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The Morphology of Tylotrich Follicles in the

Skin of the Rabbit

WILLIAM E.
Department

Although seseral types of encapsulated
perve endings have been described in the
glabrous slin of mammals (cf Weddell
et al '55) eimilar structures are appar
ently not present In mammallan skin ¢on-

g hairs. Sensory innervation of
balry siin {s primarily made up of naked
nerve =ndings terminating in the dermis
lndh:lh'fomc_lﬂ. AL hatr follicles there-
fore are effective tactile units but some
such as the well known vibrissa follicles
:huwnhl;;hdtmea{:dnpuumforwn-

sory §)

ancther type of halr follicle that contalns
highly speciallzed sensory and erectile tis-
sues (fig 1) These large follicles which
were p'rcu.m!narﬂy Strafle
(88) ‘mre 1 throueh

STRAILE
of Zoology Birkbech College Usl eriity [ Lowdow F glend

study A total of 60 quiescent and 36 grow
ing tylotrich follkles were removed from
(he skin of these animals, For the study
of general histological detail, the tylomch

follicles with some surrounding tissue were
mﬂatex processed and serially sec

¢ following techniques van
Gieson s plero-acid fuchsin stain with alum
hematoxylin Ehrichs hematoxylin with

ydra
strating nerve endlags (¢f Conn and Dar
row  46)
OBSERVATIONS AND COMMENTS
Exrept rm— l.be twro highly specialized re-
d below (

the annular com-

the skin of hhﬂ single follicles lp-

plex and the Haarscheihe with its assocl

pearing at Intervals of
to 1 cm In adult animals. Tbelrrmfrlo-
trich follicle §s suggested for this tactile

o
uml observations indicate that tylo-
present in the skin of

and primates) The presen
m.nheudazchdbeohhcnbu:bnmn
scparate sensory structure but i3 an fm-
portant part of the tylotrich follicle.
MATERIALS AND METHODS

u. and three adult fe
Twenty adult m i for this

ated ) the brob uf lhe
rabblt tylotrich follicle ,y
that of the cormmeon guard-hair follicle (ﬁ;

1) The following descripticns are of tylo-
trich folllcles in ulescent of the
halr growth ess reference
1s made 1o 1ol amcbepvnmprm

For a discussion of the halr growth cycle
see Chase (34)

The an ular complex
Tbumnuh:compkthpmedd
u,n,, structurey

mrmﬂrnotlhcﬂlhﬂflhﬂqulnczﬂt

fnﬂ}:lnjunlbomlhnh.lkd.nb.
;Zb 1 part of this
hlhn[n-zemtzrumpmx:nt,uﬂedmc
annulxs which is made up of coarse con-
pective tissue numerous capll-
laries and perve fibers (Ag. 1 and fig. 2)

United States Publc Meahh Servics Par
doctors] Research Fallow of the National Cancer
Fresent sddress  Elolegical fation, Roywall
;u::wzm.lmmrax
1



2 WILLIAM E STRAILE

Although meost of this structure lies deeper
within the skin its upper part surrounds
the small schaceous gland (g 1) The
large connective tissue fibers of the an-
nulus are easily recognized because they
wrap around the capfllaries in @ clrcular
arrangement.  This  pattern  contrasts
strongly with the more random orientation
of the smaller connective tissue fibers ad-
jacent to the annulus (fig 2) In gold
chloride preparations the annulus s deeply
stained and many fine fibers, which may
be perve cndings can be seen within it
(fig. 3) The border of the annulus also
stnins with gold chloride and is called the
annulus sheath (fig 1 and fig. 3)

When skin containing quiescent halr fol-
licles is rubbed or stimulated by plucking
out the club hairs the capillary network
within the annulus dilates and becomes
visible to the eye as a amall red mark.
Dilaten may persist for a {ew minutes;
and if these tylotrich follicles are quickly
removed and placed {n 10% neutral for
malin, they can be fixed in tho dilated
state  Longitudinal scctions of such fol-
licles demomstrate well the extrems size
of the dilated capillaries. Actually capll
Jary diameter may at times exceed that of
‘the tylotrich folllcle itselt (fig. 4) Theso

/obscrvauom suggest that the annulus is
an erectile organellc possibly controlling
the sensitivity of the tylotrich follicle
= 4 . -

Tl ey aph—

»
The central component of the anpular
»

cs 1 1 ]

] '
Tangentlal sections of these cells show
that they contain very long nudlel (fig 5)
and cross scctioms of tylotrich follicles
shovw that the nucled aro regularly aligned
along the sides of the follicle (fig. G)
These clongate cells resemble smooth mus-
cle cells but they are not cal because
thelr nuclef arc longer and less wrinkled
than the nuclel of smooth muscle cells
In addition thelr cytoplasm !s less fibrous

docs not stain as darkly in hematox
1ln and cosln preparatons Tor 1 ck of a
L_-‘(Ef term  these clongate cells will be
called smooth muscledike cell

The inner component of the annular
plex iy a bflami of
nerve fibers and it is closcly amsociated
with the band of smooth muscle-like cells
(fig 1and fig. 8) The crentation of these
nerve fibers {s very precise the inner fibers
running vertfeal to the follicle and the
outer fibers endircling the folllele. \When
both loyers are supedmposed in a tan-
gentlally cut sectlon they have the appear
ance of o grid (fig. 7)  Stmilar arrange-
ments of nerve flbers aro also found in
the smaller types of rabbit hafr follicles
but the fibers are and aro rregu-
onally the llterature
[pHons of perve
mrrmndln§ hair follicles fn
other mammals (¢f Weddell et al ‘B5)
The Haarscheibe and ity associated
structures

Acentrically surrounding the orifica of
each rabbit tylotrich follicle is a thick area
of cpidermis called the Haarrcheibe The
bulk of this structurc is posterior to the
hair follicle or on the sido where the fol
licle forms an obtuso angle with the sur
face of the skin (g 1 and fig. 2). Therels
a gradual change in ?ldcrmu] thicknesy
along the anterdor an erior borders
of the Haarschieibe (fig. 2) but along the
lateral borders therc s an abrupt transt
tlon (filg 8) Just obove tho sebaccous
gland of the tylotrich follicle the external
root sheath also has great depth and this
thick arca of epithelium ia continuous with
the Haarschetbe (fig 1 and fig 2). Both of
these specialized epithcllal areas have more
layers of cells than the ndjacent unspecial
ircd epithelium  This could be a result of
a high proliferative rate or a greater reten-
tion of cells within these speciallzed re-
glons. Thero 1s much morphological diver
sity in the population of cells forming the
basal ccll layer of tho Haarschelle There
arc two predominant s of columnar
eplthellal cells. The nuclef of one cell t
occupy the upper part of the cells while
nuclel of the other type lie near the base-
ment membrane in a v precise allgn-
ment. These two distinct Jayers of nucled
give the Lasal cell layer a pseudostratificd
appearance (fir 8) Cells of a third t
aro also seen in the basal layer of
Haarscheibe  These clongate cells are
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TUE RARKIT TYLOTRICII FOLLICLE

Fiz. 1 Quisscent tylotrich follxcle of the rabbit.
L, beanch of large nerve innerrating
faternal root abeath o e eeand wpeclalized
extarnal root sheath ddmrl
bakr g
ab N bilaminar srrangement of narve A-
E.T'mr
fonts O, bapd of xmooth musche Uk colla
Haarse repm s pulery within amules
He ca
%ﬂm pecislred A, caplllry supplyms o desbaing
tickened area  { ememal yoot hupincd -
8, armuius sheath
xheuth of & Tgbow T ocopnective tas caprube
specialized remon U largs nerve anmmler
Haarscheibe complax, Heerscheibe



8 WILLIARL

fails to produce of similar response. One
does not know whether this physiologteal
chenge is concomitantly associated with
changes in sensory function, but it is s
soclated with rather extensive alterations
in the morphology of the ammulus and
to

growth phase the quiescent phase
of the hair growth cyele the skin Is very

great ange may
belnrgdy duetnlbaincmnmindzeolthu
the heirs. In fact, distartion
crcomp’ruxionofthe ennulus and Haar
scheibe durng the growing phase can be
dotely correlated with the width of the
hatr shaft passing through the tyletrich fol-
Hicle To understand this one must first
examine

qmu;ntm?z follicle (dorsum of odult
mlmu]) is gpproxiroately 45 y wide Hair
width increases to abowt 60 & at the center
of the shaft. Mlidway betwreen the center
snd the dp the tylotrch reaches a maxt
mum width of appraximately 120 u nnd
then gradually tapers off {o a palnt, Dur

ing the growth phase the scraary and
erectile parts of the tylotrich follicle maks
cumidc-mblu structural  sdjustments in
arder te this constamuly
ch:mxing hetr shaft. How much this com-
pression affects the neural phystology of
to fallicle ts unknown but fts effect on
the morphology of the ammulus and Haar
schabe s considerable

SUMMARY

Trlotrich follicles which contain highly
specialired sensory and tissues
are sparsely scattered throughout the skin
of the rablst  In adult animals single
tylotrich follicles occur at intervals of ap-
proximately ' to 1 em  These follicles
are sliphily larcer than common guard
hatr follicles and they produce longer and
stralghter hars

The mont prominent wenwry portton of
the trlotrich follicle 1v called the annxlar
complex 111 composed of three structures
that conceptrncaliv encircle the external
root sheath of the full(cln Just below the
srhaceour B The largest of these
structures the annulus fe 2 ring of cone

L. STRAILY
nective tiysue enclosing a network of eapll
larles which is eapable of great dffation
in responss to athnulation. The central
componient of the anpolar complex is »
thin band of smooth musclelika cells. The
inner component is a bilaminal arrange
ment of nerve fibers composed of inner
Bbers that run vertical to the follfcle and
voter foers that encirels fr
The Haarscheibe which scentrieally
suttounds the orifice of the tylotrich fd
licle, {s another sensory component. It s
a thick, richly innervated area of epidermbs
covering a highly vascularized reglon of
dermal comnective tirsue Most of the
Haarscheibe it located at the posterier
side of the tylotrich follicle.
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THL RABRIT TYLOTRICH FOLLI LK
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FPLATE I

IXFLAN TION FIGURES

All [ these photomicrographs sre of g lescent folliches.

Lonutudinal histoloyical secton of otrich follicke st Ined with an Gleson  pkro-
wckd fuchiin i wuh Imhrnuw\-y{ln. Ths Iower rrow pant ( the center of the
annulus, Notice the circula  armangement of counecuve tinue fibers surrounduing the
large capullanes i the noulus. The uprer arTow fount o th  Haarscheibe Notlce
the gradual tra sluon in thickness between the H aracheibe nd the gurround g

dermi  t the  terior and posterior mdes of the follkle The middle rrow marks

(left side of the photomicrograph) The halr had been pl ked from thl g lesce ¢
follicle | t before ficathon. {11}

Tylotrich foll) staned with gold chlorkde The lower armow pol ta t the s
she th which encloses th darkly tained anmulos. The speclalized region of dermis,
and

Tow

Cros sectlon of  nylotrich follkl  The arrow marks  caplllary | the naul o

This escl fs Imost 83 wide  the follxle it rrounds. Notice tho mmooth nd

8 ened shape [ the codothelial linng [N piD vy Beciion stained widh Dris
00

11 stolozical section pa sung ta gentlally through the hand f smooth m sche-llke cell
(arrom) Obsery he clongat  hape f ther uchkd bectlon  talned with Welgert
iron hematoxylin with safra in. 413

Longitudinal section of Glotrch follscke tal ed with W lpert  irom bem toxylin

» h safranin. Notiee the precise alignmen of the u(lel ol the mooth muwk-
like cell on both sudes of the [ llicke The t these cell on the

uprer
postenior skde of the follcke The lower rrow ma & lhelmuu-u-pkdbylhehllml.ru
mangenwent of merve fibers 210
Sec lon pa w g tangentlally throuxh the bilamioar 11 gement of pery fbers Thee

»  upcrmpowed 1 yers ha  the sppearsnce [ very reguls netmork. Section
ned wth gold  hlonde < 418
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PLATE 3
EXPLAN TIOM OF FIGURES

All of these photamicrographs are of quiescent follkcles.

of  Haarsc tral in epldermsl depth
along its latersl borders. Notice tbe papilla of the Hesrscheibe which 4 marked by
atained hematovylin with eosin. X 100

Section statned with  gn Gleson lero-ackdfuchsin staln with lom hematexylin
fdbvoburhlhl twe distipct rows of muckel

Esch arrow points to the apindloshaped nucleus of cell | the Hearschefby Section
statned with  an Gleson  plero-schd fuchsin stain with alum hematowylln, x 418,

Gold chloride talned section showing  nervy branching within the speclafized rexion
of dermis nﬂﬂvin(uﬂﬂbtn-hkhfufmlhenﬂ below the Hoateckeibe The
x 210

bhoning  branching rmnmlrhd-hhlbc rrow within the epccfalired

n-dnn of dermis wnder the H  ackribe tained with an Cleson picro-scid-
fuctriin stain with al o bemstoxylin 210

Crens section of the precapillary arteriole (lower  trow) venule (middle frow) and
nen { pper rrow) which supply the tyloatrich follicls Seciion stalned w) van

Gievor  pecvwacid fockela steln with elent Sematarylln. « 413
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PLATL 3
X LANATION ra

All of these pbotombkrographs e [ q lescent follkles except th oor in Apure 18

1 The arrow pol t t the 1 mxe Eh.ryru‘pplyi % blood ta or dralning bleod from the

ascular network within the ann 1 o talned with van Gicson  phero-ackd
fuchsi  stain with al m bem toxyhn. ¥ mo.

15 Gold hloride t ined scction bowlng the largs nerve marked with the arrow
it tranches ¢ the lar compl  (dght branch)  d to the Ixarsck ibe <1 I:
branch) ~ 100

16 Sl er |lru-d-fcllnud1mm\!.r|hlth-ntmo:k f fine nen fibers below the Nas
scheibe  The m rk tw  expanded nerve endingy that termin te nes or on
reci Lued hn-l cell lh tyre that b uclel positioned nea the Lasement mem
brane

17 Sl er talned section showing the redistribution of nerve fibers ¢ form the bil mins
tra geme t (arrow) that sarrounds the folliche |t Lelow the sbaccous gland. v 210.

18 m1 L some nert ﬂben within the  ulis [ the tylotrich follicle  Section
t uu.-d d with zold Rlorde

19 Compressed M rxcheibe {  arowi g lotrich lvllnlc tined whh Gleson
pleroacid fuchnin staln wub | m hematexylln 210
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Liver Glycogen Zonation in the Mouse Following
Fructose end Glucose Injection’

LEWIS M NETORENT awp ARVIN §. GLICKSMAN
Department of Medicine  nd Section an Radiobislogy
Mimeria! Sloan Kettering Cancer Cemter N Y

Glycogen s often found to be localized
in certatn zones of mammalian liver Job-

ules. Many imvestigatars have reported
regular changes in the Jocus of the
stared glycogen in relation to the absorp-
dre post-absarptive states of the ant-

¢
¢
i
£
Z;a

y since the p
ctlls first come in contact with the
chblood entering the liver lobules

sugar

Glucaneogenests  arising
and fat mobil sing from proein

s to

narmal blood sugar levels in fasting ani-
als and Increases In Irver glycogen have
been reparted to occur during the dlumnal
cycle of rats (Agren et sl 1) In sgite
of prolonged nardtion. The varying degrees
of glucaneogenests in the Jtver

posed on & pattern of gl

1o rule out, to a large extent the mecha-
nisms of gluconeogenesls which might tend
to obfuscate the pattern of glycogen depost-
tion.

Fructosc was used In our experiments
because of several properties of this sugar
which merit speclal consideraton: Fruc
tose unlike glucose is not t on
insulln for into cells and subse-
quent phorylaten (Cori and Cor, "29
Gameltoft et al  44) Park et al. (56)
however have shown that fructose trans-
port Into cells could be accelerated by In-
sulln The specific kinase reactions in the
liver glucokinase and fructokinase appear
to be rate limiting in glycogen synthesis
(Cahil! et al. "38) and the activity of fruc
tokinzse has been shown to be 10 times
that of glucokinase in rat liver
ates (Vestling et 2l. '50) It is therefore
logical to expect a more rapld lver glyco-
gen deposition from fructose than from
glucose.

It ts the purpose of this paper to report
the histological patterns of glycogen depo-
-lmumbothfmaucanmwnd

in sdrenal 1 mice

MATERIALS AND METHODS

For these studies female Swiss albino
mice of the LCR. wrain, two 10 three
moaths old and weighlng from 23 to 35
mn were used The mico were bllaterally
adren and were used in these
one week after the removal of

A 1

tion may account for many of the differ
ences in

The animals were fed “Big
Red GLF dogpellets oats and given 1%

of the text were submiited by Dy
Cormell

Montefiea Houpitsl Erms

»



16 LEWIS M
salt solutdon as drinking water to correct
for thelr imbalance {n mineral metabollam

‘The mice were injected Intravenously
1ia a tail veln with elther 10% glucose or
fructosc in water in a dose of 06 gm of
sugar per Mlogram of body weight.

The intravenous concentration of sugar
was calculated to raisc the blood sugar
level about 200 mg <

At varying perfods after injection the
mice were killed by cenvical distocation
The large right median lobe of the lher
was quickly exclsed small pleces of lver
were fixed in kecold Rossmans fluid for
appraximately 24 hours The tlssues w-re
then dchvdrated fn absolute alcobol ard
cleared in toluene After embedding iIn
“Tissuemat  the tssues werr sectioned
routinely at S u

The staln used was McManus perlodic
ccld Schiff methed for the demonstration
of gheogen and other polysaccharide com
plex~<  Occasionally salha digest control
scctions were processed  simultaneously
with the undigested slides

Tke vanous patterns of glvcozen zona

tion sere classified as follons (1) pe-
npheral depositlon as occurring primarily
around the hepatic portal venous radicles
vath ltde or no deposition In the centro-
lobular arcas (2) central depositon as
occurnng primanly around the eentral
rems with httle or no glveogen periph
cralls  (3) spotty deposiuon as onlv scat
tered cells having no definlte pattern of
glycopen deposition In the lobule and
(4) gencrallzed as having nearly total or
diffuse glvcoren deposiion throughout the
liver lobule The total amount of staln
able Iner glycozen mas estimated by not
inz the depth and cxtent of the color reac
tion ronging frem 1~ for shght to 6~
for a very heavy glhvconen distnbution

RESUITS
Co tral

Sixtyleht and four tenths per cent of
the staned contrals hud il ar no stain-

able liver glycogen (82 1 Whn glyco
fen was present it was u n N pane
but In a few cases moder t mcentra

tlons of glycomen were <etn ¢t bles |1

and 3)

NEPORENT AND ARVIN § GLICKSMAN

Fructose infusion

The glycogen deposition In the livers ex
amined 10 minutes after intravenous in-
Jectlon of fructose follonwed no clearly de-
ficed pattern  Of 15 anim. Is sacrificed 10
ml.uuu:- after injection of the sugar 7 had

ppreciably stainable deposits of glycngm
Fln: had a spotty or generallzed type of
deposit and one each a peripkeral or cen-
tral deposit (table 1)

R X Eitatts s
P 2T T B
b3 e Pafa N g
ot " :’,Qv Ty . S Y
» P 2 d,“:v- "
S )h o0 Ve O
- ) N'ﬁ L3 L)
[ t‘rﬁgx sl\"on.
% "-b’p 59“" o e
':e .,»o S n,l]
<
¢ LS s ‘. Q@ Ea”
Er 1 s 8% g a®0°
’Q‘lv“--. . 3. - 1
. 4 £° 56 8.
mttTee et ope Loe d
* G . ~
5"“\:’: R - AT ]
SR - & Pp o
oy o SR
U A
- IF‘-.:-” .. “Pl
'*?,’ g ER St
X
——a . N
L RN "o CAR -
3

po o e¥alg %,:_ Svg
Ay .o LPURAR )
Fx 1 The bsenc Lver glycogen im

ol
24hou stanied control anlmal Aled oy perrode
scxd leocofuchun  wai hematoxylin  counter

ala 210
TARLE 1
Fractose | 1 avenon | pcto —types of
slecoren depottion
Cantrel 10 ”
Nex erac tered 5 s
Spotty 4 1 )
Ceneralizrd ] 4 4
Penpheral - 1 12
Cen al 1 1 z
Tot ! 19 13 »



LIVER GLYCOGEN ZONATION 17

By 20 minutes glycogen

central veins were often consplcuousl
vold of histologically demonstrable

gen (table 1 and fig. 2) Approxdmately
one-third of the animals however demon-
strated o generalized type of deposit at

TARLE 2
Glucose { tra emous { jrction—tywe of
olycone  deposttio

=

HNeg. or scattered
Bpotty
Generalirsd
Perrpheral
Central

Total
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20 minutes with no zanation present (toble
1 and fig 3)

deposits were occastontally noted
in both the starved control group (ope ani
mal) and In the Infused group (table 1)
Such a pattern probably represents reskdaal
glycoren not mobilized during the fast
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Glucose infusion

The intravenous injection of glucose in
14 anfmals sacrificed 20 minutes post
injection showed dernonstrable glycogen
in only 6 animals (tahles 3 and 4) There
was a spotty distribution in two (fig 4)
and 4 animals had well Jocalized periph
cral deposits  Previous unpublished experi-

TANLE 4
Clucose intra cmow inpection —entimated
siycopen content [ lhen

”

"
E101lwan
Bl lenass

o
1
2
3
4
5
e
Te

q
e

Fix. 8 The beence of glycosen In the mefs-
phase of the divhion [ hepatic cell. Glycosen
In the urrounding [nferkinetic celle
periodic acld lewcofuchsin stain) b
matoxylin counterstain. /830,

ments have shown that there iy no signifi
cant deposition of glycogen 10 minutes
after intrasenous glucose infection

Of 12 animals injected with glucose sac-
rificed one bour after the injection, none
had peripheral types of deposits three ank
mals had spoity deposlts 5 generalired
and 4 pegligible glycogen deposits It is
noted fram table 4 that the apparent total
sdycogen deposits did not Increase signifl
cantly after more than 20 minutes post
injection  One-third of the animals had
only negligible amounts of Jiver glycogen
at the end of one hour

Occastonal mitotlc fimures were found
i the microscopic sections of the Jhver
samples Al stages of mitosls were et
countered In which the cells were devold
of glycomen (g 8 ond 6} Many cells Jn
prophase and metaphase were noted how
ever in which a peripheral ring of glyco
cen  urrounded a clear cytoplasmic ared
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Since a significant number of the 24-hour
starved control animals had residual gly
cogen (tables 1 and 3) it is possible that

DISCUSSION a some
These data suggest that there ma: of the fructose and glucose tnjected amd-
inidal glycogen deposttiom y be mals was superim on residual
fructose as early as 10 minutes post injec pattern to give the plcture of a generalized
tion, although no dear pattern of deposl ton. On the other hand, it is prob-
ton 15 evident able that in some antmals was
Coutrasted with the 20-minute fructose mitially deposited in a gen
injection experirnemt, it fs apparent that In the ahsence of the adrenals, hver gly
glycogen deposition b alower and the gly cognnxhsuldquhklybndcplemiduamm
cogen 1s less following glucose of the starved animal to mobilize

infusion than after giving fructose (tables fat protedn for gluconeogenesis (Sos-

3 end 4) In both groape of antmals the kin and Levine '52) It was found that
peripberal-type of glycogen zonation is ap-  after a 24-hour fast, in female adrenal
parent at 20 minutes, slthough it oceirred  ectomired antmals the liver psually is de-
mare frequently after fructose than after Pletzdufhmdngiul]y demonstrable gly
glucose injection. It s noteworthy that the

peripheral pattern of glycogen ronation eEdcdnuno!ndrmxlccmrﬂrtdﬂﬂl'
was not found {n the starved contral series. ve been shown to oxidire glucose
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and fructose or store them 2s glyvoren at
2 normal rate (Ashmare et al. 58 Renold
et al 53) Cori und Cori (27 )haure
ported that the carbohydrate udlizaton of
adrenalectomized rats Is normal while
fn.le and “ezamis ¢ 48) have shoun that
eviscerated adrenalectomilzed rags wiilize
used glucose at 2 moderately hisher rate
than non-adrenalectomized eviscerates
From an inspection of typical mammz
Han fructote and plucose tolerance cuncs

LEWIS M SEPORENT AND ARVIN 8 GLICKSAAN

(fir. 8) # is seen that the divappearance
of fructose from the blood Iy nnsch faster
than for glocose ot high sugar concentea-
tons The disappearance of the sugan
from the blood reflects the rates of su a1
uptake Ly Loth the lver and extrahepatic
tssues  The extrabepatic uptale of gl
cove howerer at noermal biood sugar con
cemtrations  bas been shown fo be three
times as rapid as ft §a for fructose (Levine
and Muddiown 47)
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Fructose s larpely utllized {ndependent
of the actlon of Insulin  High levels of glu-
cose in the blood stimulate the secretlon of
fnsulin by the pancreatle {slet tissue (Sos-
kin and Levine 32) An elevated level of
Insulin In the blood has been fourd to in-
crease the extrahepatic utilization of glu-
cose beyond that found at normal blood
sugar levels (Corl and Corl 27 Bridge
38 Wick et al 51) and to decrease he-
patic glycogen formation (Corl, 26) Re-
cent experiments have suggested that in-
sulln may decrease the hepatic output of
glucose (Madison et al *359 and De Bodo
etal 'B9) As yet, however this mecho-
mism 8 controversial (Cahill er al '59)

Il therefore becomes apparent that a

reentage of sugar should be

wdptm the liver after injection of

nnlmall with fructose than with equal
amounts of glucose

On Inravenous injection of fructose into
an animal the blood fructose kel riscs
to high levehs. At such high Jevels the fruc
tose uptake fs rapld and with the greatest
E’q:uﬂh:pruumedmbaubnupbyzhe

ver Levine and Huddlestun ( 47) found
that the Itver utilizes about 85% of Injected
fructose The peripheral cells of the lher
lobule coming into contact first with the
sugar tich blood, might concehnhly with-
drxer £0 much of the fructose that the blood
draining centrally would contain s very
Ly level of the tnjpected sugar At bow frue
toss concentrations the uptake of the su-
gar which is in reality a reflection of the
fructokinase reaction, is relatively slow

Thllmnrndﬂybelcmbyln
of the fructose tolerance curv 8)
Mlﬂ’mc\m‘tﬂlb’ tuuuonphmlalt be
characterized an Inidal peripheral type
of glycogen depositon.

