcke of
been removed. (Approw. X M)

Ox. Darsal view of  latex cast showing the disposition of

tes concerned n the cerebral blood eupply The Ctcke
been removed  (Approx. X 34)

o
Sbeep. Docsul view [ latex cast of the carotid rete {  ftn The besk
occipital bone has been removed (Apptux.xﬂti)

Ox. Dorsal view f latex of the carotid et Hu  The best
occipital bone hist been removed. (Approx. xw.)



CRANIAL ANTEAIFS OF FHEEP AND OX PLATE 1
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PLATE 2
IXPLANATION OF FIGURES

Ox, Ventrolateral view of cast showing the arterias which enter the
cranial cavity The arteris anastamotica enter wie the foramen orbuto-
rotundem. The ramus smassomoticus enters tic the foramen arale and
the cecpital artery enters wia the hypoglostal foramen (metric scale)

Sheep Ventral view of cast showing the arteries which enter the
cranial cavity Tho arteria anastomotica enter wa the foramen arkito
mmmmm-«b{mm
Thanai'pi.nl enters wia the hypoglossal forsmen and
pts-mthtlhxlufmhtbewhgultbe tlas

large branch

(metric scale)

Oox, ummdmmummm;mm@
municating artery The snterior V shaped sxtemsion of the ceroild

rete s also shown. (Approx. X 2)

Ox. Latex cast showing the plexos in ifw The occipital

artery { shown entering the carity via the hypoglosal fors-

man, (Appox, ¥ 3)









Arbicular Remodeling 1 the Adult Humen
Temporomandibular Jomnt '

BENJAMIN C. MOFFETT JR. LENT C. JOHNSON JAMES B. McCARE

cell clones of new cartflage cells.
tion throughout adult Hfe. A growing 2. The Hning up of these cartilage cells
that into cell col Just_above the subchon-

cartilages continue to Eﬂmxa afrer

of many
Wﬂnzzhhm:mdummumm — towards the subchondral plate and
Eperwiﬂducﬂbeg:mdemfurm towards the articular surface. His studles

This lerrastration was meypersed ky PHI
Tbenﬂhxpreoenuﬂmohhamnecpt R h"}mﬁ

of articular remodeling is that of Ogston D—-:ﬂn_@_‘ Eomte
(1875 1878) He described and fustrated o jiedwime, Wiy s " Drora.
‘lrﬂuﬂnmﬁlapthemuf o Forces Instunie of Pthaleqy Wabiertes
A rone of central Jocated x5 53 P
fust euperficlal to the midpoint in thick 30 e

AN T Ama 1F 1 osaet 119
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of pathologlc joints confirmed and rein-
forced his findings in normal joints The
investigation Mankin ('62) in which
tritlated was injected into rab-
bit mee joints supports Ogston s interpre
tations on the presence of 2 proliferating

P
‘31) observed that

Putschar
artlcular tissue of the publc symphysis
profiferstes excesxively with each preg

nancy and that the excess material is shed
into the joint space at the end of preg
nlnu_':ﬂ’ Todd (20 "21) has described in
de the changes which occur in the sub-
chmdnlbomufmhiclymphymm
both males and fi These changes
are so regular they can be used by
pologists as an indicztion of the individ
ual s age between 18 and 50 years.
Articular remodelng in human joints
has been classified by Johnson ('62) into
three cat ve vo
thre eg‘giudulpmfud Tegross!

ing results from excessive protiferation and

rate sufficlent to add length to the end of
the bone. The process s by the
presence of remnants of the articular
cartflage and subchondral plate in the

/oni.ﬁmﬂmmﬂ:uhln]zoncofu]d.ﬁed
cartilage are seem.

Regresaive remodeling results in a shart
ening of the length the bono and 1s
d by the of of

of

calcified cartilage in the upper layers
intact articular

the cartilage
grada extensdon is brought into balance by
excessive loss of cartilage through wear at
its free surfaco
Circumferential or peripheral remodel
increased

ing results in an dlameter of the
ch?;nim-mﬂjunctim It takes place at

B. C. MOFFETT JB, L. C. JOHNSON J B McCABE AND H. C. ASKEW

the margin of the articular catim
hrough a bdnatian of e -
modeling, perosteal elevation, snd meo
Hastic chondrification fallowed by cestho
tion of the capsular Hgzmentoos, ol
tendinous attechments,
Knowledge of the principles of srticdar

changes which bave &
curred and still are occurring in kumn
temporomandibular The
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12 B. C. MOFFETT JR, L. C. JOHNSON ] B McCABE AND H. C. ASKEW

studied and analyzed for the type degree
and location of articular remodeling. Ac
knowledgment is made to the Armed
Forces Institute of Pathclogy for the gen

ica is used for the gross features of the
jalnt (Ag 1) Thos the temporal surface

tour of the articular tubercle is subdivided
into a crest (the most inferlorly projecting

t in it curvature) an anterior slope
eading from the crest towurds the most

POSTERIOR ¥

§ r o1
N
Nova
‘\ ~ ".v'
— AN ;J;Ft
- \"":\\"’/ - '
L4
Vo N‘:"\ "" I’
1L
I ¢
ANTERIOR
>

Fig. 1 Disgrammanc saptal section of temporomandibolar jolnt. Th-thiﬂu*",'_""‘;
tissne messurements obtained from histalogic sections and €19

thoss found in anfixed fresh



TEMPOROMANDIBULAR JOINT REMODELING

OBSERVATIONS

123

increased thickness of the articular tissue
@ greater number af cartilage cells per unit

hinge and sHding movements of the Joint.

all specimens the deepest of the artic 1t 1 bere that the tissue reaches its great
ular tissue is calcified at the § with  est thickn The g tissue on the
the underylng bone condylar murface merges imperceptibly
The rato of to with the eum of the mandible. At
snd the total ber of cells t In  the peri of the joint cavity and on

ol
i
éé‘
§

Termporal bone
The thickest Iayer of articular tisse on
ace of the jomt Is

jegret
E
i
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Iatero-medial contour Laterally it is pre-
dumlnnndyregrudm Onﬂ:nmed:lnldde
'I'herocfoft.bemuﬂ.lbuhrfosn-hm
in the majority of specimens a slow or
dexly progressive remodeling. The articular
tesue 1s thin the subchandral plate pre
sents an even concave contour and the
bane contains few osteanes and no resorp-
ton cavitles This part of the joint seems
to have a relatively stable contour There
13 nothing to indicate that the thin bone
separating the middle cranial fossa and 1ts
contents from the mandibular fossa s
under mechanical stress or that amy re-
gressive remodeling occurs there which
miight ultimately result in communicetion
between the cranial and articular cavities
Congidering the specimens as a group
(table 1) ope can make a composite map
ar dlagram showing the major distribution
of the types of remodeling activity seen in
different parts of the joint (ig 2) The
distribution and frequency of remodeling
described 1n takle 1 are anly rough approxt
mations because serlal sections were not
the entire joint but were
concentrated on amy areas which showed
radiographic and gross signs of alteration
in form The data indicate however that
\thu dls:.rﬂmdon uftemm’reling activity 1a
plnnrd. more precise localtza
ﬁonrequtu urther study
¢/ The degree of remodeling activity pres-
ent in a joint shows npo correlation with
age The rates and quantity of remodeling
are evenly distributed throughout the en-
tire age range studied and appear depend-
ent on factors that must be regarded as
functional or mechantcal in origin. The
striking feature is that all the joints stud-
ied showed remodeling activity in some
part of the Joint.

Remodeling and osteoarthritls

B C MOFFETT JR. L C. JOHNSON J B. McCABE AND H. C. ASKEW

without any change in surfece contour m
the adjacent parts of the condyls and »
ticular tubercle. In such cases howers,
ane can see remodeling activity occunmg

the site of perforation.
The pathaloglc specimens show the -
lowrin, e

have

Hine cartilege As Miles and Dawson
point out, this has becn atilbaxd 5 &2
fact that the temporal and ved f8
com;x:nenuufthejd.mmddum
membrune instead of from 8

dyle develops a cartilage
during fetal life and grows 1
ment on by endochondral

ml.l:mux comparghie to that m‘

L 2,

mnur which becomes an

Dot &
The of the fibroat

e In this Joint seems ﬂ‘“‘%tﬁ:
that the articula ements st B
[ dhcoudnuoun%l in

wl

nic precursor of jolnts
lbt:cyou‘t:iaﬂu cartllage (Moffett )
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TUBERCLE
p R - lateral

LATERAL t MooAL
- FRONTAL _—

Fl  Compouts diagrams to mommarize the maker trends in dismbution of remadeling
mﬂnh’umm.mbummu Upper dfagram is & sagirtal
ml.hnh.lm.l o1 the articular
Mmmomnq(?)muamad Tepresents  fromtal
compotke throwgh the artwcular tobercle and th'lmdnrhlldl.hundyl-

significance of this difference 1s that the nothn’ehynuneuﬂculucudlngu:u:h
embryonic for the as the ster
d-[b\-\llxjdm me-cnd:q'mnllndmthlu- Thallawtrnnsfmmadmofﬁhmmlrdc
ular dssue into fibrocartilage during post
Urﬁthelrﬁtuhrmiacudmin;mixy natal life occurs in those of the joint
cdic and fetal life appesr to be the pre-  which are bearing or loaded surfaces
curear of the flbrous articular tissue seen  Much evidence is avaflehle to indicate that
In the fully de joint. This hypoth- cartilage can be induced to farm in coo-
L the em- necm-a!:lnuen!pd.nuwberel.hauh
bryalogy of other synovial joints which do or me-
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chanical loading. This is shown in the
formaton of

ted
ray (*38) Studies cited by Putschar (‘60)
illustrate that the callagen/chondroitin
sulfate ratlo in articular cartilage is corre-
lated with function For instance Mat
thews (52) has shown that the chondraitin
sulfate content is higher in welght-beadng
jolnts than in non we.lght-bcanng Joints.
Stmilar differences can be dernonstrated
for the varfous areas within a joint, the
higher values being located in the areas
sublected to pressure This relationship
between function and the morphological

B C. MOFFETT JR, L. C. JOHNSON ] B McCABE AND H, C. ASKEW

Toof of the mandibular fossa does pot ey
this metaplastlc tranaformation nor dea
the fibrous tissue display amy proliferats
Tesponse In that arsa The same fimctiomd
stimull which cause this differenthation »

lmmctaboll.cneed.smuuhametbyﬂ
fusion of fluld into the tissue from &
lu.rfauu. Although Ekhalm ('55)

rated that radicective tracens i

-4

differentiation of cartflage was demon
strated In another manner by Akeson
Elchelberger and Roma (57) who reperted
that after an extremity had been inact
vated by denervation, the chondrodtin sul
fate content of the articular cartilage de-
creased

congiderably

Schallock (42) has cm-relnted the
arT dles in artic
u]arcardlngewlt.htbety-peofmu;ap-
plied to that area In areas of aliding
cantact the fiber bundles cross each other
at acute angles causing marked cleavage
lines when the cartilage is tally
mumd In pressure areas the collagen
es cross in a rectangular pattern and

ttle cleavage results upon puncturing
2 nnﬂnﬁ of phydcal differentiation
ge occurs apparently
/ throughout the individusls Hfetime  Ma
kowsky ( 49) observed that the differenda
tion begins at about the third year and
continues to a penk at approximately 30

years of ago
Articular remodeling

Againat the background of the studies
just cited the histologle picture seen in
tcn*rpmmnnndlbu'lu Joint takes on con-

fibrocartilage during postnatal life. This
transformation occurs only in those parts
of the jaint which are articulating or pres
sure-bearing arens pamely the anterlor

the articulor disc, and th posterior slope
and crest of the articular tuberele The

dl&ujelntoardc\ﬂaruruhaefml!

one to conclude thxt this path dc:ll‘l

y a significant rale in adults. It appess
kely that adult articular tisme it &#
Plied matnly from the synovial fluid @b
artcular surface Bywatems ('37) prests
some evidence far this view and o#

d
2
g
g
P

ardcular cartilage fs thinner than
The frequent occurrence of
modeling in areas where the g
tilage is visdbly thickened
lkely that fnsufficient nu
the changes which follow
liferation namely expanson
fied zone vascular invad

i

i
B

iz
il

:
:
i
é»
3%
|

artl tissue, and finally a
of the subchondral plate toward
ulor surface.

It s moro difficult to explain
how the process of regressive
is accomplished. When the
bone is resarbed in regressive it
mesenchymo fills in the resorption c“
and differcntiates into articular B¥% o
thus increasing the thickness of the
ular Iayer by ndding to m
The loss of cartilage on the
face which must occur in ordet
& regression of the contour and &
of tho articular tissus to Its ussd!

the artk

i

ﬁ%%



TEMPOROMANDIBULAR JOINT REMODELING

nets, carnot be explained by inadequate
putrdtion, It must be hrought about by
mechanical factors such as an

attrithan or wear rather than by metabolic
factors.

Yarkas types of evidence saro available
which indicate that joint contours do
Lawther (58)
compared the x ray contours of temporo-
mandfbular jaints in two groups of male
adults. The individuals who were edentu-

129
surface af the condyle, as well as bone

slon and in occlueal relztionthips camse
bony changes in and sbout the temporo-
mandibular joint and in other parts of the
mandihle

s
!
é
i

Not enough data are available to allow
concluslons concerning the dental causes
Albnal, : i

cept that the jaw t
with two points of contact
temparomandibular jaints end the third
one by the dentitdon. Alteration in any cne
of these cantact points will produce secand-
a1y changes in the other two just as hap-
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pens in the articolar trlad between ver
te!
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to fuoction. Brit. Med. J £ 1395
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Roof of mandfbular 61 yr female (wpec. no, L) sagittal

light, 85X The the bone in thh
part of the jaint indicates that very litile internal

by means of osteones, This agress with
other evidence that the roof of the fossa Is  non ting purt of
the jolnt. Compare with figure 10.
mmmmmmmunfmh(mmn
sapttal sectim, palarized Light, 05 X The lamellar bone bas been

by osteones ind that this part
af the folrt fs a Iomded to 1

the nsual nomber of cells per onit ares
akﬁcdm(cz)hucrp:ndd.



TEMPOROMANDIBULAR JOINT
Bumjrmm C. Moffett, Jr, Lext

REMODELING
€. Johmson, Jarnes B. McCabe and Hardd C. Askrw




pt}

PLATE 3
IXPLAMATION OF FIGUXES

of &4 yr mals (epec
lateral past of condyle e

E

ficd timuo from reaching the joint cavity and

:
i
3
E
i

E_
gi
g€
5
X
:
i‘n
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]
gg

:

e

subchondral p
lawnllda(mh:ullxdd-)uflhh
formed as
pats (EP)lndﬂldﬁtdmm(CZ)hmlerlmcdmuﬂfD‘
articular surfmce for  dlstance of more than 1mm.

L

i1t

Cu-ndylnmdlrﬂculnd.hc&nm.lh( onmumbered )

soction, 38 X  Oppoxits pdmdo‘ntnth.n-ﬂcnlnrlhc(n)h‘

Jocaltzed area I early progreseive remodeling (boun d.dhymvw-)

on the condyle The subchondral bons has advanced In thi

ﬂl:n";&:lh d:ln.-hcmmbnnotyﬂmdmlbtu\:b
ace

lateral part of rtheul  tubercle, 45 yr mals (spec no.
scction 3 ¥ This v the first vo

localized area of boue tomediately benesth
the articular tiusue The dark spots on the merglos of
canities ure
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PLATE 4
IXFLANATION OF FIGUNTS

Closer visw of the resorption area shown in figure 20, 33 X As the
erentisted

[¢ by arrows) 1o ubd-
bane Dear the of the tul at t directly
the of perforatton in the disc (D) It has been

flled In with & fibrovs
layer

Extsusive regressiys remodeling t crest of articular toberche, 55
male ( no. 56) sagittal sectim 3 X

baoae on the tubercle (T) has bean flattensd by booe
tion t the crest, The dark wxvy line enclosed In the sectan
(enlarged in fig. #4) Is  remnant of the old calcified sone aod
Teprascnts the former location of the subchondral plate.

Closs up viaw of ares enclosed by rectangle in figure 23 28X The
dark band muarked by arrows i runnmtn!lhculdcdd.ﬂ-td
lth]outodttbt!u_:-:nknll sobchondral plats prior o7

of the
Lh-nhrmrd]w'lrirrz bovo this bend Dewly d.lﬂun:l'lllll'd
hk.hﬂl]lln'.bnlm::r-.‘nu has becn resorbed

mth.omhcrd‘.

Tlmpnwmandrbuhrhh',ﬁlnmh(mmm) sagittal soction,
2% x Examinstion of the : jo wectim under Ml.hm
reveals remodeling (P the posterior slope

mmmmmmmmdﬁm Regrossive remodel-
hl(R)hmﬂn‘d.ruunlh-crmn!unmhqd-. Compare with

Tracing f the soction shown In fgure 25, The dotted line om the
Im'pordp'noltbq}qtntwu(ha:tmwu uftbdl‘ﬂ
plate prior t

pew conton
Lbnjnncumhetmhnn(rﬂvv’-ed)lndlrﬂcuhx
strips) is hanging toward  flatter’ less strep articular tuberch
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remodeling on the
on the crest of tho tubercle. Comrpare with .
Tracing of the section shown in figure 27 The Lines en the

has also become Tagged throu typo of
remodaling that Prograsaive in cne plscs and
regresstve tn the

Upper dope of srticolar tubarels, 67 yr femade (rpec.
Do. 50) sagittal section, 0 X Advanced changes in articolsr tirme

T balsr joint, age unim male (spec. 1o, 89) sagittal
section 3+ D type of =1 oumo-
artiritle. The condyle Fresents hregularities on fts articular surfsce

the Lateral (Left) part of the condyle and an irregulsr oyteophyw
{ctrrumferentisl remodeling) on the madial aspect label this joint 25
ostsosrthritic,
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Ultrastructure of Bovine Spermatozoa
L THE HEAD OF NORMAL, EJACULATED SPERM '*?

R. G. BAACKE awp J O. ALMQUIST

ABSTRACT

nd

and the farmation of the equatonal segment.
The «perm hand of

covwred

avelop  moderawly
eap thickens mcross the frontd pert of the besd formmyg

A sequence of stroctural alterationa in the head cep provide
PpeaTance equatorial segmant. The anterbar partion of the bead cap
and deturiarates leaving the powterior partion intact as
meclews. This band reprssents

|

band about the center of the

the equatorisl segment,

The literature on the ultrastructure of
0 s voh

mdmcmtc;;;xmhewwrmmhxw
been by Anberg (57) and Faw-
cett cellular

the bovine
$permatozoa hay been studied intenxively
©d sccomate tnformation on fertility of
indiridasl bovine males is avaflable through

Most cmrent knowledge of the bovine
y workers studying whale
?(Bl!"ﬂrnd 43 Bretschnelder 48

Mare recent studies invalving
H J,

Andersen, '61; Rahlman, "61) Neverthe-
less, derable di still exists.

structure of the norma! bovine sperm bead.

MATERIALS AND METHODS
Semen was collected by means of the
artificial from Holstein bulls. Ejac
at least a vohone of 3 ml,
an initial motllity of 60% and a sperm
concentration of 700 X 10°/ml

for publication

Anthorised 1, 1963 1 Puper
-nrr-hm.k-munrh-hzmw

mk 1 1 1

pnmcum'i’h;;&

y Tespect to mor
Phology and the relationship of the muclear
caverings (Bradfield ‘'54; Blom and Birch-

A L amr, 116 1090

Suppertsd tn part by the Pownsylvamis ftate Asec-
Ceoparstivey
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The influencs of any ane bull was re-
duced by pooling single ejaculates collected

from five different Semen was di
luted edther with y beated skim-
milk or a 2.8% solution of sodium dtrate
dihydrate.

Spermatozoa were centrifuged from the
diluent 2t 4 C for 30 minutes at 750 g
Centritugation was carried out at 4 C in-

stead of room tem, to reduce the
resistance offered by motile sperm and to
obtain & mare distribution of modle

and non-motile sperm in the The
su] tant was decanted the locse
of spermatozoa was transferred in

at room temperature
The use of agar as suggested by Blom
and Birch Andersen ( 80) served to main-
tain the integrity of the loose peflets during
fixation and the early stages of dehydra-
tlon. The tissue then became suffictent
hard and the agar was no longer
Pellets fram each pooled sample were
divided into two partians One o was
fixed in 1% osmium buffered
with veronal-acetate (Palade, 52) contain-
ing sucrose (Caulfield "57) and the other
n um permanganate fixa-
(Laft, ) Both fixatives were buf
dat pH 72 to 74 Tissues were de-
ydrated In « graded series of ethanol
baths and embedded in Araldite. Bec

micrographs were made with an RCA EMU
2D electron micToscope.

OBSERVATIONS AND DISCUSSION
Most measuremnents and descriptions of
the bavine sperm head have been limited
to the broad, flat side of the head. From

width 4.5 p and base width 17 u. These
values are based on messurements ob-
tained by several investigatars (Savage et
al. 27; Bretschnelder 48 Banad et
al, ‘59 Mukhergee and Dott, 60 Blom
and Blirch-Andersen, '81) Only when the
cell s free Hoadng, motlle or fixed and
sectioned is the thinner aspect apparent.
A near-median sagittal section through the

K. G RAACKE AND J O ALMQUIST

thin dimension of the head (fig. 2A) shos;
the relatonahtp of its various

exception of an

ment along the bass of the head (£ 4}

A three. graphic fivstratis
of the bovine sperm head ta presented B
figure 1 This fllustration is based oo X
mation obtained from the present sady 8
well as from pervious studles (Bradidd
54; Blom and Birch-Andersen, '80

E
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hand, these structures may be defarmittes
an the nuclear surface rather than vacu-
oles.

The two round vacuoles shown in figure

that they may be associated with the
articulation mechantsm.

The irregulsdty of mumber shape and
orentation of vacuoles shown in figures
7 and 8 indicates that they may be artl-
facts. Fawcett ("38) has su, that

Such an explanation could
apply to these vacucles since they were
most in the

double muclear membrane (fig. 10
fnper and outer lzyers appear to be con-
tinuous with one another at the pores. In

clear cap (fig. 14) Further characteriza-
ton of this cover could not be resalved.

semni-electron
reﬂ.nnwh!d:tbeydedmmdu!hacqur
torial segment in boar spermatazoa.
The head cap
The bead cap can be divided into three
mx]urhyen mim:rrmemhnm.muutcr

3 for elther
Eypotbesis s still lacking. On the other

moder
n.tr.lydecm-dunemlddlchycr (fig. 11)
The inner and outer memhbranes are can-
tinuous with one another at the posterior
mlrzinuftbehn.ldcnploﬂlnlbe

them 1s Jete]

envek u single (fig. 14)
This descripdon with pre-
vious inf of the capaf cat

Fawcett and
("58) and by Anberg ('57) and of
rpennlrleclnder
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PLATE 1
IXFLANATION OF FIOURES

2 Oumium-stained sections of the besd orlmted en basis of probable
origin. X 20,200

nuclons (N} and cell mem
B Cross wection of frontal part of tho hsed showiny the lateral e
tremities of the pieal body (AB) and thin nucleus (N) in thh
reglon.
C Croas section in region of the hasd cap (HC)
D Cross section in the vicinity af the post-noclear cap (PNC) The
nucleus the shouid

acTOSy suggosts section
be obliqualy Compare with posterier thickening of the
nucleus in sagittal 24,
E Cross wection the base of the hrad showing the nlz
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UCTORE OF THE BOVINE EPIRM HEAD

PLATE &
L G funche xd J O, Aboquist
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FLATE 3
EXPLANATION OF FIOUEES

Fips. 5t08 Noclear varuoles (osmium stain)

Two round vacucles at the base of the head.

A vacuole opening ai the nuclear surface pear frantal part of the
hesd,

Ieregular vacooles formd predominantly near the base of the nockeus
mammmwm(W)mmmnm
base of thre head,






PLATE 4
IXFLANATION © TICTUNRS

9 Bagittal pection (osmium stain) ahowing compenents of the bead cap
Thnbtldcnpcﬂndwdthmdxmnﬂh thin, electron-dense
outer mambrans (OM);  thick,
hm(ACB);lnd thlnhhhlyductxnn—dm—lnntrmemklm(m)
The apical body (AB) appears as an enlarpement of the acrosows o
ooe aid of the nuclens. Tho cell membrane (CM) is the outermont
covering. X 40,000,

10 High mmuumonh.mhnmfm(pmmmnmmun
sain) howing blc porous muckeer membrane (NM) X 60,000
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ULTRASTRUCTURE OF THE BOVINE SPERM HEAD
R G. Bascke snd L Q. Abmwuist
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Ultrastructure of Bovine Spermatozoa
I THE NECK AND TAIL OF NORMAL EJACULATED SPERM '

B Q. BAACKE imn J O ALMQUIST
Depariweent of Datry Sclence The Pemnsylaasia Staty University
Untwerslty Park, Fennsylvania

ABSTRACT The narmal bovine sperm tall consists of the classical B+ 84 2 fiber
ﬁmm by the behx and by thy flbroos
exoept for the last 20 3 .
The outer ring

hensd hs have been pub-
lished (Anberg, 57 Fawcett, 58 '63)

ety Ak A ]
:%mm e Pema Iruala Asoslitisn
E““""m.:m"’&
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Thin-sectloning techniques with electron
microecopy have been successtully applied
to the bovine sperm tail and neck (Brad-
field '564 55 Blam and Birch-

80 Rahlman, '61 Nicander and Bane
62) Nevertheless canfusion still resides
in the complete cheracterization of the
mitochandrial and fibrous helix as well as
the relationship of the flagellar fibers
throughout the tall particularly their rela
ton and origin in the neck reglon where
they form the implantatlon structures
Thus the present study was undertaken
to delineate further the ultrastructure of
the neck and tafl of bovine spermatozoa.

MATERIALS AND METHODS

Semen was collected by means of the
artifictal vagina from Holstein bulls Ejac-
ulates used had at least a volume of 3 ml
an initiel motlity of 60% and a
concentration af 700 ¥ 10'/ml The in
fluence of any one bull was reduced by

g single ejaculates collected from
ve different bulls Semen was diluted
either with previously heated skimmilk or
® 2.9% solution of sodium citrate dihy
drate.

Spermatozoa were centrifuged from the
diluent at 4 C for 30 minutes at 750 g
Tantrdfugation was carrled out at 4 C

stead of room temperature to reduce the
rédstance offered by motile sperm and to
# obtain a more equal distribution of motils
and non motile sperm in the et

atant was decanted and the loose
pellet of spermatoroe was tranaferred in
pleces (approximately 3 mm ) to a petrl
dish contalning semisolid 2 5% agar at
20 C Following transfer the agar was
permitted to solidify at room temperature

The use of ngar as suggested by Blom
and Birch-Andersen ( 60) served to main-
tain the integrty of the loose pellets during
fixation and the early stages of dehydra
tion The tissue then became sufficiently
hard and the agar was no longer needed

Pellets from each pooled sample were
divided into two porticns One on was
fixed In 1% osmium tetroxdde buffered

with veronal acetate (P 1 de @) contain-
ing sucrose (Caulfield nd the other
on in potasslum pern nate filxa

tive (Luft 38) Both fi ere buf

R. G. BAACOKE AND J O ALMQUIST

fered at pH 72 to 74 Tiuves wez &

were cut with glass knives cring & Poer
Blum ultramicrotome and electron miow
graphs were made with an RCA EMU®
electron microscope.

OBSERVATIONS AND DISCUSSION

In contrast to the sperm besd, the ma
widely accepted nltrastructural features o
the mammalien sperm tail show coodk
erahly less species variation. The prses
study of the bovine tall Indieent
that it also conforms quite closely 1ot
general pattern described for otber ma
malian sperm. Modtfications of the
ard flagellar pattern were
ever it was difficult in mast cuses to i
tain whether any given varation ¥

c or merely unobwened i
cells of other specles.

Graphic {llustrations of vadoss X{
ments of the bovine tall are e
sented (figs. 1 to 4) These [lusraios
tnelude informadon based wpoa
tons of observations from the F"":
|mdyuwauuthmafmmﬁ£;ﬁ;"né

e bovine ce
iea of th sperm

McKenrle, *55 Blom and
‘60; Rahlman 61 Nicander
B34

)

The length of the bovine sperm il 89
its components lmc:jvlelmmdmm
tammglnwhulc
ever the thickness of the tall ad o &

(a0
ponents barring preparational "d!ﬂh,

ot
occurs at the junction

and pﬂ:tc.lp.lljpiece muduewﬁg,
natlon of the

jo
and the beginning of the thin 560
(fig 1) peincid
The “anterior portion of the B0
ptece measured approximately ©
dlameter and taperced M‘ﬂ#ﬂ
proximately 0.25 g near the t
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described as follows: The central pair ap-
pears g8 hollow tubes measuring 100 A in
dlameter The nine doublets are spaced
equally (approximately 100 A apart) in a
ring around the central pair
member of each doublet appears hollow
and the other moderately dense when ex
amined in cross sectlon (fig 8) The Liber
members or subfibers of each doublet are
posdtioned on the same circumference
(approximately O 1 u from the tafl center)
and the dense subfiber is always located
on the same side of the hollow subfiber of
each doublet. The fndividual subfibers
measure approxtmately 100 A n dlameter
This measurement is in close agreement
with that reported by Bradfield (‘54)
The spatial relationships of tho doublets
to each other and the central pair as vrell
gs thelr individual di 1

R. G BAACKE AND J O ALMQUIST

doublet. The occurrence of a salid or wui.

and Grimstons, '60) and rooster pem
(Nagano 60)

In additdon, Telkka et al. ('81) ohsenel
two small arms extending frm

the fnte tive {llustration.
A cation in the rodlsl =4
tern was offered by Fawcett (‘62 dkl':::

unlform throughout the entire tall with the
exception of the neck reglon whers they
originate and the terminal plece where
they end. Flne radfal spokes extending
from the central pair to the dense subfiber
of each doublet are o t in some croas
sections (figs 9 and 15) A very low elec
tron dense matrix between the campanents
of the axial filament complex is apparent
also in some sections (fig. 8§) The reason
all sectiona were not uniform with respect
to the presences of spokes and matrix could
ot be ascertained.
lom and Birch-Andersen ('60) com-
the axial ilament complex of bovine
~ wperm with that of sea sperm os
critically defined Afzelius ('59) The
axlol ilament complex of sea urchin sperm
features two hollow subfibers cam g
each doublet with one or two arms of vary
ing length which extend laterally from
some subfibers toward the adjacent dou-
blet. Afzellus ('59) showed that the sub-
fibers of each doublet were positoned
nearly equidistant from the center of the
central palr Radlal spokes also were ap-
parent extending from between the cen-
tral palr toward each doublet.

The present data on bovine sperm indl-
cated a modification in the axial filamment
complex which is in accord with that de-
scribed by Telkka et al ('B1) for guinca
plg rat and bat sperm. These workers
described an electron dense subfibor and
a hollow subfiber as components of each

and nine radlal lincs connecting the e
mlfakmmﬂ:edmmwhﬂbu:(tﬂ
doublet. Thus the posathility exiss it
there are subtle connectiorfi betwren
elements of tho axial flament conpks
The cuter ring of nins denee
nal fibers (coarse fibers) were studied ket
from precise cToss e
middle plece (figs. 8 and 9) In contrast ®
longftudinal sectfons (fg. 6) In
sections these fibers appeared o

-

g

!
gaaf
L
i2ge
: ? &
e T
L et

i
g
i
:
¥

four large coarse fibors (main fibem
five smaller Abers (WM
the middle plece A posalble

for the inconsstency of the
these studles to the present oot
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{fn breed differences of the bulls used. A
yraristhon m the marphology and relative
Leize of the coarse flbers among spectes s
1evident from the literature

2 As observed from cross sectons of the
middle plece two of the larger fibers are
adjacent ard 2 single large fiber is located
zen the opposite side of the dng An
2 accepted nwnbering system far the coare
"ﬂltnbemmwimmmg!am-pﬂbaru
11 and proceeds in a clockwise directlon
ﬂMmlybeuhnﬂ:vcdtuﬂgmﬁ thia results
cin the large fibers belng oumbered 1 5
y and 6 the interfriediate fiber 2 or 9 (de
1 pending upon which side of a cross section
1 m examined) and the thin filbers 3 4 7
; 8 and elther @ or 8 (whichever fs mnot
3 iIntermediots fn xze) It Hagellar cross
— sections are cdented such that the dense
" subfiber 1s to the Hight of the hollow sub-
fber within each douhlet (when examined
« from the center of the section) then the

line always the axis of the central
Pair at right angles. Unlike the doublets
and central pair the coarse fibers gradu-
ally become wmaller as they pass poste-
torly into the principal piece where they
Sentually disa (fig. 16) As
hm&uﬂ?nmh(Tmnma
ilt)!hacoamﬁhr.nteumnmndlﬂa
levels within the cipal plece
T%ﬂﬁllﬂunﬂlhxtlﬁnlmatm
d!rvedh:lﬂnmlddlepiweperﬂ.ltthe
:Ezwhﬂathamllﬂﬂbenmmm
le. fibers 3 and 8 disappear first
Seliowed by 4 and 7 and then 2 or B
Bich ever 1s xmallest. Flbers 1 5 and

/i
f
g

and § 'Ffﬁ?nndlhlt,llthnuzhﬂlrrla
xre mi uced in area,
Au farther down the pied:ytgfn
the ather conrse fibers A closer examina-
umﬁ In the present study corroborates this
ton (fig 18) the order of
Sber disappearance fallows thet outlined
\bdekkaetn].('ﬁl)mptthntﬁben
1 304 § pervist ax detiae atructures
! afier the other peven coarse Abers termi-
! mate The
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fibers terminate is probably quite short
with respect to the length of the principal
since sections showing missing -

terfor portlon of the middle phece
posterior to the neck) they aj
equal In cross sectional area (fig 7) They
also have a core of moderate electron
density with a border of greater density
Alanmtudtualsscucmofthhmﬁun (8g
5) ahows that the coarse fibers also become
striated as they leave the middle plece and
enter the neck reglon. The striations ap-
Pﬁf“hi&hllmdenumapm
mately 300 wrﬂrlttdbymodﬂ
thick. Although
all the bands cannot be counted in figure
5thmmapmnmm1y13m15dmm
bands an each fiber
The orgin of the doublets and central
palr remaimns quite vague except that they
most Hkely begin in the anteror region
of the middle plece. In croes sections
through this regloe (Ag 7) no evidencs
of the doublets or central pair was found.
However highly electran dense areas along
the inside of each coamse fiber were ob-
served. 1t 1s possible that the dense areas

doablets or that both are of the same od-
aince the additional dngafnme outer
13 & modification in the
h“}n?‘nﬂﬂi'-u‘llfhighﬂfmofmm;ﬂ
a.
The mitochondrial heltx

The presence of the mitochondral heltx
disttnctively defines the mldd]e&:m of
elix

number of turns in the hellx varled within
this range among thres cells which were
sectioned langitodinally through the entire
middle piece.

The pitch of the spiral is about 20 to
B mrmuuofl.hcm}dd]cmm but it
llnumer than this tn the neck reglon

The helix is formed by an undetermined
number of elongsted mitochondria butting

D" o
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end to erd against one another (fig 12)
There is also evidence that the helix is not
single but rather composed of more than
opa string or strand of mitochondda (fig
13) In the neck reglon seyveral mito-
chondria begin winding down the axial
fiber bundle. Soame of theso terminate be-
fore they reach the bass of the middle
plece By the same token other strands
of mitochondria probably begin part way
down the middle plece (fig 13) The
length of any one particular spirel or any
one mitochondrion could not be deter
mined accurately

In a2 median sagittal section of the mid
dle plece (filg 6) the elangated tubular
mitochondria of the helix are cut n cross
sections and appear as a column of small
spheres exterar to the axial fiber bundle.
The dlameter of the mitochondria I3 ap-
proximately 0 10 to 0 15 u; however they
appear (o be considerably smaller in some
cases The smaller dlameters most lkely
represent the tepered terminus or begin-
ning of a particular mitochondrdon

The mitochondrial wall and internal
mitochondrial membranes (cristze) are
douhle (figs. 6 and 14) They also may
be consldered triple if the layer between
the inner and outer membrane s Included
When the helix is viewed i longitudinal
/-ecdun (fig 12) the cristas appesr to
parzllel the direction of the heﬁ.x The
cristae originate from the wall of the
mitochondrion  then turn and proceed
parallel with the wall. They also exhibit
occasione]l branching The cristae and
thelr branches may be described as flat
tened or curved vesicles (fig. €) and tu-
bules (fig 14)

Occasionally cells without cristae were

This has been shown to be a

characteristic of spermatozoa fixed follow
ing death or injury of the cell (Saacke
and Almquist ‘82, '83a) In these cases
the cell membrane was usually severely
damaged or missing.