The same principles should hold true for

to the center of
the hepatic lobule as the blood glucose

level falls the centrally located lobule cells
should have scress to concentrations of

glucose nearer to those of the peripheral
cells and soon {one hour post Injection)
more evenly distnibuted types of depostts
might be expected.

According to the varialde peripheral utll
izathon of glucose coexi.stcm with hepatic
glycogen deposition the histologically de-
monstrable leLtogen dustributlon patterns
mlghtv:u'y us ntmebanumz;h

gly
m:u' have ol:n.rﬂ!'d in order to utb[y pe-
ripheral glucose demands thus altering
any pure deposition pattern of glycogen.
The large percentage of animals with linde
or no histologically demenstrable lver gly
cogen I3 to be noted at 20 minutes cnd one
hour for glucose
Gerald ('51) In a study of regener-ting
mouse livers studied the glycogen changes
of mitotic cells. He has noted that cells
underpoing mitosis gmdu:ul{m ose their g;ly
cogen stores. According to
of events cells may ccnul.u
large ameunts of glycogen the glycogen
comtent gradually diminishing during the
mitotic process untll anaphase in which
stage all cells are devold of glycogen Gly
cogen. he reports, grﬂdua]ly reappears in
the cells during
From an examination of the mitotic celly
found In the ghcogenstained lher sec
tons the above description of events ap-
pears to be in the main substanuated
Whereas many cells entering prophase con-
tained large stores of glycogen all stages
of mutosls were encountered In which the
cells were devold of glycogen (figs B and
6) The presence of glycogen m some but
not all cells early 11 mitosis may be de
pendent on the presence or absence of
glycogen 1n the cells just prior to the
mitotic grocess  No cells In anaphase con-
talned glycogen and the cytoplasm of cells
small

m telophase contnlned
amounts of stainahle
Gl)‘mmllpl'obthlyud]brdbydncdl
dln‘lnztbepn;ccu'-hufﬂdhwun n:-dt.hk
may sccount for the of
cogen during mitosis B: ough and
(’80) studying the mitotic activity in the
skin of alhtno mice found the glycogen
too of the skan to be intimately
telated to the frequency of mitosts A high
mitotic rat was found (n the skin con-
tatning a low concentration of
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Thus it was comcluded that glucose de-
posited from the blood i3 the ctical factor
in determining the mitotde rate  Liver cells
would then scem to reside in an environ-
ment extremely favorable for mitotls ac

Inlar glycogen and an extracellulax blood
berne

glucese supply

An alternate explanatiom may be that
driding hepatic cells lose their funcdonal
capacity to stare gheogen and refzin this
capacitn when cell drasion §s complete

SLMMARY

I The patiern of Iner glveogen zana
uon after mravenous administrauon of
piucose and fructose w a
muce was inestipated

- lo 20 munutes glvcocen was fre
quentiy localized after intra
1enous wtnpecion of fructose the shortest
peniod for histechemxcally visualinne gly
coen {rom ntray enousdy iopecied froctose
mas be between 10 and 20 mumnes

3 inttavenous injectdon of plucose re

ulted 1n nechimble ner gheotrn depost
ton tn ouer half the at 20 rmaotes
angd i one-thued of the antmats at 60 oun-
utes and the penpheral glicoren distabuy
ton was jess fregeunt than for nsctose
It 2 belicted that the sumulzgon of
mn ulin by onjected ot efecung a
wreater penpberal 4 swe vulizaton of clu-
tose mar be respensible for this result

4 Duviding cells mere found o Yove oy
cosen dunin the puIOLE Process

VITERATURE CITZD
Agen © O Wianderaod £ Jorpf 1331
e hanees M giwepen conteat of Dver and
mwwls v 1 oand mce th i bran g wpeo
weadtt  of arumal o1 Lesalin and ber fa-
Ear o1 wTROTY 0

3
CrCtul N Hlimnand AL
»

{ nrrgen. Raxcbem

1
Ahm= )
e 5 3% Adrm }  pequl noa oo
Pept wow sy = Tk
13
1 % om o n — -
et
]
+ vodLaAx
¥ the 1y
AR i
w § e
A

LEWIS 3. WEMORENT AND ARVIN § CLICKIMAN

De Sodo 2 € R Serede N Alurnler A Dexe,
T T Ammostrong and § £ Bihop  19% Yor
wechanbsm of acton of

1943 loeulin and tae

Arte Pheool Bkand & 162 172

Gerold N}
:txdob‘(rvm on the rexenersung bve?
the

pastally

Thew (FRD)
Intde D J aod § E Sepamus 192 Eficci o
the of the ¢

upon colerance
1 for mura eoomly admim 1ered ¢

Cornefl Umneruty

1 ud

ow Am § Phyusl 152 858002
Kates J MeA 1333 Compurasr and cnpttr
wemal  ndies on the of the Lyer

Ttcks ZeBloveh Muy Anst § 3P 6

tooavrnous fractove and glcowe Fed Proc

€ 5135
Midinen £ L B Cembeo B Sawilasd E
Loeer od B Adm 199 Evdemm fov
dirret effect { amuhn on hrpane glocese ©F

par Meubolm & 4524 1
Nvorl W1¥DY Rechercher Ristophruc @ren
w L oellule bep Ggue diy mamondern ARk
Arat Micr 15 1 LA

Pal SR, R L Poy C F Radman J 1 snctt
] L I Jhnwn nd It s
"ok



LIVER CLYCOGEN ZONATION 23

Emlﬁ.D. 193! Tha depocitien and withdrawal anHn(.C.l A, K. Mylrola, U Itish snd N H.
of the Hver in the rat. Anst Rec, Rat liver froctokingse, J Biol.
!] Sappl) T4 Chcm..!u m—wl
6, and R. Lovine 1892 Cerbohydrate Wik, AL N DmryB.WBlncmnmd
Untrerd insalin oo

ty of Chicego Press, Chi- E.H.lu:lly 1831 Action of
extrehepatic tiaes, Thid, 185 941 349,






A Quantitative Study of the Lethal and Teratogenic
Effects of Hypoxia on the Three-Day Chick Embryo’

CASTMER T GRABOWEKD

Depertment of A
U 1 ersity of Pittabury|
Pennrpivenia

study (Grabowskl and Paar
shown that the effects of hypoxia
lethal and

!

4. Death rates also increase in an ex
ponantial manmer
€ The incldence of abm devel

ment dropa rapidly as the death rates Hse
rm the 100% Jevel, fonning

s range
6 Aprmauivdyimmmﬁv"y
to both the Jethal and effects
increasing

School of Medictse
Prbargh,

MATERIALS AND METHODS

58) differences in results from the

two methods are slight and are discussed
tn same detail on pages 33-33.

The vrere prepared

gases by the displace-

ment of water from Sgallon carboys (8¢

cathoys wrere used
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FORCED AIR INCUBATOR
AT 38 ¥*C

cmsdj%ﬂl—:

GAS TANK
Fig. 1 Eguipament used to produce axyren deficient

Meter acturate to within

3000
idly and completely The rate of fiow was
then reduced to 50 om® per minute. This
latter rata & tow and steady

srhich in turm Wak the gus
tank. Water drippiog into the gas tank
ced X33 the
through & mater and the plastic
tube, over the eggr out through the
arm of the At the start of the

24 threedzy em woold
01 miouie
sums anly Om‘)gmr(g“mpa‘n ).




EXFICTS OF ITPOXIA

pefc
study indicated that visceral a
were relatively Infrequent at this
Hage. over 2000 epgs were
wed tn this study

RESULTS
All of the results of this survey are
summarized in table 1 The teratological

ON CUICK EMENYOS 27
data are plotted in figure 2. Agaln, as in
theprnlmnlmmwdadbdlihaped
curves were ob Far each time pe-
riod of exposure, as the oxygen concentra

study of figure 2 that
degree of abnormal
only at oxygen cunccnu;uam'uf 13% ot

0
(2) the peak frequencies of abnormal de-

TABLE 1
Swmmary f result
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FORCED AIR MCUBATOR
AT 38 5°C

CASIMER T GRASOWSKI

26

memen@wm 1K i mwmm
: mmmm”mam mdm s,
§ .mmyw mm .mmm m. z .m
° | ki
iEs ity
/\w.ljm R !
o2l e
[ARRRRERN] om mm mw o mmwmd
ELSE u%Mmm.m Lsts
: R
: | gl
ekl
: mq mmmmm aEgEE
AR E AR




IFFECIS OF NYPOXIA

dlameters eyes measured. Internal
futopsies were not ormed because the
Fﬂtu‘m study ted that visceral a

ON CIICK FAMBRYOS 217
data are plotted In figure 2. Again as in
the Frc\'lou: study a serics of bellshaped

wero obtalned For each dme pe-
rlod of aposure as the oxygen concentra-
tion i3 progressively reduced 2 latent
range is first apparent in which there is
no obscrvable cficet upon development.
Beymddrchtmtmgethchﬂﬂalﬂs.emme

drop in abmormal dcrclu-pmcnl at Jower
oxygen concentrations Is due to a very
rapid ncrease in the number of embryos
dying during or immedlately after the

It 1s further app from the
study of figure 2 that (1) a significant
degree of abnormal development occurs
only at oxygen concentrations of 13 or
less regardiess of duration of exposure;

All of the results of this survey are
Smmarized In table 1 The teratalogical  (2) the peak frequencies of abnormal de-
TABLE 1
5 mmary of romt
Hewry. Oxyrem Twial Normal Xﬁm Dt‘m‘ Anewalows
- 5 L k] @
2 op 50 1 4 " 18
3 11 54 ° 61 17 23
2 21 4 63 28 2 [
3 43 “ n [3 1 0
- 63 48 [ E 10 7
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28 CASDMIR T
velopment occurred at progressively lower
oxygen concentratlons as the time of ex

posure 13 decreased; (3) the highest inch-
dence o{ abnormal was ob-

GRABOWSKI

ment  This last ftem is partly
by the fact that high death rates are ob-
bel‘on: the oxygen concentration b
d levels. However

tained at oxygen concentrations of 4 to
6% lm-ﬁtomhmm (4) an expesurc
time of thres hours is not teratogenic
unless the oxygen conceptration §s 4% or
less (5) exposure to hypoxia for 24 hours
does not result In much aboormal develop-

sor

3 & &

o

% EMBRYCS WITH ANOMALIES

there are nho indications that same kind

exposurc.

The data on death rates are represented
In figures 3 ard 4 The first of these
figure 3 is for the total death rate thatls,

v 3 HRS
6 HRS.
12HRS
24 HRS.

10 2 4 18 L] 20

OXYQER CONCENTRATION IN %

Fig. & The frequencies with which [
which embeyos with

ancmalies wers obtalned aftwr varjoos

MNTRATIQV IN %

Flr. 3 Totsl death rates, Bemilog plot. Slopes
squares

of lines calculated by metbod of letm
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the total number of embryos dying be-
tween the thme the experiment was started
and the tme it was finished one weck
later In figure 4 are plotted the data for
inmmed(ate deaths, thatis the embryos that
dis during the treatment or within 24

OF HYPOXIA

OY CHICK YMIRYOS 29

doses. This close relatonship of death 1o

telations. The peaks for abnormal develop-
ment at all time pedods of exposure occur
when the total death rates are between 50
t0 63% and the Immediate death rates are
berwrml‘)lnEO" (table 1) Both death

between three to 12
but slight changes in the slopes
however the lines for

i ] i
o 2 4 &
OXYGEN CONCENTRATION IN %

Fig 4 Immedists death raten Sermilog ot Flopes calculated by raathod of least

For example for all experimental condl
tons a death rate of 20 closely corre-
sponds to an Incidence of abnormal devel
opment in 107 u(theemb'r}'m(bothof

Grabowski and Paar ('58)

Incidence of malformatons was obtained
In embryos between one and 4 days old
when the total death rate was 507 and
the fromediate death rate was 35

The relative sensitivity of different

structures of three-day
embryos to different
degrees of hypoxia

|
8 10 12 L3
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and duration of exposure, As these condi-
tians sre vared, one obtains not anly the

Different conditions of hypaxia have
been arranged into what seemed naturnl

treatments s shown alang with the foci-
dence In contral embryos. The chief ancm-

t0 anoxia or severe hypoxis for three hours.

2 Broin. A vadety of anomalles such
as hydrocephaly microcephaly cranio-
schilsly cmeepbflliv and folded midbratns
fﬂ common after severe or moderate

3 Beak Cleft beak and palate cross-
beak and short

TABLI 3
mm.hmdm-dmm&umdmmdwwaaﬁmwmdhmh

3 o 3
Ak
e o2
g~
e

oyt

jgi e 379

o4
a4
08
3190

13
13
1.9
a3

13
73
72
50

which the structure was affected, Underlined figures indicats the

The figures in the caliimne represent {he incldencs in per omt with
Tingee over witich  givea siructurs is most likaly ta ba sftectad (eea text)



EYTECTS OF HYPOXIA ON CIOCK EDIBRYOS

cate the ranges over which a given strue
ture is most likely to be affected. It is
lpp:u'!m that although completely mal

ormed beads are obtained only after ex
poanexummcondldumofbypoxh,xhc
individual structures of the head are gen-
erally affected by hypoxa of moderate
degree., ﬂvcumrmlun lrelllely lobc
affected by

i cC

31

It is also apparent from the study of
table 2 that exposure to hypoxia for 12
hours fs milder than exposure to the same
concentration of oxygen for 6 hours. That
Is 12 hour exposures are Jess teratogenic
than those of 6 hours duration. Compar
ahlc oxygen levels for exposures of 24
hours are sinually nonteratogenic, These
d.ﬂa suggest that there I3 some kind of

Anhsothcrcmemu!xnﬂumyhthe
tll. A sgoib in r

ness §s not obtained after exposure to
severe hypoxda. Moderate hypoxda Induces
rurmplessness to a considerable extent. It
is olso clear from table 2 that rumpless
"@”—'brrut.bcmmmmmmomaly
btatned after peol iid

hymmd:ulhmlhnlheyd;d\f
{frequencies of bead, tnmk, and tall anom-

10 d

alles can

fon at the longer time periods of
exposure to oxygen defickency  The nature
of this possible adaptation fs not known.

Effects of hypovia on quantitatively
rarying characters
In the above discussions the effects of
hypaxia were measured in terms of dis-
crete characters namely death and mal
formed thssues. Also studled was the ef
fccz of hypaxla on quantitatively ““::hl}E

vary after
conditlons of hypoxia even though the age
of the em| at the tlme of treatment I
beld constant. The data also sugpest that
since severe moderate and mild hypoxia
affect the emiryo in different ways by
poxda ean affect the embryo in more than
on¢ manmer. Other studles (Grabowskd
B9 "60) support this conclusion.
105
¥
%m
&os-
®r
'étso—
385—
80-
K¢
T i | I
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1
8

such as crown.rump len;
body weight and the diametery of the left
and right eyes The latter were chosen
bcausc the c{;: was aften affected h;
especially the left ane. In!
N‘me‘ was made to get welghts lnd
measurements of all embryes regardless

of the time of death but ths did not prove
practical.

Postmortern  maceration  and

e 3 HRS
———— & HAS
————— I HRS
————e— 24HAY.

| | 1 I
10 12 14 6 23

OXYGEN CONCENTRATION-~IN %
Fig B Effect of varions csoditions of hypaxia on body strs,
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swelling rendered the data on embryos

In effect the data below are limtted to
embryus which survived the treatment for
at least 5 days. To facilitate comparisan
between embryos of different stages, all

tons new norms were calculated every
three months.

The results were gly uniform
for all categories and periods of treat
ment. Hypoxia had very lttle or no effect
on average size or welght except at the

GRABOWSEXT
TARLE 3

Effect of hypoxia on the diameter of the right e

Oycome. ot Divrmnser Raoex
0.0 5 2 101-0
11 12 - 107-0
21 n 100 109-83
4a 41 o8 103-75
a3 13 o8 1038
84 48 101 11049
105 4 5 11146

lirtle over 1005 of normal but the low

values may range fram 0 to 897  Again

this pattern was cousistent for all cate
and stodled.

The 1 is clear Exp to
oxygen deficient atmospheres for as much
as 24 hours has very little effect on body

majarity of the embryos so treated. Any
decrease of the average value from normal
i3 dus to a few afflicted embryos, usually
very badly malfonmed anes.
Comparison of racuim and air nitrogen
mixtures as a source of axygen
defictent atmospheres

In the present study two changes were
made from the previous one (Grabomkl
and Pasr 58) First the strain of Whits

malf

56% s against 2.5% In the Mount Hope
\Vhite Legharns. To compare the data oo
i

at normal
with the studfes in which a par
tial vacuum was used, 136 embryos of the
Darby strain were also subjected to
vacuum and the results with
the Mount Hope data (see table 4) I
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TAELL 4
Comparisen of vacuum and abruiregen mixtures 1 sourcs [ oxppen-deficlent atmospheres
Total dead Amewalot
Yacowm Alr/N Vacuum AN
5 + i % i
34 -0 60 n 1
63 5a 1 30 33
#3 S 12 1 2
123 17 10 o 10
153 ] 10 13 s
Al embryos Necuwm d ts b s versge

and 3.

be readlly scen that although the

expoved to hypoex! for 6 hours at Umee days.
of from ) to 43 embrjes per point. D ta from air-nitrogen
1

Tlxtures taken from Agures

ships can also be comidered as patterns
of P

P are
somewhat bigher the incldence of malde-
was comparaoble in the two
e

to varying d of hy

poxia.

The basic pattern for any given age of
embryo and time period of cxposure can
be summarized as follows. As oxygen fs

bryos (see Grabowski and Paar 'S8 pp
313 to 315 for review) But there has

prog y d latent e

and lethal ranges can be recopnized  Be-
yond the latent range both death rate and
the tnckdence of maldevelopment rise ex
ponentlally The incldence of malfermed
embryos starts to decrease s the number
of immediate dead rises rapldly above the
35% level. This basic pattern s affected
by several factors. First  sensitivity to

namely results in in
creased sensitivity However the effect of
time 13 not always y
for long because of what seems
to be an adaptive er
more {t must be realized that tre

be sup over the

tions on the quanttative

differen ther
than just 2 few It fs also clear that all
of h. of the patterns of
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the mechanism of action of hypaxia on
emhryos.
The basic effects of hypoxia

respect to the However
when two are simultanecasly
different levels of can only be

88 acute mroderate

be desirable to relate
the data cn death rates and abpormal de-
1 some absal of

or mid It

T to
dmaguufhygmdnemnpamhlammmtgon
unit of rad which is ind c

of time Such & unit {s not yet availalle.
Text calculations based on the regularity
of death rates between thres to 12 hours

cate that the rats of induction of hypoxia
is tmportant.

What 13 induced in embryos exposed to
hypoxia ts a toxic phywilogical state which
In tumn precipitates death and/or abnor
mal devel See Grak kl and

in
this paper are serving as a2 guide for these
studfes since this taxic state must in same
mamnper

j was ob only
at oxygen concengations of 4% or less
Yery little abnormal development was ob-
tained after exposures of 24 hours. This
is partly due to a high death rate at rels
tively high oxygen levels, partly to what
appears to be a form of adaptation.

3. The rse in death rate 1s exponential
as oxygen concentration {s reduced. The
curves are regularly arranged ay exposure
time {s changed.