Jensen s ring

Jensen s ring is an electron dense struc
ture which surrounds the axal fiber bun-
dle at the junction of the rmddle piece
and the principal plece A mamittal section
at this junctlon shows J nsens ring iIn

R. G BAACKE AND J O ALMQUIST

cross sectlon an both sides of the m.
fiber bundle (ig 11) From this o
the ring may be described as an dect
dense trlongle with the base agiing &

Of particular {nterest fs the attachas
of the cell membrans to Jemwens o

of the cell Theso attachments may ke ¥
significance during the travene of the F*
top!am.icdrvplctdownthﬂm-‘dﬂkl*‘;
a8 well 28 ot the time of the shed®¥
the droplet ’Ihnynlnom!b‘h’ﬁ
during capacitation when changes i
mg}auorzbehndmpmbd’:w
occur Such changes could occut

membrane among the segregated ’::_ﬁ
of the flagellum may favor cellalr
olilsm This fdea i3 mgu«d
cause of the elongated
pects of the cellular components et
nucleus and mitochondria) o
Fawcett ('38) observed &
tact of the cell membrane Fenre
a more elaborate Jensens rink »
found in epl testics
matozoa of the human Flﬂ‘-h“mdﬂ:
should be given to this arca mevﬂ"f"i
the ultrastructure of bo(‘g:)
) tazoa  Faweelt ot
nudlﬂemnmmn.(uinm‘:dw
of the annulus In cjaculated
mal sperm of man
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The flbrous helix and
terminal plece

The fibrous beltx binds the axlal fiber

flament
ig. 2) The unboand end of the axial
ament complex has been designated the
Tminal plece.
In a sagittal eection of the principal
lece, the helcal strands are cut In croe
windm

g8

thetr identity in the longituding] elemants
ar split and pass around them. Further
study of this relationship should be con-
ducted before the term helix is abandoned

The neck
The peck of the bovine sperm is char
mrbcdbenbythelukolmlmchcmdm
and the pr af the 1 coarse

fibers entering the recess or implantaten
smkrtltthnbaxuftbebud(namd
4) The b tng of the

helixmrdlﬂ.untothebanafd:ebead
vades sufficiently to conclude that the
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the courss fibere.
ol Pl e b, gt e e et
gl O e e e
R LT
i e T
nate on v " the af beads swas ohserved only in naghital sec

Lamumated tions of the neck when the besd was cut
the flagellar wave. at or about 80 to its flat plane (figs. 25
Although considerahls debate still exists and 26) Fawcett ('58) has stated that

o the pattern flagellar the proxiral centriole of the spernatozoon
mm}ﬁ'wﬁ‘,‘h’m;ﬁgﬁ 1s no different than the typical centriole
Fantation plates would suggest a two ©of a somatic cell. The typical centriale
dimennonal ar planar wave. This 1s sup- takes the farm of a cylinder with a wall
pocted by the suggestion of Blom and composed of nine rods arranged longlto-
Brreh-Andersen ('60) that the implanta dmally Thus, the centriole shown in
tlon es are formed bry the thicker cuter figure 25 might represent a cross section
Bbers on each side of the axial flber bun-  of the cylinder An oblique section through
die. These fibers are known to be dom- the cylinder is shown in figure 21 The
imant tn size throughout much of the tall  cylinder is located at the base of the head
Howerer simllar contraction and expan  adkented at about 70-80 to the tafl on an
tlon of the thinner laminated fibers In the axis scross the greatest dimension of the
oeek reglon woald contribute to the wave Lead. Anemdkn!elccﬁmmicmmgh
10 2 lesser degree but In the third di  presented by Nicander and Bane ('62b)

§

shows the proximal centriale of a boar
Thus the present Interpeetation favors spermatozoon as conssting of nine tubalar
A predominantly twro-dimensional flagellar  triplets fe  each of the nine tubes con-
WEe but with same movement in the  stituting the centriole contain three sepa
third dimension Such a mechanstm rate tubules.
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Further research should be conducted
to clardfy the morphalogy of the proximal
centricle and the relationship of the flagel
lar fibers to each other and the centriole
In the peck reglon. Ultrastructural ndt
viduality among #perm also should recelve
more attentlon. Based on ultrastructural
varlations particularly those observed in
the mitochondrial helix cells may posscss
a varety of features which are capahle of
normal physiologlcal functiom
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PLATE 1
EXPLANATION OF FITELS

Flgs. 5 to 9 Omuism-stained sections of the midls place.

Fosce
- G0N,

Macian sagittal section of the middle plece From the cotds margm
o the certer Bt show the ol tr -ro:;! boo=al




ULTRASTAUCTURE OF THE X AND T
llm.‘,awmm_“

i

)
(.a«'
v
=7

ot VY



PLATE 2

XXFLANATION OF FICUALS

Figs. 10 and 11 Osmium-statoed sagitial sections through the midde
plece and anterior partion of the principal piece,

10 Low wlectron showing entire length of the
riiddls plece. In this cell the beltr makes apprartmately 70 tmoe
about the axlal fiber bundle. > 15,400.

11 High 5 alectron mb sbowtng (he Sunction of G
middle piece and principal pice. The cell membrane (C3f) anchors
Hself on Jensen ring (JK) Ocrasianally rembranoos venche
(3fV) are found iomedlately undar the cell membrane. 44500
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TLATE 2
EXIFLAN TIO¥ OT FICUR

Figt 10 and 1) Osmivmstained ol section  threugh the mEZe
piec and antencor pertien of the prnciTal phec

10 Low i Jectren Ph showing entire Jorrh of the
mﬂﬂmlnlunulhrhrlnmuuwwmmr'um
bout the axial Lher bundie

Fheee
ftself on Jmwn nag (JR) Occ el smembrars
(MY} are found immedutely under the ccll membrare. # 41500






FLATE 4
FXTLAN TION OF FICUNLS

Owml m talned wection  of the principal piece

Crov section 1 different Jev 1 lmuhepﬁndpalrlm
mhnA»mldecrrﬁﬂn.B;xndpo-trﬂorn;tm. Thprhdml

phre ta posietior gitudinal
LE) na 1 me:mnuu u nd (cs)o!mﬂbmubthxbdwdﬂ
thlnner  The coane becowe thinper direction
and eventually disa Fibers 3 and 8 section C peni t farther
down the principal the other seven fibers (arrew)  AT300.

Sagittal scction  { principal plece howh:tvndnuhydm““l‘*‘
f‘l:.x Jement (arrow) in contr t to the circumferential trand

Lemen
the Jongltedinae! chement x G0 000,

m[n.tﬂ-cdon kv:uuumkmn-tphcmnrm:m giral o
tlorrs of the principal phece The ppeirance of umduul
clﬂnrm (arrow) amd circomferential trand  may k tm;un'd-
*

Iigh m nuﬂr tion of the lontiudinal kemene x 48500,
m«mmm:mmuwnm Belix and beginning
of the terminal prece The suisl Aliment compley I biened W
extend beyond the belix thereby forming the tapered tenminal plece
x 33,000
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Permistent Stunting Following X Irradiation
of the Fetus

ROBEETS AUCH, LYSE DUHAMFL, ALAN W OSBORNE axp
A. VABMA

liological Research Lak o of o
Colxmb Uniwerrity New York

CT] fermale nilcs wwrs tirms mated sand the embwyts ot earh

stog
Randard dose of xirradistlon it is pos- Dual tubes were used in cross fire spaced

stages 72 cm each from the center of the gravid
when the skaletal are particn- uwterums. The valtage of was
184 KVP and the millam ge of esch
held 0.
MATERIALS AND AETHOD gxbe at 30 with fil; of 0.28 mm
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porour polyethylenc container (which ab-
sorbs alightly the frradlations) gave the
estimated rads absorbed by the embryos
or fetuses very close to the dose In alr at
that posltion The exposure was thus two
minutes n all cases
For the radiographs the mice were not
anesthetized  but were Immobllized with
strips of masking tape  Five mice were
faxtened to the carrder of a aheet of 10 ¥
12 DuPont x-ray film which was then
properly 1dentlficd with lcad letters and
numbers and placed at a uniform dis-
tance of 20 Inches from a dlagnostle x ray
tube The voltage used was 40 milllam
peres 10 and the unfform exposure was
two sceonds The films gave excellent con
trast (sce {llustrations) Each and every
mousc sheleton was thus radiographed
and this was later mounted on an x ray
viewlng box and cach bone measurement
taken under a hand lens of 10 X magn!
fication All measurements were made by
the same person
‘The mice were part of an experiment
designed to determine the lang term se
quelae of embryonic and fetal <irradia
tion so that most of them are stll alive
14 months of age However It is be
“ed that the skeletont has reached a
state of development by four
onths of age 1o that that ape was scice
xd for this partcular study of skeletal
effects

EXPERIMIENTAL DATA

The statlstical data from thls project
aro nted In the several tables below
While the experiment began with 25
males and 25 females for cach st of
variables and 60 each for the controls
these numbers could not be held against
the occasfonal lossea due to accidents or
1o other and natural eauses  Chlef among
theso was dlarthea The best cure for this
condition s 10 treat the regular food with
te hydrochloride (soluble Polyo-
te) for a 1-2 week By four
months, when tho skeletal study was
made the minilmum number of males
surviving for any gestation age group was
18 and for the females it was 16 while
45 and 43 of the males and females of

controls survived  All of the averages

ROBERTS RUCI! LYSE DUNAMEL, ALAN W OSEOANE AND A. VARMS

are based upon the number of sunha
at the time of the examination,

A total of 307 were fv
vided for thls study plus 12 control preg
nancles At certaln’ gestation agtt te
Toss in embryos due to 1001 x frradinim
was sufliclent to require twice the v
number of pregnancles  Since the 4
ctal study was made on the sunhony ot
four months 1t 1s well to present bere the
litter average and 30 day post natal mx
vival of mice x Irradiated at different oo+
tation ages

Among the contrly there were 58315
smales and 46.9¢ females born. This coor

trols than the total of xdrradiated

the deaths during the first 30 postartd
days affected a higher percentage of de
controds where 15 -~ of the males and

the x-Irradiated male and 10% among e
females However among
none of the controls was barn dead o b
a mnmﬂynhﬂemwldw
(177 ) of thosc xirradiated wert
dead or anomalous

The average Utter sire of
xdrradiated pregnancies was
was Jower but not signlfcantly &
the 800 average for the controls
reduction an exdsted for the varos
represented intro-uterine deaths
sotption  and these occurred
quently among the sery
pregmancles, (00 days
after conception) There
ltter size reduction on da
70 and B%l.ﬂﬂ.(: stuntin,

per are v from
?:(nﬂy x {rradiated mice m:tnﬂu‘\llﬁ

the
oot

%%?ﬁ. é; 3’ g )
1es a%%ai‘% £Edr 1

to term, but which :ludu: w;!rrdm
cal first 30 post-natal days plus
monthe. Thus, the data really conce(d ¢
healthlest of the survivors st
Surviving males of this
contrals or xArradiated
wero always heavier than were ¢

%
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GESTATION DAYS -+ 1007 X-RAYS

Flgure 1

and smaller bones mi ht well have shown
some reduction but these particular bones
were chosen as representative and rather
accurately measurable
~ The table above presents the averarze of
1 seven sheletal measurements of male
“ard female mice x-irradiated at each of the
restation days 00 through 180 If the
skeletal data from males and females are
plotted separately certaln scx differences
in response bocome apmarent (fiz 2)
There is lule devlation from the control
measurernents following 100 1 xrays to
the mouse embno during the first half of
gestation or from 0 5 to 6 0 days with the
possible exception of the ulna of the fc
male exposed on day 3. Since days 2 and
4 fit into this depresston it cannot be an
mrf:ctbmtberch:tprrmmnoe:];um
ton of this disparity of the female ulna as
with the reaction of the male
ulna The humerus then the spine and
the ulna (in that arder) appear to be more
affected in the female than fn the male
when x-{rradlations occur prior to 9 0 days
gestation. On the whole 1t appears that
100t does mpot serfously affect skeleta)
growth of efther male or female when the
exposure occurs before 9 0 days gestation
(fig. 2)

Followin gestauna day 90 the gors=
fs quite different s that a detafl-d =+
tical analysis has Leen made of three I~
ticular measurements takin oo e
eratlon the limits of variation wiks e
averared group. The &=
sidered were of the spine 2, 333
For each bone the measuements ¥==
cach sex were compared again<t B¢ &
trradiated controls givin 38
for each bone Tbemdcanndm;

in each sample. The resultng de=v
frtcdommmneﬁoﬂuldlbﬂ'{:‘:u
2s the “true value The abelote

o

not 100 much significance n e
the dapger period for M
colncides furuﬂofu‘cmwémdﬂ

effect a to be orer all
the f xmdhxrdmlctm’g:wlj.
stumted but topographically
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TABLX 2
Mice ot four months of age following 100 R Truys during emebryonic stages

Average mreserenaraty skebee ba rflhoaetes

Cont. -t P

T fe e 4 ——————— Sune Humogws Ulse Femsr  Tiha
Lat Ap.
-

Cotrols ke 45 n7 100 143 B39 133 140 182 170
Cotrols  female =} 283 10l 141 €335 111 138 15 173
Code  male " ETR 102 144 €62 115 140 158 175
00ds.  femaly 2 H.44 102 141 637 120 13 135 173
05ds.  male 23 2 101 143 660 1135 141 15 173
05de female Y 67 100 142 B3 119 140 152 173
10da  nole 25 28 101 142 €84 113 13 182 168
10de  female 1% 257 10l 141 645 12 138 1 1TL
20ds. nule ~ n3 101 141 664 18 140 L83 170
20de frmae 25 2351 100 142 631 130 136 18 172
30ds.  maly " aze 100 141 684 133 130 13 Les
30ds female 123 m1 100 140 638 1% 133 1M 170
40ca  mmale 1 1 100 141 648 121 140 1350 1ea
40de female i 71 100 140 638 13 138 18 16
50da il 21 2.6 101 141 & 111 140 150 178
B0dr  frmale = 239 101 142 619 119 140 152 171
C0da male 8 17 1.00 143 643 1m 140 1822 171
€0da female 25 163 100 141 €21 1% 139 1M 17
70éL  maly 25 7 102 141 €41 132 140 150 188
T88s. feouls ¥ w3 1ot 141 €3 1m 13 1\ 1N
80da  maly 23 234 100 140 &S0 12 143 183 17
80de female « 21 100 141 631 Lm0 140 1= 177
904 wale £ 302 100 139 645 123 140 13 168
10ds female ”n ne 1.00 135 €30 11 133 153 168
100ds.  male 25 12 100 138 618 13 138 150 168
100de.  fernaly 2 210 100 133 €02 120 133 180 170
10de e 235 o83 088 13 633 1% 140 130 167
110da.  femule n 218 096 134 65 11§ 13 14 168
de nule 25 a1 002 1316 610 115 133 143 162
20ds female 3 103 090 18 690 Li1 130 140 160
Doda male 3 .1 a0 1a7 800 1a7 134 143 183
10da  femaly 20 03 060 188 599 114 131 142 184
Hod mue » 277 083 131 823 10 1M 146 184
40ds.  fomle 23 07 090 12 £93 115 130 141 1.8
‘1‘3,?,‘* male " 27 095 136 630 11 157 140 187
da fouale - E21) 085 13 613 130 13 1M 167
}ggch. male n MW7 000 138 631 13 137 150 167
da fetnale EY 4 097 1M £13 113 133 151 168
170de puale 1 309 100 140 63 131 137 151 167
170de female 1 41 009 13 @37 180 13 IS1 171
"gd-m Dale 13 21 100 140 654 1w 137 15 16
da. fomals 11 1 098 137 €3 118 1B 153 18

v TAR BTEre nrpreeits 23 verngs bm frem (h wamber of males s females shewn bn cotvma
o

e o mn-:_hhaummﬂu:uud mmmhm-—
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MOUSE SKELETON AT 4 MONTHS OF AGE
FOLLOWING 100r X-RAYS TO EMBRYO
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‘which s rapidly gaining respect
|onlzlinz radiations (Levy et al 59 flugh
et a

¥
others are highly
stages of development congenital anom-
alles are more readily produced than at
others  some anomalles may be caused
over a relatively long developmental perjod
while others may have a very limited time
of susceptibdlity the embryo Is a mosale of
sensitivitles some organs tissues and cells
being scnslthve at one moment while
others later to be semsitive are resistant
and finally since the embryo Is composed
of undifferentiated cells {t 13 able to re-
direct the undamaged cells to fill the gap

first 30 days of postnatal adjustment and
were radlographed at four months of age
Upon closer examination it can be seen
that there i3 an over all reductlon In size
involving probably every bone of the body
wlith the x frradlated female showing rela
tively the greatest stuntng (no 4) (A
study s in progress to determine whether
this amount ef xirradlation has any
sequelae aslde from stunting such as re-
ductlon of life span or the incidence of
tumors and Jeulemia ) Such mice appear
10 be quite normal but this study reveals
statistically significant stunting when the
x Irradiation occurs at certaln gestation
aney

DISCUSSION
Mammalian embryos develop In an

aquatic and homeostatic environment el
athvely protected agalnst the viclesitudes
normally encountered by embryos of pol
Wothermic forms and yet some 57 of
afl human births bear congenltal anom
alies  Whether these are of genetle otigin
or are due to traymatic imbalance In the

{cal environment or to both factors
as not yet been determined  There are a

variety of extrinsic conditfons which can
cause congenital anomalles through the

other (Rlvers et al "59 halter and War
ny 59 Fraser 59 Lock G2) one of
namel

59-63)
In analyzing congenftal anomalics one

must remetnber that there are two aspects
of the problem There is the abnormal
environment which may be physleal or
chemical or both and there is the re
acting cmbryo
are inh )

Embryos of some siralns

RORILRTS RLGH LYSE DUMAMEL, ALAN W OSBORNE AND A, YARMA

caused by the destruction and remomal ¢
susceptible cells  This power of redne
tion of undamaged and as yet und Xem
tlated cells Is not new 1o the
cembryologist (nor to the embryo) b=t
has been crroncously 3y o
ery or repalr These terms hne &
entirely different meanin~ In the ket
clinle than they might for the ertm
Actually there is abundant evidence 1ty
literature and data from th:tgzpn =
support the contention that cell a2 £
the ‘embryo does not result in 3 Joctot
deficlency but rather in an qierall =2
ing or generallred deficency which dm
not serlously affect the topomraphy o &
individual but does redore his overe
THass

\ith regard to the extrimic fac
these may alter th  chemical o enry=i=
reactions which are highly eritical fer ©©
12in developmental ses v b
abscopal effects rather than durd 7
start a chain of blochemlcal reactions &
may have thresholds and ftenskr B2
ables ﬂmmﬂwﬂnd"mﬂp,
jble when we remember that the em=®
not a conglomeration of P
but that there scems 1o be an grer =
trofling organizatlon which coni=D.
fntegrates the paris of the devdlopiry =
bryo toward an organism functional ¥
nhole on

Highly penetraung x or gamml
delisered in a short period. "’"‘*f.i
vantage of a clean traumathrin?
without the unknon

! to d re and
susceptible

Exr
reaction at 85 days in the mOC L0y
:mxountucnﬁh:ﬂsﬂmc
the rib development pets?
\he straln 129 and (€37 X NB)F



examined after frrzdiations on days 0.5
to 13.5 fallgwing fertflization. Theynlw
stated “Trradiation

that during the
ﬁmdlyl(pdurtothelmp!amdonufﬁw
embryo in the uterus) leads to all-or-none
effects there 5 a high incid of death
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at the end of 50 flve and ape-half years
after the bombing.”™ Sutow (34 '55)
stated that females exposed during the
first half of gestatton had mean height,
weight, and head drcumference signift
mantly less than the controls while the
males showed anly the mean head droum-

ference to bave a reduction,
Irradiation d the secand half of
tation had np «l effects bot thier LQ

ratings were lowered. The effects on the
lkdctm:wmlpimhiﬁfh,lumlnﬂnﬂo‘n

eIpoted to 300 on day 13 showed the
mot pronounced effect on bone

meplphnuntbehuufﬂtm

bones, and neural arch defects.

Yamazaki et al. ('54) stated that the mean

height and head circumference of children

born to mothers with mejor signs of radis
were

wmaller
than the controls, and fetal, neonatal,
and infant dgnificant
proportions oc
ume:fdwdng zcmdorm
ters

Sonpehlick (57) found it to be 20 4 ¢
brystero-sal

undfar it coald be
aar Tbeymxcdthxt"lhereshculdbem
d diagnostic

fs propery
However Pltter and Svejda (52) rrpoﬂrd

3t our findings tndicate that the
a two year old girl who had been examined

?,lm‘“’"hmddﬁﬂmntdv.ba In utero at four five and ix menths far

»ho gurvived the atomic b g of nndt.hllchﬁdhzd
Hnmmmmdu K was y 1. PO phthal
e(,_h:db’u’eeqrrkmunndlh:!me mm m}cmm-mu,lmhkmu: hypcrme
and Tetardatiom in their helght, welght, and

skeletal development was still evident h:npcrfecn. Exposures were not given bt
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]T‘ulll have exceeded the norma! dlagnestle
els

Speclfic  skeletal effects have been
caused by drugs (eg Gamlnonkotin
amlde) administered on days 10 or 11
to mice resultl in malfor ! of

ROBERTS RUCH LYSE DUHAMEL, ALAN W OSBORNE AND A, VARMA

part of this study dealt with the sidery
and stunting
2. The skeletal study was made oo

ppendicular skeletons
and often causing cleft palate (Plnsky and
Fraser ‘39) Cleft palate can be readily
Eroduccd by x rays on day 10 (Ershoff and
avetta '59) or on day 11 (Callas 'G2)
Gestatlon age at the time of x ray Insult
appears to bear a significant refation to the
nature and the degree of skeletal modifica
tlon Johnson (33) described the time
and appearance of essdfication centers in
the albino mouse and this was generally
about day 15 and took four days so that
irradiation on day 11 or 12 preceded the
onsct of ossificatlam res on days
11 or 12 must therefore include the early
differentlating and highly scnsltive osteo-
blasts  Wodard ('57) stated that both the
anabolic and catabolic processes in bone
are damaged by external frradiation and
that such damage as is inflicted appears
slowly and lasts for a long time  Clinically
significant bone c¢fMects of x irradlation
include stunting of growth in chlldren
generallzed and patchy demineraltzation
athologic fractures total disintegratton
bone and cven

ghest mortallty occutred amang toe
xrayedon days 3 4 9 10 12and I}
5 The hig Incidence of congetd

time of omset of
of osteogenesis which 1s not sctive @
about day 15

6. Male mice of the CFl stralo ar &
ways heavler than the femnakes
months of age Exposure of the
ing mouse to 100 r reduced the oef

after single exposurcs.

47 This current study reveals cffects on
vardous parts of the skeleton following
x {rradiation at the varlous stages of de-
velopment from 0 0 to 18 days. The major
eflects follow exposure on days 11 through
16 While there #s an overall effect,
resulting in generalized but topographi
cally pormal stuntlng there are cert
bones which are more d 1y affected

w3
exposures on days 8 through 18,
e fects on days 11-14 =

y
than others The exposure to 100 r x rays
is not normally within the diagnostic range
(e g. fluorescopy) but it can occur in wpe-
clal and accident cascs It 1y far below
the LD 80,30 level of 830 rocntgens for
the mouse or 500 roentgens for the

radlogra; ed. and seven skektal
ments t.ffm and averaged. THTe 2o

human. differences in sheletal e
CONCLUSIONS :vc)fen x-rayed before da!,,% L‘;}"Xd

1 A total of 319 timed in were P i
CF1 mice ded the material for this was the mare advensely f‘“d"'mw

study to determine the effect of 100r
x-rays dellvered at each of the gestation
periods from 00 to 18 0 days The majar

8 The statistical M
gwing 100 T
tal development foll 1 ket
various gestation staped showed



FETAL X RAY AND STUNTING

nine days the highest significance was
obtatned when the irradiation occurred on
gestation days 11 through 13 Since the
effects appesr to be over-all, the mice ex
posed on these days were grossly stunted
but appeared to be topographically normal.

Extrapolation of gestation ape in days:
mouse — huma

Alowse — Hwmnan

;'
i’

1 1 2 ko
a 2 10 »n
3 4 11 2
4 ] 12 38
-3 8 13 »
e 12 14 43
7 18 15 54
3 20 18 70
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Knezevic ('60) reported the presence of
sceretary granules {n the perivascular con
mective tssue space and, also within the

1 of the endothelial cells in the

cytor
Tabbit

In the present paper observations con
cerning the locad'rcl and form of secre-
tary products in ndcmhrpcg:h of
the rabbit will be presented an L{;:hllg

f) 0 of the findl in relation to the
possible mechanisms of release and trans-
port of hormone contalning material from
parenchymal cells into the clrculating
blood will be discussed.

MATERIALS AND METHODS

Virgin estrous rabbita of the New
Zealand white strain  with an average

welght of 2.5 to 3.5kg were used
anitmals were ancsthetized with intrave-
nous nembuta) for reroval of the calvarfa
A lethal dose of nembutal was then admin
istercd and the hypophysis removed care-
fully divided In pieces of 1to 2mm  and
fixed In 1% osmium tetroxide dissolved
in Clark’s medification of Whites sallne
(Clark ‘63) The eclapsed time between
death of the animal and immersion of the
gland in fixative was two to three minutcs.
\fter one hour fn fixatve tissues were
hydrated in alcohol and embedded in
,Epon 812 (Luft '61) or English Araldite
(Richardsen et sl. ‘60) The sections
were cut og & Porter Blum ultramicrotome
model MT 1 statned with elther lead hy
droxide (Milonig ‘Gl) or uranyl acetate
(Watson ‘58) and examined in RCA m!
croscopes  models EMU-3C and EMU-3G

ORSERVATIONS

Extrusion of secretory granules The
mafjority of cells in the ndmuhyﬁfhnu
of the rabblt contain granules which for
each type of cell attain a typical maximum
In the virgln estrous rabblt a

few cells contain granules with a maxi-
mum dlameter of 600 to 800 mu. A great
number of the cells contain granules of

A 3

MERNANDO SALAZAR AND ROY R. PETERSON

those with 600 to 800 my
The

sepanated
noticeable interval from the (
1 4) Most of the crlls w2
are packed with granules (fig. 4) wherrn
in the basophiles the granules, alibor
quite numerous are usually more widdy
sefunlcd (fig 1) In spansely gramiee
UP VCTY hear
(fz 8) This condition is pot Mmtrd B
that part of the cell adfacent to the kux
ment membrane but Is scen around fx
entlre periphery The smooth petigrao
lar membrane {s sometimes seen @ b &
contact with the

1
i

300 to 400 mu di
number of large cells contain granulea
mmndhmnﬁéhlmtgi‘-wmu. From
comparisons by t and electron micro-
scopes of adjacent sections §t has been
pouﬂ:hmidcnurycalhmmnlnz

ules of the 300 to 400 mu xize as well ax



pace. These gramules are ldentical with

bose insdde the process and those I the

seathy parenchymal cell (fig §) Cantrary

0 the findings of Laver

be granules found free in

face retwin thedr perdgranular membrans

Fats of s Al
the have not

s found in pessage through the

fmettrntbdtumtgm The e
biged by o very hin merbrane (Aga. 3

chreulatery All of thess steps in
the the anterlor hy
pophryxis save the last, have been studied

ators (Farquhar et al.,
54a, b ‘57 "8lab; Green and Van Bree-
™men, Farquhar °55;

in the mouse by Sano (‘62) and in the
rabbit by (‘'60)
Thiz is a merocrine type of release in

?gg
E
!
i

kg_
i
i
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here lead us to postulate that an additional
of this gland

JEANANDO SALATAR AND NOY R PITER$OY

the distant target organs. Alibough &4
evidence i

tively called 2 microapocrine type
cretory release in which small blebs of ¢y
toplasm containlng secrctory granules are
off from parenchymal cells into
the interccllular spaces  Small projections
containing granules protruding Into inter
cellular spaces granules surrounded by a
narrow rim of eytoplasm lying In the same
spaces and granules surrounded only by a
perigranular membrane found in this and
other extracelfular sftes are evidence in
support of this mechanlsm. The small
blebs of cytoplamm released in this way
may dissolve in the extracellular space

occurs in the secretory actlvity  concrete exists fr
This mech is tenta t of dissol :m‘mm”‘,g

of se dl i o

which would establish and facffire &

direction of diffuston of hormanes trat

the basement membranes the froomd
stance in the perivascular space smd ez
across the tenoous membrane beidging &
fi 0!' lbc Anthall J1

and Farquhar (55) and Farquher (€
demonstrated plnocytotic vesicls b &
thicker portions of the endothetizm &£
suggested that In such places thee b &

and thus liberate the Y

P by the perlg
membrane Fmﬁrmppumngc\idmccls
given by the fact that in scctlons showing
such free granules the integrity of the
cells was maintained and
no signs of dlsruption or cell damage were
apparent A study of serial scctions should
provide addidonal information relative to
this particular
The observation of processes of paren-
chymal crlls extended through the base
ment membrane into the perivascular
space was first made in the rat by Rincharnt
and Farquhar ('55) and Lever and Peter
son ("G0) showed in the same species such
processcs {n which many secretory gran
ules were being discharged by the mero-

mouse (Yamada and Sano ‘'G0) or In the
human (Schelln 62) our ﬂn;d;nbgi ind}-
cate that {t does occur in the it (f
9) The release of sccretory products
rectly iInto the perivascular space could
well be the mechanism by which the pltul
tary reacts to sitnations requiring sudden
changes In hormone concentration in the
bl It has rrot been possible to trace the
processes far enough to determine whether
they are detached portions of cells or sim
ply a process which has extended through
the basement membrane to dlscharpe its
granules

Once liberated fram the parenchymal

cells the secretary products must reach the
blood stream fn crder to have an effect on

rial which resembles the ground sz
of the perivascular space rather thn &
plasma tn the capillary lumen suppom 2
theory that hormones may be trampr?
by plnocytosis from the perivasculsr gt
into the circulaton.
The fact that we have cbsened o
brane-bound
from those in cpubcllﬂl!:‘l?s
in intercellular in

spaces

space within the lasm
cells as well as mﬁ:’fm of eapllert

fn the thicker portions of
(Bg 7) Were furmﬁ
p-auu}elhthepedmhrqﬁf’ ;

(6gs. 11 19) contain g

12



RELEASE AND TRANSPORT IN HYPOPHYSIS

yis. In the present study it has been
posddble by systematic survey at high ma;
nlfication of every capillary vizible tn

Clak, 8. Jr. 1943 The thymms io wmice of

ﬁlninlﬁ/.l wtodied with the slectran micro-
wope, Am. ] Anat, 118 1-34

Fergahar 3L Q. 1961 and fate of ve-

in cells of the antericr pita-

tary T N Y Bcl, 23 36—

staining
Crtol, 11 T38-7X.
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epcxy restus for altrathin sec
mg In clactron microscopy  $ixin Tech,
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Abbreriation

CL, Carpillary lamen

E. Endothelivm

EB Endothells! b sement membrane
lsnlmm:dlu]urpm

B F b

rS FPerivascular space

PLATE 1
EXPLAN TION OF FICTALS

1 Pertlon of  basephle tn the procens of discharging there secretxy
(eows)  The liberated granales, witbome perprasler
membranes, lie between the plarma membrane and the parencbymal
basement membrane A distinet perigr nulir membrans surrounds
the grazules within the crtoplasm. X 37,800

2 A besophile crannle (errew) lying in an frregquler depresskn of
plamna membrane ha  not oodergooe any e dnolytia
natare of the trwctures Intervening betrreen the extraded g

uls and the cspillary lumwn can be obserred X 25,200






PLATE 2
FXPLAN TIOW @ FICC 6
3 A free membranc bound  cidophile r -Je(m)-nd-nml

crtoplssmic processes occupy an Intercellalar spec  akong whb
cli m protruding from  prrenchymal L 9500

4 A scidopiule on the Icft snd  basophile on ibe right bound &2
intercellular pace ko which tw sccrrtory gra ules  be seem, xR






PLATE 4
IXFLAN THON OF rrcoae

§ Tw inlect gran fes ¢ rrows) having Imil ¢ haracteristics ts these
In the bawphile t the upper left, an be buened Iy ng free in Ore
fumen [ ¢ pillary The typical fenestrated and thick portions of
the endathel. are A pr nuclens and ocer-
slonal ploocytotic vesicles N be seen in 1he thick portions. Note the
eytopl ;hpmkcwmormkrwulmmrlbelmnlmhmﬂ*
t > 30,600







PLATE 8
EXFLANATION OF FrcrRns

Processes of  betophile (nm)l)tngtnv.bepcﬂn-:n!nm
nqhnrclbeumemawbdan buaphn..-.«nuh:bwrr
right. The are not

althouth some 1 strands of b can be
dﬂgf;o‘omwuh-mu!n(mh)-mmh been hieramd,
>

A secretory granule which fs of the same sire nd demit a thﬂ'!

in the nearby acidophibe lles free in the lumen of

‘;}-:nmﬂ‘lm(m)mkcurrvmlhcmdmbeuucmnenlhm
x 37800,

A larxe veskele peojecting nt Lbecrpl]hryl- men apprears te
small esicle (arrow) coslescing with b The larpe  eikch
contf wou Hm ef u.llnrvphm urrounding it The cootents
more chonely resembles the material fn the petteanculs  pace thim &
doe.lhutnlbec-pﬂluy lumen. > 39,200
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FLATE 6
IXFiax TIOY OF FIcTRLs
A eukle by the containg demse
materdal “ote that the fepestrae ary bridped by rmnlvu-(n
row ) s 51000

Small evicles In the endotbelial wall ppear o be  alecing wEk
and or dhering to the Liree vevicle which s encl 4 i pamt
e
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or eimple Immerston of whole cpened atra
or hrﬁ:]p{cccl of ventricle in 0005%
methylene blue in saline adfusted to pH
36 In many cases heart tlssue was
treated first by perfusion and then dis-
sected pleces of the perfused heart im
mersed  Addltional immersion soluton
was occasionally infected with a syringe
and small needle beneath the epl- or endo-
cardium. Following usfon and/or im
mersion various 1 of the heart such
as the entire opened right or left atrfum,
the interatrial septum or selected areas of
the ventricles were aired and then fixed in
8% ammonium molybdate Following fix
ation the tissues were thoroughly washed
dehydrated with aleoho! and finally cleared
mdlmgd{cdln 1 benzoate .
‘The advantage of tissues prepared for
study in this manmer is that one may focus
entire thickness of the atrial
walls or through a several mfllimeter thick
portion of the ventricular wall and easily
determine the relative disposition of varl
ous types of nerve end formations.
OBSERVATIONS
Classification of nerve endings
Before describing the types of sensory
endings found in varlous parts of the
mm it is nd?“uy to describe briefly

MALCOLM R MILLIR AND MICIIKO KASATLARA
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severa! apparently different

bers. hhlpmmmemmdw"ﬂg
ture of the entire endocardlum. S 7
ﬁbe'reru.ﬂngslecmwbe.};nenﬂ':“ﬂ“wl=r
diac tssoe lbecnd—nﬁmdﬁﬂ,y
sent free fiber endings 1o the beart 2,
s sensory element pecullar @
tissue e e

but
structures (e.f Ruffini, Ruffintdike or
Golgi-type endings) 3. Encaprulated end-
discrete and sur




commplex peuls;
were encountered (figs. 7-11) Endnets
were generally absent from the

muscle areas Is difficult experd
mental nerve root sections.
Mpyocardinm

dles of iinated and un-

from

¢ 12) It appeared to us that the end-
ni&mmumbumthom:md
dendrites of several (two to
more) nerve fibers (fig 12) As far as one
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s able to determine with the light micro-
scope the branching ends of several ibers
with one her  Mlchail

('08) observed and described precisely this
phenomenon in the horso atrial endocar
dium and pointed cut that while the end-
net might appear tor:LlFmtu {rom several
different fibers In ty the apparent i
bers of origin might be collaterals of a
wngle parent fiber branching at a higher
level. The end-nets were scen most fre-
quently on the posterior and inferior
aspects of the atrial endocardlum as well
as on the Interatrial

In some areas tho cnd-nets may be the
only elements present (Lﬂg. 12) but more
frequently occur tog with )
unencapsulated endings (ﬂ% 14)

The most characteristic feature of the
otrial endocardlum s the wealth and var
ety of complex unencapsulated sensory

fuse rambling structures to discrete com-
pact elements (fige. 13-26) Morpholog
scally theso endings are the homo!l of
stretch  receptors in other types of tssue
ard in the heart are tcrmed baroreceptors
by the physialogists.
\V'hji
tered

these endings may be encoun-

almost anywhere in the atrial endo-

cardlum they are most abundant in the

areas about the openings of the great ves-

sels and on the interatrial septum. They

are rare or absent in the auricular endo-
cardlum.

The nature and variety of these
endings can best be ted from
photographs (i:g 13-28) lerv it is ap-

four mammallan

parent that in our species
represented the same basic of struc
tures are present, but in each specles the

& sufficlent number of ot from »
particular species, it ls possible to recog
nizn the species by the appearance of the
terminals.

sensory

The diffuse type of endings arise from
fibers approximately 4 to 6 u in dameter
and the branches and ramifications of one
fiber may occupy an area of several square

MALCOLM X MILLER AND MICHIKO KASAIARA

millimeters. There are po anaciomors
tween the terminal branches of der
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IN THE HEART 221
serrsory endingy are not necessardly func
tonally related to the conduction fibers,
but are rather a patt of the general endo-

with sensory
majority of the sensary endings in the
are ! 1.
in nature These are remarkshi
in structure to the same typo
that occur in the dermls,

ascettain.

The atrial endocardium is the most pro-
fursely innervated area of the heart. Nearly
all wurkers since Smimow (1885) and
Berkeley (1895) have described a wealtth
of g2 in this location.

innerva
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print. Since Interpretation plays a con

slderable role In neurohistol

y ftis im

MALCOLM R, MILLER AND MICITIKO KASAHARA

Establishment of the true nature ni

perative that photographic evidence ac
company descriptive accounts

The end net formation so prominent in

both the atrial and ventricular endocar

dium was first

and described

by Michaflow ('08) but largely overlooked
untl Holmes ('57 "58) clearly depicted it
and emphasized its separateness from the
diffuss and compact types of endings It
is intcresting that the more recent Russl.

with heavy metal technlcs explains in part
the faflure to visuallze nerve terminals
made up of very small sized fibers,

The fact that the endnet is derived

ﬁnmmytu?atdﬂbcumddm:m

about the
network fibers (Holmes '58) {8 indicatve
of its sensory nature In almost every

variety of sensory
the terminal bra

des
Berkeley The totrinsie s !
HJ 1893
of the in certain veidec®

apparatus in the heart
hes have been d bed

ending in relation to speclalized types of

cells (Doglel 1898

Khabarova '62) The
fon of wuch el depend

in part on the particular technic used as
well as on the interpretation of the ob-

server The ultimate solution of this prob-

wvaits ultrestructural study stmilar to
of the interstital cell problem tn rela
to smooth muscie motor Innervation

7 The central distrfbution of the various

R
Chab Al r
below as Khabarova, A L) Die alermst
Devation des Herrens, Z. ik 4ast Yook
&5 238-930.

abarova, A. L 1963 (Sams SE5
Kbt J Mmm,,,..
pervation of Heert.

New York ettt
aod

Mayling, H. A. 1953 Stroctan | "h'm”

nervous system, J Comp. Heots P
Gow 8. 1008 Die Nevem o
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F
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PLATE 1
EXPLANATION OF FICURLS

The nerve endings demonstrated {o all figures were stalned by ot}
ene blos perfusion and/or Emmerson,
Tha straight black line t the bottom of each photograph rrpremnts
lw.old.huntt
the explanation of figures “C.UE s the abbreristion for compiex
unmtaptuhtrdlnd.l.nl-

1 Dog. Right atria) epicardiom. mu.uwwdcv.r..d
1s very simlar to endings often seen in the connectite Hyroet of e
and bout jolnte,

»

Monkey Right atrial epicardlmn. A compact C.UE. Thls trpe of
farmation f1 often scen in fascial stroctures.

3 Cat Left ventricular epicardlum. A E. This type o
mummmmwmgfmdhmdmﬂ
of buman gabrovs skin.

Dog. Left atrial eplcardium. A compect CUE.

Lamb, Left strial epicardiam. $imar to figure 4

Cn. Lefy atrial epdcardium. A compact C.UE Twrphdﬂlh*
tractures arise from the two branches of a single Aba

7hmb.ltflvmtr‘lc|lnrp'lanﬂm_ A lirge diffose type of COE

o o A

Such structures are frequently seen fn fascise sponeuross, sod
perjosteum.

8 Lamb A spresd out, bet basically cem-
pact type of C.UEL This ending ls charscteristic of Gelghype
exdings { in

$ Doz Left ventricular eplcarflum (near the apleal dimple) Thl ¥
diffase type of C.UE

10 Dog. Left pear the atrio-ventricular fenction.
Compact C.UE.
11 Cat. Left ventriculsr epicardiom, Compact C.UE.







13
10

PLATE 3
EXTLANATION OF FIGURE

Dog Right trial endoc rdiam A end net sensory terminal Several
small myellnated fibers re seen bifurc ting to form  terminal end-
net Thlrrmlmlhrmchnu{mrr-lﬂhﬂ-urmml-nllm fam-
ing un ana tomotic

Do[ Rght m.lendacudJnmun.hepoimo{]mm'hhlhh

ven ca a Diffine CUE the trrminal this view
muuurmm stngle parent fiber Thtmmin.ll rwp-nﬂﬂbﬂ"
nerer ans tomose in this fype { ending.

Monkey Right atrial endocardium. A very fine Abered diffuse CUE

Dog. Right trial endocardium in the viclnlty of the Inferior vexd
ca Difl se types of CUE.

Lamb. Right strial endocardi m, Diffuse C.UE. the Indmidual W
minad of which are longate d tending towsrd compaction.



FLATE &




B regpeys

PLATC 3

EXPLAN TIOX  FIGURIS
Cat. Left trial endocard] m. Diffuse C UL with Indvidul tof
minals tending toward compacthon
Cat. Right trial endoc rdl m, Diffose CUE.
Lamb Rhght trisl endocardlum. Diffuse CUE
Monkey Left trial endocardium Diffuse € U.E.
Dog. Left trial endocard] m. Compsct C.UE
Monkey Left tral endocardium, Cempact C.ULL
Lamb. Left trial endocardium. Compact CUE.

Cat. Right trial endocardlom near Inferior ven cava. Cowpact
curL

Cat. Left trial codocardium near entrance [ pulmopary  ©n
Compact CUE.
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PLATE 4
EXPLANATION OF FIQURES

Cat. Endocardium of the right side of the intemientricular seprom
Bewsory veniriculay endocardium.

endnet in the
Lamb. Endocard] m of the left interventricular septum. In this view
o0& sees mal ly the  bendocardlal ple uy but tome of the A
form semsory end-nets

Monkey Endocerdium f right Interentricular septum. Seosory end-
net.

Monkey Jitral al ¢ Sensoey end net.
Ct Mirsl ah  CUE

Momkey Tricuwpid valve Benuory endonet
Lamb Trempld al  CUE



FLATE 4

WEAVE ENDINGS [N THE HEART
Makcstm B Miller end Michko Kembara

WD Qr.ﬂv.
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282 48

( ynspses en pa sant™) These el tonships ba been verifed by
ultratroctural tadles (see dlscus bon)

Monkey Left ventricular myocardium, $ame 34 and 33

Cat. Acriic rh. Severa] CUE | the drentitia of the foferior
srect of the sortic  rch.

Lamb Aorde arch Sume a 37
Monkey Acrtic arch  Bsmie ay 37
Dog. Aortic rch. § me s 37



FLATE &

"WIXYE INDINGS IN THE HEART
Malewtm R Xhler snd Michiks Xasshers







Cychc Changes of Intershhal Gland Tissue
of the Human Ovary '

overy Paraluteal oeils ave not peistent thecal gland cells, but am differentiated
fran surrounding stroma after the theoal gland disappears. They are probably futer
wehate suges m the Eforwntlatien of luteal cells from strome celh. Ploxtmettic
meesTerments and camputations made from sarial gectians of humsn ovenes indeste
that in and early the yolume of sland therme
1 Jeaa than 1% of the tota] gvsrian volmne, Hewerer In the last trimerter of gerta-
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setsin In these ripe or nearly ripe follicles
the majority of the theca interna cells have
already differentiated into functional thecal
gland cells and have Jost the pluripoten-
tiality they possessed carller henee little
or no interstitial gland tlssue is produced
by such follicles.

Becavse crops of vesicular follicles are
produced and undergo atresia n rhythmic
fashlon the and ) 1 difer

H W MOSSMAN MANLYN J KOFRING AND DARWIN YERY 1

(interstilal gland formation) Ye f
who have made reasonably extensive e
parative studies of ovaries fall to e
nize the existence and distincthenes of
these types of ovarlan glandular tewe ¢
s unfortunate that in some of the gech
most commonly studied the mwersm|
gland cells are relathely incopspicsy
(pig) or perhaps somewhat difbcch &
distinguish from other gland celis b v

€y
cntation of Interstitial gland tissue is also
rhythmic Probably this Is truc even In
infants and children

Although known and described in the
human evary and In those of many other
mammals for a century (Schrdn 1863
Pfiiger 1863) and called Interstital
gland by Bouin s student Limon in 1901
the sl and Importance of this
gland has been generally overlooked by

nary histological sectlom (rat)

evidence of the steroid secreting panred
the type of mammalian interstinal gz
cells with which we are dealing kst
namely thoee that are derhed
theca interna of atretic follicles.
and Bassett (43) showed that
stitlal pland tlisue of the rat
substances giviog the characteristc
hermteal {ons of sterold

T5es0t

both and physiologists even by
many of those who are especlally con-
cerned with the physiology of rep

crystals  antafluorexext
keto-compoands,

|8
3

(birefringent
acet Tuhl

(Also sce Bouln 02 and Limon 02-03)
There arc several reasons for this Prob-
ably most important is the constant con-
fusion as to what is meant by Intersttlal
tssue and the fallure to recognize it as a
gland or to differentiate it from the theeal
gland or corpus luteum The term “inter
stitial #s {tself unfortunate and Jnaccurate
% a descriptive term when applied to the
ary coancting as it does merely some-
{ng in the spaces b

ii

substances reacting with sl
Claesson and mll:rr:i’(:nﬁ)
Schulz positive st

pland of the rat guineaplg, mod Bt
They could show no ﬂw!d-‘ul‘nwm_em
in sterol production the pir
gland at parturition fn any of these SE7
nor during the entire hfudmmrﬂ
rats and guinca plgs. Dawsan Pl
('51) demonstrated In the me
fle rat gvary cellular

g

/nbly more vital elements  Many l‘;udeml
of the ovary have falled 10 observe the
differences between the | gland

[

both the primary and seceodary
viltial gland tissug which were csintls
) Schiff-postilve.

W ils

!

cells of the theca Interna of atretic follicles
and the thecal gland cells of ripe folllcles
or have denied thelr existence entirely in
certain species  For example McKay et al
('61) succeed in descobing in detall the
atresin of various sizes of human follicles
without mentioning fnterstial gland tis-
sue although they show & clear example
of it in their figures 27 and 28 20
Nelson and Greene (53 and 58) speak of
hyperplasia and hypertrophy or “luteiniza
tion of the theca intema of atretic fol
licles but object to calling these cedls inter
stitlal gland cells Obviously they do not
distinguish clearly betsveen what they call
“luteinization of the theca interna of a
ripening follicle (actually thecal gland
formation) and that of an atre 1¢ follicle

-

tive birefringent and
ormalin-fixed frozen

fi

("51) also showed that In the
these cells reacted to

tion of the pltultary-gonad
would expeet If

;
i

fL
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INTERSTITIAL CLAND OF HUMAN OVARY 237

, tissne.  BerrOr ('63) cuncludes from eim- Anyone who takes the trouble to examine
 flar studles on the mouse that the Inter  milcroscopically the ovaries of a varlety of
 stitlal gland is the principal source of mammallan species must certatnly be im-
| cestTogems. Myﬁawmﬁm
. Several clectron microscoplc  studies  $titlal cel erived from theca
 bave demonsirated that sterold secreting  10terna of degenerating vedcular follicles
 cells of the sdrenal cortex, tterstitial - DY the cyelic Auctuation tn abundance of

‘onsddered enly the mitochondda of sterotd in amomnts and that {t
that the interstitisl a rthythm
cells of the rut have mitochondria  correlated with the
crstae, but that \Vehnrechosenfuruudyge

characteristic pregnancy
this featare 41 more pronounced in theca cycle rather than the menstrual cycle, be-
interma cells and even more marked in cause we have obtained reasonahly narmal
hn;ﬁ]cdh B o ovaries from this perfod and because the

1t rrust be admitted that coroplet: aire and development of the fetus s
desrcut physialogical is lacking as :

Ry ST e
and Sawyer ('63) who t
Tabbit ovarles from which all corpora hutea
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I W MOSSMAN MARILYN J KOERING AND DARWIN FIMRY JL

TARLE 1
Prrtinent data on oraries studied
Pactent' ) Jime Coumad
s ” fcyehe Prafd Fixattve -m‘r’
e
143 24 noapregnant 17 hours 10~ F braln tomer
121 7 nonpregnant _ Baker F -
133 13 nonpregnant - AFA pavocardial fafue
108 29 nonpregnant 12 houns AFA myocardit
112 18 naTpregoant 3 bours 10% F wrenls and Hao
123 as noopregrant Sminuten AFA adenoesrcisoms of bt
83 27 2 months — 100 F policenyelitie
81 3 314 months S minutes 10T F b
tomy for berest mudx
neocy
49 42 4 montn 2 bours Levi*
tomy for breast maly
nancy
80 43 444 monthe - 105 F -
19 46 B84 months immedlat AFA
tomny fox hreest mey
nxncy
104 — 81k months — 109 F -
e 21 81% month G bours Z+2%F awto sccident
131 - term e days Paker's F postpartums beoarka
~ 142 23 term 10 hours AFA certbral ancxrrel
118 n 1 month 1day AFA -
postpartom I

Small poriion of s evary rvmerrd by pathelogiit oat incladed [n oo mrawrrmests

livered within an hour or two of death and
one was approximately one month post
partum (table 1) None of these had a
definite record of recent hormone therapy
or of pathology of a type known to have
gonadotropic effects but for five individ
uals there was no clinical record gvaflable
(table 1)

The ovarles were fixed in various solu
tioms alcobol formol acetic acid 10%
formalin Bakers formalin or Levis. They
wwere stored In 70% alcohol and later de
hydrated and cleared by the alcohd cyclo-
2 bedded o @

and sectloned sorially Every fiftieth sec
tion was mounted and stalned with Groats
stain

The sections were studied under the
microscope and the significant interstitial

idert
gland masses of each secthon were
fied and roughly cutlined oo %1;
using an Edinger jectar o]
I o e e e
image e
paper &t known magnificatiet ::ddﬂ;
peri] extent of the ovary '::a i
of each Interstitial and luteal &0 B0
two
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measured (whole ovary coarpus loteum,
masees) were substl

It s obvicus that such meamrements
re accurate only in & relative sense and
hat moch depends upon the judgment of
e person tracing the outhines of the tswe

OBSERVATIONS

“ntage volumes given are certainly mg
when they are as great o they

OF HUMAN OVARY 238

are between exxdy and late gestation spect-
mens (table 2 and figs. 2 and 3) Prob-
ably they are Dot cant between the
individuals having under 1% of Iterstitial
tssue as the relstive error must
been mmuch greater where the amounts
are so small.
of the absolute volumes and
the percentages of interstitisl gland tissue
in reletion to luteal tissue (table 2 and
fig. 1) shows that the volume of inter
stitlal gland often amounts to from one-
third to ome-half that of the lutea] gland at
im most functional state. Certainly this
Indicates that the interstitial gland is vohs-
minous encugh to have real functional

dgnificance

Although our sample of ovaries is xmall,
the low smount of interstitlal gland in
early pregnancy the sharp rse in late preg-
nancy and the sudden drop fust after
dellvery scems to a definite and
consistent trend (fig 2) However the
erratic fluctuztions in the amount of luteal
gland in these seme individuals (table 2
and fig. 1; also commented upon by Farleo
81) warns of the danger of giving too
much weight to quanttative differences in
small Yet when one looks to the

and then
& consistent gradual from the func
tional to a degenerating condition h late
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IL. W MOSSMAN MARILYN J KOERING AND DARWIN FERRY I

TARLE 3
Computed vol mea i mm  wd percentage vol mer of lutenl and bueratitial pland tosr

Tdend- Whole
& Uon wvary Lateal glamd tHerme Inteywitia! plad tem
- - 9 -_— oAl
108 Right 1877 4 01 14 007
Left 2368 3 01 25 on
Total 4245 7 £y 1]
ug Right 1850 o 0 55 o
Laft 1524 n o7 ae 00
Totat a3s4 1 121 1]
125 - 2089 116 5 102 L]
— 219 15 03 74 0%
Total 4908 131 178 u
<} Right 801 o 0 20 o
Lefy 1129 230 s 30 o
Total 1030 158 80 “
51 Left an? 210 84 179 0
49 Right 1438 (] (] 204 140
Left as7o 010 230 273 om .
Total 8328 010 477 '
80 Right 730 o [} 70 oS
Left ana €00 180 us o3t o
Total 618e 600 210
119 Right 223 18 07 22 °®
Left EYEey 199 58 44 o1t e
Total 5675 215 a8
104 Right m7 [} [ 82 Lhe
o0 Right 2357 0 0 134 883
Left 2810 48 193 109 s 1]
Total 8067 18 203
131 Right 1937 519 122 18 4—";
Left 3330 ° ) 32 s Iz
Total 287 s19 393
142 Right 2077 130 . 118 3
Laft 382 0 0 18 7 "
Total 5350 120 301
118 Might 2308 0 0 13 0:
Left 1043 0 o 18 o "
Total 4445 [ 29 —

edge In most mammalian species the maxi
mum number of atretic follicles i t

and atresiz of follicles &€ ;

estrus, or nrl{np'regnnncy if fertilization n

has moat mammals this {s the Innﬂym@lﬂqmﬂ o

perlod of the bund and of the 7000 O i, #

greatost cytologlcal differentiation of Inter tissue around atrete T T,

stitial gland tssue. There is certalnly Lhwghhilhly"“m"ml theca e

much of this tesue in human ovares dur- whaxg;rutert.hmlhltﬂfw‘mﬁ
but it is strildngly of narmal fallickes of

e e 1 gestation, which

(fige. 6 7 and 11)
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INTIRSTITIAL GLAND OF HUMAN OVARY

PEACENTASKS OF WNTERSTITIL TESUE
AND OF LUTEAL THSUE PER HUMIN OWRATY
Gy —mz —03 — W —_—la
o
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or

ry
MONTHS
a9)

—_0 ___04 __Qr 03 . __ns
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55- wie®

GLAND TISSUE
3
i

13

obvicouly toward & marked fncTesse in
teratitial gland volume lats In gestation.

5

grouped in short cords arranged in radiate
fashion around the remnants of the fol
Ueular cavity They are spheroidal end
their cytoplasm appears relatively clear
and dtL of the of
coarse les the of
which have disappeared during the tech
nscal procedures (figs. 6 8 ung
cords e separsitd by captilaries snd by
fine strands of collagen (not clearly shown
in the figures) which are most

3

fore or at parturition (figs. 2 13 and 15 to
19) They are also arranged in radiate
cords around atretic follicles, but in gen-
eral, form relatively thicker and moare com
pact zanes than in early pregnancy In

with the interstitial gland
cells obeerved in early gestation and non-

these cells are more often clon
Fmdg;polyhedm! but perhaps most no-

!N W MOSSMAN MARILYN J XOERING AND DARKWIN FINRY p: 8

ticeable Is thelr
relatfvel

ing stromal cells of the corter. dyr
ently human interstitial cells e

:

g

:

t
-é%'l |}



INTERSTITIAL GLAND OF HUMAN OVARY

When acoessory corpora Jutea wrere distinet
and sufficiently large they were
and the quantity was added to the totsl

243
ovarlan glandular tssues as applisd to

mammals.
The theca interna is usoally present
allicles and

g

:F“m(ﬂ( 10) The outer cells of pars-
ul often smoothly into
undifferentisted stromax

je and often The theca
interna is at this time a functional thecal
ﬂhﬂd.n&tmpmmzmmd of estrogens

the follicle ovalates thess thecal cells
m: the devel
oping corpus, but they undergo rapid de-

generatdon end completely disappear with-
in a few days in all where this has
bccultudbdmdu.\..gedlc;lﬂpmm fol-
licle with an already differentiated lgecll
gland undergoes atresia instead of ovula
tion then the differentiated thecal glamd
cells degenerate completely

If u follicle atresin after its

i
!
i
i

i
h

Fg
-

E
:
S

]
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with sterold materlal (Stafford, Collins
and M. 42 Stafford and M

45; Mossmman and Judas 48 Dawson and
McCabe '31; Harrison '62)

As pointed out previously since atresia
of follicles in most so far studfed
ocnmimmlnlnn?tualdnge the type of
intersdtial gland derived from the theca
interna of degenerating follicles s the first
major adult type of

beyond the
active reproductive perfod becauss some
follicles grow and undergo atresia beyond
the period when any are able to mature
and achieve ovulation. We have found this
to be true of the human female but we
have not included menopausal ovarles in
this investigation.

Lest there be any misunderstanding of
the nature of the interstitial gland dssue
with which this Investigation fs concerned,
it should be pointed out that we are not
dealing with the form found in the female
embryo and early fetus nor are we includ-

The luteal gland (pregnancy gland or
* cbrpus luteurm) is the best known of the
ovarian glands both as to m ogy and
function. Luteal cells usually to dif
ferentiate from the follicular epitheliom of
a ripe follicle just before ovulation and
develop very rapidly for the first few days
after cvulation. They undergo most of
thelr hyperplasia befare ovulation but in

mmysrdumlunutdllomnmmgﬂm
young luteal cells for several days after
lath 1 n HT

I W MOSSMAN MARILYN J XOERING AND DARWIN FERRY n

though sternld substances can be demrs

mtedln!h:m:{mlptd.&m
Several types of luteal gland cels b

been various worken e

(Comer 19; Harrison, 62) Howerer,d
iy not clesr in most cases whether tre

:

1

%
%%&%&%%E

luteal cells. This {s pot to

might not have a function

degree or quality from that of
cells

i

tive studles by the senior
Collins nndbifummn, 42, Sufod

Mossman 45 Mossman and

P y if

case there is a rich invasion
into the luteal mass by capillaries from the
former thecal gland plexus. The lnteal
cells becorne much larger than
those of er the thecal or intersttial
glands and are often not very osmiophilic
during thefr early functional stages al-

]

i

g
i
ATENA

e
¥

dence
tions of the Carpers there s6678
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y after ovula  both epithelial and stramal, is rather

ion, and that paraluteal cells then differ tizl, even n the adolt. It differ

tho adjscent siroma. entiates into a varety of definittre tissues
hese latter merely . l ez d resp to both genetic
-teps fn the differentiation aof luteal cells  factors and to environmental inducing and
-{ identical nature to those of 1 th hanical and
-dgin, ar are a second distinet  chemical. In such a camplicated system
pecies of huteal gland cell fs not clear & great varlety of aberrations from the
wlliman and Stein (41) found the inter or usual are apt to occnr  This is
AMtial gland cell to be indistingulaha evident in the complexity of pathalogical
.tam the paralutes] cell. We agree that tumars which often do not
his i true In many cases, but to go fnto  late any normal tssue zlthough they may
his matter adequately would take us too producea erance of a certain endo-
_ar afidd. At present we think the evl- crine action. It is also evident in the inter
Jence favors the interpretation that para- mediate types of cells one often seces fn
uteal cells are developmrental stages in  such structures as

i
i
!
I

2

Y3
:
d
&5

This fam of atretic f
tains normal tnterstidal gland

the specific of the changes in
ovarian interstitial gland in relation
to the ucttve oycle in men and other

can be to

our knowledge 10 real attempt to measure
the yolume af {nterstitdal gland tissue hes
been made previcusly it has besn recog-
nired for years that interstitial gland

does increase dorin

Aralnwe‘munuu&mdzntbgnhuyﬂ'
o my
evidence as to what this function {s ar in
fact that femals interstitial gland tissue
has a spectfic function.
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FLATE 1
IAPLINATION OF FICURES

3 Ovary of two and cnehalf year old child showing Large atretio falice
surrounded by interstitfal gland

dssus, 143 L X 128

4 Wall of the tretle follicle shown in figure 3. Notw the short 7ows of
typical interstitial gland cells. 143, L. X 343,

5 Wnﬂofmlmﬂalnﬂhknlamyeudd

child ahowing sbart
1 gland celh. 13L X33

6 wall of an mrmu.d.mmdummdur#
interytitial gland calls trpical of

112, L Xﬁ]O.

of panpregnsacy
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FLATE 2

EXPLANATION OF FIGURES

All Sgures are ﬁomlhekhourydnn.ulluamm t thres and ooe
half months of gestation

7

Wall of hﬁkfoﬂkhnhowin(mmuddnduﬂsuvnhn
deutf'ofdlﬂ'ﬂmdldﬂﬂ togetber with nomeroas endethellal ead
fbroblast puocled.

Nmmm-hmﬂuu;lmdmﬂ-rﬂu:hmuum

Lmnldmdum(-cm-nynmxnmymmhm)m
ring in the central portion of an interstitlal gland mass formed from
ln tretic folllcle  Note that most of these I teal cell are
morpboloyy between interstitial gland cells and fully differmdated
luudc:ﬂ-:hﬂvntnﬂnmm. X 220

Octer edge of the primary corpus Juteum  howing futeal cells ot
punlnmlcﬁ centrally and stromal

closs simllarity of m
gland cells. Note alw th t toward the top they resembls Intes)
and that toward (be bottom they are amall

i
3
4
£

Abers Exgmina r this and similer parsiutes] mosen
indrcates thet they in fact differentiste from tromal celle snd dut
they mmat often continne erent! tion ntl they becorse e






PLATE 3
IXTLANATION OF FIGURLS

A medium alzed (3 mm) veskcular follicle shawing tbe relative thick
news of the granuloss (g) and the thin vascular threa tnderm (6)

of the stroma of thec externa an indieatan of ther
from the stroma 119 L. x 220
I teystivial cells differentlating in the theca intena of o

gland

tretie follicle at five and orc-half month  of gestation. The amaase
ment tn radiate cord (s clea  as Is the small stee of the cells 13d
their high ratio of nocleus to cytoplarm. 118 L. X 420,

Ch Uy well loped gland mass ar elght
and one-half menths of gestation. Obwvionly och masecs mst
clude cells differentlated from stroma far beyond ¢ of
theca Interna at the time folllculer atreats began since ramoshs
interstitla] gland cells {5 rarely {f ever seen. 101 B. X 83.

Detail of mature interstitial gland tisue t elght and anebalf woath
of grstation. Note the nuclel of capillary endothelium crowded be

tween the rows of gland cells, These latter shovw the charsciristic
chromatictty of the inter

E

gestation. 104 B. X 420,
Detall of typical matore interstitlal gland tsve of eady petstin
(335 mos.) showing the charscteristic vesiculer cytoplzma md
highly chromatic nuclel, Note that the calls arv also smaller
those of ] to pregoancy shown in Agure 14 Tb-mvtu’ﬂ';‘aﬂ
arrapgement of the cords of cells fs pot  constant difference
figs. 7 and 8 of the same ovary in which tbe cell are Do
aligned) 51 L.
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The Structure of the Functhonal Pronephros in Larvae
of Ambystoma opacum as Studied by Light

and Electron Microscopy '

A KENT

CHMSTENSEN
Department of Awatomy Herverd Medical School, RBarton, Massochusetts

tubule celly ahow  lrush barder of
sxption grannles, and very few
meroos

fine

helial calls

and
n:ﬂhmmmmwmﬂm-m

The and of the pro-
Dephros been ted for meaty a
centory  Aany of the earter d
a’" the remnant of a

waggeets the serial bomal-
rchinephros

and thus coostitates further evidence for the
-

kidney (Howland 21)

MATERIALS AND METHODS

Eggx of Ambystoma opecum (Graven-
horst) were obtained from a

the pture of the pronepiros, and empba-  After b tn mid-October (see Noble
wmwd&amphrw and Brady ) the larvas were kept tn =
e, g that the roam (sbout 18 C)
are barlcally the same both stroc gnd were fed Enchastrens warms. Some
dnm]me a3 thote which of the Iarvae were Killed & day or so after
the mpmtr:;dymdmﬂnm ha they were 10 mm long
With the advent of the electran micro ks barn publiched in shuract (81
08¢ 1t 1s 2w posadble (o gain further vl S 'E%:“:'Tf-?‘-rm-;%
on this by examining mnnmul-@.
‘Proaephros its_assoctated glomns to  NeStael o, ana Mo
:;: Posiers the elaborate T
of Structure seen fn adult kd- (e a,..a;:‘:nmu- wdunt
i (ease 55, Rhodin, 58 '83) The PEE 5,00 E..ﬁ
"’m"“hew!ﬁ;phrmlnd e T Lty it
m"h’“!ﬂlbemnbkdm F,_"";’.‘._. e s
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and had just begun to feed Others were
killed a week later when they wore 20-21
mm long

For obscrvations with the light micro-
scope wheole larvae were fixed overnight in
10% acrolcin in distflled water at rofriger
ator temperature The tissucs were dehy
drated In increasing concentratons of a
111 mixture of methyl alcohol methyl cello-
solve in distilled water followed by a 1:1
mixture of methyl cellosolvechloroform
and were infiltrated and embedded In poly
cster wax. This mcthod (Sidman Mottla
and Feder 61 Feder personal communi-
cation) provides excellent preservation of
crtological detall. Ten micron serial sec
tiors wern cut through both pronephrof in
each of three larvac and were stained
with the Mallory triple stalning technique.
Two pronephrol were reconstructed, one
from 2 19 mm and the other from a 20 mm
larva. Tho latter served as a basts for fig
ure 2 To reconstruct a proniephros serial
sections were projected and traced on
paper and the course of the varlous tub-
ules was mapped out on the tracings by
means of a system of colors and numbers.
These data were then used as a gulde In
constructing a clay model. Because of the
complexity of the organ tho usual wax
reconstruction  technl

A. XENT CHRISTENSEN

tions were viewed In an RCA ENTXY
clectron microscope.

the al tubale md;
through the ciliated intermediate
into the distal Abscrptire l:‘;

ployed, sinco the inner 1 of the
tubules would have been difficult to fallow
/in such a model
For electron microscopy the cervical re-
glon of the larva was excised and fixed one
and a half hours in cald 1.3% osmium
tetroxdde buffered with s-collidine (Ben-
nett and Luft, "58) and contalning 5% su
crose. The tissues were dehydrated over a
period of about an hour in increasing con-
centrations of 1 1 methyl alcohal methyl
cellosalve in distilled water and were then
Ieft about three hours in three changes of
alcohol-cellosolve. They were then infil
trated and embedded in prepolymerized
114 methyl and n-butyl methacrylates cata
th 1.5% Luperco CDB Final poly
merization was effected by ultravialet light.
Sectiona cut on a Porter Blum MT 1 mi
crotome were picked up on cellaidin-
covered, carban-coated grids stained with
Jead hydroxide (Watsan, "38) and sand
wiched with a thin carbon coat. The sec

s b3
& B
E¥Fabay
et
faiisy
Lttt
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common nephric

: glomus proximal duct
tubule distal tubule /

Intermedliate
sagment

proximal
tubules
. PRONEPHROQS
adjacent
nephron
glomerulus intermediate collecting
nephrostome segment \ {ubule
\ proximal tubule distal tubule /
neck segment nephric

peritoneal duct
funnel MESONEPHRIC NEPHRON
. cotlom
 Fit. 1 In thess two disgruns the baxic of the whale and ghocitn
4 &4 ¢ide of  salemender Larva $3 commpared with that of primary mesonephric rephron fn

aingle
’ Mm(hhmmwh@&m”) The corespondencs between the
the light microscops and i fur

3
ruximal end distal tubules to be visual tion In particulsr the courss of the distal
tubule

;ﬂdmcndaﬂy The proxtmal tubule was samewhat more

lr)h ewhat lar or lar tn The neph The ciliated epithe-
‘minurmdthewmdndhmctzrh;m- lum of the ome (Aig. 4) varles in
J‘“"":,";,,“,S’;* The distal tubule (d) t from 10  near the

et outline and is smaller in  with the proxtmal tubule (#p) to sbout
mmﬂlﬂ!betwmso:ndﬁ(ln. 14 u near the mouth of

“hﬂhlrheltmmtbetm:mndhm (n) where it i3 cantinuous with the

m(h)dmdhu]uﬂmhpanam‘:hga mous epltheltum Ining the coalom aeu

_mhfmdtheprmtphrm then back the mouth of the the epi-
of the intermedists

o = Under !hglmmmmhmmm
detally coiling of tubules, ocus organclies eplthellal cells can
metely reflect individual varla- be scen in greater detail (fig 5) The
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the cell The chemical pature of these
structures is unknown but they bear a
close morphalogical resemblance to inclu
slons interpreted as emulsified fat droplets
by Palay and Karlln ('59) in thelr study

of fat absorption in mouse intestinal epl-
thellal cells.
The {intermediate segment As seen

with the light microscope the cillated

Intermediate segment (fig 4 {s) {s essem-

tlally simflar In structure to

portions of the nephrostomes  In electron
pe scctons it was imp le to

A, XENT CHRISTENSEN

the basal infoldings cantain hregu fe
estrations, and therefore In section apper
discontinuous (Tormey '63)

The nephric duct, There i3 Jittle ciomg
in the structure of the distal tubok, »
seen by either light or electron microsms
as it Jeaves the confines of the proefhen

distinguish between these two segments
since identificatton would have required
extensive serlal sections a procedure
which in electron microscopy fs so difficult
that the probable rewards did not scem to
Justify the work involved

The distal tubule The epithellal cells
of the distal tubule are y flatter
tubule the cell

some minor dlferences the epihekn
mas alighly by her (usmally sboct Op, 2
about 11 at the level of the noc), b8
nucled were somevwhat more closely

to Bu  The cells lack the ch c
ules seen In the tubule but
like the proximal tubule cells may contain

gnt most a faint suggestion of one; the

ectron microscope reveals sparse stubby

microvilll on the luminsl surface of some
the cells

4. In both Hght and electron micrographs,

the most prominent feature of distal tubnle

cells is the general gbundance of mito-
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gees of adjacent epithelal cells. The

vilH seen in most other Kdneys, iIncluding
those of adult frogs (Fawcett, 58 Kar

T bat y become fine and novaky ‘83) oorever
clowely apposed. The cell bodles of the
yeplthelial sametimes He directly

the | but f dulus 1

- or

the most part the epithelial layer on the

capillery ta made up of the foot processes.
besetnent membrane

bout 3,600 A thick, although there i3
sontiderablo variation. A thin outer layer
o the basement about 600 A
hick and lying next to the foot processes,
be less subject to preservation
Processes of cells are froquently

membrane be-

;

I

H
5
i
§
g
;
8

®

E

cases these may
dothelial ce

i
égia“
i
g

§§:

reticulum {n the microvilli (figs.
7 and 8) may suggest that the form is
narmsl. The tobular invaginations and
apical granules of the proximal tubule {n
the proneploros correspond in marphology
to those described in other kidneys al-
though attention bas not previously been
called to the patterns vixible in surfsce
views of the walls of the tubular trvagina
tions,

The proximal tubule cells of the pro-
hros lack clable besal frfoldt

"]lgﬂﬁﬂnatrm “pericapillary Christensen ’83; Peyrot and Mas-
b stmello, 81) On the other hand, in proxt
DINCTEIION mal tubule cells of the mammalian
The fundemental studies of Howland me is tendency
(21) end of other workers (see Fox, '63) toward basal infoldings and mi
bare thown that the p hros of larval octentatlon, sl less 30 than in the
wvﬂt}e.ﬂnﬂylmhnponmtmmwnﬂ distal tubuale
balince and excretion tmll 1t i super distal tulule cells of the
weded later in larval devel by the ble those of adult kidneys in having
metanepbros The findings reported in the  sparse microvill on the luminal
mmﬂdmdmwmnthh in some cases, numerous
hros and fta d d regard to
gmﬂ'uﬂbhtﬂnnmnmm the tubule and basal infoldings of the
J:;Uhr&unl&nct\muhubeundo- plasma membrane which encloss the mito-
Wh‘“‘mﬂﬁmphrmmdmen chondda in compartments. The
of adult vertehrates. md and basa! infoldings are

|
|

dital tubules has been described "
in mam- ped axe to thoss de-
Ty (Rbadia, T8 %83 and others) rep.  scribed tn adult
mm '60) amphibieny (Barg The fine structure of s has
uhmymmkbla'ssnm been described {n a5
borry fet, ‘83; Christensen "63) and Rhodin ‘63 and others) birds (Pak Poy
(Grizka, '63) In the Robertson Prestage and Beams,
&Mmhﬂ!!hnhrmhburderoftha '57) reptiles (Pak Poy ‘68; Anderson,
mhﬂﬂmhhdnﬂhrmthnufozha ) amphiblans (Pak Poy '57; Barg
m““‘:mhwﬂiﬁ the dhunymh(hlnd?oy'sa)rhgg?:nﬁ
Dephric pro-
microvillf are y more ir  described in the present study is basically

TPt In form than the cylindrieal micro-
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of the adult smphibian mesonephros,
which has essentially the same pattern of
organization as that of the mammalian
metanephros except that some of the
cellular specializations are less highly
evolved

The present findings provide new evl
dence for the current theory of vertebrate
kidney evolution Near the tum of the

A. XENT CHORISTENSEN

cmmr{ two mﬂmcggﬁ vkrﬂﬂ oﬂwm lrfl ceeded to review some of the evidence 8
vogue to ogenetc of  the pronephros and mesonephros we
vertebrate kidneys. One view ord Y deed serially bomologo, a3 clrbeed &
put forth especially by German the phros theory Since that te,
mnlnmincd!hatdminﬁﬂthaco‘maof dditional findings, many of them ity
lution the vertet d 1y de- bz

Y
adult

o

veloped three separate and distinct
K the pranephres the phros
and metanephros and that this evolu
tonary history was recapitulated during
the embryonic development of higher ver
tebrates. The other view originally held
mostly by British and Amercan workers,
1 3 that the p iy N

and metanephros were merely
specializations of a single pomitive kid-
the hros (Lankester 1877

ney
p. 429) or “holonephros (Pdce 1897)
which was thought to have extended the
full length of the body cavity in some
hypothetical ancestral vertebrate Accord-
ing to this latter interpretation, as 1t even-
\tua]]yenmembc o d the s

"

g in vertebrate evolution as 2
an anterdor differ

3o

al
of the archinephros to arise early
# in em development and thereby
satisfy excretory needs until the
more posteriar mesonephros could be fully

The basic question at lssue betwean
these two rival thearies was the degree of
serial hamology in the vertehrate excretory
systezn and it {s therefare not surprising
that 2 central issue was to what extent

al
e

:
g
a
;
B8
%E 3
Thy

E’:
1
i
i
#

i
E’EE
b
Bl

i

P stll re-
mained a problem for those who held this

Thus Goodrich wrote in "30 (pp
680 and 683):

;
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i
i

i

B
|
I
.