4. Qu tively varylng ch
such as crownsump length, body weight
and eys diameter are not generally of

hypaxia

fected after except after severe

conditions of

5. Qualitattvely different kinds of &
after different

g-

r!taﬂ!::dh:nd.l abnormal development mdwmﬂmmmd
after diff hy a given age In different Wways.

paxia. The that severzl differ 6. It is apparent that the effects of

ent modes of ection of exist 15 hypoxia embryos are complex. They

also recognized in theso studies. can best be studied aumnjmxmfm

different conditions ra than just a few

SUMMARY AND CONCLUSIONS Al of the characterstics of the patterns of

1 Over 2000 chick embryos, three days  response of embryos to hypoxia that have

of age wero exposed to been ob d must Ity be ex
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Visceral and Vascular Tremsposihion m Fishes and
a Comparison with Similar Anomalies in Man'

K. FRANCE

BAXER-COHEN
Grastics Laboratory New Yok Zaologioal Socicty awd the Albert Etnstein
Collepe of Metictnr New Yook, N Y

Bltus inversus viscerum is one of the

anatomical anomsalies that in man has at ‘The majority
tracted the groatest attention. The medical  of the specimens wers retained as serial
literature on this subject is In from prevl studies (Baker
the condition first was B2, b; "B9; -Cohen, 60 '61) and
by (Linebeck, 20) but it has these have been reexamrined with respect
Dot received as much attention as in the to the anatomical features discuxsed here.
huwman. Most of the antmal exxmples re-
ported have been found in douhle mon- Platyfish

troplcal
Walker
not

In this report a high incldence of sttus
lﬂ“trtmlaawmﬂningi&:ndjvldmhufn
domesticated strain of viviparous te-
leost, macnlatus

the com-
mon platyfish, 1s described.
figares on several other straing of

sected for dcterminat visceral orl-
entation. Elght of these females contalned
embryes in ovary rere removed
of membranes exandned for

of twinnin,

of 303 gpeci-
mens ranging in age from 30 da;
H Y8 to over

MATERIALS AND METIIODS

The origins of the strains of platyish
which figure In this repott were ghen by

two ATS Were h
7al fah from the tncluded
1ly treated fish and n 1
controls and animalg renal ¢ 1

by mrant C237 1y gy
yrem Gor
Camcer o the

New Yok
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tumars. Experimental fish had been single brood were grossly dissected for

trested with potassl jodide, d ination of visceral asymmetry

radiododine or phosph

20 Sixteen fish wers examined Swordtaily

1n serial sections. Five of these were radio- 3 dtall ).
4 the remainder were Nineteen of varfoux a including

normal fish of various ages. two embryos and 17 adults, were examined

163 strain. sections of 27 adult in seral were une

caught adnlt fish were examined in serfal
30 ¥ BH Ten fish

> ‘en fish were exam-
mmﬂm—-mwmmy
rdgo I Thirty-two

> -uvbey‘bﬂdt- young
matuye fish (16 male, 16 female) from a

These groups were as
follows: 3B-—8 males, two females; Cd—
4 males, 4 fermales; Bx—8 males. The
wild ancestors of the 3B and Cd lines vrere
coliected from the Arroyo Zacatispan and
tbe Rio Papaloapan respectively Oaxsca,
Mexico by Dr Myron Gorden, fn 1938
fram

The Bx line was derived wild fish
TAWLY 1
Visceral and vemous ¥ tx Labory slatyAsh and excoritad
Liver Liver Intherv Inf.ferv Fercem
Tractes vod strein ot
kD, mom, Rl cﬁa) ('-E-ﬁ) S
3
xH 03 o [} a8 (A
Fory 20 - 3 » 100
—~ L] 13 3 277
i1} -] wnimown
Total 144 2 374
pL 2 -~ 3 £
-~ 1 1 - 180
- 1 - 1
Tocal s 2 74
30 13 ~ z 1
= 3 * 1} 200
Totad 15 1 a3
Ay A [ [ 4
20 x n [ o ‘wnkoown
30 x BH 10 [ [ ] 0.0
Fwerdtails
Manteruma " [} L} ) 14 128
Grweny
1= [] ] [ 1 7 135
¢ s [ 9 a [ [
2x s o 0 1 7
fsh with pormal vhoenl sins and overtsd ssymme
the fnferdoe qegala vein, snd fah with eios brveryns Yisoerum snd mormad
the yein (wee txt)
umm&hwﬁmmm with the cxcrption
are
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caught in the Belire River Bdtish Hon

39
ton thus {s opposite to that noomally
found in trout and salmon (Moxfll, “19;
Swett "21; Komal, *38; Lynn, 46) and in

man,
As seen in tabls 1 the left-sided lver

ual

fish with right-sided livers were found in
s 4th strain, It was, therefare, of con-

KOSSWIG PLATY 1950

Bp310 x Fy

304 x 23864 x

3644 _x BH3g
] ] I
428 430 43
(L}

i
433

FuR? ?

x._360d

1 ] i ] ]
25 426 427 420 432
(14}

1
424 a4

4272
[}

(4)

503 504 505
[£1)

507! [54] [543] [s05%] [3037¢] [s087

(ap)

u) un [tr2] 23 t2)

in
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the viscera were reversed from the narmal
pattern (figs. 6 6) Exomination was
made of 230 fish of this strain: 37%

lyzed and the 230

ingly (g 1 table 2) The
shovrs that sltus inversus first
third ter an

XK. YRANCE BAXER-COHEN

somo form of sexdinkage. The known

g sex determination and sex
linkage in this strain may be summarized
briefly as follows (Ag. 2) The sex chro-
mosomal constitution of the Fury strain

was postulated to be WY = female and
YY = mgle. The bl

to be due to a single dominan
which was linked to the Y
(Kosywlg, "38 Gordan, '57) In our stock,
females of two types were uced in
equal numbers, Fa and + ( Lack
ing strong black plgment) while the

TARELE £
Sitxs ixvervus wiscorwm (SLV ) in the Fury strein of platyfish?

|
;

;
E

|
E

!
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x
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E

spessesy
331
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E
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TANLE 3
Skxs {mrarinn wacerom ($IV ) in Fury stratn platyfish embryos and thetr mothers
o Number o ALY smabsyos
Tadigres of msther
"-ﬁ.x Nuwmbey  Pyreamt
1 807 ood 19 sLY k-4 1% 124
A 507 tyood 21 10 ke 'l
3. Yrood 37 no. 1 ELV 5 ) Lad
4 SOVC, brood 37 no. % noarmal 3 1 a3
8. beood 37 no. 3 BLY & 1 20
6 SOPC, brood 37 po. 4 81V 4 ) =
Toxal L n 51

Notma! females 2713 of edbeyoe hed 81V (M%)
B1V fearalsa Z0/4% of smbryos had LY (48%)

Itwnxgiadby

Paker ("58a) that {n some mens (7
out of 57 or 12.3% ) of the BH struin of
¢be trderior jugular vein entered
These observations now

have been emplified and extended to other
snine of and 10 two speciey of
swordtails (table 1) It wos found that,
fish examined be-

reversed

i this festure The exceptons were
Rio Hondo piatyfish of which enly
gentatives ware examined, and
¢

the un ard 30 chamber (soe
Bp 3} or (3) to pesa tn dotsal dloaction It
the mitkeulstare very lifile estetior
15 the fancture Thus, this mcond tein
;vnmimd‘:rh ::.htht:;
tar wobpharyrigeel
arsa (2% 3) The a nt repredet
o seen b Jower By « ahask—
¢ 30}



SITUS INVERIUS IN FISH

fsh with situs inversus vis-
asymmetry of the inferior jug
vein usually also was reversed, so
in these Individuals it en-
the left cardinal veln. Thus most of
the fish with reversal of the abhdeminal

43

There were altogether 5 females and three
males in the varlant group

ppeared to be plete mirror

images of their normal fellows. As in nor
mal fish however

the parental generatien and in two col-
lateral lines. Among the latter groups
frequency varled from about one in 5 to
one in 10 animals In the former

the frequency fcll to about one in 40
ymals. The higher es are of
same order of magnitude as those found
for minor varlants In the other strains

and {n the Montezoma, 38 and
x green swordtafls (table 1)
DISCUSSION
Conxiderations on the mode of inheritance
of sitas inrersus viscerum in Fury
straln platyfish

%
§
i
:
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221
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vwrould show the trait but daughters would
an the father; {f reces

only 0 100 or 50% with color linkage in
the latter case. None of thess hypothetical
patterns was In one mating no
muales were found with the character but
the females did not approach 100% in
inctdence. Therefore the lack of males
may have been fortuttous (only 8 of them
wwere examined)

The sex differences in the ratios of situs
inversus to situs salltus which vere secd
in some matings therefore must have been
due to foctars other than sexlinkage.

In the second case, if g: be-
tyreen the W and Y chromosomes were as-

tnheritance  No sturple £
netic schemne appears to fit the ratios sech
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three progeny were examined per mating
‘When the of the tralt In the 6
sets of em (table 3) were considered
for which

pareni known
far either single dominant or single reces-
sive gene acton showed that the only types
of matings which could mot have led to
elther 0% or 100% Iinverted offspring
wrould be as follows;
A unglo geno action
8s? (siv )X Ssarssd
£ ¢ (pormal) X S 4

o the strain. T Tethaliy were Smvolved,
strain. eth: were involved,
this wonld

ever wrongly mated patrs might have pro-
doced few or Do young—many matings tn
ﬁmmdphtyﬂthudbmded{or

2

nant gene could be fitted to the ratios of
reversed embryos and the phenotypes of
their mothers. Using this schcmeh}?mmal
hamozypous dominance could have oc
curred” Hawerer the fact that no broods
included more than 70 or especially
Jess than 20 inverted individuals still
scems difficult to reconcile with this type
af genetlc scheme.

Thus, the Inheritance of visceral Inver
ston in these fish scems by po means sim-
ple  Without complete knowledge of the
ph of parents and exami-

breeding
discontinued, and only
tho Fu gene surrives in outcrossed de-
scendants. It Is unlikely that the factar(s)
for situs inversus could easily be recovered,
arly f more than one gene were
involved

The irheritance of venous asymmetry
inversion {x platyfish
features found fn tho Pp’td.l
aty

ysis of the BIH strain of
factors were

;

Althou:
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of the inheritance of this anatamical pe-

Situs tnversus viscerum —
general considerations

Sltmtuverwihubemmodu.edwuh
lincﬂFﬂrttcr(lBBl) upon con-
ddcrnﬂ.o-nnf the frequent visceral Inver
slans seen in one member of human doo-
ble monster pairs theodzed that when
on octurred in single individoals,

the individual was in reality a member of
a twin palr of which the normal member
hed been destroyed in uterp In 1894

over-all bilateral These two
authors have been credited with creation
of the mirror image h: in explang

cerum. According to Alrd ('B4) 73% aof
human double monsters exhibit this kind
of symmmetry and Bovet (“31) gave almost
exactly the same ratio far double fishes.
‘The mirror tmage hypothests gained sup-
Jpart from embryological experiments of
Spemarmn and his students ('18; 22) em
the Triton. Thess iovestiga
tors found that twins artificlally tnduced
by constriction of the early embryo often

teratomatous

visceral symm
estahlished (Torzencn, 50)

TABLE 4
Human twix pairs in which situs ixpersns totalls was reported

ATl patrs were Hko-sexsd but good criterla for manorygosity wars not alwayy presented,

pasticulaly in the older reperts.
Auther( )

Dese

Sex of twine

A. Discordant for dhmy fmversts viscstam (mimror images)

papampp

1027

Unrecorded
Males
Males
Females
Males
Males
Males

Malas
Mlales
Males
Males



SITUS INVERSUS IN FISH 47

diac inversion was reparted discordantly in

two pairs of unlike-sexed teing
by Doclittle ('07) The of situs
inversus viscenmm was far the nor

mal incidence of twinning in large human
1 and the fn twins

gested that speclal (unknown) factors
might have been acting an
mﬁzj in the Philippine population to
g about much higher frequencles of
situs inversus than those generally reported
in European or Narth American popula
tons. It indeed may be seen in table 5 that
their percentages rank among the highest

dence of situs inversus in human

Sowthern

most complete absence of the anomaly in
one area. Aore recently Torgersen ( 49)
noted a significant difference (002 and
00075 ) between the incidences of situs
{rrversus in two counties of Norway based
on mass radiography A
tons in frequency between areas of Nar
way were recorded in a later paper (Tor
‘50

recessive gene by Feldman (25 41)
Dessylla and Monticelll (‘31) further sup-
ported this hypothests, and yne
28) 1 1 n
favor of a single recessive mechenism in
the inheritance of the anomaly This
view was challenged by Torgersen ( 49)
after a mare extenstve investgaton of
a very large population Torgersen gave
no explicit alternative but felt that foll

of a single r gens was
tible with his data. In the mouse

incl

i

that it appears to be sutosamal, and that
the factor (or factors) causing it, in all
likelihood are not abways fully
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TARLE 5

The tncidence of situs ixverswy intalis tn man

Yeur Auther( )
1903 Benda (in Kehr ot 21)

1 Hlodgett®
1612 Sherk

193 Cimther

1025 LaWald

1933 Willls

14 Hland Satton®

1028 Cleveland

1028 La Gaft

108 Mandelstamm and Reinberg

T Vertavart

1098 Francisco and Ongpin
1R7 Adams and Chaaehl
1037 Alour gd Clent

1938 Cockayne

14 Prescott and Zollingar
1M5 Gould

1048 Parson

M6 Caplan

1M9 Torgsrsen

1949 Blegen

1049 Bell (in Blegen)

1950 Targerven

1951 Tencee-Cain and Crumnp
1054 Lows and McKsown

Total
Total lsws x-0Y cxaminationt

Source af fguren

Autopaies

Garman army phyw.
axam,

Aayo Clink sdudeddons
from 1810*

Autopeles!
Autopsies®
X-euy referrals!
U.8. Army phys. exam.
Autapsios

roam
Hoapital dmisatons
Abdominal operations
Dissecting room
Xaxy examinationy™
X-ray examinations®
Unknown
M e radiography
Autoples

23232 118
1in 8,000

30 tn 280,000
20 478,402

51n 87,877
141n 194,830

3a18aM
1in 7,073
4010 442352
215 18,000
12 in 100,000
195 tn 1,500,000

11n 38,000
31in 51,86

13 in 8330
4431in3 784,633
39 in 3,248 881

Prrcem

5585 8 3

.01

5858

oo0o7

[=3
&

0.035

g

0.013
go1l
0004
0.008
ool
aqles
a0l

0013
0013
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A few fiqures on the sex distrlbution cuzsed abave there was no evidence for

rather striking differences male which might have been responsihle far
and ermefster (1883) cal- sex differences were pot tiied.
lected 152 cases of dtus foversas from the Situs Inversus, £2 teem i bore

by

Torgesen (749) not indicate a sex mations of the heart (Leininger and

difference. He fornd 950 males and 78 fe- son, '50) end minor the

mzles amang 168 cases of sltus inversus (or  nasal tract (Kartegener ‘33) The first two

54 and 46% respectively) assoclated anamalies often were

as the chance of the snomaly although not necessarily before reproduc
somewhat n that tive age. In man, sitos inversus has also

beert ety and confused The evtbacs bave regularly ratsquoted e another, and the selections of
mataclal ctad have bean hit ar mise. It 1s hoped that tids table will be  complate and sccrrets
opads af the materia] to date.
g;mbynudml. ) with po referance.
o )m:::hd-ngnfﬂnm This £gure was quotsd es from Counsellor by Troott (*33)
ﬂ-nnbyrrmchmmdt)mtn('ae) Naither gave o biblographic
n"..m were quotsd by Rider with no refersnos to Gintber Thay have sincs then been

“This figore ja ceotited frore the total in favor of Targeown’ later total (1960)
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A mmber of have con-
cluded that there may be two types of situs
inversus viscerum, a genetic and a rarer
mirrar image type (Cockayne, ‘39 Helwreg
Larsen, 47) The farmer would not be as-
sociated with twinning and would include

and most concordant

However the asymmetry of the inferior
Jugular vein might have been taken to re-
vualv.hapthmmalagundmadunmoc
cur in tyfish  Usng terms to
m.un,l]:tdme:mlhcmtn nunn;pplhd
the viscera and reversed

uymmctiz 34
the infedor jug’ular m!zh -
classed as

mdmwmmgmmmm
and normal venous asymmetry might have
been classified as having situs inversus tm-
perfcctus. or “Isclated lasvocardie.”
This analogy must not be forced too far
however for the appearance of the venous
in

utthn
viscers was probahly as rare as isolated
dextrocardia.

Cockayne (738) suggested that partial

In view of these facty and aince venous
inversion s0 frequently In normal
platyfish swvordtails, {t does pot appear
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fish with venous ioversion is {ntr i}

K. YEANCE BAKER-COHEN

o,

New Yoark Z

reversed) Visceral and venous inversion
also appear to be independently inherited.

Isalated dextrocardia or analogous anom-
slies have not been reported in other ani
ma) species as far as the guthor is aware.

SUMMARY
1 Stus inversus viscerum, an anomaly
which oceurs in abont cne out of 10,000
buman beings, was found In 37% of specl-
mens of an inbred Hne of the
Fary strain of the platyfish, Tphophoras
maculatus In 4 other strains of pla

2. Examination of unbarn embryos of

The
was due to autosamal gene(s) lacking full
expresdan.
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The Localization of Alkaline Phosphatase in Tissues of
Mice Using the Electron Microscope'

SAM L. CLARK, Jr,
of Amatemy

Salnt Lowis, Kissouri

School of Medictne

introduced I'Zc and cells. The strong reaction characterfstio
Takamatsu in 1939 (see review by of the bmmsh border fn proximal tobular
Roche 50 ] of eub- cells was shown to lis in the cell mem-
strate and pH to the cytological hrmucaveﬂnqthamimmm_xndthm
ton of the erzyme T to be ble to the found in
bensive study (for instance Dempsey and  other cell membranes. Both groups of
Deane 46 Neumann, 49) bat it remaina  workers used modifications of Gomod's
uncertain whether alkaline technique i which blocks of tissue after
und.n;}enongzd.ﬂomxymewm‘:hwﬂl brief were ted with sub-
split o variety of phosphate esters, or sey- strate in a buffered solution containing
eral with individual avidities for Iciumn or lesd fons to precipdtate with the
substrates. There is general hosph by ic ac

microscopy In both these studies
it did not
thout

wrere introduced to explore the questions
of specifictty and m
&f ihe emayIe.

MATERIALS AND METHODS
Tlssues from 34 Swisy alhino mice, vary-

This weck I part by graots
BGITEA and RG-TITC1) from the
Institotes of States Public Health
Bervice

This work was perfwrmed the tenvre



2 side and fixed at 0 Cin W C, Bauers

the hydrated salt per 45 ml of buffer in

order to kesp the lead more completely in
solution. The mixture was made tmmed{

SAM L. CLARK, JR.

RESULTS
Granular ts similar to those de-
scribed by M et al ('60) wero seen
in microgra of the tissues
studied, including small

compan-

fon tssues treated identically except for

the amission of substrate from the incuba

tion medlum hod none (figs 1 2) If
transferred

tive to contral incubadon medlum without

ately before nse from the specified L ine but in el :;ﬁr‘ de-
tittes of the following stock solutlans; s wero seen % men
17 of potesdum sodirm tartrats (4

mnx:lofomnmnbdlrpﬂ'l.ﬁ(; 1 cytoplasmic vesicles in the sarcoplagmic
5.0 ml of 0.04 wol 'y reticulum of skeletal muscle and in cen-
1.0 ml sach of 2% salutions of manganmse chlo- trioles basal bodies and cilla. Reactians
‘Z:;'.:f,m‘m:f;‘l“ calcalated s ;\r]m 1:;752 ntense gt the surfaces of
25 ml of 0.1 M lsad nitrate added ocks aof tizsne and could not be detected
drogrwise. Last of all, mare than about 100 ¢ beneath the

nbutyl methscry]
by beat after the additon of benzoyl per
axide sectioned with a Porter Blum micro-

copy snd in an RCA EMU SF electron

Control consisted
of compenion hlocks of tissue treated in
exactly the same way except for the omis-
sion of substrats from the incubation me-

and Brock ( 46) as ap In-
dication of sctivity

%2) orin 04 to 4 0% f

White s salt solution ('54) both

allowed reactions to be obtained simflar 0
already
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hare been made 1o anywer them. The firse

drity of a capable ef acting
&t an alkaline

The second question, whether the loca
ton of the depos! P an
local the or merdly

par y as detatled descr
the release of phenol into the med The reactl
during incubation of dsyue was demon-
strated and the ity of nitrophencl
relessed was found to be roughly propor
bﬂnﬁtgnl%émﬂuﬂg;mm Fro the

to an bour re- regloms
duced the amount of nitrophenol re!

including all of the types of epithelial
in the small intestine (figs. 3,4 8 9 10)
heal epithel! 'ceﬂ:g orid

the Never
thelsss, taken altogether evidence
safficient to assert thay the resc

ﬂwobmvcdmthﬂruuha!theu

£
epitbheliam, ((ﬁz. 12) blood
vascular and endothelal c:ﬂl
(ﬂu 12,“133) "a"i‘”i" 5 18) esothe.
F- 12, 14 15 1
h“m ( 15) neuroas

n
wann cells 12) and scr
(g )cnﬂl.

varieties
mall cytoplagmic vesicles with rest
tive bounding membranes were observed

mi



&0

in s wide verdety of cellular types but par
Heularly in the subcuticular region of fn-
mmmwvemm(ﬂgxe 7) just

cell membranes of wnooth
mmclt(ﬁgi-12.1415)tﬂ heltal

SAM L. CLARK T

b:ledvﬂthwtmbsn—ne,mdhlhmnl
tribuitzble to n.cﬂonofatpb
Tt will be discussed in terms of three
lho‘g,mﬂtynﬂhcmymc(hedmﬂunce
af e Tira

cells (fiz. 15) and in endothelfal cells

fomal roles of phosph in celle

(Bge. 12, 18)
The

'Ihcpbotphltuastud}edhmrﬂemh&u
in several ways the alkalins

estrrase  (nonspecific phospha-
) e o 1k i
tase 't“d“dl extensively with Gomord

Lbntitmcted:imﬂnﬂyvdthadxofﬂx
three substrates. It reacted well at pH
values runging from 7.3 to 90 but the
part of acdd phosph in the

Tas not been ruled ont by tocubse

reaction
ﬂngd‘mmnddmadh_’rhcmmenhn
ln!uwl—

7 s teck
In stxiated mruscle of the dlaphragm, a
rncﬂ?n'wu{nundmm!eherczlonbem

cmncutopmlmgedﬁnuon(nmldn.
Heavy reactions In brusk borders and endo-
thelia are ch ristic of

l lnd.;uptrdmlniyb‘avyu
the level of the I band where the special
trizd of

of eosinophils in the ymall intestine (fgs.
l718!9)1nd1n{hebasﬂbmdlumd
oz of 1 and ovl

Y ectrhet

alkaline
phatase, but the fallore of the Gols
punm:c!lnlesﬂnﬂ shsorptive
Teact is not. mdm::mm{‘:eaﬂr

ton in the Galgl region takes lomger to
ppaxusin s technlgoe, than
does th: tnthahrmhbcn—dzx(bemm
-.ndDeux,lB)

of the other

(ﬂzx‘L’O 21 22). In all of thess

the deposits were found in the region of
v.belntzmn]ﬂln.memx,dzhwgh an exact

not est

Ofthm{iﬂmecymphnnicmdnudur
rexctions found pear the surface of the
tsswe, that fn the cytoplasm of smooth
muscle was most Intense and was found
ar a greater depth In ths block than other
Aiffuse rexctions. The re-

dun:gtmﬂdnalubmrpﬂvu Hkewise
Teacted more {ntensely than neighboring
cytoplasm (#; 46) The g, of

o gotficance

m@rucdun]roducgorhmny
truly

The cytol .

wh}d:hnvebecnmﬂedtb

some resemblance mlbusvrcpnﬂ'd
huaAddPhD!phllm

mmmmﬂuumumm&m(’n‘b&

don, Zatterqrist and Brondes, B55) and 0

of the enryme

DICUSTION
The reaction seen in electron micro-
gnphll;mttgrcdudblobommmaacz
pedmen in corparison with the ex
perlence of Molbert et al (®0) It is
abeent from control preparations inca-



ELYICTRON MICROJCOFY OF PHOSFHATASE 61

phosphate esters by one of the guanttative estimations of activity must

comnﬂwi.n,mcdummpcncdbx spatial resclution as to make it & promis-
ttril le to a fng adjunct to other
scting With !bemgqumhunm,h ap-
on the sabsirates they used. Indeed Toste- pears that thosphatase activity
may be a general property of
tsclated from hog intestine ad- membranes, and

um
of relatively weak reaction or of of strdated muscle has been suggested as
diffuslon. Untl experiments are designed the t which conducts the actlon po-
o sottle thess uncertainties—and this  tential from the surface of the muscle cell

the accurucy of Gomorl's tech phate tase hos been iroplt-
mlque—it should be profitable to proceed cated ad a means o
on the assumption that the discrete sites  for striated muscle (Mom-

this way other tisues movement of lons across the mem-

may be explared, but the mout interesting i;-muno! : l( Merrtt
:'h]:]‘ii?_umu‘kumolmvm‘ Kingolving and Albright, ‘60 Tosteson

¥known to changs dramatically in Tis Mol P
response  then, alkaline phesphatase functlons in

or pathalogical influences. pome com way in the transduction

nstance was examined a5 a coral-  of
energy for movement. For ionstance it
the present atudy In mice, the might serve in tramsphosphorylations in-
of the emall valved

in the mutability of memhranes

f“"ﬂ:"'wlduhhvuhuflc- yhich contain phospholipids.

(Moog, B8) Cotncldentally the abearp. FOMOMARY
tve cells Jote the ahility to ingest A resction astributable to the sction of
) However are- tate has been et
electron mmeroscopy tis-
Jess intenss than that in adult b!tmtmmmlﬁa. Ithl:::lﬁzed the cell
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support the contention that the reaction is
due to the activity of a phosphatase acting

at an alialine pH, and the problem of de-  MEEet B F e Lokataarion det
termining the accuracy mwhlch'-ﬂ]:: Fh tn der Tubul “",;’ﬂ'
Tocal of the th
e 4 z
actual site of the enryme s ——— 19806 The demomstration of
in tbe slectron
Flophys. Blochem.
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PLATE 1
FXFLANATIGN OF FITUXXS
All electron of thin sectians of taues fired tires to 5 minutes ad
fAgures are ricrogrephs

prepared according to the standard procedurs described in Mstarlals and
here Doted, they were obisined from mice between two and @ months of age.