Y

i
i



PRONEPHROS IN AMBYSTUMLA LARVAE 285

thi Fox, H. 1863 The apphiblan proosphros. Qusrt,
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of e hie Frase. E- A 1850 The development of the
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bere shown to correspond In 150-187
Girard,

fine structure to the proxd P and R. Cardier e "
et
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tin th ectas!
n continpon  mf S o S e
t the junctlon ( p) mth the antenor mh«nhdw"w
three sectons (p) are visihle in surface vew (1)

blood corpascles (vbe)






PLATE 2
EXFLAN TION O7 FICURE

cytoplasm
melanm granules (mg) between which are foand dwtarted
mdmﬂﬂi(lr) Tlurmckm contains  gra ular inclmston (iac) of
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PLATE 3
FXFLANATION OF FIGURL
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om |
are few mitochondria (m) and no Be bam} infoldags
occur at the base f the cell (lomer left
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PLATL 4
IXPLAM TION O FICULLS
The #pex of & proximal tubule cell bowing in greater detall the
brosh border tabular invaginations (H) and  gramwle (sr) The
border trregul orm, end commanly
contain el f ths endopl Cer) > 12000,
Morizontsl section throngh the brush border ahowing crom wetiom
of tho very imregular and anastemoeing micronlli Small profles o
(er) aro 1y ween. X 23,

The limiting membeane of  tubular ovagln thn sctn fn sorisc
view Nohlhaunmnmnmo{ohhu;moﬂk'(m)lbim
of this fing structure

mwmbrane. The algnil 1s noknows

x 83,000

Small, detrse, membrane-bound slors sbout 0.2 a In dlooer

T men In oceastonal proximal tubuls cells and are bere showh
The ture of these Inclusiony e wm

emong mitochondria
known, but they closely resembls
fat droplets (Palsy and Karlin 89) x £5.000
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PLATE 8

IXPLANATION OF FICTRES
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PLATE 6
EXPLANATION OF FICULES

13 Glomue. In thh low power

lectron microaraph several capillada

(cap) of the glomus are shown mmwum%r)

The nuclel of number of endothel umhlw' (end) and el
1

covered )
basement membrance region between the endothell m and eplibtim
e cell processes (pc) which may derive from endothelial cells, o
posasbly from socalled pericaplllary cells (Pak Poy 37) X 14300






PLATE 6

FXFLAN TION OF FIGURES

Clomux. [ thh low power hctrmmkrmyh.mr-la-pﬂ-lﬂﬂ
(cap) of tha glomus are shown  trreunded by the %”
The nuclel cels

rom 1cell t ramify over the espillary

into attenu ted foot processen, w! wm-um:;
of mdjacent epithelial cells. The foot procerses
eptthelial layer covering the ca o the
e T e on st e
row) (whe) y
o crlls chters of melantn gramics (s
« 3,00

Um (emd
nfypmved.mp(fu— thin outer | yer (bm) wik”‘
by the foot processes (fp) from tha epit]
h-n-n-n!membrlmrrdm-xhtw:vn!bt ummdﬁf

re call processes (pc) which mey derire

pmdblyhan-o-c-lhd pericapillgry culls (P-kl’ay TI) XHM



1Structural and Functional Aspects of Rodent Sahvary
Glands Including Two Desert Species '

JOHN M. SHACKLEFORD awp CHARLOTTE A. SCHNEYER
Untiersity of Alabama Medicel Conier Bomingham, Alabema

graphically intimats tn parotid glands of the hometer and aotelope squirnel. In the
submanllary glande of thess two rodents, the secretory ma to criginate
in relatian to the the ubes become asoci-

the sallvary glands eoain and a modification of Massan s tech-
not 1 stainy d

nique H
described even though were the perfodic acid Schiff Alcian blue

been
these structures may play a role n adap- btnﬂcrtdto!.uidhrblmmdthep—hydnun

Barthol acld reacton (Shackle
'63a) Aklan blue and periodic actd

ford,
Schmidt-Nielsen "53) It was therefore of  Schiff reactive substances were character

hl:rmmh:\-ndi:uthemcrphubgynf tred the malt dlastase bull test
the salivary glands of desert rodents in hmmn (3cManus and Mowry ’UO;
with laboratory neuraminidase (Spi

rodents. The and Vibrio cholera

of the desert and lab-  were fixed for electron microscopo studies,

Orutory animals was also undertaken since  Small fragments of the glands werp
and func

in buffered camium tetroxide (pH 7 4 with
sodhum a um veronal buffer) and

and

‘602 sections of epon embedded mater{al wore
stained by the lead hydroxide mcthod of
Millonig ('61) The scctlons wero exam-
{ned with Phillips 100-B and Ihillips 75-B

Three fixathes were used in the prep-  electron
ratlon of tssues for Hght microscopic Phywological studics wers performed on

Ae g

These were Bouln's buffered 10%  adult desert rats (Dipodomys deserti and

and Zenler formol (90 parts D podomys merrlami) antclopo
fluld and 10 parts formaldehyde) ~ white mice Long Cvana rats and
sections were cxamined after T ey
walning with the Masson, hem ¢ < bn and  seriee @i DRI 2,0 Al

s 1m-208

167L
=
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fasted for 24 hours prior to expermenta
tHon The sallva evoked In response to
stimuladon by Injection of pilocarpine nf
trate (2 mg/300 gm animal) was collected
directly from the duct odfice by micro-
pipette and dlluted immediately with
double-distilled water for subsequent elec
trolyte determination by Coleman flame

JOMN M SHACKLEFORD AND CHARLOTTE 4. SCINZTIR

draxyl groups (1.2glyeols) yellowsm
to green staining, with 0.01% widide
biue at pH 2.8 {s characteristic of semg

material {s present. A sex dimaphin o
the granular tubules i apparent in &

photomnetry  Glands were b d in
phosphate-buffered saline centrifuged, and
the supernatant was used as the enryme
source. Amylase activity fs expressed as

submaxillary glands of the desert rat i
lar to that reparted by others fn the o=
(L 40 J fraetal 49).

The submaxillary gland of the s
squlrrel in most respects is very dilme
from that of the desert rat. Whh the kgt

f e s

the number of milligrams of red g sub-
stance (as glucose) per mg of tissue and
was g a modification
(Schneyer and Schneyer ‘G6) of the method
of Myers Free and Rosinsid ( 44)
RESULTS

Light microscopy of desert rat and an
telope squirrel submaxillary glands  The
submaxillary gland of the male desert rat
is structurally similar to that of the male
white mouse The acinar cells exhibit

acidophilic proPerdcsnnd are
finely g 1 AE T er Pl
mic zone can be recognired at the base of

acid
a ration
af vicinal hydroxyl groups consistent with
a seromucous classification for the secre-
tdon Most of the submaxillary par
enchyma of the male desert rat is occupled
by conoluted granular tubules. The
granuler tubules are composed of tall col
ummar cells with a basally locsted rounded
nucleus Basal stradons stmilar to that

The
af these results will be

af striated ducts can be dist hed be
low the nucleus. The apkeal two-thirds of
the granular tbule cells s filled vwith
acidophilic granules which are PAS posi
tive and Alcian blue negative These gran
ules stain orthochromatically with tolui
dine blue after sulfadon and stan lght
green with toludine blue (001 at pH
2.8) after the PBSA reacton It is prob-
ghle that PBSA reacts in direct pro-
portlon to the concentration of vimical hy

Ui ety
and antelope squrrel § pemseet F-g
of

Electron micrographs mmﬂ’
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nuclear
which are siriking in light

micrographs of salvary from the
desart rodents (figs. 1 2) are also very
promainent in electron (fig
12) The chromatin agyregates are Feunl
gen positive end are present in all tissue
Prepan regardlews of fixation. In con-
trast to hamitter

membrane
to “Infold” and form highly com-
mernbrane i

mmﬁ S systerns within the
ar (fg. 1 Thls aTangement
of smooth membranes 15 encoumt

ered in the salivary gland acinl of the
hamster

with vexy litle evidence of secretory
Ity ER and Golgl b
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are poarly developed and are not a strdking
feature of the intercalated duct cell (:
14) Plasma membrunes of adjacent
form interdigitations at their basal aspect
and desmosomes are located toward the
cell apices. Mitochondria, having no par
tcular orfentation within the cells, are
present in moderats numbers

Striated ducts of the submaxillary and
parotid glands of the antelope squirrel con
tain largo numbers of mitochondria which
are closely related to infolded plasma
membranes (53 15) Golgl membranes
are poorly developed in com, with
those of the granular tul Desmo-
somes are frequently observed which at
tach the apices of neighboring cells. The
apical cytoplasm y cantaing numer
ous vesicles or vacuolated aress and the
lumen of the striated duct s characterized
by many microvillous-projections

Light microscopy of desert rat and an

JOHN M SHACKLEFORD AND CHARLOTTE A. ECENKYIR

a tes described previonly md i
diastage.

¥

lparﬁgmd

3
4
¥

|
i
ig%ﬂ%z

telope s 1 d glands Parotid
ds desert rats (fig 3) are not re

markably different from those

ously described (Shackleford and

Klapper '62¢) The cipal exception to

this would be the “pawn ball

iv
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ar C) are sometimes in the sublingual

to give non-specific results.
omparison of amylase and electrolyte
tn the rodents  From the data
included in table 1 it {s clear that most
rodent submaxillary glands (unstimulated
and cbtained fram antmals fasted for 24
hours prar to experiment) are consistently
low in amylase levels. This is true for
submaxillary glands of the rat, mouse
bamster desert rat and antelope squirrel
where values lis in the range of 001 to

y ge
fram 65 to 87 mg/mg gland in the desert
Tat to as high as 500 mg/mg gland in the

high amylase level is found in
maxillary as well as in the parodd glands
(Schmeyer unpublished datz)
ﬂ]e’lbepanunofglill;;.n:fxn?mdmby
submaxillary rat (Schneyer
and Schneyer '60a) hamster desert rat

JOHN M SHIACELYFORD AND CHARLOTTE A. SCHENEYIR

H

2

i
FR

:
E
B
:
1

(fnitial levels in hamster yange foe 78
xm/l)wﬂemdwﬂﬁ
ollhemmlopcquh'rdrm&dﬁ‘:ml
62 meq/l K of parotd e
high in the hamster (average sl =
ofeemeq/l)mdrd.lﬂvdfb'"ﬁ
mmm,dminl.lﬂdm el
(K values range from 1 oot S
level of 21 meq/1 in the desett BE T,

By
i
gg |
il

g

|

———
Payoctd slosds
Sulmxaxilary slands o rowdee
Antual N x Amylase N L -
-/l fp
g/l g/l -DL/ZI-J»' mry/l " - ”m
Mouse M4 (3) 1035 (4) 010019 pB£17(3) 20T 25)
1726 (3) T3T1K3) 117x13(7) 10x5 T
- 3) pex13(8)
Hamstar  17x11(5) 46x3 (3) 0.04=0.01(8) ;;;:E”) 184
Desart nei®
Bat 714(3)  B8£1R(3)  0.0T+0.05(7) 42 21
q
Antelope I
Bquimel 237 (3) 3820 (3)  0.0S:0.05(4) sl 10043 B4 (B ]
hird E.nln—nhh Toa i X e Goctand o s vy ;’_“:
& ey g gy gl e My I R ]
refar o = e 8 mm after of Sow  Amyber -l P
mﬁ%“jmmummhwu fhe pubiished peaprs of ST

o2 svarsgs valmes
single valoms bae

for eiratus of wiiee (Sckoeyer )
ik i



striking than the dissimilar The presence of PAS positive materal
haracteristica. The saltvary glands of the should by no means justify the conchuden

oert rat, far exam
dly histch
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PLATE 1
EXFLANATION OF FIOURKS
8 bmaxillary gland f tho male desert rat. Granuler tubcde at sow
Obesrvs close resemblence to male white moose Hemaioxrim,
orangeG anfline blus stain. X 640.

the squirrel tnbokes o¢
m;ln;:hrﬁml.‘ryﬁul'puwn noclens st arrew Koo
oct lower portion of picture. Hemstexylin,
anflme hioe stain, X 640,

Pmdd;hndofl.hllnnhp-qu]rrd. Acind are strongly PAS pestin

Striated duct .ddBchLﬂbem.lmﬂk‘-\ruh.xla
Buh]i.n;ml;lmdufthud.nu—tnt. Acin! exhibit strong scidio o
bohydrate staining. Alojan blue-Feulgen stain, X 100,

Bublingual gland of the antelope squirel ANl melnsr cclls are O
mucous pecreting type Alclan blueFeulpem stain X 160
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PLATE 3
IXPLANATION OF FISURRES

Humster subemaxillery gland. lar tabule epitheltum shows 13

of and 1n hesal coe-tidrd
of cells. Apical two-thirds of cells contain secretion o
varying wiza and eectron Cell with nockens (N) cootine
numsron  small vesicles in cyloplasm. Alcrovilli project frem

the apices of some cells into the tubule Humen st right of TtroEpL
Electron micrograph, kead stained epm section. ¥ 4,000
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Antelope squirre] submaxillary gland. Acinar cal] coutains pomeross

secretion x
(G) Granula reticul m (R) fs sparse. Electron micrograph, brad
stalned epon section. X 9,000
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PLATE 6
FXPLANATION OF FGURIR

Hamiter parotld gland. Notico sbundant gramlar reticalmn tn
tions of acinar cells, c-m.lk-uhu bownndm uknhnuﬂdrdwh
two wmall

mb-bly-nm -ndin;, Elcctrmmmhlnﬂmmdﬂﬂ
saction ¥ 10,500,
lhm‘mpuvddlhnd. Portlons of acinar cell to Oiustrawe clos
Telatiemhip of to
nfﬂ:omnulumdculmntppuxmmvmmﬂﬂu&uim
rt;htmcmm Electron micrograph, lesd stained epon secbon
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PLATE 7
EXPLANATION OF FiGURLS

xl.mwm““‘dm iy (hae e of acintt
ules (5) of much greater lectron oot vl pahisheiecy £
Lumen of of duct is left of center in upper 2000 =
micrograph stained epon x
section o
A el

Hamster parotd ﬂu"-‘ Bare h' doct
T e A

plasma yeseel In lower b‘u mie
nerve fiber ltctlnpunlc: blood In 000 o‘ ™
micrograph lead statned sectlon. X 15,




| BODENT JALIVARY GLANDS
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30 Hamster parotid glend. Tangential stnated doct ®
thow sbundance of mitochondris and their intonate relatooskly &
7800 ] Electron €pon sechom.

x

11

Hamster parotid gland. o typiea] morphology of
1 interseitial “plaxma coll. Nuclens (N); Cuterna (C)) Gilg 2
gon (G)  Elsctran micrograph, lead stiined epan sechon. X 21,000
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PLATE o
EXPLANATION OF FIOUXKS

nandddAndathn-mdapc-znh-rd.N relationship of narmy
ending” (at arrow) between m:dnncdh,Adnncdhuﬂ:ﬂ

sparsaly dl and
ules (8) Note relationahip f “Immature muunn—mu.\-mt‘dd
membranes (G) Flectron mictograph, lsed tained epon secrebon

X 7,000

13 Higher magnification of Golgl region Ln Jower right comer of Agur
1 % 16,000,

M Higho magnification of nerve ending” in figure 22 Note Tyynapt
vemclos and gmall mitnchondrion. X 32,000,
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PLATE 10
EXPLANATION OF FIOURKS

25 Parotd gland of the antelope squirrel. Actiar cell abow emouh
h-nnawhichmcunu:‘::m(ﬂlml)wtﬂ:mhnlm‘
Electron Jead stained epon sectiom.

28 Pmmdumm Pnrtivmolmudhaﬂﬂn’
closo to
Lb-lmmlnddmm(tnrmw) Be\:ﬂvumw“‘u
stainod epam section > 40,
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sMorphological ond Histochemical Observatons on
Trophoblast and Decldua of the Basal Plate
1of the Humam Placenta at Term *

ABSTRACT  The trophoblastio cells of the basal platn st the end af pragnancy sl
Joeve an tmpartant harmonal function, in conirest to the docidusl cells which eppeer

the 35-Ol-dehydrogenase in  to the high metabolio sctivity in respect o

Mwwb?uﬂmfmhn lmmuf‘hﬂmﬁuf
sterodd h t

:E,;N P‘Iml um!hm :Xre especlally & Pres-

a1 gy, {dentifiable. Ths weck P LA )
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nancy Because the abundant ANA in
theso cells represented a prerequisite for
protein syntheals he also suspected gonad
otropin was formed In these cells. Ort
mann ( 55) Bargmann and Knoop (50)
and Weber ('61) again pointed out that
the basal trophoblastic cells because of
these speclal features were espectally
adapted for the synthesls of hormaones.
Wislockl ('53) and Latta end Beber ('57)
demonxtra hoblastic

G DALLENBACH HELLWEG AND G. NETTE

tlons performed prior to the onset of bive

ted in the basal tr
cells protefn-bound SH-groups which they
interpreted as evidence of the formation of
ACTH or gonadotropin. Furthermore
Thomsen and Willemsen (’58) believed
that the PAS posttive substances demon-
strated in these cells at the end of preg-
nancy even after dlastase digestion might
represent 2 formatlen of gonadotropin
Since the basal trophoblast of the entirs
placenta has a volume of about 1.8 cm
more than twice the size of the pituitary
it may be regarded in respect to its mass
as an important endocrine gland (Ort
mann ‘55)

As is evident from tabls 1 enzymes
lipoids polysaccharides, RNA and protetn
bound SH groups have been localized his-
tochemically in varlous placental cells,
One does not know however whether
these substances are t for the
metabolism of the cells for the producton

f bormones or for the fetus. Conse-
Huemly we have compfled from the world

- Uternture on the ome hand, the results of

studies on the basal plate (see table 1)
d to

structures were de
me&ylmeanndmﬂS'G“’M
pH'’s (after Pischinger) and coo¥ar
with the ﬁummm%
with ncﬂdlnek;n-mge (after
feder and Stoci
mg trchaiyee B
The histologic steiring trchsiea 75

and on the other hand have at

fill in some of the gaps by our own studies

(sec tahle 2) In additon to the basal

trophoblastic cells our concem

the decidual cells as well, for in the basal

phteotlgaymo[bcnmclwemhﬂonmm
last.

troph

MATERIALS AND METHODS
We studied 92 human placente 28

cnset of labor three were from farceps
deliveries at term, one from the sixth
month six fram the Afth month 20 from
abortions at the secand—fourth month and
nine fram currettements in the frst
month  The placentas from Caesarean sec

bach); methybgreenpyrontd M
tetrazontum resctid
Taft; and e and -MM

and after Barrnett
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! Moclesr tncinetons

ATkabre phowphe tase

Acid phovphatese

MI:HJ

Pratein by
 erey,
212000 b grasaten

TABLE 1
Campllation of resulis from the world lityratvaw of studies ou the orils of the basal platy

calls

+  (Whisck,’s1)
+ (Ortmanm,’ss)

Large decidual SosaTl dmcidmal
calls cells
— (Fofmura,1)  +  (Foftmurs, 1
Baker ot al, 44)
(+) (Whiockl,51)  +  (Thamem, B3)
—  (McKxy Hemtig
etal B8)

4 (Wisdock,
Dempsey 48;
Thornwen, 55

+  (Bakarotal, #4; 4 (Bakuretal, #4)
Qrtmann, "55;

—  (Latts, Beber +  (Whiockl et al
*BT) 48)

(+) (McKey Hertly  + (Wialock,
(cu!_.'m) Denpeey 48)

43)

4+ (uekeretal, #)
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1 action for noo-specific esterase with -naph-
1

1 hxve abulated therefare, only that method
.. which seemed to us to be the most sultahle

§
3

clel which closely resemble large nuclecH,
but which fafl to stain for RNA. We refer

‘The cytoplasm of most of the tropho-
blastic cells is especially rich in RNA ap-
g from coarse to finely granular

this RNA 1is eccumulated in

the pexiphery of the cell, but at other times
it {s concentrated in the paranuclear re-
g:l Cansequently thess cells are strongly
ophilic. Their cytoplasm elso contains
»eal esterase-positive

Doe of which appear to communicate
, Yih one smother  With the reticulum
1 #ain the trophoblastic cells may be espe-
:ﬂl{hnﬂaﬂ— d from the ¥

occagionally crowded about them
Whereas each individual decidual cell 1s
€veloped by reticulum fibers the tropho-
Mmﬂl]hﬁeeh!hﬂ d sub-
:’m—mﬂmmmm
Wilock! and Bermiett (43) In addl
o0, with the azan statn the trophoblastic
eells may be readily recognized by their
Mdmbmnmnﬂ;mmm
ﬂé"ﬁ“:;m“‘"“m, of the decidual cells is
The muclsus of the trophobalatic cell 1s

contaln alundant sub-
stances in droplet form that are PAS-posi-
alclan blue-

nmmmﬂthomoplm without
Tentng Tuclear membranc inter
they were being
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G DALLENBACH JIELLWEC AND ¢ NETTE

L T L

Fig. 1 Term placents of sportsnecus delivery Esteruse posltive grenties n the i
blastic cells of the baeal plate, Esterass reaction. Magnificaten X 813

ules gnd stll others are distributed ran-
domly throughout the cytoplasm  Same of
the nuclear inclusions abave
(Ag 3A) give the samo stalning reactions
for more detall see Dallenbach Hellweg
and Netts ( 83c)
These pure protein incluslons must be
b d from indy finely gran
ulgr intracytoplasmic particles which are
found in some basophilic laatic
ells and which mey be detceted only with
e reactions for fibrin. These particles
re most {requently observed near large
tkes of fibrin swhercas in the fibrin-ded-
clent regiong they are abeont. In controst
to the protein inclusdons the fibrin par
ticles are strongly positive for SH fe 3
with the m, of Chdvremont Fi c
(b) Following diastase digestion some
of the oophoblastic cells are
found to contaln round or angular PAS
pasitive inclusions which arc

In sdditlom the resct positively v*  tetra
ronlum &~ th the medtl}ewdu} » SH
groups (& 2) In of
metachror £ positve reac th
aldehyde { yen without o n
cannot be —szm:p:f h} [

ccha refore it
pdmhm ewenceof §

puit Scott and

protein the latter belsg
stble for the bf:dmmn};dm—
glycoprotein usions
smaller and more frequent witis ‘fg
than the pure protein loclustows (8 "
They lie often within mﬁzﬂ'
clear or diffusely scastered mhk‘
plasm and some may even be
cleus (far detail see

The glycoprotein inclugom 87 g
Aifferentiated Trom {rregolary g
particles which may be ool 0
throughout the cytoplasmt cf 720y,
bampgﬂc trophoblastic celit m &
ter particles even the .,&nm
tinctly {mpregnated "‘ﬁc eertn b B

uoles
In sorme basophle TR g
cc]gs‘:)cn may distguis) dg;
tions of crﬂ{m%dus f:
® thes? W
Ech at they atmort
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RISTOCHEMISTRY OF BASAL PLATE OF HUMAN PLAGENTA

X ¥
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PAS positive droplets. PAS stain. Msgnifics-

fibrinal
stains

Frgure 2
te of term placents of forceps deltvery At upper right wntervile

trophoblastio cella; at Jowwr half the “clear trophoblastic culls.

appear
such

x 132,

calls with

batal ple
Basophila

mction
upper balf
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dons of the basal trophoblastic cells are
ynthestzed in the cell, most likely in the
naunudenr reglon of the endoplasmic
rticuhom where the smallest inclusdons

S78
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calization of gonadotropin
tium by Midgley and Pierce and in
tdum and amnion by Thiede and Choats
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The fibrinold™ inclusions apparently
represent the onset of degeneration of
trophoblastic cells The complete destruc
tlan of these cells, like that of the decldual
cells caused by the coll

G DALLENBACH UELLWEG AND G. NETTE

slons (1) intensely refractive roend pu
protein inclusions (2) dizstase reem

can be similarly followed ltep step If
we look for an explanation for forma
tion of the flbrinold inclusions two proc
esses appear to be sdgnificant: (1) it seems
logical to assume that the trophoblastic
cells an invasion of the decldual tissues
phagocytize the remnants of the fragmen
ted reticulum flbers (see also Hertig and
Rock, 41; Hertig et al '58) It would
then be concelvable that in aging tropho-
blastic cells this debris um and
fibrinald™ substance piles up gradually
unt{l excessive accumulation causes the
cell to degenerate slowly (2) In addition
there seems to be another process that
plays a role. In this a collapse i3 passively
induced tn some of the aging trophoblastic
cells by the encroachment of the fibrin-
ald ground substance against the cell to
form invaginadons which eventually com-
E:l;]ltbecel The degeneration of the
hoblastic cells appears to be en

hanced by efther or both of these two
processes  although it should be puinttd
out that enly very few trophot

tive Only occaxional

are found vwithin them, bt oy c

collaj inclusions Amongwt these |
dgmcelhr.hmmlfe'

cstant to dlastase
}:rumprm‘.:-.h:Lm:luﬂa-n.lofﬂ:ahl!ﬂvit

trophob!
formation %f piy
poasibly hold true
granules of the gmall dcddml cels TR
clear trophoblastic cells % jopr]
of the cytotrophoblastic cells o

the
. while the basophitic troghtl>

at term have undergone marked degmcm

tHon. On the contrary most are as we

ave sthown above highly active at the
! of pregnancy

v YThe coll I of the decidual
/cel.ll appearing so similar to the fibrinotd
inelusd of the tropt tic cells de-

velop without doubt by another means (see
Wessel '59 Dallenbach-Hellweg "61) es-
y siuce the decidual cells are capa
bIe of pmducmg collagen flbers and are
d in an intact collagen-reticulum
ground subatznce

CONCLUSIONS
At the end of pregnancy the tropho-
blastic cells of the basal plate are sdll
highly active In protein synthesis. Their
nuclei cvntain prominent nuclcoll and oc
1 and Thelr
bawphmc lasm 13 very n h In ANA
in p'mcei.n-bmmd SH P in different
enrymes and in periphernlly located vac
voles With special stains o1 may recog
nize different types of cy'=la m  inclu

tic cells nppeutobcdndyf“b"dw

uyncydnlcausufmeabmmknﬂig
the basal plate at term nppmﬁme",
endocrinalogically act!

%

appreciation and thanks i
EP e Brihler and Miss Dorot?
for thelr invaluable kelp
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—— 1965 Flactron microscopy of the ho- Zacky, @ Land G B Wikckt 1333 Fiscental
ma piacents. Amat Bec, 123 133149 sstertacs. Proc. Boc. Exp. Bhol 3ied 84 428
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fooma Jou W C. Yomy ex and Intemal Hood scrarm and otber Hasoes of rmaen dur
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PLATE 1
IXFLARATION OF FIIURXE

Largn nnclesr fnel in besophilk Boblastis coll of placents
from eloctive Cassarian section at thirty-sixth week. Phloxine-Tartrs-
;‘.:nm]n. Magnification x 1,200, (From Daltenbach-ilellwey and
etts, "83a.)

tive Cassarian Aran M
Placents from elective section at 37 wecks gestabon. I
the middle largs cells of the besal plate an endomstrl
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PLATE 2
EXFLAN TION OY FIOUALS

Nn%dwupfwwm (black) in basophilio tropboblasts
cells basal term plscents following spontansous
deltvery Aldehydefuchsin statn. Magnification x 800

Nlne weeks old placenta. Inh-mwlur'woduwﬁhm"dﬂ

in the syncytial la: chodondc vilhm, Alctan blos

mm!yﬁumm vidhhtublmk nd white reproduction) Magn}
x

Anm].mnfltn-mphmuf-pﬂnmmuﬂh. Vmol-cam.hr
hu, within the PAS stan

digestion. 31 enification X 743 (Fram
Hd.lmlndN-u‘.‘Elh.)

Term placents. Small decidual colls shawing tntrecytoplammo PAS
positive granules amidst large decidual cells and remnants of de-
gmcrated cells. PAS ataln after dlastese dipstioo. Magmfication
> 640,




DSTOCEFMISTRY OF BABAL PLATE OF BUMAN PLACENTA
€ Dnlmbach Bellweg and Q. Notta




HISTOCHEMISTAY OF HASAL FLATE OF HUMAN PLACENTA T
G. Dalkmbech Hallweg and G. Neite

carrvunded
Trophohlastio cell of basal plate showing Afrinotd inclusion and stalk, both ot
o mem Term placents from ejective Cassarisn section Arsa siafn
1

o
baga) plake
Cuollagen jochedon sarmoanded by cell membrane in a decidual cell of the
= #ve months ald plicents. Marson trichrome stain. Magnification X 1500-



Flacentation m the Spotted Hyena (Crocuta crocuta
Exleben) With Particular Reference

to the Circulation *

§

Secondly the intra
P relat hips in Crocuta
represent a example of perfecton
in ﬁngwtha of
which was first painted out by Mossman
(268) In the present investigation, a

i his d with

(:37) drew attention.

]

parﬂ.nﬂnrempbnds;lacedmdmnn
ternal circulation and its relatienship to
that in man and the other Primates.

MATERIALS AND METHODS
The present study Is based an the pls
centas and accessory argans of five hyenas

ranging in onsl age from early in
the second of pregnancy to full term.
In order of increasing age the spechnens
are degignated S/1 W/2, GB1/3 G100/4
amd L/5 most recent

d as being

about 55 days fram tenn based on e
average length of gestation of 110 days, as
T T R AT & WL 1

n7
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quoted by Matthews (*39) both the sterile
carnu and the ane contalning the fetus
were opened as was the abdomen of the
fetus to allow more n.dequats penstration

RALPH M WYNN AND E. C AMOROSO

of the fixative, but relat of fetus
to placenta eand membranes and of pla
centa to uterus remained intact. The

was recelved in good condition

of Dr A. M. Harthoorn of the Faculty of
Ve Sclence of the Royal College at
Nafrobl The remaining four specimens
were recetved fn formalin from Tanganylka
through the courtesy of Dr L. Harrison
Matthews F R. 5 of the London Zoo-
logical Soclety The specimen designsted
Hyena §/1 is estimated as early in the
second third of pregnancy or about 45
days g 1 age it dsted of a
uterus with intsct placents and mem-
branes fram which the fetus had been

remaoved, SFa:lmem GB1/3 and G100/4
sisted aterd 1 intact pla
centas and membranes of animals est-

mated as 85 and 95 days pregnant, e
spectively the fetuses had been removed

thin sections were cut at 2y stained witk
Azure II and studied under ol Tha
sections of tissus from this animal were
P d for el f Y by o
dding in araldite certaln sections were
from materfal than had bees

fixed in formalin alane others were made
from tissue that had been postfard wih
osmic acld for two hours. All sectiom

were
85X 50X10-12amn
10-12cm respectvely
identified between
mﬂmgdmgtbe}"ﬂw

Specimen 6100/40wmd°f
with one preguant and one
cornu. The gravid hom
cental band com,
plete anmulus. The
was 215 cm and

33%
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detafls, as revealed by  ht rucroscopy
were subjected to blac *h ¢ and color
photomlcrogra) From per man \¥ 2
scmewhat better presen k nth othas
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plied and drained, respectively both lobes
the pl The derm of the
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330 BALPH M. WYNN AND X. C AMORO$O

allantodc Vi, between which are the
narrow intervillous maternal blood spaces

! with the subchorlal sinus and
corT di to the trophoblastic tubules
of a labyrinthine placenta (figs. 18-22)
Here fine strands of chorlonic derm

ingide of the chorion. The
structure is lined by deeply
1 cells with vesiculated
(fig 13) As the conceptus
l.naJLce'quhLencdecrmm

g
i

3

if
Hi

i
5
I
§

lated (dg 11)

covered by syncytial trophoblast are fn
direct contact with the maternal blood.
The occastomally appear to fuse

pillaries
the trophoblastic covering in ahnost an
intraepithelial fashton.
'l'hetbirdzonehthejumﬂonﬂ?im
where attachment or penetration the
T ium by the trophobl occurs
Here tips of choriomic processes comtact
the endametrium by either their syncytial
epithellum or by fronds of colummar cyto-
trophoblast (fig 9) The maternsl tissue
in this zone consists of glandular debris
blood and glant cells. A few remnants of
dilated uterine glands are found in this
busal ares whence the placental blood
drains into the subjacent uterine veins

The narrow fourth or deep glandul
2one contains the bases of endometrial
glands separated by scant areolar tissue
and attaches to the myometdum. The
T 1 ton, thou Jtenhl]

dometrium of the T

and in that underlylng the
and paraplacental areas of the gravid bom

mﬂ;emajarpmﬂonohhc tal mass
fafls to sider several d

i

—

fncklemtal ehesrrstion cosces £ S

g BRee s

m:‘,mhm“ukgﬂm-‘;
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PLACKENTATION IN THE SPOTTED HYENA

TR HI
B Emmﬁ
HHH mm
h%mmw%mm i

mm

rlum re

i mmw

&had.llmdervmi in thickness of the histological harter is

sysiem (Ags. 18-22) I fetal
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ot b el et el pal.

ing exception to his criteria for
ing interardinal relatonships among the
mammals,

The cal carnivore pl

typical miblp. bn
the hyena, however the maternal endoths-

by s essentially

the p an er
labyrinth with retentlon of & permanent
large allantols and = relatively large and
persistent yolk sac. In its retention to term
of a lage allantoic vesicle and 2 medium-
sired yolk sac, the hyena fulfills two of
Mosaman s major erdteria for classtfication

teria cancern the

barrier which tn other camnivora is endo-
thellocherial and

zfmeplmndcmm-ddl-
tional differences from other carntrores.
Within the Order Carnivors, Amoroso (52)
has described & labyrinth that is regolar
and lobulated in the cat and and
nonlobulated in the seal In the hyens,



PLACENTATION IN THE SPOTIED HYENA

P

In & very recemt report, Biggers end  tiom are common. Indeed, Stieve ( 41) be
e penistencs of uterine glands end de

Creed (62) describe the hematomsa of the

accomn 8y
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vares the abdlity to engulf particulate mat
ter fs unusual in its lack of
structures.

Vasculature In its main features,

the fetal placenta through maternal septa
and the exit of venous blood from jts base
the circulation in the placents of the hyena
appears at first to bear & resemblance to
that of both the New World monkeys and
the typical labyrinthine plecenta of camt
vores as described by Amoroso ('52) from
which the hemochorlal placenta of Cro-

RALPH M WYNN AND E. C. AMORORO

tervillous space. What might
terpreted as arterfes are large
drain the base of the labyrinth. A f

i

As Ramsey ("60) points out, in both the
labyrinthine and villous placentss of ept-
destnocharial and endo-

as described by Duval (1895) tn the cat
:;nddog(lsad) In the hyena, however
L]

!upofEe

aﬂngmthombchudﬂdnuj
It is impartant to
not

uthabanlﬂm!ntoﬂ:ummrviﬂlml
space, as in case of the mecagque
(Ramsey 56 '60)

The circulatdon in the placents of the
hyena is in several reminiscent of
that postulated by Bumm (1893) for the
human placents, incloding high septal en
try of arterfal blood emd basal ven-
ous drainage In Bumm s schems the pla

cental arteries open bigh enough the
to anfnuthebluolépt?:m
back toward plate bathes the

villl,
fetal and maternal blood. Though Ramsey
(36 '60) has clearly shown that the hu-
lacental circula

In
regard 1t Is significant that in Crocuta no
mator or mediumsizod pl

Africa, '38) hl“unh

e i iscsmeepicn oa e b

the large penis

pouches of the female. acheme
With regerd to & phylogene® i

Mammalla based o
far the TN the fetal

Matthews €

mor

i
i

arteries
were observed to enter the base of the in

the placenta of Crocwts hx
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trom

of the specimens, and by Dr
A3 Lawn in the electron
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PLATE 1
TXFLAN TTOM FICURIS
Hn:n.l\V/’..l’hcmuLu showing doep suicts separating hobes
of the fcomplots anmulas, e
Hysna W/% Uteros with plecenta in sttn snd attached fetwe. The
amrdon 15 foted to the allantols, forming a thick, bot shiny allamto-
ammion.
Hyens W/2. The fetal abdominal wall is refiected to show vitelline
stalk (V) traversing abdormen.

Hymas L/5 snd W/2. The larger fetms +s t term (spproximatedy
110 days) The mmsller fctus (W/2) s from pproximately the
middle of geetation.
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PLATE 2
IXFLANATION OF FIGURES

5 Hren Wy mmmwhhpumuhnmmﬂfcmnmri
The com  jan pproximately  right angle t form the shart
comnuuﬂ_Tbnc-rlelndbmhovﬂmm:hovnTbl
the alde of the horn i emooth and white, Iylng
bursa hesrily with fat.

6 Photomicrograph of ovary sean f figure 8. Follickes are relatively
scarco in the superficial cortex, There i great cellular hypertrophy
of the stroma. X 54

7 External pmitalla of mals fetus of Hrena W/S. The prominent phal-
Hc protuberance and hifd ecrotal pouches characterize both sexes t

this stage of devalopment.



FLATE 3

PACYATATION DT THE KPOTTED HYENL
Kuvh M Wyaa ol Y. C Ammcere




PLATE 3
EIXFLANATION OF FIOULPS
8 Croms sectkms of plscenta (W/2) .bo-m:nwdydiw
zooes. (l)frtnlmrl act corered by mgung‘)mm
)m:cﬁonal-nddundul’ﬂtnnnanﬂyin;lbﬂ(s)wh
Tmmﬂmu&s;l)mwdw:nkw(m
C

intervilom
Junctional xooe (J) and desp glandnlar yooe (G) mith wndertyms
myometriom (M)  Compare with figore 17 X 113

@
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PLACENTATION IN THE SPOTTED HYENA

Ralph M. Wymn and E € Amoroso
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PLAINTATION [N THE $POTTED HYENA
Liph K Wysa smd E. C Axswrwss

nooptegnant hem of /L Thers fs considerable glandular dilata
" t-"hnﬂd-ihlmn v.h.\mrm-hmm

nonplacental repon mmhndsunn;um-
17 5 e oy or
Tm‘n:m a Lhmmﬂl'm'n 14 end 18, x
mmum.mmummmmwmhm
'u'“"-\-umd-ﬂ the placwnts  eeen in fgure 153
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FLATE 6

IIFLIMATION OF FICTURLS

Low power photomicrograph of placents of $/1 showing chorianic
w:e()mpm;m.mmnm(nm;h&hh

the {m)
siracture fs s clewrly villous than that of fgures 19-72. Masmon.
X

Tmplmbhtdcmalwla,dfmwm‘lmﬂsn!h-ndﬁmld’m

Hrnu G81/3. The subchortal lake (scs) fs promiment Largo chorosl
Lantode strands attach by that capy thdxﬂv‘()'n"
sxchitecturs fs mare vllons than that In fgars 18 # 16,
T Mmﬂcxmuwm ter delicscy
of fetal elements mw.mu{mm
Pacenta. Compare with fignre 22. X 30
vahmdmmmwmmm:mm-h
Al o the

u’y > 13
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PLATE 7

EXFLAM TIOW OF FIGUKLS
Vi of §/1 sbowing relatitvaly think and less well vascularized
mesodermal cores than thoes in figures 34 and 35 X 152
VIH of G100/4 shewing decrease in proportion of connective tiwwo
and greater vasculanty X 132
VIH of L/3 kurm.Thnmd:rmﬂmmndmrdmtnﬂni
nmmmlun.inind.mh ppmmdmdhmlcqﬂlnh

matenal hlood. Mamon X 82
High powst vicwulvﬂllufﬁ/l(ﬂ;ﬂ)'l‘h‘cm’umxd.ldv‘ly
dense and there 1s a suggostion of double tropboblast. Arrow

punum ceﬂdth.hn;hmjtmmthclnnﬂmﬂrww“‘-
Masson.

mecfclwll(ﬂl.ﬂ) A.nmcrnml.nmhﬂry
conmective mpu-dwﬂhﬂm-m

u.nm—y xm

ViH { L/5 at term (8g. 33) There i» minimsl connectiva timwe

with fetal d to the sy

Mallory X 502
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toward Mallary
Ofl immersian photomicrograph of villus of W/ The hzd'd
trophohlast is reethly seen st thiy conlet ()
columnar cells of Langhans type [§
the care of the villus  fstal capillary (f) is seen. The matemal sde
of the placental is reprosented by (m) within

barely discarmuble. Seo 33. Thin section. Azure
I xe17

ph of villue of W/2. A syncrtial nockems

1 represented by () e fotal 1llary by (f) and the interviliows
space contaming ma oo 1) The trophoblasto

E
E
E

Eloctrun micrograph of W/2 sbowing  double la trophoblestic
E i e Aster bl e
of the Mieromlll () o

(¢) w cytntrophoblastic,

mmmwwpmm:hwmm-ud
the podocytes (p) praject fre
the tomer eurface of the syneytm. laroellae (1)

courss through the Mullozig bead hydroxide
Formalin fived and postoamicated. X 9,854
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PLATE ®
IXFLAW TION OF FIGURES

The interlobular groove of the tarm placmta (L/8) The allmio
chmicpllu.h'hir_hhm'mdlm both lobes. Mamcn
X 1

wwmmmmummmhm
34. This mll cytotrophoblast s in contsct with maternal biood and
histotropbe, Masson. ¥ 104,

Parsplacents] chordon and endometrium of 8/1 Th
Teactim in

endometriom,

6on of endometrial calls to farm  ymplamns, Seperation of chord-
omde epltheitum from fs mescochyme b an artefsct. ¥ 131
Portion of trophoblestic tono sdjscmt to the subcharial sinoe. The
arrew indicates Lreskdown of % syncytls]l bridge coavertiss the
Iabyrinthine lamelles to ¥l X 119
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PLATE 10
IXPLANATION OF YIGURXS

Placental margin of 8/1 A crescent of gestationa] endometrial theyoe

14 carried up from tho base to the Jovel af the subchorisl sinos. Amow

tndicates the tramition from cyto- to syncytio-trophoblast. ¥ M.

Hubummdmhdhadbymmumnm
hobl, () gradoal

tropboblast () X 73

%

leulnu:ﬁnafcalla. 'l'b-pl.u-nubdn-ph\mdcrmh

danh.ltl.l of allantochorion ( axtending deep int the sngk

rrumlhn c () Uallke the

dtuam-n the 4 1 appbed
mluhfrul-ndmmnﬂmdmn. x7

“The cytstro-

Cbmmktpﬂhdhmdtbcplm:dnuﬂndw
phoblest 1s {0 comtact with disintegrating maternsl blood (b)
histotrophe (d) mhhhlunhlmmmwum
&npc--nhﬂmas.ms.yw

High power view of cytotropho! margin of L/3. The
epithalhnn #s very tall WJ;""”“’ crtoplemm and
prominent nur.ld-.ndnm)cnﬂ.

i
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PLATE 11
IXFLANATION O YIGURES

Glant daddmrmﬂj(lginusmthdnmmufnndddw
ing maternal spithellal ()
Endometrial cells with singls snd moltiple nucled lurrwnrh‘llr!
maternal blood in the Junctional mme of L/5- The termination of
trophohlastic 1one # scen above, Mallery X 35,
Junctional rone of $/1 Both columnar { ) and syncytial () astach
mumty to the besal endometrium are seen. Mallary X 35

A frond of contacts 1 blood sod
in'L/5 Mallory X292
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PLATE 12
LAPLANATION OF FICULES
Hywna G81/3. Btout columns of charionic mesoderm extend froe the
chotlonic plate to the decidus. Fram the subchorfel Lake the cireni-
mmcmn.dtbemmﬂﬂoudunhfuﬂorrdwﬂhom
throughont the zonw t0 the basal plate. » 18,

mawmmalmmm@ ttachment © the
decidua 19 sen. Campare with figure 49 X 104

mzm,mﬂcal/ammmuvm(mnppdhuﬂﬂnw
blast that atteches to tisess tn the hmctimoal rooe
Comupare with Srars 48, # 104

High power view of the cah hoblasth tn the
mnl’-/n.'n-cybcmpboh!m bare resembles that of
the marginel end fnterfobuler Arcas. Compare with Agures 35, 41

and 42 lhﬂcry X WL
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FLATE 13
IXPLAN TIOW ¥ FIGULLS

1 artery ual® tiseus, in

C81/3. The veascl 13 seen roaching the hevel of the subcharisl
of blood flow In wids com-
munications of the unhranched with the sinus are seen. A

artery
large allantokc veseel appeary at ( ) X 13

A smaller maternal artery of G31/3, entyring through a sepiems of
mwmlu.m.. directly with 1 stos (o)
Arrow indicates durectson of blsod fiow Comnpars with figures 51 and

x1
Venou drainage t base rpuc.nuarc.al/x.umuwmth-
intervillon  space sscapes directly into three tributaries that form
(-;m) larger vein in the subplacental petwork. Mmsos.

Venous exit at buse of placenta of GB1/3 Tha materns] blood Jeaviog
n direction of arroms s In contect with uuphnblm(”"“*"“’
lndmnztﬂum(d) ~ 88,









The Enzyme Histochemistry of the Osteoclasts
of Normal ond 1@ Rats’
CHESTER §. HANDELMAN ANNA MORSE awp JAMES T IRVING

Forryth Drntal Center and Harverd School of Dental M dicine
Bostom, Mersachusstts

AMTRACT  Frymes fovalved fo exldstive metabelism es well an ackd phosphatase
e seadied m

Zove reworpion 1s an nregral

part of that citrate and lactate woald te
:‘;ﬂﬂnm-h as well as the repewal and ucdme decalctficatdon of
mwmuﬂcﬂmmmﬂ booe and cartilage. A shmilar pro-

mendmmamm aocitric dehydrogenase and TPNH diapho-
ia (inclsor ahwent) rase as reported by Walker but stated that
1 hyd: was sbsent.

iy (Bhaskar W Schour rated

hc"'Pm) An excessive amount of  osteoclasts and Burstone ('59a and “36b)
(.hr.':m-‘hminlphaufv.bepm:m:u has found this enzyme in cells
ol sumber of osteoclasts (Morse also in bone matrix. DeDuve (5¢) bas
h,h:‘T" B0) The fallure of the alveo-  assoclated this enzyme several cats
Wt 2 130T results in the ankyloats bolic
m.y?mmdlulhmcetmmtheurﬂ The sim of the present study was to re-
‘m‘;gs‘-"'ml‘ﬁhlxkncr&p-nd‘vdn— evaluats the enryme not
%) The condition Is gpparextly osteoclasts and investigate same
(Kengy at about 30-60 days of age of
%Tmpduzdsdmm 58 and of the fa mat. By so doing, Insight into
W), wdm!m.s«:hm:rund(;m-p the nature of the resarption failure in the
Wa):u-, iz rat and more importantly the
Mz)mmﬂxnmwdm cance of erzymes fn the narmsl
bg. llhhwﬁm of narmal  ostec lastlo processes might be schieved
h‘ reslty cated o urdgue —

Wy ., ocltrde deb d

. ,
gy ST
i ot SebIEE SRS R s £

A
Pava g g Fe-

£
]
4
5§
g
&
e

i
¥



364 CHESTYR #
METHODS AND MATERIALS

The ia trait {s transmitted as o simple
Mendelian recesslve factor (Greep 41)
Ia rats and normal littermates from our

equal numbers by breeding hamozygous
males with heterozygous fermales. Rats
were sacrificed by decapitation at three
deys of age and the maxillary alveolar
bones and tihias were removed for study
At this age it 1s stll possible to cut the
banes and teeth without prior decaleifice-
tion. Al results reported were obtained on
at least four different Utters.

Orldative enzymes Tissue frozen in
1sopentane cooled by a dry ice-acetone mix
ture was cut in a cryostat at 6 g and
mounted on glass stdes. For the demon-
stration of enxymes the fallowing methods
vere used  for dehryd;

HANDELMAN ANNA MORSE AND JAMES T IVING

Holt (°59) using formal-calclom
ized to pH 7 0) for 32 hours at 4 C, fo-
lowed by tmmersion in a solution of 088
M sucrose and 1% gum acacla at 4°C
for two or more days. ‘This last sep 1
stores much of the enzyms sctivity tooh
ited by fixation and sMds in preservatko
of histol detafls. The

Lbeutua]truunen‘tgl;h‘ i
was performed at constant
thon far three days the decaldfylng
tion being changed daily

that of Seligman and Rutenburg (‘51) for
& opyridine nucleotide (DPN) linked
dehydrogengses, malle, lactle and glu-
tamic the method of Nachlas Walker and
Sellgman (58a) for red d diphospt

pyddine nuclectide (DPNH) diaphorase
DPNH (065 mg/ml) was substituted as
sole subsirate in the aforementioned pro-
cedure for the triphosph nocleo-
tde (TPN) linked isocitdc deh:
the method

TPNH (05 mg ml) was substituted as
sulstrate In the demonstration of all the

and diapharases tetrapitro-
blus tetrazolium was substtuted for nitro-
blue tetrarollum to mimimire artifactus
stalning on lipid-aqueocus interfaces (Sedar
Rosa and Tsou '62)

ed in the complete medi|
tor (0005 M sodium fueride) £ X%
tlans Inactivated by heat (in

taneously for com
NESULTR ot
Irat. The actively growinf
epiﬁhm;:oftbelhmd"“l"’" -

d in the

of the yme in the
case of the dlaphorases, and in the sbsence
of the organic acd substrates {n the case
of the dehydrogensses. Unfixed sections
were incubated in the vadous substrates
for 30 or 60 minutes at room temperature
and then post fixed in formalln and de-

Cantrol sections were incub

trubeculae to accomodate

ity (fig 1) Bono adjacer?
onic tooth conteins
remodeling the bone

hydrated and mounted in permount
Actd phosph foll % adap-
tation of the Barks and Anderson ( 62) azo
dye dure for acid phosph gave
excellent results for bone from pewborn
animals. The tssue was prepared after

pansl uflhéﬂmdmfm ol
germ (fig. 4)
fcmu(ag‘l(mn]c locationt :?”‘"dmw
oxidative sbility in each
substrates
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found lacking a junctional band of add
hosnh bat showing th lizad

cytopl reaction.
In these the intensity of thelr reactions
max- 1 of the d

vared in
the normal
in

partieular
termmpersture  the primery

i

o

£

;

Y 5P
wrere more active than those of
the sponglosa (fig. 7) and the
osteoclasts resorbing the bone adjacent to
the incisor (fig. 9) are less active than
the osteoclasts found In the

when campared to that ex was stained (fig. 14) In contrast to this
result in fixed tissue, bome matrix was
almost totally stained when fresh tissue
was cut in the cryostat and incubated with-
T’W&lﬂlﬁmmﬂrymnl out prior fixation. Fluorkde In the sub-
the Lidney tubular cells n its abdlity strate greatly nhibited the reactlon and
control sections treated with heat or incu-
uting the method of bated without substrate were
in The ia rat. The tibie of the
1 visualized in the form shovrs little internal remodeling (Bhaskar
azo

'Emﬂmlcmmﬂadthe

a diffuse cytoplasmic stain. result, the trabeculse are thickened and
the g p. much of the mer

row cavity (figs. 2 and 8) Osteoclasts are

being achieved by approxtmately fo\nﬂunthennflcmof!heg:heculnel.u

roam temperature. It is b t

great
that under aimilar con- spongliosa and at times form a continuous
the tubules of the kidney layer of cells (fig 13!)umln¢hemxmame

(Schour et al. 49) The dental epithelum
urresarbed bone

1s disrupted by spicules
be described In detail (figs. 5 10 and 11) The osteoclasts are

normal rats, s band of more numerous than in the normal animal

E"qﬁhﬂmmﬂvﬂym and are found throughout the expanse of

function of the osteo-  alveolsr bone.

2 and 14) In the ia rat the osteoclasts demon-
obrious after 15 min- strated pomtive reactons for the
cyto-

pho-
rases and all the dehydrogenases tewted.
enzymes
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least 30 minutes were required for the nor
mal osteoclant. The reaction product aiso
appeared to be mare granular and to
occupy a greater propartion of the cyto-
plasm in the la rat. The concentrated

infrequently cbserved In {a bone (fig 13)
The ia osteoclasts unlike their normal

HANDELMAN ANNA MORSE AND JAMFES T IRVING

the conditions of enryme demanstration
need not refiect the ia vivo situation. The
role of cltrate a3 a decaldfying agent” ko
bone resarption s still a matter of contro-

count showed lttle varlation fn ac  in the Hver and kKidney and su; thelr
tivity ost 2ll cells Hfesting an in  p in tntraceltalar diges-
tense reaction The bone matrix of iz don (phagocytous, a and pino-
rats was negative in properly fixed tasue ) as wrell as autdl and pecrots
Acid phosphatase actlvity was entirely ab-  Barka ('62) considered that acid pbospbs

sent without the presence of napthol AS-
TR in the substrate and after pretreatment
by heat. Fluodde added to substrate
greatly inhibited the reaction.

DISCUSSION

Blological oxidationsreduction reactions
catalyzed by the dehydrogenases and di
aphorases represent the major sources of
energy in tissues The osteoclasts whether
of normal or {a rats were remarkable for
their intense activity in the axidative en-
zymes studied. The reactions were com-
parable to those of the surrounding muscle
tissue and undoubtedly refiected the high
il lasts Baker

pin
(secretion vacuoles) processes.

The osteoclasts proved to be unurolly
active with respect to acid phosphata
Maximum coloring without overstaizty
wras achleved about ten times more apdy
than in liver ar kidney o+
sue. A consistently higher coniest
(at least twrice as active) was found inte
osteoclasts of the rat. Mone

EneIgy req of

. and Klapper ('81) and Irving and Handel
man ('64) found thst other glant cells
demnonstrate high levels of oxidative en-

Zymes.
Positlve reactions were obtained for

and glutamic dehydrogenase in the osteo-
clasts of both normal and iz rats. These

L

reactions could be due to Insdequate sub-
strate concentrations  These results do not
negate the theory of acld decakification
attributed to ostcoclasts by Walker ('61)
since it is not postible to draw any con
clugions as to ix vivo metabolic dynamics
from & histochemical investigation The
methods are at best serniqualitative and

lix:lcahacm:uider‘lIJJ!-'I"“':""‘M'E P
tams tho phosphollpid memTa o
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dast dhd statn. Hosrever such extracellular
Emﬂmm\mbemmwttedmth cau-

The band of coneentrated acid

367

teoclasts and bone in micraradiograms of
decalcified bane  He tentattvely concludes
that this rind represents & focal accumula-
ton of proteinaceous materfal posaibly in

e observed at the junction of part enzymes concerned with bane destruc
the osteoclast amd bone matrix may ton He notes that there has been no
»ell be foncttanally signifs Since this & ratlon of concentrated enryme
bnd murifests foelf before the general actlvity in this junctlomnal rome The ob-
apparent it servaton of acid in a band of
hlﬂlkdymbenlir.eufnon:lped.ﬂclb- similar sire and location to Greulichs
2ptinn of saluble resction or of Ho-d rind lends cred to the idea
ml dye. Decakctfication of the tissue  that Iytlc entymes accumulate at the Junc
does ot tnterfers with the d. ratlon.  tion lasts and bone

exhibiting the general
Teactian but not the junctional
Raction aho argnes

out fn an to determine the
cause of the failure of resorption In
ia antmals does not sppear to

E?mvhcmmmtufthacd]lppemm
marny ways normal Kemmey Topel and
Schour ('58) have found that the calctum
and phosph i of ia sof

I
E
|

i
Eil
m’ég
e
£

o

5
i
:
s

£,
!
§

ik
]|
|

mals suggested narmal endogencus para-
thyroid function

Since large doses of parathyrald extract
given at an early age improve the demtal
anomnly and bane formation (Bhaskar
Schour Greep and Weinmann, 32) {t has
been suggested that the oxteoclasts are on-

clirate to ackd, and that
the i@ booe maintained unusually high
steady-state concentrations. It s

cantent of acid phosphatase which can be
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correlated with the histochemnical findings
of Mares and Greep ('60) already referred
to. Also the osteoclasts of “ia rats con-
tained a consistently high concentration of
this enzyme while the normal was varfable
in activity Another significant difference
in the {z rat is the infrequence of the
band of ated acld phosph at
the functional zone It is concetvable that
la osteoclasts can form but not secrete

this enzyme which seems to be closely
assoclated with catabollsm Agents such
as parathyrald hormone which pormally
activate osteoclasis may be needed In
higher amounts for the activation of this
h i Ir of the

{a bone can successfully initfate differ

entiation of osteoclasts from what Young
('63) calls the

carries these cells into full function.
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PLATE 1
IXPLAN TION OF FIGORDS
Figurea 1 through 6, Ox:ldndnmxymh:ntwhm:mmdmd'k'
g

rat bonss. ALl
mlium salt TNBT Nomﬂmmm-d.

epiph-
y-n!cmu..-(C)t-nbe mdth.mnvwmltv(ﬂ):'_'-:

Oll.tod.uu ty
reghon of umn.dmm.n(wpm)mdmnmw
ends of the trabeculas (bottom arroms) X 100

. g

2 “Ta rxt tihla incubsted 30 minutes for DPNH diaphorase, A
parable

deh
typscal eusyme reaction Iy secn fn the mmltinocleated ovtsoclisty
(arrows) clustred  bout the distal ende of the trabeculee. X 330

4 Normal maxills ncubstsd 30 mimutes for TPNIT diaphorase. The
incisar tooth fs t the top (A crwmaloblasts; 5L = stratmm loder
mednum) uu-ud.u:-(.nm)ncdnnlth-hbhlnhdﬂ

hﬂn‘(B)lhavactypinl resction. X 230,
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PLATE %

LXFLAN T1 N OF FIJURES

Note  Figurey 7 through 11 demonstrate acid phosphatase in newhan
normal and i rat booer. Tisos was fixed in cold formalcalcdum

Jowed by cold gumsocrose solution, Bectioms wero incobesed
?dlumcmumhunphmummdhmmfmnpumﬂmn
c

7 Narmal tibla fneubated 60 minutes for scid phosphatas. Tho
yosul cartilage (C) is st the top and tho marrow cavity (M) b &t
the botiom., A hxuuhnhnmmuuoduuw(:aald-

in oted

® Normal maxilla fncubated 60 minotes for A weik
resction 1s noted in th  osteoclasts (arrows) the edge of
Inbial (B) Nots the onterly arrangement of the
organ ( and ) Cou tervtan
axylin X 110

11 “1  maxilla fneubeted 30 min tes for acld phophatess. Tow the
tntense resction i (arroms) which rrs
spicule af bone (B) that interrupts the comtinulty of the
(DE) Co lin. X 350
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shorter tncubation perod, the osteoclasts (arows) src more rewctive
than thoss of thw normal. Much of the reection frodoct js granular
i nature Nota In thess osteoclasts the abecnce of the ~junctional

band” of concentrated activity which s olerved in the pormil
(fg. 13) The bous is negative. No counterstaln X 250
tase. A vericd
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An Electron Microscopic Study of the Cementum
Sharpey s Fibers and Penodontal Ligament

in the Rat Incisor '2
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is the predominant mechanism for the al
teration of cementum. The deposition of
cementum therefore results in a graduoal
increase in its width and a concomitant
increase i the length of Sharpeys fibers

microscopy has

kume, 54 Takuma, '58 Avarawa, 61
demonstra

IRVING 3 STERN

The tissue vras washed I distfied wter
and then decalctfied from 7 to 17 dm i
5% formalin and 0.25 malar EDTA st ¥l ¢
80 The tssue was washed
then dehydrated in increasing coocenm-

otk

Stern, ‘62 Selvig, '63)
cementum (Frank and

%

tions and are more informative. Frank of

and Nalbandian ('63) and Selig ('63) mals fn all) cceptable

have d the Aprn] o fugelcccru:lhd pt
cementum in humans and in mouse in- examination Sections wert ﬂhnn?nﬂ

c::pywuperf

£

J
Ty

)

g
t5a
Sin

and the
period 1 this 1y
eTupting tooth.
MATERIALS AND METHODS
Spectmens under Nem-

E
]
e

¥
g
;
!
i
i

PH 74 (approx.)
scollidine (Bennett and Luft '59)



ULTRASTADCTIUAE OF CEIMENTUM AND SHARPEY § FIBERS

of the perlodontal
s shveoter bons (BE. 5) or to the

378

spindle-shaped form occurs with greater
The

preparatory  procedure
which tnvalves chelation and post-fixation
for a rather prolonged time leads to the
formation of soveral srtifscts.

Septbeltum (fg, ) The cellular ents

‘1 1o be oclented and d be- Cytopl E ma less
+teeen the fber bundles (figs. 3 5) At distinct (8gx. 8 10-13) The nuclesr
Cmes the fiber bundles coure directly to to moTe

te bone, and at other times, are in. (fign 7 8 10) On the other hand, the
—emwpied in the middls of the 1t by b flagen fibrils ars up-
boely fiber tamdles Which seem ce. The endoplasmic

e Cellular struciure
cells adfacent cementum
o 7 ﬁ)mﬂmp.movg:lqrdlghﬂy

£
H
:
fie
:
E
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After decalcification, the cementirm has
a stippled ar finely reticulated appearance.
It 1s ebout as dense as the adfacent dentin
from which it is separated by a slightly fr

que line the &

%
i
EE' gjéﬂ

regular opa
junction (figs. 7-9) Collagen fibrils with-

n

the dentin may be observed running
el to the dentinocemental junction

parall
(figs 8 9 14 20) and simflarly disposed

collagen fibrdls may be

observed vwithin the

cementum (fig 9) In some Instances the
juncton

hasan appearance how

ever the dentin and cementum are clearly
delineated (fig. 20) There is never amy
indication of a space between the two tis-

ST
th

es and the collagen fibrils do not cross
e dentinocemental hmctlon. On occa

sion, however a discontinucus dense line

may be seen in the

th
b2 1

1

j®
o

an
8588
i
|
b

to
e dentinocemental junction, and sepa
ted from it by a narrow less dense zone

(fg. 22)

The cemental surface appears as a line

as derse as the dentinocemental Junction
(8g 8) and is studded with projections of

varying
prO;

fibrfls. YWhere a number of

cementum as a bondle a

mxy be found (figs. 8 17) Densltles
cross-section

)

sire (figs. B 9 14 15) Thess

larger projection

hich are evident in (figs. 8

18) and in longitudinal sections of these
Y

gen

hand 11h a_(“l ding
to ve (figx. 15 18) They
cemrdfurlvamhlodh-

(figs. 7 & 14 18) As they zre traced

deeper

may have a more diagonal

into the cementumn they tum and

and di

vergent
ordentation (figs. 8 17 18 20) At times

of density which may be evident near the
center of the cementum (figs. 21 22)

arations indicate

chan; These changrs &

n.ry'lg'?d.em tn different M{M

so that must be &P et

means of ¢! ting the T

sltered material the T
m.}mumafzbe”M‘;‘d o



ULTRASTAUCTURE OF CIMENTUM AND SHARPEY'S FIBERS

: wndy 8 of Interest. When formalin fixed
2 beee b chelated with 0.125 molar EDTA at
| 74 for ten days there Is no dgnificant
1 dhmation in the mitrogen content of

} whtion (Cook and Ezra-Coben, '82) One
! right presme, therefore that the paling
‘dtmh:mubundinthhé::dym
: af

85X
i

381

the rough surfaced endoplasmic retlculum
1s related to protein synthesis.
The delicats paired clusters of rbo-
somes seen In cememtoblasts are dimilar in
P to ar of b
seen n cells known to be forming collagen
Hemoglobin synthesis hes been related to
a cluster of ribesomes which Is termed a

pal ar
and Hall, '62)
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ever The lent, or
ous materal seen in the cisternze may rep-
resent some precursar of

tated by the fixatlon. The contents of
cisternae paws out of the cell and the mole-
cules may then aggregate to form fine fibrils
of less than 100 A in dlameter These fi

be {nvolved In the formatlon of lytic
stances, I‘;nmﬁmﬂmdlyﬂclcﬂﬂfy”




382 IRVING B STERN

that the cells of the periodantal ligament
possess the means of maintatning the ce-
menturn and its essociated fibrils by lytke
as well as formational activity
Fibers of the periodontal Hgament

The perdodontal fibers transmit forces
exerted in biting to the bone and stabilize
the tooth in its socket. It has been ss-
sumed that in order to do this the fibers
travel directly from the cementum to the
bone (v Brunn, 1891) An earlier can-
cept pictured the ligament gs orgunized in
two sets of fibers one attached to the ce
mentum the other to the bone (de Terra,
11) consistent with the organization of
fibers within the dental sac. This earlier
concept has been revised and re-introdoced
by Sicher ("23 '59) who postplates that
there is an intermediste plexus which
. a splicin braiding together
of both sets of fibers in the center of the
ligament. An intermediate plexus osten
sibly would permit a continued adaptive

tiomal attachment (Sicher 23 ‘59) The
possible adaptive mechaniasm of this plexus

Y
sists of 2 splitting or fraying of fibers into
fibrils and rils which

with similar fine units of adjacent fibers
permitting the escalation of the tooth

A t su, on by Wasser
mann, ‘56 that fibrol may provide a
store of molecular components which are
immediately reconstituted into fibrils, tm-

and electron findings indicato
the cells of the ligament are actively
syn! protein.  Within one hour

gen fibers
Stallard, '63) The cells of pedodontal

¥
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TLTRASTRUCIURE OF CEMENTUM AND SHARFEY'S FIBERS

across  the

de e of ve md
tnctianal pull. The depth of the fibril
E contidered aa g factor of time
of the periodental

Frds wre tncarporated by the spposition
ey R s G
to ane msay

wl be provided with x of the dep-
o of fibells not only back
 thelr trithal formation, but also reflect

383

eruption. Mesaler and Lebland 60 on the
basis of radioautographic labeling find that
there is an intengs local of
cells at the base of the rodent incisor and
that labeled cells migrate alang the Iength
ening root of the tooth It would a
thnd:u:ccﬂnmcnnieda}ongmm
erupting tooth and are comcerned
the maintenance of the adjacent fibrils.
Cementum — calcification
Gustafson and Perwson
that the the
periodontal from the cementum (in
human teeth) protects the fibers, and that
when tooth positton 1s altered additional
cementum s depoktted in order to re-estab-
perpendicularity
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late that physical and chemical changes at
this slte permit the extension of calcifica-
tlon alang the fibrils.

Cementum — ground substance
and fibrillar matrix
The cementimn of rat incisors does not
appear to be as extenstvely fibrillar as that
of rat molars (Thilander ‘61) ar of hu
man teeth (Tonge and Boult, '58; Awazawa,
83 Frank manIband.lnn '83) After

decalcification, therefore the interfibrillar
b te 1 It ep-

IRVING B STEIAN

structare qui
pears to be 2 spongeltke network com-
posed of circumscribed areas of less den
dty enclosed by areas of greater density
‘Tho less dense zones ere irregular and
range from 160 A to 450 A in diameter
Structure of similar a has been
demonstrated between in decalcified
bone by Yeeger (61) in osteold by Durn-
ing (‘68) and in rat tail tendon by Bon-
have inter

tinuous are similarly outlined and are ap-
parent due to the condensadon of this
~ dense companent.
SUMMARY

\y
)Themtmnfmtmdmhuma
following organization in the region ad-
jacent to the gingival attachment. Rem-
nants of the basernent membrane of Hert
wig s aheath are sometimes found adjacent
to the dentinocemental junction. Next to
this zone irregular dense lines are present
and run more ar less paralle]l to the den-
tinocemental juncton. They appear to be
1 1 hwork of

of the k
fibrils formed tn the Imitial stages of ce-
B They are with
the deeper portians of Sharpeys fibrils
ﬁushzrpcy‘lﬁhrﬂlcunmge,mm,nyd

cutward approxtmately perpendt
to the surface of the cementum. The
of the fibrils can be considered in terms
of time, and thelr path reflects the role of
fibrils in tooth eruption,

The fibrils exit from the surface of the
cementum and are assoclated with projec
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ULTAASTRUCTURE OF CEMENTUAl AND SHARFIY'S FIBERS
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ULTRASTRUCTURE OF CEMENTUM AND SHARPEY'S FIBERS

$arg, Ol

387

——— 1858 Collagen in bomen cementm

shown by electron microscopy Nature 182

4350400,

Vi, J H. 1957 Histologic investigations into
of tendons and Lgements o
skeleton. Proc Kan. Ned.

fier  of network of Abxle ae
r‘“"""-ml-n.za:mm connective tiarze. Anat. Rec
o, & 1658 Flectron microscopy of den- 111 145-173.
tweses by e of the rvplica method. Deat. 1958 V The s
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B0 Flectron micromcopy of the do-  terrelationship of Abere and ground gubstzncs.
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ph  aro of teyues fixed n buffered decpleried
with EDTA. The tissnas shown in the light s are gmilarly trested wnles e
notation
Abbreviations

C, cemantum dz, denss zooa

D dentin ol chlique fibril insertion

DCJ dentinocamantal Juncthem ¢b camentoblast

PDL, parfodental Ligamen cp, cell process

AB giveolar bono n, nocleas

GE, gingival epitheltem ne nuclear envelope

P profection of cemental surface er smdeplagmic reticelom

pf perlodantal Abell o, clsterna

it fibil m, mitochondrion

1 Ane fibrl pm, plasma membrme

dl, dense Hne

PLATE 1
IAPLAN TION OF YICURLN
rat {nclsor and sdjscent tisues.

Disgram of croes-section of
mmm-xdmmhm)rmmmwd
Fam.

Dnmmaf loogitudinal section of rat inclaor and
'hdu lm-darn:r!m(A)ullhttood:hn:thkﬂmm
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PLATE 2
IXPLANATION OF FIOULES

Light md h of and Hgamoest sbowing
insertion of fbers. in fixed, EDTA
embedded in parafin, > 600.

Light mizograph sbowing strocturs of tho cells adjscent w the

comentum. X 1,300,

Luh:mhmphuehpabdnmupm Calls {ndicats courss
froon cementum to alvwolar bone. X 115

Light micrograph showing relationship of (ho gingtvs w0 the ¢+
mentum. X 280
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TLIRSTROCTURE OF CEMENTUMN AND ¥FHARPFTS FIRYRS FLATE 3
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PLATE 3
IXFLANATION OF FIOULL

A Jower h 't dentrs
and sdjacent I pevarsl cemenioblars
are evident. Perfodontal Sbers and therr constiuent fbrly v Abown.
The periodontal course to the cemental surface o

lar direction and fnsert into the cementum #1 Sharpey  Si



TIUSTACCTURE OF CEMENTUM AND EHARFEY'S FIRERS FLATE 4
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PLATE 8
IXFLANATION OF FIOURX

2 A higher A alectron
us reticoler ppunnc-undlhsnmmmdsblrpfr fbnils aseociated
with the ~ 35,000 (Freo
Orben s Periodontics by D Grunt, L B. Stern #od F AL Ereett—
C. V MMosby 5t Loch, '63)
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TXILAN TI0M OF racoRmy

10 B“""’m‘m’mnhof-vufﬂmd comentobla ¢ showing the o

SDUYE rough surfaced endon Bbals and
lhoﬁmﬂhﬂ;mtdjmtmlbouﬂ. A cistema is shown comerunt
Clbn!'il.h!.hnﬂ\‘_lnxmupu_ > 17,000,

Bilcrograph of the extensh  endo-
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PLATE 7
EIXFLANATION OF YICURES
12 Flectron micrograph £ a mitochoudrion is shown to indicats stase o
preservation of membranes Magnifcation ¥ 12,000
13 Electron micrograph of n:\:tﬁnulphmlmbnmhnbﬂ"ﬂ-
atate of th > £0,000.

pr

4 camentoblast in com-
1 Mmmmhd::dn(lcdlpmd povialaphiyol



PLATE

IMMTIOCTIRY OF CIMINTUM AND SHARFET'S FIRERS
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PLATE 9
TXFLANATION OF FRCURES

Electron micrograph of projections of the cemwntal orisce There b
& demiity fn the crosssection. In the longitudinal section the Abrllar
structure of the demity is evident. MagnHication - 21000,

Electron micrograph of a prjection of the ceme tal surfsce cowtaio-
ing & ceutral densdty Compars lts conical shape with the twe ban-
dles of fibril inserting {nt mmlﬂlbebﬂﬂmm"‘"b‘
pictore. Magmfication » 31,500,

mmmmhmmmmmmmw'h
cementum direction. Nots the reticalated appedr
e of the interfiillar msterial (amrow) ln the cememtom.
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PLATE 10
XXFLAN TION OF FIOURLS

Electron micrograph of denso lines near the dentinocemental pend
00T They appesr to be wrranged more or bews parallel with the
dentinocermmial fupctian. X £8,000.

Electron micrograpk of dense lines wranged in weveral disgomal
layers. The mrrows indrcate the continuity of ane of thew with

peciodontal Alml, Megnification X 26,000.

Elsctron micrograph showing a broad, dense mne which fs wen fa
the center of the cementum  Such dense rones may bo produced by
sectioning through bnls, Magnifteation X 31,000

Electron micrograph showing & clear rone and  dmee rons sdiacest
to the dentinocemental function. This strocture moay represet

remnent { the besemant mwmbrane of Hertwip besth. Magnlf






PLATE 11

EXFLANATION OF FICURES
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OF CEMENTUM AND SHARPEY'S FIRERS PLATE 11

DCJ> CEMENTUM CEMENTUM

<desp <deep
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Hitochemical Studies on Seromucous- and Mucous-
sretmg Cells of Human Salivary Glands'

BRYCE L. MUNGER

Department of Waskinghos Untvereity School of Medictae
i Loxis, Missowrl, end the Armed Foroes Instituts of Pathology
Weshingion, D C

mﬂmdmmm the term sercmncous for those
o1 the nature of the secretian an
Jieect date from the work af B. Helden-  in the secretion product. The parotid giand
hé,’ﬁ“)'hommmmdaduunm in thelr optnion is sarous In nature.
trmed g0 and albuminons (now ’Ihehn?urmnceufthmecunﬂdmdmn
o *0us) glands, the former secret 18 fold. Fiost, to
mwmtﬂill,ﬂmlnﬂnr hant dved in glandul
%medm secretion, cells of shmilar function rmst be
%mmc! Stnce that time nu- d dly the
%‘Eﬂdhmdlmauﬂmdthu Hons in secretory products of & of
%'ﬂdhﬂnodmimlpmperﬂuuf cells must be understood at the
wm‘ﬂhmmrmmum level to interpretatians
) exhanstive reviews of Stormant  of the relating to the
z':“"”"5‘11111('27)mn:u']::r:ncr.r\am— socretary product aof the glend in vivo.
mw’lﬂk(m) Leblond ('50) pro- Finally tons are related to
o 'm‘h:nvldunmmg' fon as to h meds of
tYpes based on the in-  fibrosis of the W
::;AYSWY(MW()O! varlously
Thty rp ) E0muiles in the rat parotid gland.  ease of exocrine glands, a disease of mr
%’:‘“"“wthopmmufn coms glands, and by the present suther
%mlhmywmﬂnm imger Brusilow and
ey of a cell Te- Cooke, '81) a8 a disesse mucous and
Popged (ool Thus, Leblond (50) The present stody s
eyt he parotid gland be temed  an attempt to elucidate the
"‘Udnn Bdbthutrmn&mpmo— of the mmneous, and  seromucons
Pnely cell and gastric chief cell of cells of the human exocrine

te PPeT ("82) have retnvestigated Tt vaprocted tn pert

o badipdrate histochemtstry Fad? Llom

by ﬂmd-dm.ped::; mwmmhﬁmgﬂ
they e~

ﬂllhdrﬁndmz
Propose to use Formety Coptatn, UEAY MC (Bus.)-
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MATERIALS AND METHODS
Well preserved human tissues were cb-
tained from the materisl presented to the
department of

ald fuchxin-alcian blue technic (AF
AB) (Splcer and Meyer '60)
OBSERVATIONS
B on in the
discussion the following will be
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SXROMUCOUS CELLS 413
woinl contsin large mocousfilled cells
other acini are camposed of cells with fewr
secretary gramules. All gradations can be
found between these two extremes. It is
imposyble an the basls of appearance to
decide if many acinl are mixcous or sero-
mucous.