1 A contrd of duod bated 30 minutes at pH 8.6 in the absence of
substrate. This section, taken pear the end of & villns, inclodes seversl abwirptive cells
and » lympbald cell (L) within the eptib The of 1 etrec

Y
turs #3 comparabis to that obtained with the usual oethod of flxstion in cembom tetro
o edectron the of

de 1 these

has not bren serfously derimental. The brush barter (B) of the becrp-
thvo contists of an orderly amangement of microvilll The spical cytoplasm i
divided Into thres reglons, region (8) Tew 5

cunr-lﬂ G (h-;nd.lm Y ancther cﬂ'ﬂ
Promunent (G) Beneath (N) b peomioemt
tion of mitochondrie. (L I intercellolar spaces) x 4000.

(8) This reghom also conrtatng smooth- veekcles or tubulos (V) Deepsr
in there abondince of mitnchondris (M) and of the endo-
reticulom, smooth-surfaced and coversd emall

contained n vedcles
(P P) of ad)acent cells follow a tortuoos mowtly
which ts marked by tominal ber (T) ¥ 30,000,






PLATE 2
IXFLAN TION OF FIGURES

3 An mtestinal villus from  G-dayold mouse incubated 20 minutes at pH 8.6 in sodimn
h—mhhrdn(l)mtdm dense dwposit, and the Latersl

[¢3 -wuxmwhnd.-mr cunfmqunnm The derms

body 1n the lower carner i pot granuler and presumably b lipid snch as i foond



FLATE 2

ELECTAON MICROSCOPY OF MIOTPIATAST




ot B border S scbonmRrer P lera] of) peeroe £
Az rmoewrzal atwerore moase forctese? T itroes a2 pY 3L
::m*:,:«:mr::a;,mbdbma Srvactiin £ P b berder (5
Efome deporzs T tbcrazm £2 Lor rar=lrroes e 2y,
e T = the For, M, rtecCvnision.

A Coxdessl aiercrre o6 ooes_xeed 1D :::an,ﬂu:nbu&m;&:ﬂ:b

Ples The resozs = the brmb basder 1R) ean be rrsctred a1 5

comTre Sepca 1o tow Foroen of G trusTra . £edy ererslo resoon i
madmm‘mmm‘h-wma

o wirroorar ormpaes S0



FLYCTRON MICROSCOM OF PHOSTHATASE
Som L Quik, J




FLATE 4

TIXLANATION O FIOUNXS

8 The sopranuclear cytoplasm of & doodenal absorptty  call incubated 20 minutes tpH
86 in disodium pars-oitrophenyl phospbate. The reaction is confined to the laters]
membeanes (P P)Mmmhmmmydtbckwndthcddmﬂﬂ
(& G, G) )M, mitochondrion. x 25,000,

cells from B-d:y-uldmmioned t the Jevel of the nuclel

0 sodlom Aglycerophosphate.
At thts leve] the resction 35 agmin conifined $0 the cell membrane (P) and muckd (N)
fafl to react. L mtwrcellnlar spece. ~ 10,000,



FLECTRON MICROSCOPY OF FHOIPHATASE
Som L Quok, J

FLATE 4




PLATE 5

LITLAX TION 0 FIGURER

10 A goblet cofl from the small intestive of a S-day-old mouse incobated 20 minutes wt

Therv 5 p'lnnh:dnpal!inlbocvﬂmh-lnn
absorptive cells. N nucleus; AMD mucws drap-

cdhvfduodvm.lryﬁhe linm incubsted 20
Sl.ndnad.nmjhmylphaﬂ: The resction fa mrﬂ.n-dmtheclﬂ

Y of the and cell. N pucleny of hympbokd cedl
bd







PLATE 6

i







PLATE 7

IXFLAN TioW  FroUMIS

Ampﬂmmmdmhdlﬁmummmhbd”m

t
ptlyceropbosphate. In addition to depenits In the cell membranes of the eudo-
thetial cells end duscly scatterod the cytoplewm, there b reaction fn the
walls of numerons mall cytoplasmic (V) x 27,000,

Parts of 4 smooth muscle cells of the duadenum, incubated two minutes ¢ pH 73 1n
d.hodtumhm phosphats. There is xmtlmmﬂ:-mﬂnmmn(l’)lnthtwﬂh
(V) near the cell membranws, and scattowed diffosely through the
mmmmmw.mmmmmmdw
(M) N noclens. X 19,000,
The scrosa of the duodenum, incobatsd two mmumnpﬁutndmdimphmﬂ
yhutphltn.'nuni.l diﬂnudrpmi:m!.h(t!):m(li thn.e;—lc:ﬂ.u
plumhwd.d-(v) M!hnum ftt-ylctmnh bit of smooth m
contaming reactiva vesicles. P coil membrape on peritonesl @urface of serosal
X 18,000,




FLATE T

YXLIOTRON MICROSCOPY OF PHOSPAATASE

Lon L. Clerk, Je
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PLATE 8
TELXL4N TION OF FIQURE
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MICROSCOMY OF TIOSTHATASL
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FPLATE ¢

XAFLANATION OF YICURES

An eoaingphil fram the small ntestino of  S-daycld mouse, incubatsd 10 minutes st

FH 86 ia sodtum p A patr o ©) cbilquely 13

marked by reaction, snd thers i diffuse deposft In the nuclstm (N) 2, mbtochon

drion. X 44,000,

An costnaphil from the d $0 minotes pth:dbadlmlphn‘Iﬂ

Phosph te. There &5 resction In the cmlx!d-:(c)nvnﬂn-d!ﬂun

1n the noclees (N) and crtoplasm, the ecatnophilic grannles (EG) X 40,000
bil from the same preparation as Aqure 17 Again there 5 # resction

the two

eownop
c:mr_hlel(c‘c)nwcﬂurhﬂnuw:hw N nockos; EG eoans-
granole. X 26,000
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The spicul portion of  tracheal epithelial call utes t pH 7.3 in diso-
dium yl There is  reection in cilis (C) in busal bodies (BB) and in
the including that covering (MV) which protrode

the cflia. Tho resctin les within the substance of the basal bodies and cilie,

Tm_hnl-p(muummcub-udfwmmmum t pH 83 without substrate, There s D0
reaction elther 10 basal bodtes (BB) ox cllia (C) but the intarnal filaments of the ciia
can be seenm X 73,000

Tracheal epithelium fram the . 11

83 1n disodrum phenyl Bl te A Irection is present within basal bodies (BB) and
cllia (C) fn the region of internal Aloments. The membrabe covering the spcal
sarface of the cvll and the microvilll (MV) also reacted. X 68,000,









An Electron Microscopic Study of the Lymphatic
Vessels in the Penile Skin of the Rat'

ELWIN E. FRALEY ano LEON WEISS
Harrard Medual School Botten Aarsechuset! and Department | Amaiomy
Jekus Hophlms Unirerrity chool of Medicine Baltimore M rylend

Many reports have appeared in the re-
cent literature the fine struc
ture of blood vessels ( de '53 Moore
and Rinka ‘57; Welss "37; Bennett, ‘59
Fawcett, 59) These studies have {n many
tmatances caused elther modification oc

endothelial pores
nd.{u:uf.’iD—iSAlndn
of 1-2 X 10°/cm of the capillary wall.
The of the pores was presumed to
cotrespand to the thickness of the endo-

Ranvier (1897) and Clark and Clark ("33

ardrrmmvuu:ntelhermdvﬂydlym-
phatlc captliaries with the electron micro-
scope morphological criterda far the iden-
of ly

thellal cell or 03 . Howerer
electron

existence of pares (Bennett, '58) Bermett
('59) In a recent publication, states Lh:l
there 15 pow sufficient morph

e1gy on the c
themselyes (Lar i3 34 Dan 4 o 1
Stock, 44 Char crs and Zwed h 4
The wark of P de ('60) bowe ex suf
gests that en selum may be 2 ble of

cytopempsis
pinocytosis v as revicwed by L

Incont  to the siruztion h
to Hlood dlaries, Little b z been ed
to our u er anding of toc
f ,mphatic vesscls since th
of “on Recilinghausen (1870)

vessels hod to be
established Izhthnpn-poseonhh-mdy
to begin to set forth such exiterfa.

The penfle skin was the site selected for
this stody This ares was shown to be
suitable becsuse preliminery infection and
It min—uscopic stixdies mnled-th:h
¢ perficlal plexus amensble to
~ertation. Thlnreﬁcmhnladvely
+repare for electron ~Lcroscopy e“Z-ee
of such cutan*ous Arexse uhu.rmd
.ebaceous gl 1.

MATC . 2 TTHCDS
Adult hr ~f be Whetar
strain wer 7k
Injected 3 Lo 1 preperations
were stuoe boodr ht and electron
Irjec 3 of the

lympuate  exos w mads using & 1 cc
ynge an. an inje.. o mixture of equal

1 by grasts C-3108 and
Service.

This woek was w
C-5I75 frem the U § r.hbe Health
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parts of Carbachrome Ink and Tharotrast®
(a collatdal suspension of thartum diaxide)
while the animals were under Nembutal
anesthesla.  Injecttons were made while
the specimen was being viewed through a

dissecting microscope
Materdal for both the lght and electron
was fixed In eold (3-5 C)
buffered suctose-1% osmtum tetroxide 2c
cording to Caulfield ("57) for 14 hours
at pH 7.2, After fixatiom the tissue was
washed 5 minutes in distilled water dehy
drated at room temperature in a graded
series of ethyl alcobols (70 80 85 and
100% ) for a total of 132 hours and
in 2 mixtare of equal parts abso-
ute alcohol and n-butyl methacrylate
monomer (two changes In one hour)
Finally the tssue was infilorated with n-
butyl methacrylate (tmoch
in on¢ hour) and embedded in a prepoly
merized mixture of 9 parts n-butyl metha-
crylate and ooe methyl methacrylate
at 60 C for 24 Sections were cut
with a Porter Blum microtome at & thick
ness of 50 to 100 mu far the electron mt-
croscope and at 2 u for the light micro-
scope using glass knives. Sectlons for the
electron  microscope were up an
celloidion and carbon coated copper grds.
The grids were examined without
the plastic under the RCA model 3¢ and

endothellum (figs 3 4 10 11) The
smaller lymphatic vessels tend to exist in
a semicollapsed state (8g3. 3 and 4) The
vessels are Intimately related to the s
rounding counective tissue and po ped-
cytes appesar to be present (fig 3) The
nuclel of lymphatic endothelial cells
large and often protrude into the
lumen (fig. 4)

The appearance of a lymphatic vessel
differs from that of a blood capillary which
is characterized by a thicker wall, smaller
lumen and the presence of pericytes (fg
3) Blood capfllares slso possess & base-
ment membrane (fg. 5) The presence of
red blood cells in the vessel lumen is a ose-
ful it pot definitive criterla for Hdenti-
fying blood vessels. Our observatiom on
the fine structure of blood capillaries agree
rﬂhpreﬂoully cited studles on the sub
ect.

Cytology of the lymphatic endothellom.

s

The luminal nrface of the endothelfm
disol small cytoplasmkc pro-
Jections (fig 11) These endothellsl pro-

Jectoms ap, to be similar to those re-
ported in loodcapﬂ.ll.rlla‘ (‘Kl.n:h ?7)

Stemens Elmiskop I

Electron micrographs
medium contrast lantern

Sections for the light mi were
stalned with hermatderiin. aod. e
acid-Schifil as outlned by Welss ('57)
QBRSERVATIONS
Light microscopy
The penile skin possesses s rich hym-
phatic plexus demonstrable by injection.
The smaller lymphatic vessels are typically
found superficial 1o the blood capilladies
(fig. 1) The lymphatc walls consist only
of endothelial cells (fig. 2)
Electron microscopy
General orlentation  The lymphatic ves-
sels studied have an average diameter of
14 u and their walls are composed of thin

fibrillar structores stmilar

scribed n well ixed blood capillary endo-

thellumn (Palade "53) were obsened-
v structures are present st b

the tuminal and sbiuminal endothelsl

surfaces and In the fntervening cyt

Edward Gurr Lud., 42 Dpper Rilmond M
West, London 8. W 14
Testagar Inc. & Co., Detroft, Michiges



LYMFPIATIC VESSELS IN PENILE RAT SKIN

(fige. 8 10 and 11) These range in dlam-
eier from 80 t0 400 A. The vesicles appear

87
capillaries are the absence of a basement
membrane  the

to fuse with the plasma b: at the
luminal and abuminal surfaces (Bg. 8)
The vesicles appear to be mare numerous

at the cell surfaces than in the interventng

capillary endothelium (Palade ‘33) and
m.‘lvg’bc concerned with ploocytotle ac
il

dothelial Jethellal 1

The
vary from simple edgeto-edge (fig. 10)
or cn‘r:hppiug :ppmaimaﬂcm (fig 8) to
struc

lhlnncn of the wall
bt 1 end extend

othelial

Ing into the surrounding connective tis-
sue and the absence of either Rouget or
adventidal cells. Thus, morpholegical et
terla have been established to differentiate
lymphatie from blood capillaries on the
basis of fine structure

The ltrucnn-e of the lymphatics studfed
differs some respect {rom that of the
lacteal Lu that the lactea! apparently has
a thicker wall than the blood ca;
in the intestinal villus fts walls have occa-
stonal dhcomh-numn and the lacteal does
not have abl ] endothell

turu(ﬂp.7nnd9) The | Tlu)
space contains no discernible cement sub-
mnce(ﬂg'l 7 and 8) Desmosomes were
not obmery
Tbewnll'oftbne\tmhmc\
lhtmcumplcle(ﬂp.34 10and 11)
discontinuitles were observed such uLbc-e
Teported to exist {n the lacteal (Palay and
Earlin, '53) The walls
but for the most part are hasing a
mintmal width of 0.2 u (figs. 3 4and 11)
Swrrounding comnectire tissxe Lym
phatlc ex k a basement

ground materfal subjacent to a Limited area
of endothel d the

al

(\elss "55 Palay and harlin “33) How
ever both the lacteal (Welss '55; Palay
and harlin "53) and the smaller peripheral
lyraphatc cap appear 1o lack a base-
ment membrane

Wood ('60) has shown that a slender
basement membrane was observed sub-
jacemml.hel\upﬁercdhlnthemdxer
embedding in epoxy resin which was not
seen in methaerylateembedded material.
In our material basement membranes were
regularly Db!tr\'cdl.nhluodcnpﬂ]lrlen In
raro cases a slender discontinuous base-
ment membrane may have been present in
lhelnrgvrly-mphauc capillaries. In most

of
a slender basernent membrane (fig. 8) In
o imstance did the

Iy a basement mem-
brane was not obun-ed_ Mom:rva col
lagen filaments and other structures were

dl.rccdy lpplled to the mb]neen! surface

elial surface is in direct contact with
g ground sub-tance and enl
lagen of the connecttvo L sue A brugh
an intmare association exisis betwee  the
endothellirm and the collage  of the con-
nective Hasue no et nceofmm:ﬂmcb-
ment of collagent  relymph t wall wae
ubserred(ﬂn. 10 ad 11)
The smaller ' mphatic ‘essels do not
mnmyoel wmlar to Rouget cells of
capfllar 3

DISCUSSION
ations presented 1n this study
have ghov .hat the lymph tc and blood
capillane 1n the penile skin of the rat have
a fine ¢ ucture which Iz duuncdm for

of the |
No evidence was found to suppart the
throry that connectie tasue fibers are
trer #d o the lymphatic wall. The ob-
2t ans of Pullinger and Florey (735)

rd MeMaster (47) mggested that, In
conditsons leading ~dema and connec
aswe sw 1 © h tensgon of the con-

n the o sh o3

phauc wall “ se in the cali
ber of th [ ry would ex
plain why it L res are Dot
collapsed 1o @ ditur— ~as

tion whee tne conrc ussue pressure
13 grce than the alymphatic pres-
cure. Hov er the 3 1munal endothelial

el cnare  =scnoed m this stedy maey
suds nve the function, previously ascribed
to the cunnect. ¢ tssuo fibers If these pro-
toplasmrc extenuons serv  to anchor
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the connective
comitant widening or narrowing of the
vessel lumen.

lnwmacuu‘huepmjecdmmy

were surrounded by connective tissue
ground substance and collagen fibers. Perd
cytes were absent.
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PLATE 1

LIFLANATION OF FICUNRS

1 A wholemount preparation of injected penfle skin The plane of focus ts t the level
of & very pupestcisl lymphati veset] (LV) The injection mass (I4) and tho ps th of
e Imeation smbeturs are Indicuted Gaveral other partially. infoctad lymphatic vesstls

t nntwhtd:ﬂmntphmof!mmlndtﬂrdbyhmkmnnu. Many blood ves-
sels (BY) ave vimble at  cufferent beval, X 350.

2 Al_:bﬂnthmd:minhﬂtdvalnﬁm. Nouthd:lnmunfthnlymb-unwm:-
out connective

Pparent
tiawue fibers (CT) ﬁcmmmﬂ(m)ﬂmmdmlm(L) It surroands
lmm possibly arried in with the injection needle, Initial megnification.
x
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FLATE 2

TAFLAN TTON OF FIOUAES

3 FElectron mirograph of  lymphatic (L CAP) and blood capillary (B CAP) and the
1s thin-walled. The

closs relatioxahip between the lymphatic and the sinrounding collagen (C) i spparmt
mwmmﬂyl&mht pericyts (P) Is socn in relation-
abfp to the blood capdllery The blood bss  thicker then the lymphatic
and red blood cells can be soen in the vaseel lumen (L) X 4000

t the collagen (C)
vessel hrmen (L) Ses figurs 11 for higher powsr of this wall. X 10,000
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PLATE 3

IXFLAXATION QF FIGTRT

sAhlond:tnmryA Hood cell (REC) is preemnt {n the vessel lomen (L) A shght
basernent membrane (BM) b seen suhfscent to the endotheltam (E) > 58,000,
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FLATE 4

IXFLAN TIGN OF FICUAL

6 Awallol samewhart lerger lrmphatic veseel tk

shown berstofore. Prm:lnmlln!hh
micrograph are two bluminal sndothellal projections (AEP )—oo ks
tially oat ol section. Pl vt voligfiul el
mblmtmmm-mmsg the wall, A &
in location, fs also seen. X 42,000 definitive Golgl apperatos periouclear
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PLATE 8

EXPLANATION OT FIUUNES

7 A lymphatic wall at the level of several dba] jometlons
(EEJ) Tbe pecs 90 A and contains no inter
cellular cement An ab (AEP) is also seen-
* 30,000

8 An overleping trps of call junction. Vedciet (V) which appess to fuse with the
endothalinm (.

plasma membrane can be sean in the (E) The vexicles occur most fr-
qumntly at the call rurfaces but sre occasianally Mhmmqﬂmhm
X 40,000

® Tongus and of endotbultalendothelial junction (EEJ) The cell janetion ts
clns b0 e (R X 37,000
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10 A sectlon of lymiphatio wall. Pinocytotc (V)mucn.NuuLb-donmh
tsamahi)

p betwwen the (E) and ths gen () pd grovnd
ubstancs (GS) Tb-cndotboudwhnlhljmdm(m)mlnm almple
[ A well (RNP) s seen in
! of the The wull lacks
X 50,000,

11 A hymphatic wall which represe s higher powsr of  porthoa of the wall seen In OS¢
ure 5. Nota the luminal endothetia] projections (LEP) > 42,000
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Sequence of Appearance of Primary Centers of
Ossification 1n the Human Foot'

BERTRAM §. KRAUB
§chool #f Dentistry

of Washix Seatils

INTBODUCTION
Since the appearance i 1737 of Albt
nuss Icomes orstum foetus humond there
has been a considerable literature devoted
to the process and chronalogy of ossifica-
tion of the human skeletan, Some investh-
gators like Augler ("31) and Tiessandler
(44) have cancentrated upan particular
regions of the skeleton. Others (Noback
and Robertson, ‘51; Mall, '08) have de-
scribed the entire skelston. The earlier
methods were restricted to naked-eye ob-
servations of fetal bome development.

Later
raphy KOH clearing and alizarin staining
and histclogical sectioning

In addition to the demonstration of cssl-
fication tn the human skeleton thers have
been investigatioms of similar nature car
tied on in rats (Strong, "25; Walker and
Wirtschafter "57; Wright, Asling Dough-
erty Nelson and Evans 58)

Although there are minor areas of dis-
agreement, in general the sequence of
initial cesification of the 10 post-tarsal
bones of the human foot s described as
b with the § 1|
by the 5 distal phalanges then the & proxi-
mal phalanges, and the 4 intermedi
ate phalanges. Wright et al. ('58) clte
sequence

Wood Jones as considering this
to bo a
These 1

trait,
find 1t licable to
their Long-Evans rats although within
each phalangeal row the second and third
diglts were the first (o osslly fallowed by

the 2nd metatarsal end Iet distal phalanx
wers the anly centers present. Of the 19
{etuses he exanined this was the only spec

of 4]l 18 centers ane at & time. Sanipling
size has thus far been a deterrent in at

tha 4th Sth and Ist resy y
of

deter the
of & rance of centers of osslfication in
the
tarsal groups, Httle attcntion has been pald
to the precise dlgital s~quence. Mall noted
that in ane fetus presumably 88 days old,
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published ariginal material relating to the
sequence of appearance
fication of the foot that iz mare spectfic.
Staternents that appear in general anatomy
and embryalogy texts reflect the lack of

information on this subject. For

digit. This regular sequence of a;
is followed in the distal nextinzapmh?
diate p

BERTRAM $ KRAUS

genes are known to have multiple effects,
the observance of notahle d from
the known arder might dgnﬁ{theprm
of one or more mutants and hence the
probahility of additional

serving the fetal calcification process se-
dally hence the establishment of e specific
sequence must rest upon cbservations of
abarted embryos and fetuses This obvi
ates the potentiality of clinical significance
Ia cases (if marked devintions from the

Thero i, however a feld in which the
ability to detect the presence of mutsnt
genes in abarted human fetuses has great
potentialities. We rofer to the study of the
genetic effects of radlation in human popu-
lations. To date there i no direct evidencs
that rad. causes in the sex

of bone before the centers for the distal
phnlanges are visible as more than “tny
polnts  Hamflton, Boyd and Mossman
('57) present a line drawing of a 50 mm
embryo (fig 388) showing the ossified
ters of the first distal phalanx and the
second third and 4th metatarsals.

The present study was undertaken in an
atternpt to determine if there is o distin-
guishable sequential pattern in the appear
ance of each of the 10 centern of osxifica
tion in the human foot. The need for such

y
ters in the reglons nd sub-regtons of the
body

We concern curselves hero with the rela

cells of man. Studles by Neel and Schall
('58) to detarmine gemetic damage in the
offspring of irradiated Japanese parents by
d rating higher fi of ob-
normalities in these offspring than in con-
trol groups have failed to disclose signifi
cant differences. If frradiated parents do,
indeed, transmit incrcased numbers of
mutated genes to thelr offspring, the ef
fects presumably would be lethal in the
great majority of cases within tho Arst
two wecks of gestaton Sublethal effects
might not bo expressed as gross clinical de-
fects or anomalics but rather as deviations
from the normal eequence of biological
events such as nitial calcification of prl
mary tecth (Kraus '58) appearance of
centers of cesificatlon and periods of ac-
celcration and deceleratfon in growth of
the shafts of long bones. (hraus '38)

It is of intercst, then to determine the
spocifically human sequential pattern of
initial oeslfication of the bones of the foot-
Deviations from this pattern might suggest

tively regular of app P of mutant penes and spur the
Regularty in a biol 1 devel 1 search for ciated defects hout
sequence bespeaks a genetic control. De-  the body Significant differences In the

from an est blished sequentlal
pattern of events sugg <t cither interfer
ence with the envirenmcntal milien in
which the genes medl te their effects or

frequencics of such deviations between @
serics of aborted fetuses of irradiated par
ents and a control group might well bo &
measure of the genetic damage due to

defects in the geoes th 1 Sinco



PAIMARY CENTERS OF OSSITICATION IN TI[E HUMAN FOOT

MATERIAL

A sertes of 138 human fetuses ranging
in crown-rump length from 33-165 mm
{or approximately from 8-18 weels of age
in xtero) were cleared tn ROH and stafned
with alizarin red S. Some of theso were in
additlon,

included sorne American Mexican
and Negro representatives in additdon to
Whites, they obtatned from

in Los Angeles. The fetuses were ex
amined with a stercoscopic microscope
under & magnification of 25X A lower
magnification semetimes falled to disclose
mimite centers of ossification. The age
d of the spectmens Is § d
In table 1

RESULTS

When the number of omified centers is
plotted against the crown-rump length of
each distribution

tme the human fetus has attained a
t|8-
k16
SM
“
512 .
<
g
38 :
1 ]

= 6 b
&4
Ay -t
go - oo

25 45 65 85

TAME 1

105

Crownrumy awd ape distribution of th sample
relly

(wilal

105

symmetricel specimens only)

125

145

Crown-rump Length (mm.)
Flo 1 Regression sf number of seethad conters present on crew ¢ =139

Nomber of
‘*herimeme

165
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13 to 18 centers is ontbem.he-rlund ex

BIRTRAM § XRAUS

224$ afthuumplalntbeﬁmumgu
culy 96% of the

tremely broad but also with
overlap Fetuses with 15 centers for ex

weeks omsification proceeds rapidly but
from 12 to 18 weeks there is a decelerating
rate Approximately 10 weeks are required
far the anset of ossification in the 19 bones
of the foot. The relatively mare rapid suc
cession of osstfied centers i the earlier
stages may account for the fact that

ump!uintbehnsimmmdeﬁ:m
The sequence of appesrance of centers
of ossification in the foot that is dertved
from 138 observations is illustrated in
figure 2. Of the 138 specimens 118 sup-
port this theory 20 do not. The distdbu-
tion of the sample by number of centers
present in sccordance with support and
non-support of the theary fs presented in
table 2. The 20 non-supporting specimens
do not, however support any one other
theory In fact, in some cases they offer

section of the paper

It i3 Interesting to note that the data of
both Mall, and Noback and Robertson also
;i:ponthef(n theary Mall cbeerved
y 19 lpedmcmliiufwhichmppmﬂhu
fo;ﬂ (table 3) Noback and Robertsan

onlyBSotheir 136 cleared and
stained specimens to be n some stage of
ossification  Of these 82 the
13 do not (table 3) In both sam-

the present sample (table 4) we find 213

TANIE 2
Dﬁbﬁ-tb-cf..pllhrmﬂ.‘ml'
support of Kraxs
Cartarry Mumbwr Number
con

3

s
o
safbunoniiousonmwan 1

8 covcomoOumORMOREm0N
o - o
B aaZfounublivavmuoaa £

%
-



FRIMAXY CINTIXS OF OSSIFICATION IN THE HUMAN FOOT

TANLE 3
Caiculated distribution of samples of Mall (06)
and Noback ewd I 3)) £
to swppert awd mom-support of
Kraxs theory
Moback
Comtars Man wnd
rowet Tro  Com o=
1 0 0 [ 0
1 1 0 1 o
3 o o 3 1
4 ] 0 2 2
s o 0 o °
6 ° ° ° .
7 0 1 o 1
s o o 4 1
. 4 0 19 1
10 ° ° 1 3
11 1 ° 1 H
1 1 1 s o
b 0 o o 1
1" M 1 15 0
18 M ° n H
18 ¢ [ 13 0
n e o s o
1 ° ° S e
B B2 n bt ]
TAELE 4

ctribution of 3 samples (= 940) sccoding to
upport and wonsupport of Kreus theory

IO
! ocaaql;-n»—-uuan»-unnn i’

5
2 cM@setuEBasucsaas §
2

observations in support of the Kraus theory

centage of each sample Not supportin,
theory are Kraus—14 5% Msll—18 7%
and Noback and Robertsn—13 7%
The sample used in this report incdloded
anly spechmens in which the centers pres-

time of pormal appearance. This
Wﬁmtmmmo{-&
o bilateral patrs poted weuld nior

This obeervation is confirmed by the pres-
ent study with only a few exceptions. Six
showed unflateral occurrence

Te-
spectively The next p e
difeal phalan beginning with the first

Tollowed by the second,

The
regul n begin
- fv’:"""""'hfﬂﬂuh5'Iib-ﬁ

are followed
xo fallowed by the secund, third 4th and

The sdvanced
(Theory 2) differs frey .HL“ ‘hi;tx;ﬂper
s the s oapects the first distal phalanx
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Fri 38 (rapal 2,3 snd 4)

(Arrow indic

o1 lagt canter theoretically to  ppear)
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Tigx. T-10 (stagew B &, 7 sud 8)
(Amow fndicates Luet cacter theorvtically to  ppear)
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110

fstages §, 10 11 and 13)

Figs 11 14
(Arrow indic tes last canter theoretically to eppewar)
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Fip. 16-18  (stagwm 13, 14 15 und 10)
(Arrow indicates lest center, thearetically o spyeer)

111
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Figs. 19-20  (stagws 17 and 18)
(Arrow indicates last cemter thearstically to sppesr)

metrical) observatons of fetuses, each
observation showing the ossification cen-
ters present at the time of death To
answer the sbove question we use 2
method elaborated by Tata ('60)

In determining the suppart offered a
given theary we will consider the bony cen-
ters to be bered in the order in which

»
9 10
o 10

11 13 13 14 18 18 17 18 1®

T 11 1% 13 14 13 16 17 18 19
2 1 12 13 14 15 18 17 18 19
e wish to determine whether or not
the current theory and the new theory for
the order of ossification of the bones in the
foot are both significantly supported by
the data, and in addition to determine if
the support offered the new theory by the
date fs significandy greater than that
offered the current theory The data
avaflable consist of 138 (hiaterally sym-

they are supposed to make thelr appear

ance sccording to that theory (Theory 2,

see above)

Consider the fallowing potation:

n stage of the specimen (aumber of cemters
present)

N., nomber of spectmens of stags n

[QEREY x.) description of the specimen 8C
cording to Theory 1

o~ ™ y ) description of the spectmen 8-
cording te Theary 2

8 =300 — XTx, the support offered by epech
men

5 the total swppoart offered for Theory 1
~%4 the total support offred for Theory 2

It can be shown for each theory that the
maximum and mintmum support possible
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for a single specimen s = n(19-n) Thus
A‘?Sl‘,lnd‘lﬂes,m both bounded by

=019 — n)N,.
Columns 1 2 and 8 of the

Summary of
Calcalations (table 5) ghve n N, and
Zn(18-n)N has

both theoties ven significal
support by the data. A formal verification
by a statistical test follows. Since we num-

a random set of n numbers for each speci
men of stage n. Under the null

that, say Theory 1 does not recelve signif-
cant support t may be shown that

=0 ,.,:\?:n(xo.-)n.:ma

In oar example IS~ 8108 and IS,
8216 (see columuns 9 and 10 of the Sum-

113

m-ry) In view of the approxtmate nor
mality for the chance quantittes ES: and

IS we see that both null hypotheses are

rejected.

To compare the support for Theory 1

with that for Theory 2 we use the Sign

Test {Dixon and M 57 280-286)
The breakdown far 138 specimens
which is required for the test I3 shown I

$.5 §>% <8 Teal
Number of specimens 119 3 13 138
Olwoxmmiwhkhﬂcldammr
16 favor Theory 2 and 3 faver
hncﬁdentmlhﬂwthumgl'}a
cncelumppcrrzh
fnmro!'l'beuryﬂ(lﬂomafﬂ)would
show significance at the 1 level)
Ve can also consider a third theory say

3 which is more or less between
the two It ix eyentially the same

TAKLE &
Summary of calculetions

e pux Cup e
20 Theey1 Theery 3 ot % I:y J.".‘, ,::E'— ————rt
5505 L% tcine """' braid

1 e e 1 o [} 4 18 +32 +72
[ 2 H ° 0 +2 +31
T 5 (3)x8 12 [ o 3 M +72 +102
n n H ° o +60 +60

3 3 (1) 18 m o 0 2 1 +78 +96
(11 ny o 1 o +48 +40

4 2 (1) 2148 14 0 [ 1 ] +80 +60
(1;1!34 ™S o 1 L] +60 +32

5 1 (1) 12348 13458 o 1 o ™ +70 +60
6 3 (3) 122458 113458 3 ] 0 T8 +234 4134
7 6 (3) 1134558 1134947 3 0 a 81 HE +131
(1) TMET0 TS ] o 11‘4 - 144

8 1 (%) 1245878 1%345878 2 [ o as G 18
(1) B3467E10 1D47M10 ° 0 2 h in
T 110 o [ € ~6784 +6784
Toal 138 118 3 1s 8108 +eus
(Mrchimem possible support {138 specemans 8511



we have 3,02, In condensed form ft 1ss
Sofe 5i>F i<t Teal
Nomber of spectmens 123 3 13 138

Thus Theory 3 slso receives significantly
mare support than does Theory 1
A comparison between Theory 2 and
Theory 3 is inconclusive

$xFe $i>F2 Se<hu Total
Nomber of specimens 135 3 o 1m

The result, 3 out of 3 fs short of signifi-
level

Example 1
1
N & m rx "o Ty
4 6 + 8 1 +18
2 2 +18 £ 416
h ok LI ) oy
2 o 4
Exawple 2
- =7
X & mn!.;x;y Y‘lsm-’;y

3 1134363 82 1214367+
T MR 02 1134789 ~T2
LR Y $ L) hdh

o o 5

SUMDIARY AND CONCLUSIONS
Utflizing 138 cleared and stained human
fetuses ranging from 33 mm to 165 mm in
crown-rump length a specific sequence of
appearance of centers of ossification in the
post-tarsal bones of th foot has been pro-

posed  Suppart for this theory fs deter
mined staustse 1 an lysi based upon
a elabor ted b Tt Comparison
of different theor ) m d out by the
Sign Test.
The first 12 e Jatively
raj success) whinihe t w0 the
to 11th we 4 e im t Frm
the 11th to the neek th reman g

centers sppear  The seqence of appear
ance of centers of omification sppears to
be 28 follows

waqanaunu?

gnd dhtal phalanx

4th distal phalanx
10 distel phalenx
11 1t proadmal phalenx
12 proximal phalarx
13 3rd proximal phalenx
14 4th proxtmal phalanx
15 5th prextmal phalanx
16 2nd intermediats phalanx
17 3rd intermedists phalanx
18 41h intermediste phalanx

Tested against the current theoxy the

observations offer greater for the
theory proposed herein. of the
Teported observations of other investigators
support the theory

Since a regular sequential pattern woald

tral, it is suggested that significant devi-
ations from this or any other biclogical
sequential pattern might serve to indlcate
the presence of mutant genes. The use of
such seq 1s proposed to the
genetic effects of hradiztion.
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Preadaptive Potentialities of the Mammahian Skull
An Expenment in Growth and Form

E. LLOYD DuBRUL AND DANIEL AL LASKIN
U hernty of MMinols, Colleges of Aedictne and Dentistry Chicago [l wols

Theoretical propositions about the form  Starck, ‘52; Bjork, 55 Schultz, '35 Zuck
of the vertebrate skull have come mainly erman *55; Moes and Greenberg, 55 Moss
the behavior of two basic  *56 Ford S8 Scott, '58)
and booe. The cranium Now it is known that the sutures that

in man is potably smaill—but it 15 quite doring growth, but how this activ-
certsin that the base not ity is is pot com-
into @ curtileginous cranial toof In the pietely clear For this reason it is not sur
a:nh‘ry\:fufhlﬂrrmnmmlx.'l‘herwfh prising to find reports on
made of m

adaptive value. ltun&u.n,tmpcng ve of the brain bax. At

for the argans of the tempts to oblterate these sutures have not
head which will t growth In differ in substentiating this be-
ent rates in differently lief becsuse even the resulting Jocal mud-

story The skull base of a vi y grow  radiated. Lately as poted above, experi-
ing animal retains spaced, re- mental measures been tried on the
sistant islands of active for vary  skull roof and face These areas are easlly
tng lengths of time however  sccessible. But Httle of such experimental

less cbvicus. The experimental work
glﬂﬂb-;-v(-}gokyﬂdlﬁum: we could find was either i ve
uxley Topinard, to the tmplentation of f material

1891; Eelth, *12 Dabelow 31 Kummer in the fetal [¢ 30)
"53b Baer B4 Biegert, 57 —via "
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something deeper suggests iteelf s crucial
in control of skull form. Consequently the
present study was planped
direct, ental atteck on certain spe-
ciic sites in the cranial base.
This is an attempt to define in clearer de-
tall some fundamenta! mechanism con
cordant with both an lnnate common
scheme and a wide adaptive diversty of
the mammalian akull,

OBJECTIVES AND FROCEDURES

The immediate objective was to cut out
completely the tal
drosis in the bases of sul ani
mals. The underlying objective was to de-
termine what effect this structure has
Mmdthalbﬂandbmlum
form.

Rats were used for thres reasons: (1)
beasts and were

once precisely mennmr-
able. (3) The cranial base has, visthle tn
norma basalls two sharply defined cartd-
laginous plates traversing the midline,
‘The anterior plate is seen just posterior to
the rim of the bony palate. This is the

E. LLOYD DuBRUL AND DANIEL M. LASKIN

neck. The neck is then shaved and

pose the
(fig. 3)

wray up to the meninges and transversely to
the apex of each auditory bulla. Usually
there is little bleeding. The area is cleaned
the overlylng structures repositioned and
the skin closed with sflk sutures.

About 100 albino rats of the Holtzman
strain were used of which 23 were sultable
for final critical measurement and 10 for
histologic study Some animals were suo-

fully d young as 15

spheno Y and ft
is the et of the two. The broader
spheno-occipital synchondrods lies several
millimeters back of this It extends across
the cranial base between the apices of the
m%l;:rybulhe(ﬂg 2)

P upan as
days of age. All animals Including ltter
mate controls were xruyed weekly and
sacrificed at 8 weeks two months, three
months 4-5 months, 8 months, and C;IC

after operation Those prepared for
T ogie sturdy wore decalciied, peetioned

Wi 2 or dif
of Ingle and Griffiths ( 49) approach to
the hypophyds. In cur procedure ant
s mintmal doses of

molded to the head farm, becauss it is
tive to xl stabili

at 8 11, embedded and statned in the routine
manner with hematoxylin and eosin

urcments were made with s protracter
Curvature of the cranlal roof is expressed
as the highest point above the line from
nasal tip to inlon C::nll:llbarnccm-vﬁr:
the {: point of the bass from a
drawn from basdon to the spheno-ethmoldal
junction (sce table 1)
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the ekull and in the direction of longitn
dinal as 1t is in the long booes
(fig. 4)
The pital cartflage i covered
the of the hypophysis

E. LLOYD DuBRUL AND DANIEL M LASKIN

case it {5 certalnly shown that the surgleal

interference extended up to but did not

tntl(rgdgm m‘mec:ﬁl;ﬂy b

g B) (8)P in the
synchandrosis

perichondrd

drogds and part of the basisphenold bone
(fig 4) From the studled pro-
ufmdonufwmme:u:nndmhn
ﬁvityveemwbc(m'tnmlthuj__J half

Notahle differences the ex
perimental onfmals (fig. 8) (1) The
tal late {3 com




PREADAPTATION OF THE SKULL

spheno-occipltal fuslon. The back of this
hollow houscs the h: s (reminiscent
of the hypophyseal in tes)

The plane of the baslocelput bends
sharply down to simulate a clivus as §n

and angular measurcments
are {Mostrated in figures 1 and

ts several co-
streased. All animals
removed

35E, 1"L and 21LC.
might suggest that merely the shull
is lessened by the loss of the cartl
But {n notmal animals the length
from nasal tip to condyles is always longer
than from nasal tip to infon. The reveree
1s aliways true in successful experiments.
‘This iz due of course to the forward swing
of the nuchal plane around inlon as center
which carrfes the condyles forward to

121

ft remains Internally concave (lordo-
tle) Aegain, the angle formed between the
long axs of the skull and the nuchal plane
1s Jess in afl experimental animals than
in their controle. Table 1 shows that dif
ferences In Jength between experimentals
and controls diminish with age The re-
malning cartilage sites probably grow
meore rapidly in compensation far loss of
the sphemo-oceipital contributions. How
ever as stated above differences in form
remaln constant.

Complete removal of the synchondrosis

and spherold banes then, does drastically
change the pattern of growth of the skull
and bence its final form while tampering
with the sutures of the vault does not
Although the changes in form are mostly
restrained to the posterfor hall of the

neurocranium  both base and vault are
affected!
DISCUSSION
The dlffe in mammallan slulls

erences
are at present best explained in terms of
differences in the relative growth rates of
varjous cranlal parts (Huxley "3.) This
can lead to remarkable inferences of mech
anism

1 chdenreich came to sce the whole story
as a feature of growth of the braln—

The skulls of all tal animals especially in the case of man (41)—al
are shorter from eno-occipltal  though previcusly be had concluded con
gndmdmc-( bone) vinctngly that much of the morphology
e controls except 35E and 49E° They of the human skull was a result of me-
u::bonu— phe and to the upright pos-
phe syrrchond: —fe., turo (24) Tho cerebral usually

hone—exi 35L. The angle dominates skull contour in dwarfl animals
formed by tbe nuchal pl with the Joig  so, It was said, that mans present form

mldlgehlhmhlml.hmw Inall ex
1
B0 except 3SE. It 1s greater

considerably
controls. It is obvious that 35E s
rant animal. It shows

other hand derres from
the
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He has written that the form of the chon-
slgnificance it

of the bratn (*37 p 450) But from the
same gource ‘Itiltmet.h.umeimman

anium e P
spectacle but that is only becauss

gene y sigrificant because one af the
great features g man to his envi-
ronment !

Ford ('58) that growth in differ

5E
§
g
:
E—E

or rapld expansion
B Hhabom:];ntnldmntdydo—
the

E. 110YD DuBAUL AND DANIEL M. LASKIN

face 1s diminutive tucked in below and tn

way A tly the brain continues to
grow as it now must, by bending around
the clally created kyphosis st

function of & strong, stable graduasll
ening but growing scaffold that can change
the material of which it fs made without

Tbem-inl] espectall

seems 1]
{ornbegjnmnlltudydbadcmaymm
form because the metamerism of the prl

array suggests a simplo device for making
the skull grow long The fetal head of the
rat fs rounded as in most mammals evi-

it Sty the largest mass—tho brain—

into smallest —a sphere—writhin
the restricting cmm of the uterus. The

grat!
and (4) a change to a kyphotc or inter
nally convex cranial base’ (Du Brul, '50)
The skull in general is shortened. Alwo
;.tmpaainted out Weltdenreich ('24) the
or part of the temporal
swung from s mMOTE 8
to a more coronal arfentation in tho skull.
The whole skull base is severely crowded
becauss of the ahartening and bending.
Thus the form and behavior of the cart-
laginous of the human cranjum has
great significance. 'nnur;

ing P and pp
the c:ann plates thefr relative growth




a

-

PREADAPTATION OF THE SKULL

mmm
mmmwmwmmmm
WM mmMm mm

EELE

B
3

The most

4RERsfog8Rd H Y IT LT L %
GG i
i mlmdw”m 2 memmmm.& p ,mm 3 m : me mm
Hilah e ]
W_mmwdmm A
R terifnn iy g
i mmm L e
et ph oL A mmm m mmmmam
mm&mmmmmw f %,muwmmm it
o e R
mmm%mmmmmm Wmmﬁmmﬂm 4 me h.mw
wmw“mmmwm i mmm% i
%W mmm mmmmm ST mmﬁmw



and the formation of within it. This
genetically directed process has been de
scribed in goats, sheep and cattle (Chang
49 Chang and Landager 30 Julan et
al, '57) It has been shown that the same
{s respangdble for the ph in
several breeds of cattle (Gregury and Car
roll, '58) The skull of the animal with
the mutant gene is strikingly different
from that of the normal phenotype. The
essence of the genetic activity In the skull
is fuslon at the spheno-occipital
drosis! From %t;otomph- published by
Julian et al. (57) cranial changes can
be seem to be El)mmmsedvmldng
of the dorsum, (2) a ventral and forward
shift of the foramen magnum and ecclpl-
tal condyles (3) e ventral migration of
nuchal crest, (4) a of the

base This x reln-
orced dlsappesrance of the large
{ban]tu'bn normally found on the

E LLOYD DuBRUL AND DANIEL AL LASKIN

tlon of the upright posture
The ground plan of the mammalian
skull, then, seems to embody an admtrably
preada It responded, re-
y in stdkingly stmilar ways in those
widely diverse whose &l have
had to find g better balance an the more
vertical vertebral columns. But it may
reveal much more In the adaptive radle
tlon of Is. B ting allomnetrh

in (1 "-h‘-lmr' ].hj_f[ cull
ing their orlentat! in the gr 1 the sakull oy
field toward the broad bulk of that of the elephant.

escapable First there must be some
genotypdc to
that poverns lfle common phenotypic ar

SUMMARY

1 Becauso it has been so clearly shown
that specifio changes of the mommalian
skull alwvays accom:

ord

tattanal fleld the cructal questian
"How 1is the basic mammalian skull

equipped to respond ahrays in the zame

way—cven In the mou widely diverse or

ders—to the same shifts n postural orh-

entation?



PHEADAPTATION OF THE &KULL

2. An experiment was devised to study
be factors in the growth of the mat skull.
n fts mature form it is so symmetrically
ectilinesr

Temoved
idalt farm syl
Uways associated with the ghtpostum

4 The mechgnlems
hus emerge and a moded of the basic mam-
mallan skull {5 tuggested which can ac-
xount for the major mammalsam adaptive
radlatioms.

Baer AL J 1934 Patterns of growth of the
nknﬂ;xmhdbyvhxlndnmnmn
Bauwse, L. J 1980 Day Wechstum dey Geblrses
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2 Rst skull base with mandible beary outline 1, Sphano-presphencdd synchondrods
with lateral for udttory bullae
Arc indxated desbed lne h that aooemd which bullas swingy in the tal
3 Dugramill strating experimental pprosch. On the specimen  right, the skin, masster
are normal ralatbans
On the laft omobryold have removed to abow the of
u-nchtclndnoph‘mlndtb-lkuﬂwtlh)nlhﬂwilh-mn]nhdmmth-wboh

1 gh the omohyold mirscle.
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EXFLANATION IGURLS

Sagittal section through  normal rat skull base. The cartilage plate extend completely
thm;hthﬁuﬂmm‘upﬁa(mmr)lndm(mm cortical boay laysrs
as well 13 trabeculse. Horirontal yows of active ags calls can bo scen
with scemaingly greater  ctivity tnferiorly Notw the posttion af the posterior tip of the
hypophysis hst above the cartlflage

Bl:jmlnccum'.hrou';h rat akull base after the sphenc-occipital cartflage plate has

been cosmpletaly removed. Nmth-nmdﬂuityofi.nnnundwmcuﬁu]tmyphm
as well a3 medullary trabecuiss. The sphenoid and occipital bones are continoous
Nunlhl(lhthypophnhlhnwlnothmlu od that the d ra mater hes Dot been
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FLATE 3

EXPLAN TION O FICUNIS

Lateral view of the skull with synchondrosis remored.
Lateral view of the narmal skull of the Litter make contral.

Lateral ph of sknll with esprctally the kin.
up contour of the wnner oathne of the skull base st the sphenooceipital fuston. (The
oathine has been for clasity in printcy )

Laural redwgraph of pormal skufl of the ssme age Nots the amooth, fixt, conca ¢
curve of the cranial base beck to beston, (The outime has bewn Dghtened for clarity

Qutline of the experimental skull (soLd lne) superimposad on that of the pormal skull
(dnabed Line)

$kull base from which the spheno-accipital syochondrosts has been removed. The kg
axcs of the nditary bullas indscated by the black Lins form a wide angle.