However on the basty of the other statns
employed, no clearly defined seromucous
cells could be identifled in the human
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gual gland. Av Y
reactions is present, best fllustrated
haidine blue h (fig 15
and the PAS techmic (g 18) The PAS
P;;jrucgon(ﬂg. 1e)uﬁummmﬁy

ve th:nmghmn varying
anly in the number of PAS positive sacre-

my‘ﬂg:uhatnthutp!muflhnceﬂs.
Tol blue metachromasis (fig. 15)
mine (fig. 17) calloldal tron (f]
18) alcian blue (figs. 19 20) and
(fig 21) all evidence a
throughout the
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to the parotdd gland but the rym
grn.nulcsofﬂrepanummonlyw;ﬁzy’
tive The zymogen granules are alcian
Jue aldehyde fuchsin colloidal fron and
mucicarmine negative
The human gastric chief cells are simf
flar in staining characteristic to human

aclnar pancreas. The individual zymoger
granules arc not PAS positive, hut the
aplcal reglon of the chief cells is diffusely
stained  Mucous cells in the surface are
also PAS positive, It is not possible to
asceriain the quallty of proservaton of
this since mucosa ob-
tafned at surgery is difficult to proserve
By way of contrast, wo also studied cat
salivary and lacrimal glands and our find
ry of Shackelford ond

ges

the term sero-zymogenis as L}
Stonment ("32) furlu:h:dﬁvzm’
priate the term serous ar

ings thoas

Klapper ('63) The cat parotld secre
granules sro o Intensely P.
colloidal fron and alclan blue positive
(figs 23 24) but not metachromatic nor
are they mucicarmine positive. The secre-

tory ducts also contain PAS positive secre-
tory granules. The submandibular gland
is mixed Seromucous and mucous cle-
ments have similar staining properties
1e PAS alclan blue and colloidal fron
poaltive (figs. 25 268 27) Mucous elo-
ments however stain y writh col
lofdal fron and alelan blus similar to
thoso of the human Sccretory ducts also
contain PAS positive scerctory granules

Tho eat lacrimal glands contain weakly
PAS alcfan bluc and colloidal iron posf
tivo scerctory granules

DISCUBSSION
Based on the Informatlon avallable to
"

date the cxocrine gland cclls of 1
can be characterized as belng purely
scrous (pancrcas and chief cells of the
gastric fundic glands in most speeies and
most llkcl[vmhumnn as well) purcly mu
cous (sublingual mucous portons of the
submandlbular  Brunners glands, bron
chia! mucous glands etc ) and scromu
cous (parotdd scromucous (serous) por
tion of submandibular lactimal Paneth
cells and mucold cells (Munger '61) of
the eccrine sweat glands) Tho h.ni: for

528
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BN e

rlands do scerete a

and i Leblonds _(n%‘g) criserld
scTOmucous e P"“ni
‘Leblood

ndded substance to
copt and em)

glandular histochemistry
edly parallel differences in
tion  Shackelford gnd K

thix classiBeation rest on tho
{eal nature of the sceretory product of the
cells. As Stormont (32) points out the
pancreatie acinar cell {5 the protetype of

ca ydrate and as 3
soning the mucous portiont
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ghle for thls PAS-positivity No histo-
chemical proof exists that this PAS-pot
tivity ndeed Indicmtes & carbohydrmate.

‘The subrnan: gland of most sp>-
cles {x & mixed contafning seromo-

Troperties of the Ofthepamdann mmhh:adwnwh
wecTe d, VRIY-
eell, ing cind, Stalie actd
is 2 very prominent of this
ghndular mucoprotein (33% in bovine




PLATE 1
IXFLAMATION OF FICURLS
Humen paretid gland, H snd E. The scinar cells are fied with
soxinophilic secretary vacrolas (Hlack in photamicrograph) X 385

Hmmpuoddlhnd.ﬂmdl‘.. A higher magutfication of the peep-
aration seen tn figure 1 X 1,200,

Himsn parotid gland, PAS. The secretory vacooles of the actnsr
mﬂ:mhnnm}yyad.ﬂu"mmaﬂl’u L
ules can be seen in the spex of the dust 1,200.

Hummg;mdddmd.cd]dddkm. Nodhdnnrmcdvﬂyhf"'"-‘
x 308,
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araton scen in figury 1 X 1,200,

Parotid gland, PAS, The vecoales of the schur
mﬂ:mhﬂmmjypﬂdﬂnVﬂymﬂP‘l e
ulmunbu-mtnth-tmofﬂndwt X 1,200,

Homan tlend, collotdal tron. No distinet roecttvity s presesty
mly.cﬁmhwmm X 333,
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PLATE 3
IXFLAN TION OF FIoURIf

Human sybmandibular gland, tolufdine bloe. The mucoas aclad av

varishly bat definitely metschromatic (datk grey) X 100

Bmmmhmxmumd.mj,mluumum. 'nuumpnn-dh-
the (grey

(cnbﬂ:n)rmlntnldmnmdmuccm-dda be sern

Hnmln sobmandiboler gland, slcisn blue. The mucoes acinl sloor
are intensely resctive (dark grey) x 353

Human submandilar gland, colloddal fron. The muocont ¢ acinl resct

10 an irregular bat intense manm;thatnu-pnh!uem!ahmhh

Lmfted o the cell margtme. x 395






PLATE 4

FXPLANATION © rigUR

Human sublingual gland, H and E. The gl d sppeuns homogeneon
-ndtvnshhnlmaryrcufldnul. X 100,

Homan sublingual gland, 1 and E The acinar cell contaln varyiex
amount of muclneg materisl in the spical cyioplasm. > 305

Haman sublingmal glend talotdine Bioe, Varyl g degrees of mets-
ghromaila sre present (Gie cytoplaem having rarying shades of Frey
kndnmkromph) > 100

Hum n eshilngusl gland, PAS Al actnar cell co tain PAS poutl
material In the pical In some cell thos can be resobved
i Jiscrete granales; In' others a3 confiaent ma tee o in Intere:
dit cooditions. ¥ 395
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PLATE 5§
IXFLAN TION OF FICURKS
}lmmhlhnnl;hnd.machmxm. The dy fs taken wp fregw
larly from el t cedl. ¥ 395

Human soblingual collaidal fron. The entirt gland stabe
trrwgalardy llﬁ)mgi:l#tdhddu uboandiboly  gland /100

Fuman sublingual gand aldan bue. The uumrrdmhhu*‘
evident as different shades of mrwy in the sikrograph.

Human sublingua! glapd, aldan tine Ditinet secetory grimebe
can be seen In tome cells and conflment masses In otbrre s 500
Human sublingus] gland, akdebyde fuochsln m:wa.mmmm
rresent in the resctivity from cedl to cell. ¥ 500
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PLATE 8

IXPLANATION OF FICURLS
Human acinsr pancre o, PAS. The aptcsl portion of tbe schuar crlh
is PAS posttive ysoa" pies
Cat parotid gland, H and E. The sccretory vacuoles are weakly
eostnophilic. x 110
Cat parotid gland, collokdal fron. The secrrtory  scuabes are (ntenaely
podttve X 110,

Cat submandibular gland H and E. The gla 4 v predomimsstly
mucasd but wome serous (1) demilunes can bo scen. X 118
Cat submandfbular fron. A mottled bat Inte w 1o

sland, caflotda)
ctivity is present throaghoat the gland. « 110

Cat submandfbuler gland alclan ble A homogencons nd ntenw
mctmhprntﬂll.nl]lmytvﬂ.l. > 110,
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Sparmatogenesis in Ammals as Revealed
Eectron Microscopy

L THE FINE STRUCTURE AND FUNCTION OF ENDOPLASMIC

by

“

EETICULUM AND OF PECULIAR BODIES APPEARING
¥ ATYPICAL MATURING SPERMATIDS AND
HUTHITIVE CELLS OF CIPANGOPALUDINA

Rasearch L. Dupar
Nara Medical Unioernty Kashihare, Nerw, Japa

k 2y been
tatery tnp,
Materta] 4y
il In the
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material in the atypical maturing spermal
transported e D ntarcelloler into the natrl-
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inclusion bodies and the mitochondria de-
crease remarkahly in number Thus it
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ments appearing in the Sertoll cells of ver
tebrates relatively little attention has been
paid to the origin or fine structure of these
granules (Leblond, 50 Arzac 80; Mon
tagna Hamil 51 B2 Mancin{
Nolarco and De La Balze 52; Cavazos
and Melampy ‘54 and Daoust and Cler
mont, 55) The present study is ordented
towards elucidating the orgin the chemi
cal constitutfon and the fine structure of
bodies appearing in the putritive cell.

It hag already been revealed gt a high
magnificatton that the smooth-surfaced
vesicular elements of endoplasmic reticu
lum which contain dense granules are
limited by a double layered unit membrane
in atypical maturing spermatids of the
pond snall (Yasuzumi, Tanzka, Teruka
and Nakano 88) But tha relation between
the fine structure of the lmitdng mem-
brane of these vesicles and their contents
hes remained unknown. The description
of this structural pattern and a discusaion
of its functfonal significance form the
topics of this paper

MATERIAL AND METHODS

Fixatlion and embedding desttned for
electron microscope study The testes of
Cipangopaludina  malleata Reeve were
fixed In 1% osmium tetroxids adjusted
\ with Veronal acetate buffer to pH 7 3 with-
* out NaCl Fixation was continued for cne
hour at 10 C  After fixation the tissue was
dehydrated without washing in distlled
water using a graded series of ethyl alco-
hol solutions The tissue was impregnated
with a solution containing absolute alco-
hol and mixture (a a) of 20% methyl
methacrylate and 80% n-butyl metha
crylate for one hour at 18 C The blocks
were finally embedded in the same resin,
with lymenzation effected by 26dl

chli 1 peroxide at 46 C
Microtome and electron microscope  For
comparative exanunation of cytoplasmic
components appearing in the nutritive cell
and the spermatids with the clectron and
light microscopes alternate thin (about
10-20 mu) and thick (about 1 p) sections
were cut with glass knlves on either a
Parter Blum microtome or & Shimadzu mi-
erotame  Thin sections were examined (n
a Slemens electron microscope Elmiskop
I or an Alashl electron microscope model

GONPACHIEO YASUZUMI

TRS-50 or an electron microscope of e -
Japan Electron Optles Company mode~

material was removed with amyl acctae.
After 15 minutes of hydrolysis they weres.
stained with the Feulgen technique
pertodic actd-Schiff rexction for 1-3 gy |
k ¢ 48 Hotchkss, )
was ormed an other similar sectioes.,
which wers previoualy treated whth of wik-
out saliva.” Some specimens wero then ™
counterstained with 0 1% methylene bise
Methyl green-pyronin stain was applied o
parafiin sections fixed In absolute akobd ~
Contral sectlons were treated with o
nuclease before they wero stained with the

green-pyronin

Procedure for organic trox rmrpl'l"_\
(Macallum, 08).

1 Testes were fixed in 85% .)mbdh‘
24 hours

2. Washed In Ironfree distilled nﬁ)
for a few minutes.

3 Placed SC.“ gelatine solation &
two hours at 40

4 Placed In 5% formalin for 30 =2

tes.
¥ 5 Frozen scctions were ﬁnsﬂﬁﬁ
arganic conversion solution (4% ' <
acid in B3¢ alcchol) for 4 days at 38

6 Sectlons wore w: n N":::l
bol fallowed by tron free

7 Placed in Turnbulls blue reagent X

minutes
205 Washed in water cummhfumdn Y

9 Debydrated and mounted bz

balsam

Procednre [urluorgniclmlcﬂ'l’ﬂ“‘d"’
The material mentloncd aboe %33 stabrd
with the Tumbulls blue nm:lu“"ﬁw\
treatment with the organic fron
solution.

15 s

Ewxdoplasmic reticulem m::::::u W

phous substances or densc § o d

1 spermatids At an earl
fl:’e’ﬂm hosls of the lﬂ?“”;’ﬂ;‘?
it

Y

™

ud the Interspace betneen

of the nuclear emelope cka}:l’!m’d,\
A considerable number of v e
cular form appear in tbe fo



« traming 2 double layered
o fructme (figs. 3 4 and 5 Some
Qe containing a dense mass He
hlu:'ﬂdiﬂmvmhlhnphmmzm—

[ to open through a pore
h;%m(ﬂp:{mi‘i)
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the opposite direction and is usually found
in the posterior part of the cell, which con-
tains lamellae granules and vesicles of
different stzes. In the Golgl one vesicles
containing dense granules are

visthle (fig 6)

At later stages in which the atypical
spermatids show & considerable elongation,
the vesicles containing dense grarmules
come to be concentrated at the periphery
of the cell and occasionally contaln rels-
tively large dems granules which presum-
ably arise from the fusion of smaller intra-
vesiculer granules. Ome can see cleardy
that some of the dense granules are dis-
charged into the intercellular space, while
most of the vesicles containing large
dense granules became concerned with the
formation of the sheath of the middle ptece
of the atyplcal spermatid (fig. 7) As
Yasurumi end Tanaka (‘58) and Yam-
zumi, Tanaka and Teruka ('60) have al-

comes to be lodged in & deep indentstdon
of the nutritive cell, where the substance
of the “’Eﬁ tid 15 separated from
the cytop the nutrithe cell by thetr
respective cell membrapes (fig. 7)
Cytochemical observations of the atypi-
cal spermatid. In early stages the cyto-

development the cytoplasm s filled with
vesicles 1

fine
tive Feulgen-reaction but
the sheath of the middle plece, which is
tmng:l of = series of vesicles contain-
Ing granules, fails to stain with basic
and shows a2 strong posiive PAS-

which give a

%ﬁvwmmmahmdm

%"”"emthcdmv.he ner

My (Bes 48 10 11mi 2)

ey g 28R of phoms of he cth

%ﬂﬁmﬂm most of the esices

:-;w!m“'-hdcnumnulu vy
Tumber On the oth ¢ d

0 diffcule

to ind manifest nons f
d'mfﬂ!tl't‘lendcuplumlcr culum
3 of the (8 6) A

Calgl complex 13 usually stiu
1 ar region  As the
of the atypdcal spermand
n;rd.tusmc’rﬂ tov rds the
of the cell body while the
# omplex. appears to be n

(fig 18)

Dense bodies appearing 1 the naotnitive
cell. At the early stage cf spermato-
genests, dense o1 ochondrla  -d clements
of endoplasmic 1edeulum compored of
varable subumi  canbe seenin h nutd
tive cell The ¢ doplasmic rb u! m ap-

pears In the form cf small rood  oblong
profiles of vesicl~s Thev sre ften ar
Tonged in rows v ere some of hem ma)
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forms appear in the nutrddve cell (figs. 7
9 10 11 and 12) Figure 9 shows cells
in which the ai spermatid cytoplasm
and the adjacent cell surface of the nutd
tive cell are fn a state of vigorous activity
with simflar dense granules secen within
the vesicles of the atypical sparma

within the intercellular spaco and in invag
inations of the nutrittve cell membrane
The dense materdal in the

GONPACHIRO YASUZUMI

be scen (flg. 20) PAS-positive granu
sre found also in the Golgi zame
germ cells. It has already been rereak
that the Galgi zone contains & PAS pr
tive material in otber animals {Crex
and Zlotnfk 48 Gersh 49; Leblood 1

tions of the nutrilve cell increases in
amount and accumulates to form a dense
body hldvi.ng an frregularly festooned out
lipe and an inhomogeneous a

Such bodles will hereafter be referred to as
“D bodfes. It is noticeable that the plasma
membrane shows a wide or narrow area
of defect ar discontinuity in regions imme-
dintely adjacent to the D body Denser par
ticles 50 to 70 A fn diameter are visible
at the periphery of the body (fig. 10)

An interesting complex structure Is
found in an ovalaha; D body 17-2.4 u
in diameter which displays numerous lami-
nated structures of varying size ahape
and density Here many {ll-deflned elec
tron-lucent spaces occur in the body
Dense layers approximately 25 A wide are
arranged alternately with less dense layers
30 A wido and denss lines and granules
seem to have a tendency to become ar
ranged In el or concentric array
Isolated or clustered denser particles 50 to
"0 A in dlamecter appear in the D body
(fig 11)

The D body 13-17 u in diameter ap-
pearing 1n figure 12 is more round and
more complex in structurc than the one
shown in figure 11 This body s limijted
by 2 deuble layered yult membrane and
contains laminge as well as dense masses
of different sizes Apparently each layer
of the laminae is not s single denso layer
but a double layered structure liks a unit
membrane Fine dense particles 50 to
70 A in dlameter are distributed in the
masses  Nurmerous electron lucent
tend to occur at the periphery of the y

Perlodic actd Schiff reaction of the nn
trittie cell  An ordlnary light micrograph
of semin{ferous tubules stalned by the
PAS reaction shows numerous large m:
ules giving a positive PAS reaction in the
numff’ve cell where the sheath of the
middle plece of atypical spermatids can

tid  Clenmont, 52 and Cavazoes and Meamp
'54) A poaltive reaction with the P!
stain Is usually attributed to 1 2
agir link and 1s ly !
evidence for the presence of

Mitochondria and globoid bodies tx th
nutrittve cell. Numerous miochoodt

than the D bodles appear abo n 4
nutrtive cell to which typleal matarls
spermatids are attached. However th
are scarely visible In the munthe cel
which are In close relatlon to lr_‘rﬁdﬁ
veloping spermatids (fig 7) o
chondrin are smaller and meore varabie
shape than thoso described In the type
spermatids (Yasuzumi and Temaka, B
and Yasummi Tanaks, Temka and M
kano 38) Characteristically the mé
chondrin contain a small number o t%
lar or vesicular cristas and & matrh €
medium density (8gs 8 10 12 1 =
16) The globold bodles of mednm &

dedgned as "G bodies  One

body 08 to 14 u in dlameter WRXE S5
represent the first transiiion H"'mdm_
with an amorphous substant® dm it
density In wh}dr)dcr;!cl};:lcnﬂﬂ tard
tered (fig 14 A n o
tion n(ngg the G body 08-12 :::,ﬁ
eter s bounded by a double 1)

Ing membrane and contains 8¢ ’m Py
elthes In random distibunio ey (6
ter within matrix (
13 B) In the hird trenstn £57
G bodies 07-11 u In ‘*“’ﬂ’,mdrf
being limited by 3 double MFL, b
brane to contaln two ¥MIZCL L oyih
its heteroteneous matrixt
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s tméloped by a_double layered mem-
wize, the other being composed of 2
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Breton-Gorlus ( 57 '59a, 59b) The Turn
bull s hlue test for organic iron compounds
shows a number of dark blue granules in
nutritfve cells in which numerous mator
ing spermatids appear attached to its sur

germ
Staining by Sudan III
tion stalned by Sudan I dark reddish
appear at the periphery of the
erous tubules as AMontagna and
Hamilton ('51) have observed in the hu
man testis but only a few granules are
present in the nutritive cell This suggests
that D bodies and G bodies are not lipoidal.
However a helical structure 1s £ along
the major axis of the maturing spermatid
nucleus. This sppearance suggests that
there are liptdes either in the m;nn
swrounding the nucleus fn a h con-
figuration o in the mantle which is pro-
vided with the en

This repart is a follow-up of earller
studies (Yasuzuml and

spermatd
bodies appearing in the nutri
cell have been analyzed in detail

In an early stags of metamorphosis of
atyplcal spermatids, one does encounter
dreular profiles that can be definttely 1den-
tifled as elements of the roogh-surfaced

Ehalty iy ool
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Palade snd Stekevitz, 52 Chao and
Schachman B8 Tso Bonner snd Vino-
grad ‘56 Palade and Siekevitr, 56 Cota
Robles Marr and Nilson, 38 Tissitres
ard Watson ‘58 and Blondel and Turan
'60) As the metamorphosds of the atypl-
cal spermatid proceeds the Palade gran
ules disxppear gradually from the surfsce
of the vesicles and at the same time the
contents of vesicles increase in density
and amount. The cytoplasm loses its baso-
philic character and no longer shows evi-
dence of RNA. The contents of the ves
cles appear finally as dense granules of
varylng size and number It has slready
been reported that there is a close reladon
ship between the increase of the dense
granules in the vesicles and the progres-
sive reduction of the nucleus which at
least completely loses its DNA compo-
nents (Yasurumi and Tanaka '58)
The limiting membrane of the vesicles
representing the rongh-surfaced endoplas-
mic reticulum which contaln an amor
substance appears as a single dense
zyer about 50 A thick, as noted previcusly
by Karrer ('60) As the contents of the
vesicles increase in density and amount,
the limiting membrane is transformed into
a double layered structure le Robert
sons undt membrane ('57 '59) and be
comes continuous with the plasma mem-
brane which «hows always the unit mem-
“brane characteristics. It is assumed that
the vesicles which apparently represent a
vesicular form of the smooth-surfaced
endoplasmic reticulum, are connected
wzth one another to make a continuous

from the perinuclear space to the
lnlcrcdlu]aru;race. Through such a path
way the nuclear ma seems to be

transported from the nucleus into the in-
tercellular space In the present stody
it has been poted that the rough-surfaced

dopl 1 d with
RNAsynthesds is transformed into the
smooth-surfaced end reticulum
which plays an important role in transport
of the nuclear materfal It bas already
been suggested by Bennett ('58) and Par
ter (*56) that the endoplasmte reticulum
may function as an intracellular conduc
tor directing and facilitating intracelular
movemnents.

CONPACHIRO YASUZUAI

Cytochemtcal tests have shown that th
dense granules in the vesicles of the styp
cal spermatids are composed of 8 Feulger
positive materlal but the demse granuke

Interesting, but it is difficult to explain i
the present study how the F
tive material is transformed fnto the PA!
posittve material

It 1s apyarent that the D bodles appen
fng in the nutdtve cell [
coal of

derived from the lt{ﬁcd spermatids 0
become attached to the plasma membrd
of the nutritive cell  Then min
natfans of the membrane {

|
8
g
3
)
et

E

i

S

3

]
8%.
rehw

nutrittve cell mtmb‘l';:_w adjacent
D body may possibly be evidence
tation serving tho transft
(fig 10) Finally the
brane is pmcheg of_}'h;urmmz the
figs. 11 and 12
Erhg:c cells reminds ane of the Fb“gg
actlvity described m the amockd thw
man-Adresen and Holter (35) 10
dssue by hamrer (38) eyt
t glomerular ep!
Toit SPatade (60) Crtoeherskal 720
have shown that thDb":l.%ly”

terial.
okl w%‘;r:}:rmztd?bod!w

]
L
Hin

©
g
T

Tcg'n?ofm:ge striking featared

tritfve cells is 2 series of G
mitochondria. A few it

0.2 to 03 v In dlamater
mrocbodlﬂoﬁwu'h
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1 wintination or condensation of its ele- turing spermatids appesr attached to its

Trms which fnally aro converted to an  surface A test for inotganic iron was
duedocent body keaving @ lamellar  pegative,

It a i3 periphery The complex It was noted that the D and G bodies

dap i the structure of mitochondda  were not lipid since they did not stain

7 bn deeady been reparted fn several cells  with Sudan TIL Yet it is interesting that

¥ ober mimals (Payne 52 Hess '55; typlcal maturng spermatid heads show 2

Hami{l positive lipid reaction in a helical pattern

= Prler and Revenswaxy 56 De Rob-  sbout the head It is pot surs whether

o ad Y and  the lipid_exists within the mantle or in

t Mm% Zelinder 59 Yamuruml, the cytoplasm. Howeser the lptd seemns to

Nakano, Kise and Takenchi,'80; be located in the cytoplasm forming &

80) In the pres helix around the maturing nucleus «nce

to the Hpid is rarely found in the mutritive
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FLATE 3
IXILAMATION OF FraUaxs

4 Two densc hmmuh(m)mu-mmdnmmunﬂnm Note that the
roaghsurfaced reticulimn contatns (AMS) and that
mwmwmmmmmm(w%m
Lmitng memlrane of one of the vesicles containtg denss granles te

the

Pl-mm-mh—nmtth-mxmuhdbythlmw X 46,000
5 Mhmnmbwhdlbcuypk-lmﬂdwncnd many of
the largn viafhle that






FLATE 5

IXFLANATION OF FICUXE
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PLATE 7
XXPLAMATION OF YICURX
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PLATE ©
IXFLANATION OF FIRCRL

12 A“D"barly(DB)!.hn!ttdbyAdm:chymdmmhm(whh aryows) conishant
lammines and denye masses Lectron Iacent gpaces oo

sizes.  Nmoerous
in the body Awmhmhhmdthlmh&hmunmhmﬂbﬁl
80 o "0 A s dumcte

dense
distributed n the mass. Mitochondria (M) provided with tubules or crisas &
with & matrix of . (ER) sppaann

demity The
-thm&:mdmnm(m)mmw
(DG) can be secn in the intercelinlar spece betwesn the

A deose granoke
cell (NC) and the atypical spermatid (ASP) X 81000
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FLATE 10

CIPANCOPALUDINA
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PLATE 12
EXPLAN TION OF FIGUME

15 G body (GB) ppearing In the nutritive cell in  high magnifcation depicts & el
mmiumm:mmm(wmu rmows) A amarphom mairit
hcunemu-nledh:ulnnﬂvhcu(hhdmm) Denrse particles e found b
Tandom dhyrribution end in closters in the m trix. Voskles (V) appear losely attached
to the G body > 157,000,
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PLATE 13
Cupaciars Yapurramt




PLATE 13
EXFLAMATION OF FICURK
16 G body (GB) sppearing in the nutrittve cell (NC) at high magnification. If b ewrvioped

by donble layered unit membzans (white arrow) The body camlsts of &0
material and contsins lemellar structures which are arranged eftber concrrial
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FLATE 15
KXFLAN TION OF FICURLS

19 This picthoe dhplays en ordinary light micrograph of the PASrenction in the shexh
of the middle piece of stypical spermatids which -mﬂxdwmmm:amﬂ
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PLATE 18
EIFLANATION OF FIODAES

An ordmary light mikrograph of seminHerons tubules with
gramules g Turbells hioe reaction for organto fron compownds B the
mztudnaﬂ. Bmmmuimdbym X 2000,
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abnormalities of several embryontc organs
including the lens. The high tters of In-
floerza A and Newcastle disease viruses
necessary for initistion of Jens defects ro-
sulted in severe retardation or complets
necroxs of the lens followed shortly by
death of the embryo. However in embryos
infected at the 48-hour stage by mumps
virus, was survival for 3-15 days
after fnoculation and the octurrence of

MATERIALS AND METHODS
wrere {noculated at each

Type Culture Collection. This virus was
inoculated In 10 dilution lnto the allan

- vested after incubation at 35 C far seven
days. The fluld was harvested from each

G CORDON ROBENTSON ALICE P WILLIAMSON AND RUSSELL J BLATTNIR

Inoculation into embryos the suspension:
were dlluted in buffered saline (pil 7.2,
1o the required infectivity

Infectivity titers were determined bt
inoculating 10-fold difutions of the vinx

g

The eggs were from flocks of Ner
Hampahlre reds, and were Incubated lo
forced-draft Incubator at 37 C The em

|

present study with an D of
per 005 ml of Inoculum.

sere inoculated with nommal
fluids 1n dilutions equal to thow
experimental groups.
staged according to
burger and Harmiton ('51)

in ampoules for storage at —~70 C For inoculation <
~
TARLE 1
i
Incidence of lens catararts obesrred groely | chick rmbryor Threr o wane ¥
imoculation in flr  age VP ’_____——-'-"'»
— T erabeen verrred o M
u{im" Tetal Rangs of _ -ﬂlm’_/:ﬂ'““ \
i r Hem
Grows acien o - |
5 z C N
- 0o
e
2€3(202) 813 kel re
l{ 4’2 364(202}) 15 lg u; ,: N
m [ PO5(164) 13-18 B ° Ty
v ke 193(180) 1570 ° J-/—"’
v ” 152(138) 023 _ e
=7 T tmpecied with mom [njectiort L ‘{

the comtrd erabryay devriped typical ea

Neme
'St fresily price se tkres d375 pomineculation

Cataracts were mot

of comrel exks which WY
tarscis

sorn b erprrimencal embre
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MUMPS-I(DUCED CATARACTS IN EAMBRYOS
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‘TABLE 3

Incldemos of Lems catarects obsermed growsly tn chick embryos threw or were deps
— L with stages and lens

Mool pemberoat
L it T S e
ol caturcty
neculation
8-10 Surlace ctoderm and optio
wexicls fn contast (stage 10) 5 43 L)
11-13 Lans plecods 12 ] ™
14-18 Lens pit and exdy
vesicly with levis pare 138 -] 4
17-18 Lesis pore closing and Jens
Yesicla separating from
uf co 101 [ ’
19-15 Lerns veaicls peparated
fram yurfaoce ectoderm 113 ] 0

what smaller thsn the control embryos, survival of the embryos up 1o #t
but not otherwise excopt for thenncamhpoﬁlnouﬂndoudﬂg
spraddling in some cases. It should be mnﬂ:edcml:mlttolhslbmmﬂh‘ll"

surviving for 12 to 16 days did show organ defects (Willlamsaa et als
defects of feathering pigmentation of the ‘56 Robertson et al. 55 *60) .
aptic cup and of 1id end skin develop t Ht conflrs
sround the eye (Willlamson et al. '57) “"“wm"“l,,’,"pﬂam

Tated prior to stage 18 *n
Histogenesis of lens cataracts &F&mmtmm"“

ectoderm) as indicated eardler by P
B‘.".‘"P"":‘i‘d";’}‘g"“d“‘“"‘i"“"f ol:mdn)m(uhlaﬂ) Heorrerer achs
Teslon was foond ¥

8 murr
cataract it should be noted that & low incd  teristlc

embrycs
postinoculation days Embryos surviving lens vesiele from 85 % S0 ooghs

three rarely exhibited any been bl
:paﬂ.ﬂgrd:mu] ddyms, other than  and allowed to develop "::;:::Tr;m |
lens cataracts in organs arsing during this fixstion and muf s 1 some™

bl opfc study L otbererise 1b¢ €

uﬂ;ﬂuﬂﬂf' lop Itisp
t]n!’ damape observed in organs other retarded In growth bu
than the lens priof to the third day repre-
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DISCTUSSION
During active phases of lens organo-
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layers of cells, and not from (he sctivel
[Hferating cells st the base of the pa

tony

that the
presumably re;

bo

virus of rabhit papilloma exiats in (wo
forms  an immaturs pondnfective virus
in the proll cefl Isyers and tho

LS
2

matare  infective virus present in (he

F7,
I
§e
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i

?

upper d part of the papflloma A
d:“mgmrdmbnﬁ::&r;&ﬁd bz’&xlm
ct a Y who s yoma virus lo
fx titrp cultures of Mousy kidney rudh
ment and foand that the metsnephrogenia
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mesenchyme is highly susceptible wheress
tubules differentdating from both the
uretedic bud and metansphrogenic tissve
are resistant to the cytolytic effects of the
vtrm.Thhvrucunﬁ:mcdmah!zfmdy

C CORDON ROBERTSON ALICE P WILLIAMSON AND RUSSELL J BLATINIR

embryos the virus bas not acnally bees
demanstrated in the lens or bn

using the fi antiserum

to Jocate the sites of viral replication
(Vainio et &l "832) However when the
effects of vesicular stamatitls virms (VSVY)
were compared with those of polyoma
virus an Hmpartant difference sras noted
(Sexén et al. 83 Vatnio et al, '83b)
It vwas found that the

mumps and the
(NDV and tnflurnza) sre the survival of
mumps-infected for much longer

3
LEgl

embryos inoculated

ton by Watson (‘63) and it
that tigsues of the exrly embryonk
may also be susceptible to nf
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st 1d porps virmses. In the cass of
viros, Brandt vsed two straine and
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478
postinoculation but rarely ohserved m

priar
to Hamburger Hamilton stage 18 1 e., pror
to separation of the lens vesicle from sur
face ectoderm. Cataracts did not develop
in embryos inoculated after this stage of
development. This indicates that the sus-
ceptible stages of }ens development, nder
the conditions of car t are the
placode, pit and early vesicls stages.

4 An analysis of the histopathogenesis
of lens catarects in embryes inoculated at
stages 8-17 indicates that developnent of
this abnormality occurred exclusively in
differentiating lans fibers until seven days
postinoculaton at which time the equas-
torial and anterior regions also

clogical mant

festation of virus infection occurred in lens

vexdcles two dm'-b;fmr tnoculation and
d by

was ind
o Tacl tn the

tr:ytophmuldjﬂe;mﬂlﬂ.nglunﬁbcnlnd
sometimes also a few such inclusions fn

while central
wards the The cataract thus
became larger as lens enlarged bnrt
TS i can bo comcuded from
6 It can be from our obser
mumpsinfected chick embrycs
that (1) the initiation of charactedstic

wy Ioumpe virue, the lens was the  (4) the central location progressive
i y ext b | ol of result from
hhwﬂngrm:mdm‘;vu'm :iﬂxlnthocrjl-vilﬂ‘ 4 1
erentiating into leny
Myobsenadupm'.beumddzy fibers, *
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PLATE 1
XXFLANATION OF FISURIS

ﬁ-cthnmxun;hmoruhhmn{mmhwhm-dmdlnm

inoculation with mumps virus at 48 bours X 100
!hrwzht.b-sm-hmutnﬂml bmnhhhamuﬁu—

tion. Th-pxm.bmtrywﬂlm il mqm
are the l

pu'.hﬂlaut:.ldunm X 500.

mwmmmdmmwmdm
sfter Inocylation with mumpe virms at 48 bours fncubation. Note
the extinstve destruction of by fibers. X 100,

Bectian through the sams tams gs in figors 3, but at bigher magmifcs-

tion. Nots the normal anteriar and equatordsl eells, and the more
extansive lens-fiber deproeration in the central region. X 400.
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u!lhndeve}ozmmu.lumdurbgrhkl
qtbpiauumouacﬂybeausdbylhi
sort of urther bochemica

ganlzaton thar follows LIC1 treatmem
Evidence {n the same direction had al
been accumalated from several differen
kinds of experimenta with amphibla
material (Lafller 52, 53 Lomband, 32
Masul, 56, 59 60 61 and Ogl, 61 s

cyclople (displacement of the m:;iu
It seemed slgnificant that in the

the chick the methods employed produce
changes in adjacent tissues that are prob-
ably enfavarable for regeneration and fu-
ston of like tispes and that eye fusions
of other sorts have been sccomplished
utlliring & cutting tool that leaves a clean
wound surface (Born 189" Pasquini 27

g

were reparted In abstract

(Rogers '51) At that dme the viewpadnt
that the neural tissue fs important in de
termining head organization was not ac
cepted  Additonal operations were subse-
guenty done to add data on the question
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CYCLOPIA BY TELENCEPHALON REMOVAL

Figwres 1 and g
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fllustrating stages n reduction of
bilaterality will be presented with &
well-developed and an

28pects

Embryo no 261 (figs 8-11 1517 21).
Operated upon at 8 somites 35 hours of
incubation. A transverse cut was made
across the anterior edges of the
optic vestcles. When ﬂ:deaeggwu
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that the prechordal substrate 1s solely re-
Giroud, Debmas

telencephalon is  usnally
strongly reduced in cyclopia 1t was felt
in the present work that removal of the
telencephalon at the time the optic vesteles

Warynski and Fol (1883) first reported
an experiment destgned 10 test the possi
biliey of reversal of hilatersltration of op-
tie pimordia to form the eye
They the anteror tp of the
medullary plate of 24-bour chicks with a
hot peedle but were not able to produce
cyclopia. Levy (05) In a series of experi-
ments on regulation in Triton taeniatus
obtained one

E T 30CERS

wi;
matertal (Lallter 52, 33 Lombard ©
Masul, 56 9 '60 61 and Ogl, 61:.
summarization in Rogers ‘64) It ste
sppropriate to report now in detadl |
operative results on the chick that jnde:
that modifi of the neural thssue ¢

be just s Important as modifcation of 1
prechordal substrare In the distarbance
normal head bilateralization in the coo
of development.