Shull base of normal Liter mate control. The kong asws and udhary bullse indicated
by the black line forrn  narrow angls
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Regenerahon of Gastnc Mucosa in Rats'”
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stornach on the greater curvature and two
to three millimeters infedor to the hortzon-

SAMUZL FRANKLIN TOWNSEND

d at 3

cleared in carbon disulBde and embedded
is T They were secti

ardun

For the d Hon of mitochondd
sections of the stomach fixed in Regauds
Auld were stalned with the Severtnghaus
and (39) Altmanp Magson pro-
cedure, mﬂafdalimnmdgdcdic
acid-Schiff technique of Mowry ('58) was
used on sections fixed in Regaud's fluld,
Zenker formol or FAA for the demonstra

tio:u of actdic ccha-
3 ’?E“ oot e

s
58
o

2F
»

3789

d with 16 B!
E'mmin 1% acetic acld for nuclelo ackds.
The Hotchidss (4

Regu
wm: methylena blue (0 05% eolution con-
taining 13.5% acetons ond a citdo acid-
phasphate buffer at 5 8) and arure II-
cosln (Lillle ’54; or nucleic acids en
sections fixed

was gycogen, were incubated
cne u37Ciulli|oludunaf
y) in a D01 M 5

buH:r (pll 70) before wmu.n; Contral
alides were incubsted In the buffer solu-
tion wﬂbout amylase

ORSCHVATIONS

General histology

Fow}wunnflnrlbcrandn]of
of mucosa g bad

and
They were sectioned at 2 0 4 ¢ Piecxs
fixed in FAA for 48 hours were dehydrated

except for o alight increase tn blood

The tern watablished uocoss
Indicate the mnﬂ]mtndnk-h-
“regenersting mncoes  that which
!clmrd!nlbliﬂhn



RECINIRATION OF

the lamina of some scctions fm-
medmdy-daccmwlhe
By tha 12th hour after the operation the

CASTRIC MUCOSA 135

deeper cells lacked mucus and close to the
established mucosa a few fattened

some sections was so extensive that the
glands were ynpmx:d.)hnyor
the epithellal cells of these glands were

ib d but could still be distinguished

propria.
Twentyfonr hours after the operaton
chi.llnxhadcamdundthekﬁonmd

blood. Centinuous with the surface cells
of the established mucosa but | outon
the clot was a ledge of
which was not composed o

as to type (g, 12) The chlef cells were
sm.ﬂ]er“ﬁhm less cytoplasmic baso-

lesion which agrees with the observations
of Hunt ('38) who showed that at this
time the mitotic rate of foveolar and sur
face cells adjacent to the lestom was in-

Days after Operaton
Figure 1
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TIMNG OF REGENERATIVE CHANGES
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epdthelal ingrowths from the ledge (fig.
8) and in glands of the established
of the

mo-

from the

and nucleolus occurred slmultane.
otu]{‘v_vithmedecmum
ting cell was pardetal in ol

the Bowle-positi
basophilia fre

d by PAS-
postive Ted mucus (Sgs. 18 and 20) As

sbove the nucleus contsined mucus along
with vacuoles in the tansitonal forms
(fig. 10) These vacuoles were left by
{afiure of the fixative to preserve granules

Parietal cells  Secttons treated for suc
to ftocl

?
!

iz

i

R
g
§

HH

g
2
g

g
&

varable factors such e correlation
difficult. First, vared methods have been
uwed to injure the mucoss, Thess proce-
dures include cautery (Willlams, 53 Hunt
“88; 5k et al. ’58) scraping of the
mucosa to basal enda of the fundlc
ﬁ;(ﬂmhmdlmtmm) suctton
to py

(Gunter '50) ulceration
oric lgation (Shay et al. 46)
to
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cosa,
peck to chief and parietal cells more lkely
in the nonmal stuation,

creased, reck cells were enlarged,

upon
of cell turnover in the rat
stomsch. Vesder (60), usting H-thrymidine

observed that surfece and mucous

1 but Trrdad

that chief anxd parietal cells do not. \f:

1935 A mwthod for stsining the
granules i gestric glmde Aot
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FPLATE 2
SXPLAN TION OF FIURXS

The secticers of gastric mmcosa Mustrated oo this plate wers fxed in Zenker-formol and
stained with the PAS arure Ileoain tectmiqre.

ﬂﬂnrﬂﬂnﬁd nfm'm.ldm,”hmxnlﬂnhhry Adﬂnhmdqﬂ!.bdi.llcdll
‘ace epithelum of the ewablished mucosa b

Hou‘ldo(ﬂutﬂﬂllhokﬂm. x 580.

bours after nogery in the estabiiahod m
sbowing flattaned parietal (RP) and chisf (AC) celln Corupars AP and RC with xore
normal packtal (P) and chiet (C) cells X 580,
Bm—m&ubm--ﬁnmw&nth-nﬂhhdmndjwt the Jesion show-
ing two normal glands (on the left) and several regresing glands (sows) X 860
4n‘y‘dmmmlhmﬂhhnd mucosa adjacent to the leskon show-
m;m'.h-mun tha process and the prewance of micns (axrow) in the regreseed

i






FLATE 3

FXPLAN TION OF FIQURES

muocons neck exlls in the establithed mucoss adfscent to tha lesion 6 days aftar

Enlarged
Infury Zenkes fornsol fxation, PAS and erare 1leostos, X 1630,

Narmal mucous peck cells in the sstablished some distance from the Je
wion 6 days after infury kacrlumdﬂxnh:.l’uln!mn‘um x!m

Epithelial 8 d ys after surgery Large basophilis eslls which cootain
and witmay ydwd-wol.blxcnﬂtypummznnkuﬁrmdﬂzlﬂm‘PASlnd
wxurs Decein. X

Chisf cell origin n epdthellal ingrowth 156 days after Infury At M iy mocold cell fn
which the mocus stained with PAS ppears gray At T are trasitionsl cells in which
&ch&umdmﬁnmdwhh?uhmyhnxhwmmh
(black) are abso revweled by the Bowle stain, Several other ctlls are sbo
present. Fuation tn Regauds fluld PAS and Bowle staln X D8

Chlat cell restoration {n regreused glands of the estababed mocoss ed/acent ¢ the Jeslon
6 days fter urgery abhowing chief cull vacvalated emall
dp-dnu:lauhmyhﬂh(c)mn:ddcdhwﬂhdnkm(li)mdmumﬂ
: e e, e, e 4
preserved pepainopen granoles. fixatian, PAS and axure Ileoain. X 1030

call glands somae distance way
for cell metamorphois i3 wmilar to that flostrated in the regenerating mucose
transitional cells muce aod

mation of nrucold cells to parwtal ceils. allusirated (Pya) which buslly
contain the demrae cytoplasm of parietal cells and in m muca
of variable Tiwrse cells are regarded as transitional cells. formol fx tiom,

collokdal fron and PAS. > 968

Pashetal call oelgin in tbe establiabed mucoes some distance w y from the Jesion 15 do73
st urgery [ustrated are o ey siaga (P} late stape (P ) eod “mrucos neck
cell (M) Zenker formol fixaton, od PAS. x P6a.

An argentophilio cell in an epitheiial ingrowth $0 catrated are an
mmphlnnﬂ(A)nﬂnntnidcaﬂl(H) FMﬂxnhn,PumdmurnL ¥ 1630
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The Transfer of Serum Proteins from Mother to
Young 1n the Gunea Pig
PRENATAL BATES AND ROUTES'

ad

JOHN C LEISSRING® s JOHN WALBERG ANDERSON
of Whconsin, Medison, Wisconsin

of Anatomy

In recent years, the longrecognized compadng the pasalve immunization of
ability of mammals to provide & passive  the young in this species with that in the
tmmunization of thetr young elther before rabbit. It will be seen that there are sev-
or shartly after birth or both (Ehrlich, eral features of the phenomenon which
1892) has been the subject of an ex  differ frum those of the rabbit.
tended series of investigations, stemming Although a considerable volume of work

from Brambeil's labaratary (see  has appeared on the rates and routes of

88 for review) In every mam- pasdve hmmuniration of the young in
mal thus far studied, with the tmportant some other reparts on this phe-
exception of the rhesun monkey (Bang nomenan in the pig are few Kita
ham, Hobbe snd Terry 58) the chorlo- sato (1885) was the to study the
allantoic placenta hss been ruled ouat as plg, fallowed by Vi (1896)
the Toute of 1 fz This Remlinger (1899) and Sta0bli ('03) The
has been In contrast with the ideas of of of the
earller workers (Mossman, ‘28 Mason Yyoung was stressed in the latter thres re-

between 60 snd €8

reached a roaximom
%%mm;mmmmmmm days, and fell thereafter. No entry by way

gestatton (see ig 1) has a relativel: Part of the material reported in the thres
much lomger gestation period (6570 pepers of this serbes was tn the Feculty
dar) e he young re b in 0 very 5 3% Paivety SV peiy T
mature condition. A study of this it Sk
preventsd at the VIFh
wras with the ides of 1080,
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detected nor was any
nhhe!culgmwuwcd' d mor was any
of report which

differ fram the of Barnes.

151

a term duced by Batty B
Hemmings and Oakley (34) The C.Q
is the ratlo of fetal concentration/mater

g
g
§

and continues at this high rate to term.
In the passively immiunized females
writhin 24 hours a titer ahout 34 th that of
the mother was obtatned at 45 days. Later
showed cQ

:

Stages an increasing
24 bours and 60-day pregoant females
came to equilibrtum with their fetuses
within this ttme perlod, as did females
at later stages up to term. These data
Battey ot ol (B4) have cxprvased the C.Q
Titlo fetal thaefmatemal ther Tt ecens
that concentratioos (rectprocaly ef titers)

fie

be
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TANLY. 1
Awtibody tramsfer tu gutnea pigs activaly ta
munirsd since begizning of prefrancy
Castxtion Maternal Fatal cqQ
ace tther thher
L
18 1 2580 3; —
k] 1 2500 4 -
27 1 2580 2) _
30 1 3560 2) -
as 1 3580 1 100{(8) 1
33 1 1280 1 8(8) 1/16
40 1 2560 10 1/33
1100 1/18
45 1 840 180 1/8
1180 1/4
1 ¥K1) 1/
49 1 840 1 320 1/3
1 640(2) 1
58 1 1380 1 1280(3) 1
& 1290 1 ﬁ” i1
o 1840 1 3) 1/2
0 1 1880 1 B‘O(d; 1/32
80 1 110 1 840(3 172
o0 1 2580 1 1383) 1732
a 1 840 1 640{3) 1
o3 1 1380 1 640 /2
1 198(8) 1
L] 1 &40 1 640(3) 1
Newb. 1 640 1 2130(3) 172

TARLE 3

[ [ ki s
Lid

48 1 640 1 160{4) 1/4
49 11280 1 320(2) 1/4
n 1 1280 1 160(8) 1/8
85 1 640 1 mﬁ ) 1/3
53 1 1280 1 5) 172
60 11380 1 1280(3) 1
&0 1 1280 1 1880(3) 1
&0 1 1280 1 1880(4) 1
o0 1 840 1 840(3) 1
(=] 1 640 1 180(3) 1
-} 1 3580 1 1500(%) 1
as 1 2560 1 2560(2) 1
a3 1 640 1 6404) 1
o 1 1280 1 1#80(3) 1
[~ 1 640 1 640(3) 1
[=.] 1 %0 1 2560 1
Newb. 1 1560 1 g360(3 1
Nawb, 1 1880 1 1230(2) 1
Newh. 1 160 1 160(3) 1
(Numbers in parentheses indicats the mumber

of frtuses at that titer )

JOHN C. LXISSRING AND JORN WALBERG ANDERSON

probably do not reveal the rate at which

femalea.

of

clusion 23 to the routes Involved but the
data are highly suggestive The results
of these experiments aro summarized fn
table 3 Although thes mothers andoubtedly
absorbed antiserumn from the perltomeal
cavity the expertmental situation differed
s0 drastically from the normal that no
attempt was made to obtain the C Q Thus
the only posaihle com
fetuses

fetuses
and additional ligation of the mouth did

TANLE 3
Effect of swrgical interruption of the postible
1o%tes of extibody absorption

Fotus Frran
3 D

i
§



PROTIIN TRANSFIR IN CUINIA FIC I

not further reduce the uplake  The reduc
tion amounted to 4 tubes in the dilution

bies the 35-day experiment closely except
that, in this case additional lgation of the
mouth did further reduce the amount of
This would seem to indicate that
is some uptake by the fetal gut at

§

The first experiment &t 50 days showed
no reduction In antbody uptake following
lgation of the vitelline vessels. In subse-
quent experiments the

nefa at 125 sgain o loss of at least
4 tubes In with fetus A
¢t 65 dayn ligation of both vitelline ves-

153

It should be noted here that the amnio-
embryos up to 30 days was
negative at a dilutlon of 1 25 but from
35 days until term the tters of amniotic
flutd exocoelomic fluld and fetal stemach
contents were posittve at 1:10

DISCUSSION

“The present trport conttitutes the At
recognition of s shift In the capacity for
anubodgnb-m-pdonfmmqrpnwan—
other during the prenatal period  The
change from vitelline to intestinal absorp-
tion {s pot surprising  The fetal mem-
of the gulnca pig closely resemble
of the rat which receives antibodies
yolk sac and Intestine before birth
the intestine after birth. The
=14 np'pnrnULmltmplbhnlhh
ution during its ger pestation pe-

it

i

ogical changes i the

Pz yolk sac In the latter half of
tion hare been poted by several au
including Whilocki, Deane and

(46) Hard (46) and Dempsey
('53) and are the subject of a stdy cor
related with the present (Andcrson
and Letsring '61) Histological and his-
hermieal eh b sdea

cor

i

the
that sctive absorption of proteins by the
yolk sac decreases during the latter hall
of guinea pig t, and that its
réle in later stages {3 more probably pas-

‘There are at present insuffickent data at
between

the put

human necnate (Leissring Ander
son and Smith, 81) but guinea pig peo-
nates have been shown to take up “tncom-

of ceascs
ring and Anderson, "81) The recent work
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of Halliday and Kekwick (*60) 1s of inter
est here  They have shown that 75 globu-
lins are taken up by the gut of the young
times that of the 105
globulins; and that antthodies to the sams
antigen may He in the one fractian follow-
ing initial active {mntunixation and in the

JOHN C LEISSRING AND JOIN WALBEAG ANDIRSON
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for her careful rendition of the dlagram
of the guinea pig fetal membranes.

LITERATURE CITED

ments lndﬂltﬂl.lﬂ.‘ngm ('89) for
a villd comparison the two exper-
ments.

We have detected no decreass in the
1ate of transfer of antbodies Just befors

earlier stages we are forced to conclude
that the curve which she hss drawn can-
not be regarded as meaningful

SUMMARY
t guineg pig- actively immu-
nlmd from the firet of gestation truns-
ferred anttBrucella antibadies to

Lbogtmguelﬂyuasdlyl as detected

Coombe test. The C.Q. was about
1/18 at this time, and increased to 1/2
or 1/1 at around 50 days contiguing untfl
term.

ty q

J W apd J C Lajesting mxm
tmn

seTom
e et ot Ay

Guinea P Y with
anti-Br serum tramsferred a detecta
ble amount of antibody to the fetus within
24 hours as early ax 45 days (CQ = 1/4)
Equilibration within 24 hours was noted
as early as 60 days and contnued at this
rate to term. The rate at which equilibra
donoonmhpmbaﬂ Dot reflected in car

t, a 60-
ted with her

young within

A gmall ;aﬂzso!axpertmmu employ-
Ingnngicnlmu:-;endonm:.btbadmhrmz
posathle routes of tranafer gave support to
the idea that the vitelline vestels are the
major site of entry of antlbodles into the
fetal circulation early in gestation where
as at later stages tho fetal gut 13 of greater
impartance.
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waater of wron proteine from mother o

Letmnng, J C, end ] W Anderson 1961 The







The Trcmsfer of Serum Proteins from Mother to
Young in the Guinea Pig

II. HISTOCHEMISTRY OF TISSUES INVOLVED IN
PRENATAL TRANSFER'

JOHN WALBERG AKDERSON awp JOHN C. LEISSRING
Department of Anctomy Usirersity of Wisconsin, Madison, Wisconrix

In the first paper of this serles, {t was development with regard to protein trans-
shown that, in the guinea plg. little or no  port.

antlbody 18 transferred from mother to Tissues fixed in Zenker s, Rossman s and
fetus by of the choroallantoic pla- Carmoys flukds were graded through
cents, and that the yolk sac and gut of alcobols and chloroform inflltrated fn a
the fetus are active in this process (Lelss- wacuum oven

nng snd Anderson '81) It bv of interest Other tissues fixed in 100% acetone were
to correlate structural and histochemical passed thyoagh chioroform and the
changes of the vadous thrrnes involved same way The tissues were

with the protein transport phenomena re- formly so that valid comparisons of con
carded in the first centrations of the various constituents
Among the reporcts of the cy be made. The blocks of tasue were
todogy and histochemistry of the gulnea stored at 4 C the sections were oll made
pig fetal membranes, have been those of during a few days at the conclosion of the
Hard ("46) Whlockl, Deane snd Demp- experiments, staining was per
sey (46) mmmx formed tmmedia

these authors have senes- The throogh
cent changes in the yolk sac et later the varous cell layers was visuatired by
stages of gestation. Hard has shown the use of
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several different expertments The use of
this substance in the ts was
considered valid for the mode of labeling
made 1t unlikely that any dye released by

g would re-couple to protein in

a enviromment and Redetzid

e labeled
serum was introduced into the stomach
of each fetus, uxing a blunt needle. The
fetuses were to the abdominal
cavity which was then closed After 80
minutes appropriate tissues were fixed in
Camoy s fluld

Labeled serum was used in the scrles of

two hours after administration of the
seTum.

Using the material fixed and embedded
as above various technics

ploying B-glycerophosphate as sub-
strate at pll 9.2 (Leduc and Dempsey
'51) The tissues wore incubated in tho
substrate for 5 min 30 min. and 4 hr
Polysaccharides were determined in ts-
sues fixed in cold Rossmans fluld udng
the period acld Schiff (PAS) technic Con

sections trreuba dlastase verified

trol ted in

the presence of gl Zenker-fixed
material was st with Welgerts iron
h Un and hyl blue for

JOUN WALBERG ANDERSON AND JOUN C LEISSRING

sectiom,

acid at 4 C for

18 hours verlfied the presence of RNA.

Sections of the fAxed dssues were
;mmd!.a-uduwﬂ.houtalhu?ﬂn

ted,
edn and studied with the ultraviolet mi-
croscope.

30 minutes at pH 51 Control
treated with perchlore

OBSERVATIONS
Yolk sac

The yolk ssc at 35 days (fig 1) b
vascular with a very cellular meso-
layer Very few connective tissue
fibers are present. Many of tho distended
blood vessels appear to be blood islands
showing varlous stages of hemopolests.
Undedying the endodmnnlceﬂlhnFﬂ

The endodermal cells form a tall colum-
nar epithellal layer the majority of whose
nuclef lfe appraximately halferay between
apical and basal surfaces. Mony mitotic
figures are noted The cytoplasm of the
endodermal cells vact-

region slong the
Intoral plasmal The cytoplasm ex
h].b{ummnmhuwphﬂ!nwhlchuiluwfcﬁ

): zone. The
vacuoles remain unatained with efther PAS
or methylene blue.

Obsorvations with thaﬂnaucong‘ﬁ
croscope of yolk sacs exposed to
belcd serum protcins as described show
an intense yellow fluorescence concef
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trated in the apical regions of the endo-
cells.

The mesodermal component of the yolk
sac at 45;!:;1 (fg. 2) 1a more intemsely
vascolar has more coll fibers

189

are pyknotic at the latest stages. Visceral
to fluorescent-labeled

serum shows am in bﬂghmenm:i

glnning at 50 continuing

term during whlr_{l‘pcrlod Blue-white auto-

ahows
from less m"}[::
80 days, The glycogen content of the
reaches o maxtmum at
45 days (fig 17) wnd s progressively
reduced ntll the cells at
65 days exhibit only trace quantities of
glycogen, At all times, gl =

Gut

At 35 days the endodermal cells of the
gut are highly vacuclated (fig 5) The
nucled are located in the apleal halves of
the cells but in many cells there is a
varfoble amount of supramuclear cyto-
plaxm. The vacudles are occupled by gly
which constitutes the majority of

mitotc

1s intensely vascular

At 45 days (fig. 6) the cells Uning the
gut have become differentlated into two
regions. The cells which are form-

distinct
ing the tubular glands show an intense
vacuoliza

3
'].
w

This is in contrast to the cells of
the crypts in prominent nucleoll
can be seen.

stain.

At 65 days (Ag. 8) there has been
b maturation of the cells of the
of the

5
g
it

causs of the incressed hilia of the
cells surrounding the villl. granula
tion, first obeerved in o amounts
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nuclel of the cells an the viIH are quite

evenly distributed towards the basal half

of the cell, although some frregulerity
Alkalize phosphatase

As can be seen In figure 8 the yolk sac

P ‘The con-
centration  of this g

-

rest (Rgs. 10
until at 65 days the enzyme

t lowish fh the supm-
nuclear portions most  marked
h the aptcal pl In «34-

ported as the subjective on a
w.:!etmmOm+++tnt:El

Surgical series

At o1l stages after 35 days maternal
injection of DMNS1abeled
sera resulted In the Snding of fivarescent

TANLE 1

FHEE
P
bbbttt

o

+4 F+B+00QOQODO

+4+

3
+
ooot+t?

control The fetal gut exhibited
no fluorescence at early stages,
except in the blood.

3
b

«od
o
£3%e
;*% £
N B
h
2351

§
B

L
4
b
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¥ granular h::ﬂh
have a w ot
and contalns pelther alkaline
glycogen.  As observed
with the flvorescence microscope, the cells
] to labeled se-
rum foll tnjection of the labeled
seTim into uterine cavity in late
stages.

%

recorded here (fig. 20) The
uterine eplthellum exhibits in restrict
atcas a siiking polarity in revemse

what might be expected, Many of the
mutld tend to be located in the apical half
of the cell, as i3 the greater

introduced into the stomach.
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The fetal gut, an the other hand fs in

becomo similar to the postnatal condition.
These ological changes are paral-
Ieled by progressive alkaline phos-

On the basls of thess histochemical
findings snd thelr correlation with the
tmunclogic studies, ft would appear that
the morphologic changes described indeed
cotroberate the physidogic data and, that
in the guinea pig fetal tissues which we
have stodied, the presence of alkaline

JOHN WALNERG ANDERSON AND JOAN € LEISSRING

B

:
p
N

i

transpart
A recent study by Moog ("61) gl
ther Impetus to the concept that
pearance of

causally related to the cessation of ani
The fare, histochernical and cyto-

golng
Jogical data correlate with the findings of
(63) Using the -

3]
RO E

cell maturity In these studies, then
gain in the fetal
gut is an indication of its maturation

aplcal border with vacuoles in the
apical cytopl tem fram
the murface can be followed.

b‘! Clark ('59) in the fejunum and fleum

of the suckling rat. The youngest stage de-
lcrlbed byDe::npscyu 75 G?;T.yh
y 3.
thﬂmga wehlvosbownumubcreb

phatase activity and some decreass in the
nmber of vacuoles visible with the light

Dempse ('53)hunlsonou:dl.bcdt-
endoderm late

of the § the
presence of : in the ):
young mouse and the chick Halll-

vation of the above -uv.bnn. lou:nd um
with the

mcmvfll.hll.uapbm'pbaum inducedby

injectim of large oses of DOCA,

generative changes in the

1n gestation although he has not follovwed

a closely graded serles of No-

uh!elmanxlbanuwulcbandxumlh!
and

d-ﬂl.lbercductloni.ncumpkxitydlh!

u;enwnl in the the decrease in pum-
abillty of the rat to absarb anti ber and sire of the apical and
bodies. Although i.!m‘ the in kness of et

relationship does not neces-
p}ythalthapmsmecdduodmn]

of an
anlmal's abﬂ.lry to nbmx’b antibodles from
the gut. Clark ('39) has pointed out that

capillaries throughout tion,
m:ywd]hn!d-nimpuﬂnntuylom"
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fuller understanding of protetn transport

by the yolk
Dempeey’s ) description of edge co-
nals which sre found wherever the

material having appearance to
that of material found in the uterine
lumen.

Ithnggﬂrmtﬂ:nthnmjormnby
which its anbbodies
e:g{mguumhthuyu]knc later the
fetal gut is of greater significance.

nical asxistance
and M. Aud B

F W R, end R Halidey 1956 The

which pesive imungnity S toms-
mitted froc mother to forto in the rxt. Proc.
Roy Soc, B 145 170178

!

163
£ L. Ingwetion of protxine
colloidal materials by colommar sbearp-
tive calls af the small intestine In suckiing
rats and mice. J Blophys. Blochem. Cytal,
5 41-50.

1953 Flactron
the visceral yolk-eao epithalten of the
plp Am. J Amt, 83/ 331363,
Evareit, ] W 1

the
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1 35 days.
2 45 daye.

3 8% dsm.
4 &3 deyn.
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FROTEIN TRANSFER IN GUINIA FIC. O
)‘al‘lnrrl‘ﬂc—nl)ohc.llhdl'
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Sobstrate, sodtum beta glycerop! 1] 30
No was used; high contrast
graplic Toethods have revealed bt

E} almost no rfaining other than in Che spices
of the calls. X 250.

33 dayn,
45 days.
53 days.
o days,
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PROTEIN TRANSFER IN CUINEA FIL I
Isba Walxrg Anderen nd Jobm C. Lamoag
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PLATE 3
TEPLAN THON TCUALS
Sanall intestine of fetuses t progressive tages of pestation.
The swprs- and subnuclesr ghycogen vacuoles ars particularly

prominent et 35 45 and 53 days, end tha besophills of the
tubular glands fs strongest ¢ 65 days. ¥ 390

0 35 dure
10 43 deye.
11 63 dan.
1265 dos.
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Jean Wilberg Andersem xad Joha C. Lebrring




PLATE 4
EXPLANATION Or FIIURES

Alkaitne Thosphatase rsaction of fetal gut t progresstre
stages of

and photographic methods wers the
same as in plate £ X 250

13 33 daye.

U A5 dame

18 63 daye.
16 €S days.
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PLATE 5

IXFLARATION OF ¥ICURIS

PAS-positive material in the yolk sec at 45 dayw of prsts-
tian. The hexyy glycopm cootent of the apicss af the
distinct basement mamirans









The Tremsfer of Serum Proteins from Mother to

Young in the Guinea Pig
IO POSTNATAL STUDIES'

JONN C. LEISSRING awp JOITN WALBERC ANDERSON

Department of Anatomy Ustremiity of Wiseen |

Following hitasatos (1889) original re

able to detect o tter of

molytic anemia in gulnea plgs within a
few days of birth by feeding ¢ hemalyuc
lcnun. The effect was

Madisom W imcomri

Twenty four hours after Introduction of

the antlscrum Into the stomach the an!

mals were bled from the heart and sam-

ples of Intestine were fixed for histological

rmd histochemical n:ndx! as rvpaﬂed.gre-
y (Anderson

Two mn.ll!.llm of guinea p{g lerum
with a

ph! chlofldc (\hyvn—
bach ‘B8) were y fed to 15 gulnea
pies 0 to 7 days of ape  After three hours
samples of inmestne User and Kidney
were fixed in Carnoy s fluld and prepared
fm' observation with the ultraviolet micro-

And.body mr:Lh:n included the tube
test

taneous administration
Thahemdrdlcwldnotl:epmducedm
20-day-old gulnea pigs even with additdon
of bile salts.

irmmmundration of the fetal
sume:lalgfduﬂnmnhnhmofm
Y occurs throngh the

bell ¢t al  48)
and the Coombs modification of this test
(Jones '53)

ORSERVATIONS

and in figure 1 The agglutination test
reflects completc  antlbodies which are
capable of forming pal: a tes

of the yolk sac and fetal tutes.

tme(ldmtn(mdAnd:m 3 Ander  themselves able to cause clumping. “Com-
:muvdldnnﬂ.ng.‘&l) In view of the ﬂ‘eﬂmmdhcd.lnmlhlmhcd!n

dated d untl  the

fmmunologic and stody was lhlrd day of Hfe after which absorption of

undertaken. lhllnnuboiy B not detected br our

methods. erent pattern 1s s¢  fo

MATERIALS AND METHODS the of “Incomplete 1 1 de

Guinea pig anti-Brucella abortus serum
was produced ss described in
(I.dm'jn and Anderson, ‘81) and
mfcdl.nmnmuufdxhnloramlm
€4 pon-lmmmime guines plgs ranging in
age from tmmedlately postnatal to 7 days.

nd o
cc of
inthes r mofthe

Imti ~ of Healh
Wicongn Almnnd

s
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animals 24 hours after feeding through-
out the 7 postnatal days of our exper:

Ths granules were present also in the Iu

TABLE 1
Aggixtination thers M hours after feeding
1 ml of serum

JOHN C LFISSRING AND JOHN WALBFRG ANDERSON

TARLE 3
“Coomie™ tikers 24 hours after freding
2 ml of arrum
~Cac™
o vl et L ca
) rrom pelasiy
Newbom 1 5120 1 51:;59) 1
One day 18180 1B1m{4) 1
Two day 15190 1356K4) 172
11a8002) 14
Thres day 15120 1 B40(4) 1
Four day 1 1280 1 m(l; 12
Five day 11880 164001 12
1 m(l; 1/4
1 180(1 1/
Seven day 1 2350 1 1280(3) 12

Numbers in parentbeses indicate mumber of
animals nsed.

0 Amta ‘a‘&* men of the gat and could be followed into
Gas aowof  rdmext s the lacteals of the intestinal villl. Alkaline
- -E' osphatase was present in

» amounts in the apical barders af the intey
Newbam 1330 11:537 12 tinal cells (figs. 4 and 5) The acidophilic
One day 1110 1 100(4) 13 granules were t to & much greater
Twodsy 1130 183 /18 extent In the cells and lacteals of the tleam
1 40(1) /n than in the duodenum.
: f&(;; :ﬁu. Exogencus fluorescence in tissues from
Three antmals fed labeled serum was
day 11280 ;(;?X” il seen in the apical portions of the epithellsl
Four day 1 1280 o(4) — cell, in the lacteals, and in the connective
Flve day 1 1380 0(3) - tissue of the submucoss. The fluorescence
Sevendey 11280 o4} - wes much brighter fn the {leal tissuet
Numbers tn parentbesss indlcats mumber of than In the duodenum and was also found
ardmals waed. In sections of the kidney and Hver
11 A AA
AA
12 o0 00 A i Aa
o o0 AL A
174 A A
178 »4 A
ey
3 118 Q0 [o;0] oo
1/32 [}
1764 [}
1/138 o
] 00 000 00 000 oo 00
_ oda o [s1° co
o 1 2 3 4 3 [ 7
AGE
Flg. 1 Concentratior 1 (CQ =reciphml’ serum concentration/desey serom
concamtration) 21 kr aft ™1 The et gven tthe time of fesding, O = Agglwtios

thon tter A = “Coombs T



aggiutinins until the third day

mmd il tibodtes for cell would

at Jeast 7 days postnatally E upon the degree to which jts surd;
findings paralld the fAguration would At

o logic results. The app higher hani Thep

ate of 1n the fleum compared tion and interference could thus both

with

rum s in agreement in the
Tat by Clark (39)

The failure of Jo-Relichiro ("53) to dem-
constrate a titer of % xing antl- Sub
bodies n his no direct
Information the ability of the intes-
tine to absorb antibod it ¥

‘may ad- dm.lh(tnm':g pxmdud]
t o at e
vanced (1) fallure of the bodtes to f ds to the anth
in adequate concentration in the fen}c of the antibody malecule as
milk, (2) insofficienty tests to  found by Porter (58)
a absorption rate and (3) al

mechantsm recogal may
involve a template possibly RNA. We

lhmlldl.\‘htoluucnthnt.hzlanphte

tion) resides in the
‘The con-

figuration of the proteln of the platma
letnma would ulttmately of course reflect

the template configuration of the RNA of
the cell.
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sicles. The findings of And ('59) hypothesis fs supported by the avaflabl
in the rat yolk sac suggest that the supra  data.

nuclear region is the site of One further remark s required concern-
of the majarity of adsorbed proteins. in, experiments of Brogt and Blagint
Clark’s paper ("59) lends strang support (‘50) It is likely that their results stem
to the theory that adsorption to the walls from a fortunate chaice of antibodles.
of the pinocytotic vesicles provides pro- The end-point used was hemolysis of
tection from the effects of proteclytic en- guinea pig erythrocytes in vivo. Human
rymes. Figure 11 of his paper indf anti-Rh  hemaly le for the

The re
sults of Brogl and Blaginl (50) suggest
that antibody for less
than 20 days.) difference may have
resulted from F transport

i3 true fn the guines pig, the antibodies

ble for the bemolysts in the ex

periroents of Brogl and Glagini (50) were

y “Incomplete and thefr results

are corrobarated by the present
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FLATE 1

3 Jehumal villng of guines 3 days cld. The cytoplasm
is stifl grancler
trace granules in transh as io fgure 1. Grosf's stain,
» 50Q.

4-1-15 Alkaline phosphatase resction of Jejunmm of
born and 3-day-ald guines pigy, respectively tuhnnu.
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The Ultrastructure of the Mesentenic Lymph Node

of the Rat'?

SEONG POO HAN

Department
Auxn Arbor Mic

Altbough the uh:rutmctm oilymphu—

study and
boulan (*60) and Granboulan ('60) de-
luﬂxdwmeénwnufﬂ;elfmphm‘

of Awatomy The Untwernty of Machigan Medical School,

RBoth solutions were buffered with 0 14 M
vyeronal scetate to PH 74  Sucrose was
sdded to the OsO at a concentration of
45 mg/ml of the fixative (Caulfield, '57)
in OsO was carried out at 0 C

and in KMnO at Toom temperature.
Dahydndcmn{ﬂmuﬁxbdml‘imo
at the texmperature of fixa-
dou\mtllthullnd:mgndasiethmnl
when the tissoes were brought beck to
roam temperature. Dehydration of the
EKMnOcfixed tiswues was dome at room

of lympbocytes end plasma cells. The
ulmmmmdmmplmcdluhu
described

Fellinger

ture. In both cases dehydration

by B
and Pakesch (33a '53bnnd'57) Stoec
tf;lél)nmdNunnmn(m) and Thiéry

Many problers remain which merdt con
tinped stndy  With respect to reticular
cells these include dmzrmimmm of the
d.lﬂ'mltypuufcdll!hdr

relatiomship o fi-

tntetrelationshipe, thetr
bers and their sifuctural partictpation in

plasma celly remains dehate and
thefr fate has not been f, revealed, It
i to thess problems that study has

MATERIALS AND METHODS

The lymph nodes of 37 young female
Speague-Dawley rats of 200 gm
welght were used. Under
pieces

osmium
tetroxide solution (Pnhde "52) or in
24% potasstom permanganate (Laft 56).

The

Sapported i research grants to Dr

Burton L. Baker National of
Health, Public I
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features obsened with the light micro-
scope have been used as the starting paint
for the {dentification of cells Thus under
reticular connecthe cells will be dercribed
all of those cells mhich nould be 5o classl
fied {f the li_ht microscope were used
The usual double membrane structure
of the nuclear emelope was clearly visfhle
in most cell types Pores were alwo ob-
senved in the nuclear membrane In the
Iymphocytic and plasma cell series ob-
scurely dtm.u’c:ned chznntl_scganmd the
af

PeTIp!
m.'\lnh]and]cduullolhenuckup:m
creating through them continulty with the
surrounding cytoplasm.

Retreular cells

Nondifferentiated reticala cells  The
nondifferentiated reticular cell was found
1n cortical nodules and medullary cords
It was in shape (it 2) wsuallr
bein~ elengate with cytoplasmic processes
which insinuated themselves between ad
jacent cells The cell membrane was in-
disunct and when 1n contact with other
cells 113 visualization was {rtqoml]y &f

SEONG $00 JAN

Lr-reguhr cristae being poorly developed
and randomly arranged. In some cases

the matrix was quite clectron-locent. That
this feature was not due to poor fixatkn
was indicated by the well-preserved cristac
and limiting membranes In these mito-
chendria as well as in the mitochondrds
of odjacent cells Dense bodics of lesser
diameter than that of mitochondria were
distributed sparsely fn the eytoplasm They
recembled

The Golzl apparatus could not be ident-
fred conclusively in photoraphs of many
cells A paranuclear sccumulation of small
1esicles located In a matrix dencer than
the remainder of the cytoplasm (8 23

p;]x:rtdwbelbeb:dcmu:pumwflbe
5i body The Galgl apparatus in tke
primiuve cell of the rabbit lymph pode
h:s a simllar structure (Sorensom 60)

The shape of the nocleus fn the noo-
differentated reticular cell varied from
spherical o cllipsold. The nudccphsﬂ
consisted of fine electron-dense

ficult The cytoplasm of the
ated reticular cell was charactenzed by
mregular denuty small areas pear the
periphery being almost clear and ginin.,
the cytoplasm a somewhat mottled ap-

pearance
The cytoplasrmic organelles were poorly
developed as compared with other cell
vpes 0 be descnbed The endoplasmic
retrculim wucumpostddnrc\ruclc-s
or small fl d sacs Iy
m the cytoplasm (fizs 3 and 4; These
sacs were occanionally dilated so that the
caliber of the cisternae was somewhat
varlable Some dense eranules which ap-

were assoclated with the d

cells.
Retrcular cells asiociated with filers
The structure of cells located adjacent Lo

reticulum

\trochondria were few m momber (fig.
3) They were oval to ellipsold in shape
although aften the contur was quite fr
regular Thedr size was  an.tle bot many
of them were quite small in cmn-puhun
with the size of the nucl

structure of 1



tended
contour of the membrane suggestin
had rotated around the long
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sisted of electron-dense structures super
tmpmcdonnmﬂcdmtdxwhichwu
denser than that in the nondifferentiated
reticular cell the greatest density occur
ring pear the muclear membrane The
nucleolus was large (fig 7)

Flattened endotheliold cells were found
st the quter edge of some sinuses lying
against collagenous fibers. Their relatlon-
lh.lptotheﬁberaswdatedredcuhrceﬂ
wras not fully cladfied. Thinned out cyto-
plasm extended out away from the nucleus
of this cell and made close overlapping
contact with sdjacent cells. KMnO fixa-
ton resealed with unusual clarity many

fold of the cell t on

periroclear cytoplasmm
domty distrfbuted small flattened sacs or
tobes which partly because of the extreme
density of the cytoplasm, were not easily
d. In the cytopl

the luminal and fiber facing surfaces. As-

sociated with these infoldings were 2 num-

ber of vesicles especially in the thinned

out portians of the cell. As cormpared with
cells

the \! d with fibers

The nuclear membrane somewhat
wrinied (8g. 7 The mucieopiasm com

daam 1! was poody devel-
optdnndthe‘rewmfewﬂ])mmnu. The

sparse 1a to agsr

at the ends of the flattened nucleus.

Cristae were leas numerous and regularly
d than hondria of retic

reticnlar cells often bridged across a sinus
making contact with cells associated with

The external cellular membrane folded
irrvards,
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tinuous with endoplasmic reticulum (fig.
10) The endopl 5 fcul was ex

SEONG 300 JIAN

kind of incluston body often possessed two
il t the external one be-

tensive and diffusely distributed In an ir

ing contlnuous with other membranes in

regular pattern th h ytof
Portlons of the endopl } Jeul

the cytopl (fiz. 12) while the [nner
t extended into the Interlor to

pos-
sexsed attached ribosames others dKd not
(fix 11) In reglons con inclusi

form myclln figures  The frequens fn-
lcte unlon of two bodles sug

bodles the cisternac were assoclated with
a greater number of ribosomes (fig 10)
and some were quite expansive The endo-
pasmic reticulum ywas folded around some

jtochondria in close apposition to them
Mitochondrla were spherical to elllpsoid
and of varlable sizc  Thelr cristae ex

either fusion of two or splitting of ene
(fig. 13) Ferritinlike granules and erys-
talloids were present.

The third form of incluston body (C)
was small and ovold or of more
shape Its size approximated that of mhte-
chondrda  An clectrondense outer rm

hiblted an lar ar bat
nevertheless  were organized more regu-
larly than those of the §ifT d

sur ded a clear center and from the
outer rim projcctions extended inward Mo
external b was scen (Agn

reticular cell (fig. 11) The Golgl o
paratus conslsted of clusters of du;brc.
membranes and small vesicles. The clus-
ters were found in muldple focl In and
around the cell center (figs. 9 and 10)

The ground cytoplasm varied in density
In those regions of the cell contalntng
many inclusion bodles it was much less
dense than that in the perinuclear area
(Bg. 9) Free ribosomes were dlstributed
in small groups throughout the eytoplasm
(fig. 11)

A variety of incluslon bodles which pre-
sumably represented phagocytized mate-
rial were present  Although thelr mor
phology was highly diverse they could
be grouped roughly into three categories
The first type (A) attatned a dlameter over
half that of the nutleus and possessed 2
moderately clectron-opaque fnterior (figs.
9 and 10) It was {rregular in shape and
surrounded by an cuter lmliting mem

12 and 13) In additlon to the three types
of Inclusion bodles described the cyto-
plasm included other cellular fragments

The nucleus of the phagocytic retkular
cell possessed an krregular contour often
being elongated. The nuckoplasm was
similar to that of the nondiffercntiated
rettcular cell A small nucleolus vas seen
in some nuclel.

The [rec rounded macrophage was struc
turally closely related to the fixed phage-
cytic retkcular cell  The endoplasmic 1€
teulum ribosormes  mitochondria  Goldl
apparatus and Inclusion bodics were
simflar in structure and distribution (&l;

found most frequently In slmuses and wes
generally in contact with reticular eells
which surrounded fibers. The cell re:

a diamcter of over 15w The mett
brane was frequently Infolded and ¢

P prefectems beside thee ‘mad:

brane Its matrix
smaller dense round bodies which occa
wonally contalned ferritinlike granules
(fig 15) Tbho nelghboring cytoplasm was
not dense

The second type of inclusion body (B)
was distingutshed by itx frequent myelin
like formatlon (figy 12 173 and 14) The
sire of this body r ngetl upwarda from that
of mitochandrla. Th firrly granular ma
trix in general was n Jert ly dense but
lexs so than that of tynr A He~ cwver gsome
sharply clrcumserlb Fy —em ex
tremely dense. This - 1 ¢ -1 to
arise in previomly la lat o TN

natlons (fz. 16) Some fe proc
esyen were Anger like an thost
of other cells (g 17) The infoldings of
the outer membrane extended decply 1010
the interfor and appeared to give off emall
vexicles ot the deep end  Although of vark
able structure the Inclusion bodies wer®
usually of type B The nucleus was ecce?”
trically placed, and contained nucleoplas®
The denslty of d";
cytoplasm varied in different ce

different parts of the same cell The P&
ripheral apd that in the PO
esses frequently had a hydropic appes®
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size at the periphery (8¢ 17)

Lymphocytic cells
On the basis of differences in dze ultra

strocture and i smic ratien,
cells were divided into lymph-
um-stzed lymphocytes and
small lymphocytes to facilitate deseription

med!

‘h:/\ qo *Ra;\
e
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(Ag 1) As is true with features scen
with the light microscope the ultrastruc
tural characteristies did not permit sharp
subdividon of these cells into develop-
mental stages.

Lymphoblasts  Flgure 19 {llustrates a
Iymphoblast while the cell shown in figure
18 appears to be intermediate in develop-
ment b the nondIff; d cell
and lymphoblast. In contrast ta the primi-
tive reticular cell the Tymphoblast (Bg. 18)
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was more rounded in shape and usually
possesyed 2 greater volume of cytoplasm
in relation to that of the nucleus. In areas
where cells were crowded the cell mem-
brane was contorted and vaguely defined

The endoplasmic reticulum consisting
of flattened sacs or tubules was irregu
lady and y distributed. However
it was much mare extensive than that of
the nondifferentated reticular cell Slmi
larly ribosomes were somewhat more fre-
quent, moat of them being distributed
freely and only a few belng attached to
the endopl reticulum. Mitochondria
were oveld and tended to accumulate near
the cell center (fig 18) Thelr cristae
were fatrly numerous but frregularly ar
ranged The matrix was generally dense
With increasing maturity of the cell (figs

bodies were present.

The Golgt apparatus Jocated in the cell
center comisted of clusters of short paral-
lel double membranes stacked together
Near the parallel membranes and else-
where in the cell center were small vest-
cles. Other larger vacuoles were assoclated
with the Golgl complex A palred cen
triole was located near the center of the
area. The ground cytoplasm supporting
the centrioles was somewhat denser than
clsewhere In the cell and was develd of
ribosomes.

The nutleus was ded and fl d

SEONG $00 HAN

The end reticulum was poardy
developed and when visble conalsted of
small flattened sacs or tubules Ribosomes
were reduced In number and distributed
singly and in clusters throughout the cell
less commonly they were attached to the
endoplasmic reticulum or outer nudear
membrane (figs. 20 and 21)

The changir of mitochondrd
constituted one of the most distinetive
f of lymphocytopolesis  Of oval
form they were distinguished by the regu-
larity and sharpness of their membranous
constituton (fig 21) Bome of them were
elangated. The cristae were uniformly
orented an the same plane and evenly
spaced one from the other  Direct continw-
ity of tke lamelloe of the cristae with the
internal lamella of the outer Umiting mem-
brane was established at some points The
thickness of the outer limiting membrape
was Jess than that of the cristac  Some
cristac extended almost complctely across
the interior of the organelle The matsix
was uniformly dense Not all mitochoo-
driz possessed such regular Internal of
ganizaton. Occaslonal ones were almost
devotd of ctistoe; others presented bizarre
arrangements of the cristae. Some mkro-
bodies were present and

hond 1 1 in

iz were
around the cell center (figs. 20 and 21)
Many established direct contact with the
nucleus  Facing the cell center the me
hibited one ar more Infoldings of

on one slde The nocleoplasm was con
siderably denser than that in the non-
differentiated reticular cell Large nucleoll
were clearly revealed
Medium sied lymphocytes  Since the
of ly b to mature
Iymphocytes was characterized by gradual
structural change the ultrastructure of
the medium-sized form will be described
chiefly in terms of its contrast with the
lymphoblast  The \ Aume of cytoplasm
in relation 1o that of 1} nucleus was re-

duced medl m 1+ ] mphocyte was
rounded but when f  ntact with
other cclls its periphe n d irregu
lar projections (fix 20 t triking
ultrastructural charact ppar
ent in and about the ¢! h

nucleus

its outer membrane some of them belng
quite deep  These Infoldings often cncom-
passed mitochandria At such points of
inumate contact the outcr membranes
both mitochondra and nucleus were
blurred and poocly defined  When mort
than one miiochondrion 2 within
the indentation of the nucleus the deeper
one was smaller and exhibited kess reqi-
lar internal structure (Ag. 23 Jnsert)
Stmflarly cristae were less well-defined
in those porttons of mitochondria proxt
mal to pointa of contact with the nucleus
than in the more distal portions
Components of the Golgl apparatus.
stmflar in organization to thase of the
lymphoblast were present in the cell cen
ter At least (n more mature lymphocy €3
(fir "0 iInsert) thesc components €X
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the nuckesr indentatlons and
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The centrosome which appeared less ex
tensive than in the medium-aized Iympho-
cytes encompassed the centrioles (fig. 24).
Except for smaller size and fewer and
more shallow Infoldings of the membrane
nuclear structure was not greatly altered
from that of the larger lymphocytes. The
nuclear infoldings continued to contain
mitochandria (fg 24)

Plasma cells

The medullary cords contatned clusters
of plasma cells in various stages of de-
)! d vrith

internal vedcles of dmilar structure (ﬂ;’.