MATERIALS AND METHODS *

employed produce
changes in ad}jscent tissues that are prob-
ably unfavorshle for ton and fi-
slont of like tissuves that eye fustons

employed for tssue removal,
The primary results of the present study
in abstract some years ago
viewpoint

used. Eges

28 to 51 bours before operation A i
windoer about § mm square wag cut ¥
.hackuwbhdcmww;‘h'mt
been ground to a narrow edee-

Iine membrane was torn and lfied a%
from the head of the embno with 20

watchmakers forceps. The operaon

arpred with
e P e, means to_positon {1
head were tmed such as the e & It
cepe plass meedles and halr joops but!.

Y

results were obtained wib the ¥

:nﬂ:\lmx A stagie cut, sralsht a7

remaved the ielencephalkc 83 % [y
Y remon

culs meeting in a of the medial
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RESULTE

Among the first 271 operations 12 em
bryos were produced that would be
classed as cyclopean if they occurred in
the human (tahle 1) Of these the first eix

and the perfect cyclopean condition were
also obtained and sectioned. Four of these

scriptive notes as complete as those to be
presented far the first embryo below were
recorded

to case for & series of five additional em-

Teed

P 1t 5 to 10-somite
stages
:_:?mmﬂamlhnnmllﬂ
i, 0 select &3 mamy 10-somits
o, JomBle by ncubaden thmo
tacgy o be expected, dhis method
v o Fatally saccessfal For the last
“Mvﬂzdum,ﬂ] wtnd
'hmhm"‘hdlﬂndmndm
T s 0t e reached 10
or tion at
&‘htd operation
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Because of the frequent complete ab-
sence of the telencephalon and because of
the normal recurved position of the dien-
cephalon in relation to the rhombenceph
alem 1t would lead to confusion to attempt

Embryo no 261 (figs. 8-11 15-17 21).
Operated upon at 6 somites 33 hours of
incubatton.

moving wes covered by a nar
mal amnien, and vwas suppled by
extrp-embrvnnic veassls Tha awe —ae =
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that the prechordal substrate is solely re-

(Rawakami, 'S5 Giroud Delmas

sponsible
and Martinet, '63)

Since the telencephalon 1s  usully

strongly reduced in cyclopla it was felt

in

the present work that removal of the

telencephalon at the time the optic vesicles
are hilateralizing might result in reversal

of

bilateraltzation ar fusion of optic ved

cles to form a single median eye. St
Warynski and Fol (1883) first reported
t designed

to test the possl

an experimen!
bility of reversal of bilateralization of op-

He

primordla to form the cyclopean eye
destroyed the anterlor tip of the

They

medullary plate of 24-hour chicks with a
hot needle but were not able to produce
cyclopla. Levy ('05) in a series of experi-
ments on regulation in Triton taeniatus

Srverd hthalmic ind 1

one Y

after removal of par‘t of the forming optic
vesicles and diencephalon, along with all

of

the telencephalon Pasquini (27) ob-

talned one synophthahmic indlvidual by

fusion and 1

K. T ROGEXRS

of the developmental time during whk
cyclopla can most eaxily be caused by th
sort of operation. Further blochemic
studles on the chick over the last a
years have demanstrated that LiCl o

(Rogers '63) Furthermore they ha
shown that 1iCT inhibits protein syntbes
and probably RNA moce
neural tissue particularly the forming (
te vesicles of early somite stages, th
in precherdal substrate (Rogers, &
These results collectively support the vie
point that the neural tissue 1 inde
tmpartant in the modification of bead |
ganization that follows LIC1 treatmet
Evidence in the xame direction had of
been accumulated from several differe
kinds of experiments with amphibl
materfal (Lallter ‘52, 53 Lembard ™
Maguil, 56 59 ‘60 '81; and Ogl. 611 ¢
summarization in Rogers, "64) It wecr:
appropriate to report now in detall ©
operative results on the chick that Indkn

after 1

that difi of the neural thsue ¢t

glon of the head process in 18- to 22 hour
chicks, but he was unsble to obtain cy
clopla perfecta either by xray ot by elec

t
#, /m

rocautery
ordia had formed
failed

treatment after the eye pod
Huber (48) again
to produce cyclopta perfecta by

electrocautery  but reported “lIa peeudo-
cyclopre (displacement of the two )

It

seemed significant that in the on

the chick the methods employed produce
changes in ad)acent tixsues that are prob-
ably unfavorable for regeneragon and fu-
slon of like tissues and that eye fuatons
of other sorts have been accomplished by
utiliring a cutting tool that leaves a clean
wound surface (Born 1897 Pasquint 27
Detwiler 20 and others) In the present
work, therefore iridectomy sclssors were
employed for tissue removal

were

The primary results of the present study
in abstract some years ago

(Rogers '51) At that time the viewpolnt
that the neural tissue fs {important in de-

t

cepted  Additional operations were subses
quently done to add data on the question

be just as important as modification of 13
prechordal substrate in the disturbance *
notmal head bllaternlization In the coat
of development. N

and White Rock § X Camish &
used. Eggs were fncubated at 385°C
28to5lbounbefmaptﬂd'::‘_:1
window about § mm square

a hack saw blade on which the tredt
beeugrmmdlonummvtd#n"
line membrane was torn and lifted
from the head of the embryo whh &,
watchmakers forceps. ﬂ'%
then perfarmed with sharpencd -
acissors. Vmwm&?ﬁid\‘
head wrere tried o i Joops bt
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RESULTS
Among the first 271 operations, 12 em-
brycs vwrere produced that would be
classed as if they occurred in

£
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247

i

£]
il
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-Gl P yclop and an
additional embryo illustrating
still further reduction in hilaterality De

scriptive notes as complete as those to be

presented for the first embryo below were

recorded fram alide study for a normal 7
tal

Feed
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X. T ROCERS

not leave the vitreal surface of the retina. The mare ventral oculomotor tmescles are fv
The 1 hal, is ly repre. Ml;;mdl;:’fu;-h miﬂ.:lz degree
sented only by a emall, trregular pocket Lo Gl s mascle veatromedial to o O
from the di \; The the tnferier ©

phalic wall is thin and abnormally con-
voluted over the caudal five-eighths of the
left side The hindbrain is abn

thick walled and thick roofed in places.
Infundibulum and hypophpyxs are pre-
sent, but thers is no epiphysis.

of the head over that described for cyclo-
pean embryo no 261

Embryo no 289 (fig 18). Operated
upon at 6 or 7 somites 38 howrs of incu-
bation with a transverse cut. After seven
and ome-fourth days of total cubation
the embryo was allve and enclosed in an
ammion. Sections show a eingle arbit with
a pigmented vesicle in its center but the
ventral part of the head 1s bent slightly to
the left so that reference to the hindbrain
axis would appear to put the eye a little to
the Jeft of the midline Study of the shape
of the head and arbit, and of the cranial

!
;
!
1
i

heart although pulsating, had faed *
umeemwamzlemhe‘nm‘“”n‘f”;d
sections the cye 18 scon 1o be 3

:
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lm}:;:nbryoi 191
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no. 171 are atmilar in
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DISCUSSTON

These experiments demonstrate that it
bPOEﬂblﬂtGngucu cyclopls in early

a disturbance infdally
limited almost entirely to neurnl tissue
more specificially that at stages of 5 to 7
somites cyclopia perfecta can be produced
by removal of only the telencephalon and
1ts lateral, covering surface ectoderm No
prechordal substrats is removed {n an
operation employing a transverse cut just
npterior to the fonming optic vesicles at
these stages as can be seen from serial
sections of normal embryos. At stages of
8 to 10 somites it b increaringly
difficult to preduco cyclopla and morte

of dssue with tvo cuts, 50 a3 to
include the telencephalon and the mredinl
portion of the diencephalon the

has shown that in the chick the cye form
Ing field is etll] strongest medially up to
the atage of 8 somites but after that tms
there ts a4 medlal area that will net form
eye if isolated in choricallantole grafts At
5 to 7 somites the optic vesicles are be
mln to bflateralirs as can be seen in

K. T ROGERS

previous interpretation (Rogers 82) ¢
this indicates fusion of forming prima
should be revised and modified Witha
tional evidence it seems probable that
lﬂmulmucdugtz‘:hathce?dlyw:?&fcm
kety o tes in the period just before
dm-l.nng'ch?huuudnn of bllateralizatior
the optic printardia In this connectlo
should be painted out that in the ra
autographic work cited in the introduci

o questlon that substrate
opeg medullary plate stage in amuphl
can be the primary causé of experiment

uced oyclopla but y wih
mm removnlufthe:ﬁephbﬂ

intact embryo and in
The production of cyclopia at this time can
be Interpreted as a reversal of the normal
courso of events in the bilaterallzation of
the head Since the transverse cut iy most
successful at this tmo the reversal can
be asenbed to neural de
The cyclopean eye still behaves at least
Lﬂmnnlupmductofbﬂlmmllttdd:f

oylng mort TTC
on both omphiblan and bl
consistently argucs agalnst this latert

thalon oc on both ®

10 send its otpic fibers to the
of the brain It was not e to trace
these fibers past the chlasma region In

by centrifugation (Pasquini 42) and tel
cost fish embryos determined to cyclopia by
chemleal means (Rogers ‘52, “57b) usu-
ally have optic fibers from the fght side of
the cyclopean eyc crossing to the left side
of the dlencephaton and from the left side
of the eye to the right side of the brain
The present results make it appear that the

they o
te and neurnl tissue and that
l.xmeﬂ‘ccdrc over a considerable WWM
tme up to and including the f
sctual bilateralization of the optic

the few cascs of known et
gner 39 Landa
4 \Vrhﬂl"l Dmm‘ﬁd‘ o uprrimrmﬂ

1
bridlzatton (Mm{ﬁu‘a ‘10 “"b.s-'
Newman 17 Moulton 49 Roge?® =

I
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Most of the cyclopean emhryos in the
infundibull

scries see also Hamflton 52, p 80)
gsbury end Aldelmann (24) felt that
cyclopia the failure of the prechardal
to be removed from the midline
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the fusion of the right and left oculomotor
hranches on their way to the fused inferior
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togenesls were designated acconding o
Leblond and Clemmont ('52) *

EXPERDIENTAL RESULTS
Effect of heat on distribution frequercy
of stages of the cycle of semimiferous
epithellum  Testicular sections from am-
mals sacrificed 2. § and 26 davs afier ex

Rewults of the analrsis are summartzed in
tahle 1 In the twodav groap frequency
cfmg;;vrumﬂxmnmﬂcmmnk
althou, there was a ncrease in
stages IX to \I e
and XIIL At eight

lemAmme

HISTOLOGSC OBSEXVATIONS

Tuo days after evposnre

Spe o at
the microscopic appearance were obaen

Spermaotocytes A small mumber
pachvtene spermatocytes in stage T abon
Increased affinlty of cytoplasm for P
staln, prinosts hyns and k‘ﬁ
thexds (Bgy. 5 8 13} From starer
IV an fncreasing number of cefls »t
afecied and mbules were full of celldl
cebns (5759 13.17) “Ghostcells wi
faint PASpositlve cytoplaom and oo o
clear material were abundamt. Atstage
celtular delris disappeared but ywost s
ma-oevies shomed degenerathe chane
£, 21) Instage VI the pachytent It
matoevies were markedly decreased !

olls and brde cellalar debrls .e:
{ A bat diciding spermatocyies

topTe. fpemands 1t wrp e and reco-
W FPETRITCVTES sert (8, 57)
TARLY 3
Pecrxtnoe + ribaus x Eteret oy o eper @ swn toe cenals 7
xperaer - 43 C ¢ I3 rem
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EFFECT OF HEAT ON SPERMATOGENEISIS

ZEERFIZAL
¥l

af the germinal
to XL Most of
degenerative changes.

Six days after exposars

511

:gh:uum st stages VIII
spermstozoa showed

E]

Spermatogoni
perfectly normal
T No gb
o

Sper

B s Pr
at all stages of sperma-
Mty could

be detectsd in resting, leptotene ar zygo-

tane sSpeTMAtoCytes uxlnuﬂgpadxymm
wupmlmgum y stags IV
wasa in numbers associated

yrere t.
could be fonnd rarely in stages
IX to XI and at stages and alt

marked degenerative changes,

Spermatids On!y:fewmmzﬁrmn

tids were t n stages I to

mmymhmmpmcanumad
From stage VIO on,
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Efght days aftsr exporure

at steges VIIT

Spermatogonia. No abnormalities were

48 50)
XTI

‘were
but at stage XIV a luge
melotic AAigures

however

PP

changes
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orphological
mrpermnﬂdsnunmlmmwn-
matnl

Diakdnstic spermatocytes

normzl morphologleally (Ag. 54&
was abnormal. The second-
d por
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y of cytolysis and chroma
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tolysis (fig. 10) From stages IV to VIII,

0o normal spermatids were scen; those
pmtmfmmdhlthefannofgum
cells containing 5 to 16 spermatid nuclel
(fgx. 18 22,26) Spenmatidy, from stages
IX, appeared normal. Retention of sperma
tozoa {n the basal layers of the germinal
eplthellum at stages IX to XI was also ob-
served (fig. 48)

Twenty-ste doys after exposure

4. X. CHOWDHURY AND E. STEINBERGER

niferous tubule did not differ significanth

fram contral values (table 2)
Spermatocytes  Results of counts s

sunmarized In table 3 There was oc

pachytens spermatocytes

stages [ and IV At stage VI, the average
count was reduced from a normal of 50 15
21 cells per tubnlar cross-section. At stage

gthowm!wumd at stage VIl
of

wras irregular tubules contalning

normal numbers others only » for

spermal
genningl cell layers of tubnles in stages
IX and X1, as well as pyknosis of the sperm

It is of Interest to note that sams tubules

and Leydig cells did not show any signlfl
cant change in morphology In any of the
experimental groups.

QUANTITATIVE ANALYSIS OF THE
SEMINIFEROUS EPFITHELIUM
Two days after exposure
Spermatogonia.  The mean pumber of
spermatogonia per cross-section of a semd

XIV; secondary spermatocytes
lm;:nlﬂd! rere lbmt (figs. 83 B'I{um

in table 4 The young group rpcmuﬂi
umgmhndllmnhxm.audum
LT thetr number was considerably bekn
normal. From stage IV oo counts T
normal.
Eight days after exposure
The counts gre $U

rmoal early pachytene

stage V1 yrere within the normal rang

TARLE &

Nmbrrdrpﬂ-m:o.’lhmm

serction of  tubule
ter expoture to 43 C for 15 minutr

at varions thae tatorsld

[ ————, [ Dy atws exposere
the cyche Centrel 2 s "
- 1a2=00
i 18207 10£09 10=08
x 29210 22518  27=12 ﬂfﬂ
» X1t 30£10 zpx1z 34zl 20T
v 38t18 41=13 5213 —”
Intermediate 75:24  e#222 137
Axcd o Hieve 118234 14z17 19720
Intermedial - 10223
= 149+42 133230 1107
. 3 b r: g‘;:ﬂ 2941 223233 21813

Mers = sandard deviston of the meen,



EFFICT OF HEAT ON SPERMATOGENESIS

TARLE
Tonber of priwery epermeatocytes per
after

croes-section of
exporaTy (0 43°C for 15

ha wrche. Corrtrel

Tncing v @0 =83
s

Lepttrs x1 403 43
X

] v 490 281

1 500988
w
K

Pickmieoe v .0 +a7
o3
X
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oy Jumet Contral
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H v 1marise
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: i 1ma+150
18 Vi 1323150
u 1 1333180
b vi 1323150
bt o 1323150
—_— v 1323160
4TI 1
13
.ﬂ"ﬂmﬂd or absent in stages VI
o degpi 2 25%3 XIIL and XIV the mumber
Y and dividing spermatocytes
h{:’."% ‘The counts are presented
h:nd“ A slgatficant reduction tn nun-
6y | T8 spermatids was noted in
[N Thls was more pronounced in
"v:l{nmd spermatids wers absent in
QNE:DMVID. However in stage IX,
=l ntep @ spermatids was Dot
ihmmdmﬂbmﬂmﬁd
Cpeormal stages

3

« tubule ¢ vorioxs time ixtervals
mixwhes
Dayt eftar cxposare

2 ’ L]
427+ 43 408t 30 48.7x 4.0
484146 N5x132 473 48
511+ 8.0 424105 401+ 68
60T= 47 470% TA  503% 85
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88t 77 Blat 623 524104
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21.0+18.1 473x105 518+ 1A
aAx 72 15+ 43 848 04
352128 ufl 582+ 78
435+143 ol 603+ 9.0
o7+ 13 nfl 600 79

mal. Step were

abeent in
some tobules at stage XIV and step 16-19

m!lﬂdl vere absent from stages
th V (fgs. 7 11 16 19) Insta

I
)
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VI and VII they were absent from about
50% of tubules; in stage VIO mature
spermatids were also lacking from most
tubulea. Retentlon of tozoa yras
;gai‘z;agvidmzinnum and XI (8gs.

DISCUSBION

URY 4ND E STEINE ®

In experiments described
af adult rata were exposed to a well defined,
quantlty of heat (43 C for 18 minutes)
and sacrificed at time interyals after a sin
glo exposure. Testicular tisyue was ex

Esrlter studles concarped with the effect  amined for abnormalites,
of heat on testns were based mmdnqumﬂuﬂmvmiztwumadeol
histaloglo evalustion of testicular h In numbers of the germinal epi

th no pt to h thellum el By diagram of
in the germinal The invesd- spermatogenesis and s timing based oo
gatars oyed different amounts of heat  data of Clerment et al. (B5) was coe-
end varfous species of ore  structed to help In the analyss of the

TWO DAYS AFTER EXPOSURE TO HEAT

STAGES
OF Poon oMW v Vit VHIX X XU XU Xer
CYCLE
DURATION
(haours) 349 253 eoJrsTrrzau 828 3 208 323 m]"'
B 16 1877 18 1" T
{2 E=Xs s 7 slpion iz 131
A r =PV F R P PEFZ pomiDr
1
{observed) n m B8 B R LI B A R
AA A A A Al A A laia

A A

18 e "

L]
4
[3
A
of spermaterrRndt
ALYy Didgeem 4 shows ee0 1o
1 the tirme Latervals SOCC T e
Leptoteme primery permatecyes
lizmpxmrdmmmﬁ'm‘“
B Perimary Torrtes i dimhion
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AND X. STEINBERGER

stage XIV mihymmclpermaddlum
I are susceptible to beat, apd disapp
within 48 hours after exposure Zypote
spermatocytes at stage XIV

aboul

2 spermatids exposed
zegontmﬂymrmpllhmﬂdbemme
step 2 spermatids after 48 hours Since
step 2 ds were absent from testes

lcmor:hmd:gotmtl ology Late
step 2 spermatids also reg about 48
hours to reach step 6 and these were
present in dry 2 samples. It appears,
therefore, that speymatids in steps 1 and
early step 2 are susceptibla to heat, while
those in advanced step 2 are resistant
Since step 5 and older spermadds were
noymal in two-day it appears that
all spermatids y step 2 are
resistant to heat, or at least the effect is

spermatocytes at stages XII and
XTI and dividing spermatocytes in stage
XIV must be susceptible Calculating back
for the absent pachytepe and dividing
spermatocytes &t stages XII 10 XIV we

by heat. The absence of

dr
matocytes in stages V to ViI in the six

{ndicates that atocytes

ot and X cu

came upon spermatocytes from Jate stages
VII to first half of stage XIT C. quently
all pachytene spermatocytes between late
stage VII and early stage XIL 1nust be af
fected by heat Further analysiy of the dsta

indicates that zygotens spermatocytes at
stage YIV and pachy sper at
stages 1 and I1 are also sffected by heat.
Thus results obtained Im-zgl:na.lﬂm of the
two-dzy samples supgest t primary
spermatocytes from pachytenes at late
stage VII to dividing spermatocytes at
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aince certaln types of cells are able to con~
tinue thelr develop befare d

ating at a later stage of maturation. It fa
of interest that cells In early stages of
melosls (lepiotene ZIygotene) nre TROTe
resistant to heat than those in later stages
Earllest tigns of damage In
cells jn pre-melotic stages of division, were
d ble tn the cytopl while cells

in Interphase, like showed
earliest signs of dxmage in the nuclel. No
explanation can be offered at this time for

ﬁg}
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gE

primary spermstocytes are sensi-
tive to this amount of beat, and
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quantitative data reported here (figs. 1-3)
Cells absent ar damaged at a glven time
interval after heat exposure, were marked
in the A part of the dlagram, thelr post
tion in the cycle at the time of exposure
found by back-calculation was d d in

A. K. CHOWDIIURY AND F. STEINBERGER

stage XIV and young spermatids at st
I are susceptible to heat and disapp
within 48 hours after cxposure Zygot(
spermatocytes at stage XIV pach o
spermatocytes at stages I II and pant

as

the “B part. For example i testes ob-

talned two days after exposure (fig 1)

spermatids were absent in steps 1 and 2

and markedly decreased in steps 3 and 4

Stnce step 1 requires about 35 hours and
2 about 23 hours d

VI app d to be only partially affect
Pachytene spermatocytes at stages I
VI and spermatids fram step 2 on, app
to be heat-resistant. Analysis
obtained four days after Teve
that the same groups of cells are heat ser
tire Reductl h

to teaﬂyl.nllepld:ouldbccomalnle
stcp 2 spermatids after 48 hours Since
step 2 tids were absent from testes
obi 48 hours after exposure it could
be concluded that step 1 spermatids were
affccted by exposure to heat. Simflarly
early step 2 spermatids should develop
into late step 4 spermatids after 48 hours
but the step 4 ) atids were elther ab-
sent ot showed morphology Late
step 2 spermatids also require about 48
hours to reach step 6 and these were
present in day 2 es. It appears,
therefore that spermatids in steps 1 and
\ early step 2 are susceptible to heat, while
those In advanced step 2 are resistant.
fl.nc-: step § and older spermatids were
two-day les it

of pachy spermatocy
in stages Vil to X1 indjcute-h;th:t these 01
are partlally susceptible w! exposed
heat in stages IT and IV  Since pachyt
spenmatocytes were nhsent in stape VI
may be cancluded that pachytene sperr
tocytes in stage I are severely fnjured
heat, gradually degenerate and disapp
within four days. Furthermaore, reductd

in mumbers of pach: spermatocytes
stages umvmuufourdayumﬁf-h
cates that zygotene cs In stag
XIT and Xill are damag

by heat. The absence of pachytene sp
mnlocytesinlmplmxmvﬂlnlhedx-d
group Indicates t 'Pﬂ'mam?""
posed to heat at stages XII and XTI ¢

develop !nto rytogene and pa

normal In PP that
all spermatds carly step 2 are
resistant to heat, or at least the effect is
not manifested two days after

chytene st
> but they gradually disappy
within six days after exposureAnalysiy
the eightday sample (fig. 2) coofin
he cightday sample (g 2 e 1d

Forty-eight hours are required for primary
spermatocytes in stage XII to become early
spermatids in step 1 Since spermatids in
the entre step 1 interval were absent two
days after exposure to beat pachytene and
dlakinetic spermatocytes at stages XII and
XIIT and dividing spermatocytes In stage
XTIV must be susceptible Calculating back
for the absent pachytene and dividing
spermatocytes at stages XIH 1o XIV we
came upan Spermat from late sta

VIIto first b:!furm% C n;-

indicates that leptotene spermatocytes
stage XI are damaged by b‘“';'sdth

all pachytene spermatocytes between late
stage VII and early stage XIT must be af
fected by heat Further analysis of the data
indicates that rygotene spermatocytes at
stage XIV and pachytene spermatocytes at
stages I and II are also affected by heat.
Thus results obtalned from analysis of the
two-day samples suggest that all primary
spermatocytes from pachytenes at late
stage VII to dividing spermatocytes at

B P clusions derived from earler tt
interval groups :';:W‘l“"w
dence that pachytene '
lumvmgafiﬂl‘gtsﬁmb,;‘
since these cel op

matozoa unhuwnb‘rlbeﬂ"’mdm‘

-
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since certain types af cells are ahle to con-
timue thelr development before degener-
ating at a later stage of maturation. It is

carliest signs of damags in the nucdel, No

i

can be offered at this thoe for

lowing exposure to heat, but contlnoed nor
mal devel with ul format
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an
of spermatozoa.
Steinberger and Dixon (59) an the
basis of qualitative study of
1 tuded that
tgmn;nrlmrnnfﬂcfurlﬁmﬁmm,

produces @ specific typs of damage to
epitheltum, Limited to one rype of

cells, spermatocytes. Quantitative

data in this paper

far thefr concept of

of eHom to heat. Hovever

i 1ng 1 g:

damage to

modified. not all stages of develop-

ment of tocytes senad-

ttve to this amount of heat, and secand,

Asdell, 8. A, snd G W Salisbury 1841 The
Tate at which spermetogrnesls ocours in the
sabbit. Anat Rec, 80 1435-164
Clrmont, Y et al 193 Duwres do cyele de
Fepithelinm eeratnal du rat Arch. Anst. Mikero.
Morph. Exp, 48 37-58.
Clermont, Y and L Morgentaler 1933 Quan-
Stative stoaly of spetmategpenedls in the ky-
mt E 57 380
e
Clemoent 1551 Spermia-
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as revealed by the periodio amine) on the seminifercus aplihellom of rit.
oy ecid technique. Amer J Anst., 00 167-215. J Fertilty 3 250-253.
Mozt, Akirs 1952 Studies on al Steinberger and W 1, Dixon

matoros. L of sperms- on the effect of haat on the
materoa in the ulsr inel helfm, Fertl, sod

of the albino rat. Tohaku J Agricultural Re-  10: 674

'-rch.laés-m of the Young, W C. 1837 ?‘hﬂmm;d;'ﬁb
Stelnberger 1902 ttattve persture on guined tarthy, Zod,
tﬂbdnlm-nyhnhsumx(rdglmnnd 49, 450439

Testicular sections from control
PASWeigert hemataxylin (X 400)

PLATE 1
LIILANATION OF YIOUNES
and experimental antmale stained with
Column Ar Intsct controls
Column B Two days aftes exposare
Columm C Elght days after exposure
Columm D Twentysix days after exposnre

Aomsn nomerabs indicsts the stagn of spermatogencads.

4 Notmal cellular asoclation of germinal epithelinm et stage I of
fparmatogenesty,

& Note complets abuance of 1 c: b
shaow :h:.np:tmvf-nh éwulcew(m)
6 Ths young group of appears Iy cormal al-
though their cornt wes much below pormal.

7 The young spermatids are present; those st tep 15 of sperndogenesh
are sbeent.

8 Nowmsl cellalar assoclation of germioal epitheliam at stage I of
permatogenetis.

8 :gﬂmubmwﬁmlmdthmhkhluﬂd
olar debrix,

10 The step 2 spermatid show chromatolytic hanges
11 Note complets absence of step 16 spemnatids.

12 Normal cellular sssocluation of germinal eplthellum  t stage T of
sperm togeneals.

Eote wperm tds at step 3 show degeneration. The epennatocytes

show trpical pyknotic changes (arrow)

14 The strp 3 spermatids are  bienty pachytens spermatocyies show
brom talrtle changes

13 The trp 16 spermatid xre bernt

18 Normal cellolar assoclation of germina] epdthellom t stage [V of
spermatogenels.

17 Typical ting foemation in she step 4 spermstid (arrow)

degre-
18 The strp 4 spermatlids ars baent The spermatocytes sbow
evative changes and glant cell formathon {(arrow)

19 Strp 17 spermatids are absent,



FLATE 1

OTECT OF HEAT ON OPERMATOGENESIS
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526 ROBERT L. BRENT
('57) claimed 10 produce brain malforma
tions in the offspring of pregnant mice by
immunizing the mice with braln tissue
Barber W and Afeman ('61) udlizing
& simllar immunizing procedure did not
obtain brain malformatons but reported

caged males for 12 hours during the night
Those fenales that had been Inscminatec
wrere considered to bo zero hours and zor
days pregnant at § a.u the next mowning
After scven elght nine oc ten days o
pregnancy the pregnant rats were ancs

a high incidence of eye lesions in the
offspring of mothers immunized with
brain antigen  Both tbese provocative
studies should be extended to determine
the reason for the differences in resulta
since other similar nts have not
yielded positive ts. Steblay ('63)
falled to produce nephritis In fetal Jambs
in spite of the presence of 2 fulminating
autelmmupe nephritls in the mothers
Chandler hyle Hung and Blizzard ('62)
attempted to produce cretinism in the off
sprng of peegnant animals with experd
mentally induced autolmmune thyrofditis
They were imsuccessful even though they

thetized (sodlum nembutal 30 mg kg)
and laparotomized The number and con
ditfon of the emnbryonic sites wrre recorded
and the abdominal inclsion was closcd,
Antiserum wos infecied ot this time at
varfous dosage levels: 0125 ml 0.25 mi
0.50 ml 075 ml 10 mland 1,25 mi per
100 grams of pregnant rat. Control (non-
immunlzed) robbit serum was adminis,
tered to rats that were seven elght, nine
or ten days pregnant at dow lecls of
10ml or 2.0ml per 100 grams of prex-
nant rat. The intravencus subacutanens
and Intraperitoneal routes were utilired

rated circulating antibodics to thy
roid tissuc in the fetal and mewborn ant
mals It appears that most experimental
diseass depends on the ac

cessibility of sensitized [ymphocytes to the
j.n\ohcd tissue  Since in mont instances
be seritized lymphocyte docs noet cross
/the placenta one would not expect guto-
immune disease In the mother to be con

gh the material being presented o
this paper deals mainly with the resuits
of intraperitorreal administration Foltow
ing the administration of antscrum aher
seven cight. nine or ten days of

nancy the mothers were welighed daly
After 21 davs of preguancy the mothers
were sacrificed and the fetues were de
Livered by ccsarian section Maternal urine

sistently reflected In the fetus and blood were ohealned for n &
The first Inv in Is deal  ter The fetuscs le;:_;

ing with antsers as general teratogenic  were examined growly welghed and

apents  without lpwlgay was (n Bl {n 10~ formalln or B uins fxathe Jor

(Brent Avench and Drapiewskl 61) hid
ney anuserum was reported to be a potent
teratogenke agent which produced malfor
mations myelvng muluple organs and
systems when injected into rats cight days
David Mererer Parot and Tuch
mann Duplesst ¢ 63) repeated this work
and obtalned umilar rewults The follow
ing presentation deal  with the further
deseription and charactenzaton of this
antiscrum as a potent teratogenic agent
when administered on four scparate davs
of rat pestation

MATERIALS AND METHODS
Wistar rats utiized in this study were
obtalned from our own colony which has
been randomly inbred for the past seven
years. New Zealand rabbut were ohtained

from commercial sources f r antlbody pro-
duction. Female rats w rc mated with

dissection or histological sccthon
Antlsera were obmlmdklndllldw lf_:?:?:lz:
manncr  Male and female adult
perfused with buffered 1sotamie salftne i3
the albdominal sorta The tsstes were
homogenired In a Virtus tiese pomote
nizer and lyophillzed  The dry muxm
der s stored 2t 20 C Tber: o\
were Immunired with 200mg ©
suspended  tissue mixed with 4{:{ i
amount of Freund's adjuvant a
muscitlar injections of these

:}::i u?ufn was stored at —40 € o
enough was obtalned 10 form £ hm’(
Whale serum was wsed th h {rctiont
studics in this paper al

of this serum have alo been ¥
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ﬁﬂmmpmpuedlggmn (1) matn purpose of this report Is to describe

d@ﬂimv (2) rat gerum, (3) mt tn detafl the quantitative and qualitative
:‘}.(4 g}zmmgs eﬂeasc!thhmﬂsmmwbmugzmmﬁ

el placents, (6 tered to pregnant rats on various

X o mowde (7) fetsd akin, (8) Other 1 it

fi :gmu(mzdneumhrclmy{nz,cbmo-
ba. These mticern were elec  therapeutic agents

ﬁ’mﬂyhmmhmw blus em_)danmm;m;dulz-m

Sorm and rabbi: antrgr m”‘m’,
® mhermm . prod m,"d],m, Lethal effect of kidney antizerum on
B2 w11 previony ket nine ten-
] ly (Brent, Ay seven- ey

Draplewsid, B1) day-old embryos: (table 1)

RESULTS The resorption rate of control

f20r the whos~ mothers are
KL,y teretogenicity of heterologows  the of differentation s 8.2%

i i, TARLE 1
Riing exd Lethal effoct of rabbdt axtiretkiduey axtiarrsm axd mormal rdbit serem
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rats on the seventh elghth ninth and elght-d2y-old embryos were most sensitiv
tenth days of gestation resulted in an in  to the reurdlujgcﬁcanlldwdom
cidence of resorptions comparable to the of the antiserum (0.25 ml/100 g rat) At
contral laparotornized gntmals being re- higher doses oIl four sta that were
spectively 61 37 7.5and97%(me:1). studled had obvious retardation,
Thus neither the administration of rabbit The normal rabhit scrum, when injected
serum or the operative procedure contrib- into rats seven, eight nine and ten diys
uted to the increased resorptions produced  pregnant at the dase level of 2.0 ml/100 g
by the administration of kidney antiserum. of pregnant rat, resulted in term fetuses
Rabbit antiserum made against rat mus- of normal weight (table 1) Statistical
cle liver plagma and skin administered analysls using the t test reveaked no g
to pregnant rats after elght days of preg  nificant differcnce between the term fetal
nancy resulted in 6.2 91 0.2 and 4.0%  weights of the operativo controls and any
resarptions respectively These resorption  of the term fetal groups recelving contrdl
rates nr;s 'ﬂ% range of the two rabblt serum (table 1)
previously men control groups

On the other hand, the administration The teratogenic effect of kidmey anth
of kidney antiserum to embryos aged serum when admimlstered to

soven to ten days resulted fn an increased seven eight nine- and ten-
resorption rate which was directly related day-old embryos (tables
with the dose administered (table 1) In 2,3) (Agr 3-19)

fact an increased resorption rate was pres- The incidence of malformations in fe-
ent at &ll the stages and in all the dosa tuses whose mothers were I

groups studled except In the ten-day-old during the period of differentiation, bt
embryos given the lowest dose (0.25 ml/  who tﬁdmtrccclm kidpey antiserom, WS
100 ¢ pregnant rat) Furthermare the 17% Of the 1012 operative contrl fe-
mortallty reached 100% in the four em- tuses, 18 were malformed. Flfteen had
bryonic stages studied following the ad- ome malformation Nine of these bad
ministration of 10 mi/100 g of pregnont borderline  hydrocephalus  whick w4
rat. The doso respanse curve varled an  graded one plus or two plus on a 006>
different days of gestation vrith the efght  four scale. The incidencs of

day-old rat embryo being the most sens!  alus in our control stock s very low T;
tvo to the lethal cffects of low doses of have been observed In adults dmjﬁt

the santiscrum. past ﬁmlyc'.-m But tbcreﬁdo'gym my
Growth retarding effects of kidney n:xbo{henmﬂu.llhﬂb'mde
antisersm ulien administered observed at term It is not known 8t thit
to scven- eight nine- and time what percentage
ten-day embryos observed at term i3 truly Two
(table 1) fetuses bad umilateral thalmiz

The growth retarding kidney One fetus esch had unilateral anopthat
antigerim demonstrated ﬁ'if.:ﬁw ey nia, o rightsided nortlc arch and 8 cleft

relationship as the lethal effect te
mm Ia con mhﬁm other control h‘fﬂ Tad
trol fetuses wel 480 at term and than one malformation. T“{;;whhﬂ
the mean fetal weights of all the experi o hydrocephalic lesion assoctitet
tal to ontiserum  eye leslon, One stunted r«:nl e i
weighed significantly less (table 1) Fur ot the ovarian poslton had

trol groups that were exposed
also increased. Thus there was an inverse ?;%ago! "“’fnw,l,:bﬁ'
serum when .e\m_d;;tt. o

the lethal effect of this antserum the days pregnant (table 1
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TANLE 2
Tt oacidence of malf

the intrape tujection of rablit awthrat-iidxry whols
axtisenom tn yreguant rats 7 8 § and 10 deyy pregmant

Daes of 1™ 7100 g of

o o ono ors 1.0
Coutional ez

o - 7 1] 9 10 T s 10 T s 9 10 7

e Malformations per term Iive fotos
meon B 1 4 2 @ o 13 & 8 1 0 - — —
T o
ationy T 4 T 7 B o 10 35 a 5 0 — = =
Tret o mors
ity
mio3; 1 0 18 4 1 14 1 15 1 6 3 — 6 1
T
Etlforrned
fetmes 18 15 47 31 12 14 35 13 1 — 8 1
Tty
b 1012 @ 5 0 s 3 44 4 6 18 2 — 8 1
hreemt

17 254 856 344 140 389 7048 856 410 814 100 — 100 100

Wity

Roin

‘umdfetmumthadgln and ten-  malormations rose to 38.9% and all the
brald groups, al one fetus tn the 14 malformed fetuses had three or more
dﬂnﬁygmup malf.

Wded, in that 85.6% of the surrinig mortallty (7.5% table 1) but the
“’*’mxm malformed. doses  Incldence of crmations vas seven
“m}yw‘hammﬁw times normal (14 0% )

Witions, but aleo the severdl mal- malformations pro-
brmationy (rable 2y As of this duced by kidney antiserum differed over
$ervation 1t will be roted that 15 of 63 the four d
1 whiee mothers wero seven dars in this stady  Although certain malforma
Ft"l'ﬂ-llnwher.ng;ivun(m.:.mlof-miiel'“m tians were when antserum was
(% of rat were malformed injected tnto seven- eight nine- or ten-
$oce ot 9536, (table 9) Nooe of theso  dayeld em)
kmt-h;dm‘,mmmmﬁmdm& rrere peculiar to one ar two particolar em-
X the next higher dose of antiserum (0.50 bmmlcmiu (table 3) Of the 522 ex
X100 g of rat) the over-all tncidence of - perimental fetuses in this study 234 wero
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TARLEY 3

The spectram and incidence of malformations prodmced by the # 2 i
of rabbit antiratkidney entiserom txto rats 7 2 8 and 10 dayr preguant

Gertatiorna! ye tn days y . » "
Total live term fetuses from all dosage

groaps cn each day 116 101 144 181
Total Ure torm fetuses with one or more

malformations ] %) € 4
Per cant Hre term fetaces malformed 71 £12 424 201

o oSt
Cestatiomal sge (s dayy N » o 1
Bltus inversus totalis — a4 — —_
Ophalocele and evisceration - a3 - -
—_ 24 a3 -
MHsningocale —_ 12 - —-

b 210 158 33 —
Hrdrocephaly 450 o A15 M1
Unilateral microphthalmin L7 ol [T s
Bflateral microphthalmia 178 — 143 4
Microphthalmia and anophthatmia 78 - 18 108
Dnﬂ-unlmh!hlhh 1y 48 33 -
EBllatersl thalmia 430 917 [.22:] 4
All eye malfarmatins LYy 205 Y 48
Cleft te — 47 PY —

Fi clefts _ 24 a8 -
Jaw and tengoe malformations 280 83 13 -
17.8 13 1.8 -
Total! sortic srch anomalies 98 aso 213 »y
Right sided AA - 4 as -
Infantils coarctation 18 —_ a3 -
Wtys ioversus A-A, + infantile coarctation 58 4 - -
$itus inversus AAL - 71 us 113
AA malformations - 1;: - E‘
Dizphragmatio snamalies _;,n a4 - -t
trenal genests 30 — — -
Left renal penexis 19 1658 219 -
Blateral renal ageness n? 107 101 -
Left ovarian sganechs - 13 21 —_
Left uterine gemevis _ 23 b} -
Bilateral texticular genasds —_ - 33 -
Rightaided cryptarchidleom . — a3 -
Left-dded cryptarchidixm 78 24 ad -
Blletera) &8 131 - -
Bilsterally ears —_— 24 - -
Abeant spleen 29 o4 . ot
Syndactyly —_ — - i
Abnarmal eall - —_ _ b
Limb _ — o~ I
TRectovesical Astuls - 12 fnd
malformed, Therefore the percentages  Eye abnormallies 48 a grovp "“"ﬂ;
lsted in table 3 are based an 234 abpor m"m;ﬁmmdﬁr
mal fetuses. Only the significantly large 64 97 93 and 47% e embeyes
differences in incldence and types of mal nlne—nndund:ydﬂmﬂh ormed e was
formations can be relicd upon because of  (figs. 11 12) Severe rd-'“‘ﬂ"ldm oo
lbc;malldmoflg;lﬁ’:upofzdlmmnd the mmﬁfﬂ:“_’mﬂ“dm, 3]
te some {nteres: curring
mmmg‘ﬁbemde oG e ottvr hand microgatth
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t, malformations
The incidence and

1 antiserum to 1.35ml/100 g of
t days
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TERATOGENIC KIDNEY ANTISERUM

Es

Erdminmtly in the seven-day group pregnant. By increasing the dose of the

(g 1)

i L B
mw.w%w 2 mmwmwmmmm 1 il
E5EY srrmdprieant SRkl

i Mm il mm gt
Wmmm i mmm Rt
et | BT CH REGTEES T
B e B L s TR L TR
mphhEn, W i
sttt b el dhns
s sl
m< S i m w%ah mml mm 313
ittt Hlt i
HHRTH T M L



532 ROBERT L. BRENT

between 3 to 10 mg of protein/m! of urine.  No malformations were reparted In these
F tly marked changes wers cbserved  experiments, in spite of the fact that anth
n shape of the maternal liver at term.  serum was administered 28 eardy as the
The liver was decreased {n sfze and the ninth day of ret gestation, Pressman

cdges were blunted as If there hod been  Komgold (57) evaluated the immunologic

an acute decrease in size. Clinfcally the relattonship betreen rabbit antirat-kidney
animals were mfldly edematous and this  antibody and Seegal’s nnd‘pbtcnmht‘rm.
tras  substantiated by i th; toded that at h many of

mmnm;mmw’isd:ﬁm

of p are
rat) a ertbnddlameml ays  antibodies are eoncerned with the inter
after receiving ruption of pregnancy and the produstion
Eleven mothers out of 240 were lost In  of nephrotaxicity In 61 we d
this mapner The b pressurs was not  that kidoey antiserum, labeled with radio-

vestigators have reported that this and  placenta (Brent, Averich and Drapiewshd,
serum produces o syndrome of hyperten-  '81) Uniniﬁuotwmt antbody tech
slve nephrosis-nephritis It ta also well njques Steblay (81 '62 and '63) demon-
known that alterations in cholesterol me-  strated that anti-placental serum localizes
tabolism and amine acld excreton oceuf in the glomernlar basement membrane,
in this type of experimental nephrosis. tubules, copillaries and the medis and

Thus, the maternal envir affered 1tis of the arteries of the iney
0 the experimental fetuses {s contdderably He alse moduced an k

different fram that of & normal pregnancy  rids fn sheep with pl -

gen yet the kidneyy of the fetus were not

DIFCUSSION affected during the pregnancy of diing

The experimental results Jeave no doubt the nursng period. This az al
to the togenicity of Kidney nephritls was scvere enough to be fatal ©@
/mmmgnmtmh;mmmtge m,mm%uqsmmdmfm
" preliminary results with placental antl onset (Steblay sapport
sorom Indicate that Xt is alea a potent  Thus there is ample evidence to
teratogenic agent Since both these antl
scra have had wide use in the past and  sern have antibodies m"’”"w;,"ﬁ‘;,h
have been used in pregnant antmals it their pathological m&"nhﬂm\up
i3 interesting that 2 teratogenic effect had mym‘”'ﬂ""&qmm
Dot been reported previously In 40 Seegal  demonstrated of teratonen
Loeb and co-workers began an interesting  tal antisera the mechantsm

43) In later years switched spectes  antiscrumt
and utllized dog placlel:?; (Bevans Scegal 1 Blockemicel or Phl‘iugg"m’]:m
and Kaplan 35 Scegal Hansson Gaynor toos in the mateal organien 0 5
and Rotbenberg 'S5 McCaughmey 35) interest (hat malformations %60 Py
Thetr findings Indicated that both ot  when hidney anthetn B0 20 ) Py
Lideey and and-placental serum could in- rats seven and dfn;cndyl:ve (o the e
duce an identical form of chronic neph- hﬂﬂf”dq"“[“’wm It one ooty
sitls. When this antiserum was injected m&gm’:ﬂm&ydd zﬁ;mbm i

duced mimiching the clinical syndrome :;el’-":!"‘”’“’" ‘hmd’"f;d b,-iu antherum
il the em! be

Increascd, as evideneed by resorptiont or Pﬂ“’“:md il This in fact could

tfilbirthy d:pendlngmthcdnwfl\nin): 113 ud‘u‘wrﬂi‘rﬂ(mlubdkw
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Besldes not knowing the sits of action
of the tera serum, that is the
maternal

(HD 830)

The author was ably assisted by M. C.
Coyle Misses J Garaguso R. Matsumoto
and J Mymnndhlm}l.ﬁ:g:ﬂmd
J Hefton. Appreciation is to
M. E Ward for 1yping the manuoscript.

Med, 102, 897
Brent, A L, E Avekh and V. A Draplemk!
1061 3 ot

antdeers.

Sxing tisoe antibodbes. L
Proc. $oc. Exp. Biol Med, 108 &13-636
Chandier . W AL A. Kyle, ¥ _Hung and R M.
Blirard 1062 Esperimentally indoced soio-
fomaniration disese of the thyyold I The
fallare of traneplecental trsmefer of antidby-
g:l-nm.nmmmm



lens antiserom
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course of the diseast resul Injectios
of rabbit o s
dog-kidney J Exp Med, 102 793
Seeral, B C. and E N 1940 Fffect of
anttp srum ondere ot e
fetrs in the pregnant mi Proc. foc-

placenta J Exp. Med, 84 211
Statlay B W 1961 Closcly relaied antiproe s
and Kdney N tore (Londm),
192 12551281
962 tion fn homam kidorr o
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PLATE 2
EXFLANATION OF FIOUALS

Severe encephalocele i berm fetus that recefred kidney antiscernim
when eight dayv old

A small encephalocele (arrow) and abweoco of the external ar in
term Ietn npo«d to kidney antiserum when cight days 1d {see
control fig. 10

tncep!ulntch,hddchn-ndhﬂmol[udan-mldndap
ment of tbe processes In  term [etus exposed to Kidoey
antisernm when eight days ald.

Normsl term fet s with the okin di sccted aw 7 from the ¢
pormal externe) ear and  normsl lower Jaw

Anophthalmia and bence of the Jower | w in & tevm fetus exposed
kidrey antiarumse when seven ¢ ya old (see coutral fg. 10)

Anophdu]mhmd beence of the external ear in  term et ex
posed o placental antiserum when eight days okd
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Mdehyde-fuchsm Pomtive Matenal in Braun of
Squrrel Monkey (Saumri sciureus)

GEORGE F CRESWELL, DONALD J REIS awp PAUL D. MucLEAN

Section ou Limlic and A hevior L yof
National Institute of Mentul Health, National Institutes of Health,
Bethes Maryland

ABSTRACT  In the squirrd monkey nerve cells in cartatn aress of the brain are
by abundant granukes which stein inteosely with aldehydofochsin bat

salstion, are formd in the Lateral and candal nncleas rrpbes
veinila. Less beavily granolated cells clesified as Type C distinguish antire
Iacens pubthalemicns, and are promtoent {o rostral mid-
Ime thalemges, and avea CA2 of the Toetral Cells of these corresponding
t7pe1 end distziiaction are ot acen In the of cet, rat and mouse.

The cxssbellum andd pines] body contain which stainy with
shiehyde-fuchebn bet not chromium hemataxyin.

The gracules of the nerve calls stain with PAS fuden black B, and oft red O
-Iw‘fh:&nlhvhxﬁ and liptd

ot pro o

faraoptic

l}ddtﬁr_hin ond chromiom bematoxylin
both wtains s also found tn the gix of the
and  Jocus

outcome
10 cells were found which stained both  Loen (
ence
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-dehyde-fuchsin Pomtive Matendal 1n Braan of
[smrtel Monkey (Sazmuri sciureus)

GEORGE. ¥ CRESWELL, DONALD J REIS AMD PAUL D, MucLEAN
mnmlmml‘bﬂmhw l‘borm-'afN'm;rrbhr'
Nﬂh-llmofltmlﬂ-lﬁ,h'wlumﬂfﬂ

Betherda, Maryland

mﬁm.mmmh&.hmummhmhm noctens raphes

vestrall, Ln-h-vuy:;mm«.dmmdm..duwcmtmhm-
h-":'l’th!-ﬂ'-ﬂi:ln. Frominent in mocleus rostral
Slerne, end arme CAS of (e roatesl Calls of these

n Materi) ( about 700 g Its brain s com, in

49) in the size to that of the cet. The stereotaxic
b, was negative in #0 far  brain atlas prepared by and Alac
o ells were found which both  Lean (‘63) served as on anatomical refer
':i% and aldehyde-  ence for this study  Afaterial was obtained
by part of B from four males nd ons femalo of adule
‘irgh]. cells were undetermined g ‘our antmals
h.dm“w"mmme were perfused with Bowtngs fluld, afer
(2ed tntergety with aldenyds-fochsin which the brains were dehydrated, tm-
hmwmw dre.  bedded in paraffin, 2t 8w
I8 o 11 o e o eiors the € Throughout the part of thres of
“%mxmumﬂnmmmsﬂ these braine raloed u:

%ﬁr
§
¢
1

aldehyde-fuchsin positive (
f?;ln ﬂ"""“midﬁufyl frozen sections wers cut at 20 . Complete
ttempt
::hl natare | Findings 'ﬂé“d::nd': T T e, BT w e ot
L 3

r
F 8
:

L






“ychain Positive Material in Brain of
' Monkey (Saimin scrureus)
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n, Artefsct nAB.AmmelN-de,thld
B Bawsl Nocleos (amygdala) Porthon_(amygdals)
Co Cortical Nuclens (amygdala) N4 Nocleus of Trochlear Nerre
IC, Internal Capeula 8T
PLATE 1

«

Mnn&m(lﬂl)lndlhcmpﬂnlndmdﬂn(l) 160 %.

Medial basal nocleus of the amyrdala stained with Badsn
Noclen triangulerie. In nﬂﬂdonmmml.mmlum
found in cells and in Intarstitial tisene. 400 X

Sobfornical organ. In this case thers was besvy accumulation of
AFP material in the interstitlal spaces. 400 X.



GOTLES I BQUIRREL MONKEY RRAIN
Goy T Comordll, Dwwald 5. Bole and Paul [ Maclaum
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2, Artefact MAB, Accewsory Basal Nocleon, Medial
B Basal Notleus (amygdals) Fortion (amygdals)
Ca, Cartital Nocleus (amygdala) N4 Nucleos of Trochiear Nerre
IC, Internal Capsuls ST Stria Terminails
FLATE 1

IXFLANATION OF YTOURLS

ALl sections are stained with aldehydefochsin unless otherwise
indlcated.

1 mfmlhlmn\hhlnnﬂundmhmlh(ﬂ) }
portions of the medlal baral nockone (MAB) and
nnclm((:o) It {s in thiy ares g the stre terminalls that

granulation is beaviest. s-artefact 160 X

2 A Trpe A ccll from smygdals showing a single compact mass of
pramules. 1,100 X

3 A Type C cell from the thowing 4
of granuler 1,100 X

4 vaudpbnmphrrm.-:am umndlllanwtnl

emmtrast bstwesn the acceusry

wm(lmﬂ)mwmhmm) 160 .

8§ Medial accessory baral moclens of the smygdala stalned with Sodsn
blsck B. 1,100 X

6 Nocleus septalls trianguleris, ddition to peuroms, gramules are

fumdl.n;lhuﬂllndlnlm:nddllm 400 %

7 Subformical organ. In this came there was heavy sccummubation of
AFP material tn the interstitlal spacer. 400 X
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WATER FUNCTIOWING IX RYSFIRATION

Iobules of the lung

In 39
pipettes were in-

Cat (Felis domestica, Brss)

capillary
satcdmmﬂ:elunpafm&hﬂzedun—
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During the pedod 29 6 53';—6x21;7
many experiments were made by Remy’s
reduced methylene blue method in search
of evidence of flufd In the terminal bron-
chicles of the cat. of these

ROBEXT JAMES TERRY

drawn Through a small bole made
tery tn wall of cephalic end
Hgbt]ung dxmoudlmdpz‘pmn

th paraffine il

nrept gently over n.:rfw:cs _away fm
the On wi

colurmm of clear fluld.
There were 127 experiments on Mam-
malla recorded

Reptilia
Turtles Cumberland la'npln (P:eudo-
emys elegans  Wled) painted
(Chrysemys marginata  Agassiz) Tl:c
anatomy of the turtles Jung and its rela-
tons 1o other viscern made Intubation

I they we
found to contain clear fluld. This exper
memiudredx‘orevidmeeoflm-n(ﬁdd‘
a turtle that was pithed — no anestbet!

4 4 51 Chryscrnys marginata, Femal
Urethane 368 cm into right thigh 915
A3t A plece 2 X 4 cm sawed out of mb

Jmpossible and other hods were de-
vised Two approaches were selected
(2) removal of the plastron and (b)
trephining the carapace.

In the fint tests ("30-33) the plastron
was removed under anesthexia and the
hmgs cxposed An opening vras made by
U and {ts
lmern.ﬂ turfnce amy from tho opening

s inspected. It was found to be wet
nnd clear fluld could be collected by touch
ing it with caplllary plpeuzs. Search for
parasnites (mutine in theso cxperiments)
viclded none ch to the Iungs by
tron is recorded for

Frequently employed was the method of
exposing the Jungs through openings made
tn the carapace Two square opcnlng!
2 by 2 cm were made tn the
or the carapace located 15 to 2 cm dgh!
nndkllo!thcmldlme 2 lrtle dissection

1 pulmona Y tssues led the
umzs rough a cireular made
in the lung by electroca mnnomhmd
capllary plpettes srere introduced to make
contact with the walls of the vestibule
and with the septa between the sinuses
at a distance from the aperturc of en

A protoced of an
experiment by each of the two methods
follows,

11 233 Cl rysemyy merginata Spinal
cord plthed at atlanio-oceipltal foint Plas-
tron removed  Sharp pipetres primed with
paraffine oll were tneerted into the caudal
end of the Jeft m~ Clear fiidd with

1.0 mow; bubbl

(Amydf:rnu ::lflubd m;ﬁ

D:udln) Tbeoul:r

lung is very thick mmpo’cdnubo
much connective tissue and smooth mat

de conditions that made tappinz »it

pipettes difficult and necessitated the us

of 3 techniques.

Qgc?‘]ﬂ Alligator  missfssippicusli
Welght 160y Nembutal 01em loinl
abd., 10512 Aar 10 20 mlml;f
board body cavity don:]'
gitudinal fncfsion  right side and Jon
exposed mullholem:dalnlun:tr

ectro-caut. 10:30 touched ypurosd 3
:lpou cr;mm this hole with elgh
smoothrend pipettes  Each pipette was b
hmg 30 on removal end

with vaseline "
at 11 00 A31  heart way beating throu!
out breathing -u;)n Cammuo{ plpetict
were recorded gs {

i3
m 45 mm; bt
oo v 20mn by
P no. 3 lear fuid SOmmi e
Fip e 4 choer Gubd 13mm s
Fip o, 5 e r flud ofmri oW
Pip. na, 6 lear Bald som=
Pip. pe. 7 Dothl €

Pip o B mothlos o
There were WCTCD experiments
Alligator



WATER FUNCTIONING IN RESTIRATION

Hormed toad (Phrymosoma commutum,
trim) Only three Hving specimens of
by desert inhabiting repdie wers ob-

563

entering the lung. The dlstal enteringend
of this sheath-tube wos smocthed and its
lumen closed by a very thin celloldin dis-
phragm.

In performing the ment on o My
ing frog the sheath-tube with a pipetic
mMmiiuMundmnchydw

th was pushed through
e cannula and Jnto tho central cavity
of the lung. The pipette was then thruat
through the dlaphragm and hoyond about
1 o7 when contact of Hts Hp with tha frec
Tamrging of scptn was sought by maving
sbewh-tube genty In all directionn
Speration was continucd for not more
Balf a minute  The smootls polat of
¥ipette came Into contact with nothing
fm'hﬂ celloidin dlaphragm until ¢ wan
In the central cavity of the lung. Tim
cosat method was carded out aue
dum,uuifh‘ 38 _experimenta on bullfrape
yrirch 30 und results werc cow

Y Posltive that {4 clear ffukl wax

18 51

Rana catepty

RS I0rTbund w na  This {rox
TOETLY way nud:, u"“l‘ {rinbatton experd
Peftes noa (1) g, (l‘t Cantenta of

TEEEE

eclumn dear fiugg ' ((2) 0 (3) 1mm
20 4 ()0 (G) hubhle
53. Rexa cpfy 0. (8), 1

85 oy n na Ancatletie
Prone on Arrhmal 0 thigh 0 00AM
Dane. i

D50 Teapiratfons
canmuls fn cnizeg 310:00  Inwrt
L ouidiy 3170 15 and

&g
£

Eég
3
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5
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On March € 9 16 45 three
ments were undertaken to learn som
more of the movement of the lungs and

preparation, a bullfrog
ray upon a meshed-wire frame
and 1 cm of lipoidol was injected via the
rima glottidls into the lungs. Observing
that the heart action and
bresthing wrere end rate unaf
fected it was clearly shown (a) that
the lungs expanded in inspira-
tion and (b) that the sinuses
approximately one-quarter of their dlam-
eters both dimensions retracting on ex
plration.

Parasites within the cavity of the frogs

parasites were active and moved about n
a o bu?lilm :mnﬂng aof fluld filled
i es. g3 were spparently
healthy no thickening of sinus-walls or
presence of congested blood-vessels were
observed. Dr Alfred Lucas idendfied the
flukes as Hematotelechus medioplenus
/ In the period May 51 to February 52
a series of s (started In St
Louls) was made with bullfrog tadpoles
to learn whether water was t in
their lunps when they came to surface
11 551 Living tadpoles 7-8 cm long
were put in a bond containing 1 400 cm of
tap-water  They swam about, rose to
the surface at tervals of 3 to 4 min-
utes Ope was transferred to a second
bow! for a control. Lamp black, 2.5¢
was muxed with the water in the first bowl.
From this tadpoles were removed an May
12th 14th 15th 16¢th and sacrificed fixed
in 107 formalin cut {n serfal tranmsverse
sections 10w through lungs in situ and
stalned with hematoxylin and cosin  The
control animal was by the same
technique.  Study of these sections was
begun In the Department of Anatomy
Harvard Medical Schoot (31 7 61) on the
invitation of Professor George Wislockl
On his suggeston another series of sec
tions was cut from the same specimen
and stalned with Mayers paracarmine
Under the microscope there were many
particles visible tn the tssues and cavitics

ROBERT JAMES TERRY

of the Jung, same large some small, with

rough trregular were

hlack granules in

lung Whb high magnmfication these gran-

ules appeared
ty

colared fluid
Prussian blue lm‘lkdto; T:;"P“’“"“
fmmersed In a 15 solution
ferrocyantde for varying periods. Sought
fldd in lung by capfllary

fuld was withdrawn from the alr 92
the I
 Stedpipy_(Necturus e
finesque) Eleven of otk
nibranch were obtalned four W™
bund and discarded. The the same 10
tn exploring the Tungy was the B
lm(ll!
the seven spec the wrnﬁgcm
ventrally and the paired.

tapped with c3pllAT L0
The first experiment, May & 33 7
a female rvmltdbolh'::z;:dmﬁﬂlnt
Tapping the Tisht W rvC L putd

with a coll
T a irie biood 4 cm bigh tbe hme ™2t

H

i



WATER YUNCTIONING IN EESPIRATION

£led with finid. Fram the left lung were
short columny of clear fuid,

2
7

There were 149 experiments on Am-
pibians made in the present study exclo-
v of the many tapping experiments
62t were performed.

by
Remrd (clted by Duval, 1875) Sehrwaid
gﬁegjg‘h ('00) Kbdppen (21) Lu-

Winternttz and Smith 8)
Voezhoft (ﬂl)( Colosl (27 “28a, b(::lw)

scribed

('80) found the rate of oxygen transpart
enhanced by diffusion through water and
M of b Tob tecul

which may carry over more than efght
times a3 much axygen as in straight dif

the s &re

Trded by M (18) Sewell
(18-19) Cappell (23 29) Mitosts of
Ols within the alveolus i cited by See-
B0 (31) and by others. Lile-
¥Tnd and Sahlstedt ('24) found nearly
saturstion of drtnmz::;

the
The cats lung Is pervaded throughout
&!h muscle. It is suggested that

Jrence f amalodc fiuid 1 the kg st oxypen i the alveoll tuat faciltates
op, found by Wislocki ('21) g)m:; -vl,i_-ﬁ:n e
Snyder and Rosenfeld (3 curve

5""’)tr(-u 49) MacDougall and Heg ts of the tharacic wall
BT (43) found water in the cloacal res- showed a pause in tnspiration lasting but
Mu{hﬂxmzdngumk& Bord and fraction of a secand before continuing
%(W)wﬂmlﬂwﬂ 1ts course Phenomenon was first
1t between the weight of the fresh and in n1y expertments on the white
el B o wa? laogn and seasonly 13t and has since been poted tn sevenal
Tt S e 39 Ty s eocehond Tt the 0
o A

e Lo, Opars (20) Lo R0 i bt o pa e . iy
a0y mammals. Baldsberger (21) de closcs; that in this frocdon of & second,
*ribed ymooth muscle surrovnding a phenam-
Mritory bromchicles. Mscklin (22) de- €053 suggesive of the dew-point, occurs
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in the alveclus, and that molecules of
in watery solution enter the blood

experimen!
fomd thot strata of clear fluld, bubbl

ROBENT JAMES TERRY

ment of thelr
Terrestrial

mdemgxymm led the pi
that had made contact with the walls of
both vestibule and stnus of the lung. All
experiments gave gpe, were made an an

The habitat of Skren Is the

the T C mar
ginata pithed ylelded clear fuid in six
pipettes.

In tapping the lungs of the alligator
many pipettes withdrew short columns of
clear fluid o o o1
by babbles.

The Iungs of the desertinhabliing liz
ard Phrymosoma cormutem ylelded col
wmns of clear and flocculent fald.

On the resplratary surfaces of the lungs
of the adult frog a thin stratum of
fiutd was demonstrated by scveral meth-
ods. Intubation overcame the chance of
contamination by blood and gave convine
Ing evidence of wet fory wurt
In breathing. the frogs lung moves 2ces

#d on expanding in fnspiration th:'Phd

dses expand about one quarter of thetr
Uameters both dimensions retracting in
txpiration  During the experiments on
moribund and dead frogs very liule fluid
or none at all pppeared in the plipettes on
therr writhdrawal from the hmg  negative
evidence supparting the claim of a
Ph!‘};glog]u] conditon. mal

exEdmenu on tadpoles ylelded
evidence that wnth the clonng of the gl
clefts the lungs became filled with water

this source exygen mav enter the blood
in the pulmenary circulation. A later state
in the respiratory etolution s indicated
by the wdpole repeated risings to the
surface the head entening the atmosphere

Whereas flud was found in the saclike
lungs of Necturus the extreme differences
in the call for ) jon that
the limited material examined thus far
cannot supply

The respiration of fishes and the myriad
aquatic lovertebrates is dependent upon
the oxygen dissolved in the seas lakes and
dvers. Inter-t1dal imvertebrates and Jand
tavading fishes maintain a wet enviroo-

wud
hes of Necturus the depths of laket
and streams. Oxygen i "
tons in the Jungs of

IcuntinmddmmﬁcmrruamhhSL
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much indebted to Profasl:
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Pathways of Intestinal Lymph Drainage in Normal
Sheep and in Sheep Following Thoracic
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thoracke duct and a mesenteric Iymphatic
of 15 sheep. Five-tenth militliter of a solu
tion of *]labeled albumin (The Radio-
chemtcal

wag
nula with 0.5 ml of a solutlon of Evans
Blue. The radicactivicy in thoracic duct
Iymph collected during the pext hour was
measured and then compared with the
total amount initdally infected. The sheep
wrere intained under b during
this procedure. All radioactvity measure-
ments were made by GM counting.
Dralnage of intestinal lympl after tho-
racic duct occclusion Nlpe of the sheep

Y

ph indleating that functioning lym-
phatlc venous connectlons were not pres-
cnt along the route of the intestinal lymph.
The thoradic duct cannulae were then ded
off At the same tim. the mesenteric can-
nula was removed and the lymphatic If
gated cxcept in one sheep (sheep A) In
which the mesenteric cannula was left in

pace

After 0-13 days three of these sheep
were anesthetized and 0 5ml 1labeled
1 was Inj d into & lated

TREVOR IEATH

the efferent lymphatic. The sheep was not
anesthetized during urpﬂ:wm.

phatk was perk
odicelly recorded on non-screen Slm (Ko
d!r:xKodzk)withou!lheuwdngrﬂ.
observe the changes In
lymph node structure following thorack
c{’;toedudon the ducts of three sbeep
were ligated and scven days later mesen:
terfc renal and hepatic lymph nodes mere
removed. The nodes were fixed io 10
aqueous acrodein (Luft ‘59)nndmbc¢\dfd
in palyethyleno glyco! disterate (Skman
Mottla and Feder '01) Sectons were
stained with hematoxylin and eosin
In one sheep in W tbe thorack duet
had been occluded stx weeks previowly &
lutton of latex was in nto & me*

mesenteric lymphauc At intercals up o
10 min thercafter hlood samples were col
lected (rom efther the caudal vens cava ot
the jugular veln and from veins draining
Iymph nodes in the abdomen Thesc ex
periments were performed to sce whether
folloning thorack duct occluston  evi
dence could be obtained that protelns from
tatestinal lymph could pass to the blood
within lymph nodes

In sheep A 05 ml *[Jabeled albumin
was injected into the indrwelling mesen
teric lymphatic cannula on each of five
successive days alter the tharacic duct was
occluded The levels of radloactivity in
samples of jugular vein blood wrere meas-
ured at acrial intenvals up to an hour after
each injection Before cach injection of
labeled albumin, sd fonct!

q g of
the indwelling canula was checked radlo-
loglcally with an image Intensifier (sce
below) by observing that contrast medium
in}ected Into the canula flowned freely into

phatic and the distribution of

enteric ]
obsen ed
ood vescls

Jatex in fymph and bl

had been used as &
dlum, Zle distribution of mercury was o
served at autopsy
Surgtcal technigees

The technique of Lascelles a
(61) was uscd elther 10 figate otl
nulate the thoracke duct at ibe leve
pinth thoracie vertebra To fnject i
into a mesenteric l:lnpb:nc au]mr'-fﬂ T

node was ‘w‘]'

mﬂh&l l5cmhnxinmtﬂ;b(mldﬂm¢
regloo. In contrast 1o thelr i)
about 5tm

many other these
result
(. 1) As 2 o

nd Morrit
10 €3N
of the

are sttuated m!l;hcc mesentery

from the Intes )
¢ Iymph from these

rgr:lf:h aﬂgﬂuwlr fong .egmtﬂxdzf m

phatke before reaching the uwr':

Aa the efferent hymphatics pas
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When ®J-labeled albumin was injected
into a mesenterie Iymmphatle of sheep A
tmmediately after its thorecic duct was

hrded Hosctivity app d in the
hlood very slomly (fig 2) When the ex-
pedment was repeated on this aheep on
each of the next two days, the results

the level of radicectivity in the hlood in-
more tng
that a mare direct pa 'or the drain-

of intestinal lymph in the tho-
racte duct.  After ™[labeled albumin was
m
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sheep nutopsied eight days after thoracie
duct occlusion, 2 small amount of clotted

sponded in positian to the radiotranslucent
area observed radiologically It seemed
lkely that, during the first few days after
the thoracle duct was laded, Iymph
escaped through the walls of the dilated
duct and becamte encapsulated. At su-
topsy hovwever there was no &ign of con-
dnuing extravasation.

In two sheep in which radiological evi

f mercury
froen the oradic duck v the bermtszygon

TREVOR HNEATH

hemwarygen veem
i
Flg 3 Sketch of a Iymphatkcyrnoss conoee
thon in  sheep, abx weeks after thorscic duct
the thorscic

vein four and seven weeks after thorucic
duct occlusion mmmm t In the
vein at autopsy the first
ﬁmmry was also found in a small
vessel jaining the thoracke duct to the
hemilarygos veln about 10 cm cranial to
the dlaphragm. In this sheep
was also found in a small vessel whic
extended from the thoracte duct to the
caudal medlastinal lymph node In the
sccond sheep mercury was found fn a
small vessel which emerged from the tho-
racic duct just caudal to the site of occlu
sion and under the fibrous capsule
of a lymph node ad}acent to the hemt
azygos veln Because of difficultes {n

"

duct and the hemiaryros vein war demaortted
aftar the thoracle duct was Alled whi lswer

lymphatics to enter the bloodstream in the
abdomen or caudal thorax. If connections
between intestinal lymphatics and veins
were present in  these animals ther
were closed and nonfunctional dariog the
period of anestbesta. Threcfoot, Kent and
Hatchett ('63) suggested that Iymphatc
verrous may be under auto-
nemie control and may open when the
Lnun]ymph:ﬂcpmcmdqnuﬁbl
level If this process occurs In sheep ft 1
likely that any existing connections woold

disscction however it was not possible to
be sure whether the mercury which had
entered the vein had passed along this
vessel  Anocther sheep was anesth

have opened when the Lulrm

pe

the thoracte duct However when the
abdaminal

thoracic duct was occluded, tho
1 Fa s ned dilated for several

six wecks after thoracic duct 1
and latex was mjected through a mesen
teric lymph cannula  The sheep was Lilled
and the area of the thoracle duct
dissected after fixation in formolsaline
Latex was found filung both the thorack
doct and a small vessel joining the tho-
ractc duct to the h vein just
cranial to the dhphnm) A small
amount of latex wa also found in the
veln
DISCLSSION
In almost all cases in which labeled

days indicating that drainage of lympb
the bloodstream was severely tmpaired. In
addidon immediately after the Mk’g
duct was occluded transfer of hb‘m!

ein from the intestinal Jymph to
vras slow It ks probable thit

loodstream
the transfer which took place at this tme

eln was infected {nto a mesenterie
r;‘:ph:l:tc In normal }
the

tng that

red ah
protein was recovered qu.muuuxry
in the theracle duct Iymph Ind
prot.in was not Jeaving the intestinal

from occluded Jymphatics.
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In pormal lymph nodes of dogs the
of

of and cells from
ph to blood s negligible (Mayerson,
al, 62 and Blalock,
") Stmon, Hand and Miller

573

suggested that some of the fat which was
absarbed into the lymph may have entered
the blood through alternate pathways and

3 coll The evid 1

in this paper however indicates that all,
ar very nearly all, of the Iymph from the
intestines of sheep is collected fram =2
freely flowing cannula in the thoracic
duct. It is posgible that if this cannula

!

(Lee 22 Blalock, Robinson, Cum-
and Gray ’37) In the expel-
described
dila

?

in the present paper

i

lymph along efferent lymphatics
g hllrl‘d.llli renal and Jumbar
was demonstrated by radiclogical
and the examination of efferent

noda] blood mdiated transfer of intestinal
ph protem to the blood within
these nodes  With the methods used, bow
it was not possible to identify a
route within the lymph nodes by which
hymph could reach the blood.

These pathvrays of lymph drainage were
replaced later by direct connections be-

g

i

- of H ﬁwpn‘dnoxﬂl

the experiments of Heath &
absorption of fat In sbeep
absorhed

&
E]
g
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sheep autopaied eight days after thoracte
duct occlusion, a small amount of clotted
lymph enclosed by = fibrous tissue capsule
vas found surrounding the thoraclc duct
caudal to the obstruction. This corre-
spanded in position to the radiotranslucent
area observed radiologically It seemed
likely that, during the first few days after
the thoracke duct was occluded )
escaped through the walls of the diated
duct and became encapsulated. At ao-
topsy hosever there was no sign of con-
tinuing extravasation.

In two sheep In which mdlological evl
dence su ted the passnge of mercury
from the thoracle duct to 03

TREVOR MEATI

trmph
occhuded

bemmarygos ven

vein four and scven weeks after lbomgdc
duct occluslon mercury vwas present in the
hemiazygos veln at autopsy In the first
sheep mercury was also found in a small
vessel Joining the thoraclc duct to the
hemtazygos vein asbout 10 ¢m crantal to
the diaphragm In this sheep mercury
was also found In a mmall vessel which
extended from the thoracie duct to the
)c:udal medlastinal lymph node In the
second sheep mercury was found in a
" small vessel which from the tho-
racic doct just caudal to the site of occlu-
slon and passed under the fibrous capsule
of a {ymph node adjacent to the hemi
axyges vein  Because of difficultles (n
disseetlon however 1t was not possible to
be sure whether the mercury which had
cntered the vemn had passed along this
vessel  Another shecp was anestbetized

duct and the hemixrrgos vein
dlerlholhmdtdmmﬂr:;ruhhn
Iymphatics to enter the bloodstream in the
abdomen or caudal therax, If

were present In  these
were closed and nonfunctional during the
perod of anesthesta. Threefoot Kent ad
Harchett ('83) suggested that hyophatle
venous connectiony may be under auto-
nomifc control and may open when the
intralymphatic pressure exceeds & criticdl
fevel If this process occurs in sheep It K
likely that any existing connectloms would
have opened when the intraiymphatc
pressure increased following Ufhﬂf u:

six weeks after th duct 1
and latex was wmnpected through a mesen
teric lymph cannula  The sheep was hilled

Iymph

days Indicating that dratnage of I L

the bloodstream was severely Impalred: I8
T + & iy after the \eracie

and the arca of the th duct
dissected after fixation in formol-saline
Latex was found filling both the thoracie
duct and a small seasel joining tho tho-
racte duct to the hemlarygos sein just
cranlal to the dlaphragm (fig 3) A small
amount of latex was also found in the
veln.
DISCLSSION

In almost all cases in which labeled

pratein was tnfected nto a mesentere

duct was occluded transfer of 1—""[‘;’
E-m(dn from the intestinal lymph 0
J

oodstream was slovw It 1s probable tha
the transfer which took pl:;::e :t'::l;sg
represented  protein which ex
through the walls of the dilated bym
phaties and was returned 1o the Tl
tlon by the right lymph duct {Yolley ;
Courtice 56) Although under nl;:'m:‘
conditlons the main lnnp;h;dc'(\\g* s

v

tmpermeable to large gfr: AN yrrson

Irmphatke in pormal d shee,
ein was recovered quanttatively

F MeRee Le!
%2) Courtice and Steinbeck (S1) Be
d that proteln can extd 3

prot
in the thorack duct lymph | 2 that
protdn was not ,L‘:Iﬁngqlbc intestinal

from occluded Jymphatics.
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