22) Larger vacucles with a rather clear

center were also present.
Particularly striking in the cell center

was an extensive region of untforml

utedrrrtjcularln::lphagocydccc]h all of
ypes being grouped around blood

dense cytopl which d

centriole and was designated the centro-
some (fg. 21) This cytoplasm was com-
posed of packed granules of low
electron density Except for u few ribo-

restricted in extent g
conyisted chiefly
of thick nalled vesicles (figy. 23 and 24)

plagma
youngest
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materiz] at the periphery of the 1
(fig 27) Subsequently this material was
aggregated into peripheral clumps around
& large central nuclealus, creating the typt
cal spoke-like pattern which is character
istic of the as seen with light micros-
copy (figs. 1 and 28) Mitochondria were
ovold and of somewhat varled sze. Some
contained vell-developed and depsely ar
ranged cristae. “Microbodies were fre-
quently present. The Golgl apperstus was
not & prominent feature of the younger
forms (fig 27)

Mature plasma cells Mature plasma
cells were more round in shape and the
nuclear. ratlo wras less than In

younger forms The nucleus had d
an eccentric position and appeared to be
actually smaller than in the young plasma
cell (fig 29)

The en reticulum
o rdplamte e cxended
the exception of the Golgt area. The
anastomosing cisternae were generally
flattened while same were dilated and Alled
with a cloudy materfal. The numerous
ribx were Ty d with
the cuter surface of the endoplasmic retic
ulum. Mitochondria were large and ovald
and located in the rather dense groumd
cytoplasm between cisternae. Most mito-
chondria were situated pear the cell cen-
ter  Their cristae consisted of thin lamel
lae which were more numerous and more
Cdeo;e}y aranged than those of any other

type
The Golgl apparatus was Jarge in rela
tion to sire of the cell It consisted of sev-
eral layers of double membranes which in
somes cases appeared to encircle the cell
center (ig. 30)  In cther cells the double

and in that just cutside the parallel Golgl
membrapes were many vesicles which con-
tained material of variatle density The
outer wall of these veuw I~ appeared to be
thick which in at les  ~me Instances
may have resulted from % Jane at which

the veticles were sect 4 Within the
cell center were freq + bodies
(fg. 30 D) which rar e from
that of the small vesicl the size
of the clear vacuales. bodics

i
:
g%

nucleus was deformed, and
rather marked focrease in the denshy
its nucleoplasm (fig. 32)

A third type (C) of modified plasma el
dlﬂcredfrummupn-crdlnxmm'h’h
was much smaller and appearcd to b‘d,
an exhausted state (fig. 26 PO) The
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ternae were narrow and contained only a
xmall emount of flocculent material. The
cell center with its assoclated Golgl appa
Tatus was dingl
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reticular cell may have resulted in part

fram the unigue Intrinake consttution of
the cell because adjacent cells of other
types did not reveal similar alteratons.
Although using a different fixa

ar nondifferen cell which with others
was said to farm a syneytlum,  However
these

In

Stoeckentus and Naumann ('57) recox-
nired large light and small dark reticular
mﬂjwhhtheeltcﬂmmhmmpa ‘The
Light reticular cells were Lnterpreted to be

sdmilar to the reticular
Maximow The of the ultra-
structure of reticulsr cells in my study
permltted thetr subdivison into & non-

g

(°60) doscribed a large mucleo]
in the nondifferentated reticular cell of
the rabbit. It was much smaller In the rat.
Since Brachet ('57) and Prescott ('59)
have concluded that riboouclelc acld is

thesized In the nucleolus

14
a tube of reticuloendothellal cells en
an 1

with

re
Sorenson ('60)
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tlon may sccount for their llver-staining
yroperty
‘The infolding of the plasma membrane
reticular cells

d. the fu
cells to the fiberw. If fibrils are formed
st the surfsce of the cell it may be tn-
ferred that the cytoplasm subsequently
flows around them in s rotational pattern
with respect to the long axis of the fibrils.
Then t and development of
fibers might continue while encased by

SEONG 500 HAN

essenually sfmilar to pinocytosis (Palade
55 56 Benmett 58 Karrer '38 '60)
The plasma membrane participates by
folding inwards In areas where forcign
particles have become attached to the cefl
(Karrer '60) Enclosure of these particles
s completed by the formation of cytoplas
mlc (Essner '60) or ruffles
(Karrer "60) adjacent to the Infolding
which permit external closure of the
plasma membrane. Thus the incloded
bodles are surrounded by a membrane
which 13 derived from the plasma menr
brane and possesses the same intrinsic
structure. However there is ot yet com-
plete agreement on the general interrcls-
tons of the cuter cell membrane with the
] L of the cdl In the

The frequent occurrence In the proc
esses of reticular cells of & well-deseloped
endoplastiie reticnlum with many assoc!
ated rib has § Tar sionif, .
with respect to the farmation of protein
a relationship which has been stressed by

splenic macrophage of the chick and rat

Palade (‘55 ‘56) concluded that the

plasna membrane is contlnuous with the
I 1 and Rob

("59) observed that both membranes are

dis- grees with the comclusions drawn from
them. Thus the posible relationship of the
bra d Incloslon bodes

convineing evidence that

to mie fs umresolved

fi
bers are formed at the surface of chkk
fibroblasts which contaln extensive endo-
plasmuc reticulum with associated ribo-
somnes In their elongated pseudopodla
It appears quite probable that the similar
processes of reticular cells in the rat
Iymph node are concerned with synthesis
and deposition of tropocollagen The fre-
quent perinuclear ribosomes also may be
related to acthe protein synthesis. Indeed
sdditional study is required to determine
whether any significant stroctural differ
ence exists between the fiber-associated
reticular cell and the fibroblast.
The reticular cells of lymph nodes are
generally regarded by bistologists as exist

In this study the imlting membrane of the
B Incluxton body was continuous with

mr intracellular membranes swhich m3y

have been a comporrent of the

rettcuium

Asstming the valldity of the concept
that phagocytosis s essentially simflar ©
pinocytosis  several ultrastructural %
acteristics of the phagocytic reticular
may be explained  The rarefaction of €72
plasm In the neighborhood of l.nchﬂh;
bodles a condition not
by otkers in nﬂrnypclalph;miktfﬂé
may have resulted from rnzu]!meﬂ;_nr
external fluld during phagocytosls. "

*
ther the limiting " :ndumn"duﬂ e

fnr in a syncyttal ar It is per
tnent that in all reucular cells obsenved
in the lymph node of the rat the cytoplasm
Intenvening betneen nuclel was always
compartmentahized by 2 cell membrane
Thus the exstence of & true reticular syn
eytium Is highly tm able

Phagocytic reticular cells  Phagocytosls
is regarded currently as being a process

[ bodies of types
ture observed by Karrer ('58) In n-l\t;"n-"
macrophages of the lung, may bave e
derived from the cell membrane when o
materfal was taken up Altbough o7

was not established In this study freqet
infoldings of the latter membrane WTT
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peen which st their Internal ends appeared

10 contiue into vesicles.
Schulz ('58) and Karrer ('60) have ar
nclusion

In the macrophages of the lung (harrer
mllbdn;menudﬁ;cfmm:l
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described for the human lymph node by
Bernhard and Granboulan. Several addi-
tional important features were chserved.
The transformation of the nondtfferent-
ated reticular cell to the lympboblant (fig.
1) in the rat was characterized by round
g the cell with increase in volame of
cyto:{)um by cytoplasmic differentiation
which included the appesrance of a more

L reticulum consist

i52is
il
j

3
tugufﬂ.nncneavuida: increase in the
number of free and attached ribosomes
an increase in the number of mitochondria
a3 well a3 In the number and
of cristze which were supparted by a den-
ser matmnx, enhanced of the
Galgl apparatus and increased density of
the nucleoptarm

In the continued development of lymph-

oblasts into small Iym a different
trend of changes loom

mmamy respects reversed the structurzl mod-
cations which occurred in the develop-

T o
Golgt apparatus became less promipent
and the mitochondria smaller and fevrer In
number Stmilardy the nucleolus became
smaller while the density of nodeoplasm
increased These changes can be to
indicate a reduced rate of protein syn-
thests. Indeed the mature lymphocyte
gives the ultrastructural appearance of a
rather inactive cell. Other altrastructural
h ristics of the Iymph not pre-
viously cohserved require fu:rtixr congid
eratlon
The centrosome  The frequent occur
rence of centrioles in the cell center con-
the

the nce of cytoplasmic tron

arca. Al gh the term ucntro-
some  hes been used with vaned ernnota
tons by different workers (Wilson 53) 1t
is probably the most demrable term for
designation of this area. particularly since
the region 1 devold of er organelles
Spatial relation of mitocho dnia to nu
The apposition of mitochondria to
the nuclear membrane suggests (a) that
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transport occurs between the two struc

tures or (b) that mitochondda arlse from

the nucleus. The timelapse cinematog-

raphy of Frederic (54) and the electron

phs of Omstein (B6) have re-
mare general

SEONG $00 HAN

The plasma cells
It ts now dear that the cytoplasm of
the mature plasma cell is distinguished by
an m_‘emive endoplasmic reticulum as-

of nuclear and mitochondrial

st these points of caontsct occurs so regu-
larly that fonctional is im
plied. With respect to the poxsible edgin
of mitochondds from the nucleus Brandt
and Pappas ("38) showed that this occurs
in same lower fonms. In the lymphocyte,
mitochondris encompassed by the indenta
tion of the nuclear membrane were smaller
and contained less weil cristae
than those outside of the indentation and
sltuated farther away from the nuclens.
These variztions may well suggest the ma
turation of mitochondria as they move
away from the nucleus although origin

of
Pakesch '35 Thiéry
‘85 38 Kautz, De Mamsh and Thom-
burg '57; and Bernhard and Granbeulan
60) The adgin of the cell is less certaim.
Accarding to most investigators utilbring
plasma cell axdses

with & h ih
(Braunsteiner and

croscope offers a distinct advantage in
1 this dil becanse endor
mie r with its clated ribo-

somes constiutes 2 much more precise
microscopic crterion for identification
than does cytoplagmic basophilia as viewed
with the light microscope This criterion
makes hle the d

directly from the nucleus is pot
indicated.
Vesicles with double ¢lectron demse

the mrost immature
plasmz cell (plasmablast) The inciplent
devel in 16 fated reticular

of the
lymphoblast from

lymphocytes by Low and Freeman ('38)
as judged on the basis of similerity in
distribution  and #ize Howrever ?baa
workers did net obterve the tdplelayered

structure af the wall as was mn
this atudy No indlcation of the func-
tional significance af these vesicles was

Nuclear structure  Bernhard and Grao
boulan ('60) described the nucleus of
ymphocytes as being formly dense
This was not the case in this study where

of the nucleus a3 devel t progressed
from the Iymphoblast to m:mre)mf:]—

These agrregations were separa
ﬁ:n dense areas or ll-defined channels
Jeading to and through nuclear pores. The
nuckear channels may serve as passage-

dd. to the early ¢k
structure, provide strong support for the
concept that in the normal lymph nodt

apd Bernhard and Granboulan ('60)
Thus it appears that the Jymphocytes and
plasma cdrrepn-lcm different cell 1ines
arising from the nondiflerentiated retic-
ular cell and that if Iymphocytes do trant
farm inta plasma cells trans! rmation
might invelve prior dedifferentiation to
ward the nondifferentiated reticular ecll

The eignificant development of mito
chondria and the Calgi apparam 1o
plarma cells may be Interpreted a belnz
indicative of a3 metabollcally act e cell
A large nucieolus in other cell types has
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been assoclated with rapid synthesls of
rbonuclede acid (Brachet, '57; Prescott,
‘59) which can be correlated with the
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small with an extremely dense periphery
and a clear interior
The development of lymphoblasts from
reticular

of many T
These features combined with the exten
sive endoplasmic reticulum are the struc
f'::x:lmcumlerpamolnﬂi“optmdnm

The materlal located within the cisternae

e d cells was char

lopment
mitochondria and of the Galgl apparatus
and by an increasc in the density of nu
In development of 1
blasts to mature lymphocytes all of
trends were revened except for changes
in the noclaus lnmddl.duon‘lh:prwnm‘em

Some mitochondria were In contact with
the nuclear membrane Evidence was pre-
sented which indicates that the plasma
cell differentiates directly from the non-
differentlated reticular cell In its later
stages the plasma cell underwent vartous
forms o'f structural modification. 1

material d to &
to form Russell bodies.
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C, cell center IB type B inclugion
CAL, cell membrane IC, type C inchusion body
Co, centrials L, lympbocyte
Cr crysiallodd L4, Hpid droplet
Cs, cantrosoms M, mitochondria
ER, sndoplsgmic reticulem No, nocleolons
F collagenous Bber P ployms caf]
G Gold pparatu PR, pb gocytio retheular ol
IA, type A fncluxion body v yacocde
FPLATE 1

IXFLAN TIOY ow FICUNTS

Unless stated to the contrary all Mustrations are of tissues fxed in OsO.

The terial of (be y
~ appreximately 10,000.
3 A portien of nondifferentlated n&uuuam«bondmndumﬂnmwmd
bave few cristas and  matrix of Jow density The nockeus contaims  amall mucleolos

13,

4 Another region of the reticular cell It in figure L Here the
cell membrane s more clearly defined. Present in (he crtoplasm are  pyregares of free
ribosomes and  sparse endoplasmic retiemtum. ¥ 13,300,
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PLATE 2
ITFLANATION O FCUARS
B3 A reticular cell associated with Abérs {flustrates the greater l dunhyu
compared

ted
cmcmscuhxceu. A partion of phnocrdcnml.ucﬂ]nm r,hf.'nn
mmhmm(m)wmmﬂ-dmyuw

a Apnrhnn l'-h:_gﬁwhmh procevs of  fber-arsocitted retculst cell ahowing exi
lasmie reticulum and longated mhochondria with nmcmut
cnstse in dense matrix. ¥ 15,500
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PLATE 3
EXPLAN TTOM OF FICUALS

7 Thh reticuls tcl]hnwd-lcdvithﬂb:nlndlﬂmmﬂn b«pmtnjryvfﬂhm

to the nockuy in sdditlon ta of the {arrom)
to encompas bundlﬂolﬂhﬂm Thess fibrll are pot den-lypoch-d. Irregulaity
of the rclesr cootour  large uckolus end lpid Inc] sons are evident. » 13400

. Tbnzncndv-mdovhmkruudmvdlh wocisted ribosonses extends throughe
process of  fAberassocd ted rethcular cell The Ober b comphetels
mﬂﬂm’-ﬁ‘d cywpuun the tws bering spsratsd by the call membrene > 13.600,
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PLATE 6
IXPLANATION OF FIOULLS

(arrow)
type B inclusan, Type C inclusion bodiet

nght with their clear (nterfor od extremely derso peripbery
ting membrane around them iy uncertain, x 37,500

The prev-

bodses of low electon demity arw shown. The limuting membvand

Cr) are weem within a

cytoplasm of  phagecytic reticnlar call after KMnO flxation. Twe

to represent cither

to th t in fAgure 13, shawing type B
ATS
€' bclusion beody s at the lower ot

one st the right Qlwstrates the formation
t the left o

[}

may be ferritin granules. A highly
bondrion t the right, + 30,000

15 A porton [

14 A type B inclmton body with  “myslin

type A Incdusion body pousrses  deme mutrix tn which are nomerouy

gren lea (arrow) whxch ppear to ba ferritln, ~ 56,000,
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FLATE 8
LXPLAN TIONW OF FICURIS

£

This csll {3 probably  transitdonsl form between the nondifferentiated rethcular cell
Jympboblast. The cell {s towgnlar in shape. Ahochondra lerge have

i
§

gl
1
£
B
E
i
E-’
E§
7
g
§
[
g
g

but many
nldouhhmmhnnnmnydwhkh nddn,-m(h)nmmk
nuchoplasm hay incrensed clectron density % 10,800,

This lympboblest and fte pocleu are soonded. Numerous mitochondrla are

i
g
i
%
ﬁ-v
3E

Y

BF

i

i

£
EEE

g

§

%
wefd

pass through
Tiaht side of (he fartemed mocleer fac The nuclealus 15 consplcuous. X 8960,
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20 A medium-sired Jympbocyts. The endoplasmio rrtkenlum

i mpara. mnnduxmh—mhmdeultdd@ll In the
indentation are mitochondris and the &:’ pparstur. X 11,200 Tbebnmﬂ;u—-m
p-mnk-w nuclear indentation. At the wpper Is am

bl dberiik flatvan A

The call centey of medlum-sired Ovold 3 with well
cristis are clostered in thh region. Some of the cristae extend acroes the
rmmwrd.l.hallbodﬂnc mstyix. In sddition to the stacks of palred

conturm fres riboscmes and  few wmall  tteped cisternae. X 22,000

nAnﬁmoll.htqwhjmtm soedhin-stre ows several vesicles of

-r.ed aures clectron-denss me ndary wescles
66.000
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PLATE 9

IXPLANATION OF FIQUAXS

A medimm-stred Iymphocyts. The cell membrane Is Jagged The
lear indented

S sparse  The muc memnbrane b deeply In the cytoplasm et

Indentation are mitochondria and the tos, X 11,200 The fneert mtrates

the loss dwumhmmvnm ton. At the upper Jeft 1 an

obliquely centricls X 16,200

The cell center of Iy well
crittee lndm«rﬂ:dtn'.hhnﬁm.ﬂumofl.hm tend mcrovs the

entire width of the dense mitochondnal matrix. ln-dd.lﬂmlolhlmchol)’lk'd

namhrulﬂl.nlh-Galu pparat many walled vexicles re also present and

are probably  composent thh mn compose the cen

in which no structures are found except for surrounding

other ew ribosomnes.
sm contains free ribosomes and fﬂvlmlllﬂ.uhcntﬂdmnll ¥ 22,000

A tepon of the cytoplaam from mﬂm—dndlrmpbocmnmmmlmkhd
wre] tres with  double lectrondense mem and secondary venkcles | thde
« 66,000
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PLATE 10
KIPLANATION OF FIGORIM
23 A small lymphocyte. The ceil center bs lbrtltnmmmenfdmucﬂaph\nhk
fawer mitochondria than the larger ymphocytes. The erhitso mhochomdriales
concentrated and the Golgl -w]:‘ntm Fppears t h-mmpoud p-rlnnrﬂyulmnh

Endoplesmic rethcy
lum and {rew rbocomes ax rp-:nlhe|mrnmnllyltl.nlfmlyd]lpo-td. Nucles-

ru:v:cdlndydunn Xl7m1'hl hows the poddtion of mitochondrls

in tbe Duelesr The deepar and of the
Lnﬁrndnltbemtﬁmchob‘cvm /lSM

M'x‘beullcvntn mature Iyrphocyt shows the centrosome  nd {ts contaloed cen-

1 addition te some veskular Golgl components  few triplelaywred veskles arf
ll.'ﬂl(l.nvw‘ Mitochandrisl contact with the nuclcus Is well shown. Membraoes at
Blurred zpdn!olumun. / ¥,000

QsAm;ulym-phoqumunu-t.h: it ard o,

:Jeunncuuchmnel ( rrows)  The outer nuclear mambrane i
l.moum-pkulydnddufrl‘bowmn. 10200,
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PLATE 11
EXPLANATION oF FIURE
“8 A portion of medullary cord which b rich in ema cefls, shows various stages In

their lif history Near the capillary t the lower Jeft is  phagocytic reticnlar cell with
many inclaton bodks, » 6300,
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FLATE 13
OITANATION OF FIOULES

are with
loc ted but the peripheral geregation of electron-demse m terial fs apparent. The
rucleolus fs very large ¥ 11,200,
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The Colgl appars
trically Tocared. X 11800,

This 44 typies! Golgl spparsn of the matwre plssma cell, Extemetvy blaminased
the cell centsr which contslas dense cytoplase
noct-hdwnhnc-da. N merous thick-walled veslches (arrows)
h&mhlnﬁxﬁvﬂlﬂ.dﬂlﬂty 'ound both lnukde and owiside the patred meme-
beapes. Irregalarly hwmm(n)wmwxnm ppear to have ariwn ¥7
uur;lomudmfruulbcmﬂﬂwddn. porton of the nwclew s vidbls below
x 48,000,
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PLATE 14
LXFLAM TION OF FIGUALS

A plasma cell {ltustrates the type A modification. Greatly enlarged cisterose contabn
wmmmmmxmmemmﬂmnn.wmmmm
narrow strands of ground cytoplarm balge seward centrally located
Gdﬂbdyhlnﬂlndmmdcwulnllmm'hkhhcmwym
nuckeus i sectiooed far from Hs equatorial plane >
This plasima cell shows the type B modification. The cistrrnss are more roanded and
contaln mu:rhllhmhu—mdthmﬂmphmun.&mﬂmjmbmdm
are packed in between the clsternes > 7600,

dobu!nbodhllnlhﬂc‘rwphmd cell sormewbat aloiiler to the one shown I
figure 31 They ase within the cistrmse of rough-surfsced endoplasmic reticulum and
sre belleved ¢ be Russell bodies. + 48,000
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A Study of Lumbrical Muscles in the Human Hemd

H.] MEHETA a0 W U GARDNER
Departmrat of Anatomy Yals University Scheol of Medicine
NnHm%u-c&lt

Much of the versatility and deftness of
the human hand depends upon its intrnsic
technic

(1887) and Cliffton ( 48) The funcdonal

aspects of the intrinsic muscles of the hand

are well discussed by Sunderland ( 45)
marphology and comparstive

these P in

pes, by Hepburn (1892)
Murphy (58) Cunningham (1892) Keith
(1894) and Jones (43)



thest point of bony attachment {f
Lhemmladldmtlmenmﬂﬂ.
distance from the distal

(e) border of
fexor retinaculum (FrL) the dis-
the most proximal

md{n:‘):ul]!lm:(m) zea)ﬂ;;recardcd
distal to (~) #f proximal
:;-nd(O)ifn:hcdmalborder

I J MEUTA AND W U GARINFR

OBSERVATIONS

The patterns of origin and fnsettion of
the several lumbrical muscles are sum-
marzed in tables 1 and 2 and the sereral
measurernents that were made recorded in
table 3 The first lumbrical muscle re-
scmbled the usual text-book description fn
62 hands (82.7 per cent, fig. 1) Of the
variations 7 were {n right hands and & in
left hands. Although muscle usually arose
from the radisl side of the first tendon of
flexor digitorum profundus (FDP ) fn 11
hands (147%) it also came from the
antedor surface of the tendon. Additional
ariging in the palm were the first tendoo
of flexor digitorum superficlalis (FDS:) the

TANLE 1
Puatterus of seigins of the lambrics) muscies
($tudy of T8 hunds)
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-
o
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TANLE 3
Patterns of tasertien of lembrical muscles
(Study of 73 hands)

1
ey Jiwy  LEand Talaax
o <3 noer- Base vt (eache-
‘them s Irsaliax Sty
- k3 - - . - -
1 100 7 [ ° F] [}
=2
1=1
2 2093 &7 1 [} [} [}
=1 r=8
1=1
2 “ s 9 7 13 2
Ac=o A=1 1l =1
[T tmd =3 1=y
1=p Im32 1=4
4 (o] 43 [} [ 468 2
Aml a3 neal =2
=2 =23 1=4
1=2 1=2

Losertiors in EE, alooe occwrryd only in 1735 (13) hands.
Far ablyevlation sce footmote table 1
TAMLY 3
Mesonrements of the fimbric 1 muscle
(Stwdy of T3 hands)
Length of trndem
Lient Moo et

b W
™t Th =D
- - ——
[ 41-368
bod 85
=598 + 850
51 49-63
138 728
=58 =021
o-1¢ 513 a7
L) e
=433 =257 2741
017 017 -
23 79 495

Truse
verm
IO oms

sheath carpal
Hyament
e e .
1 ° [}
1=t
1 [
1=1 1=l
0
i=t 1=1
° ] °
Diaancs
redeatom

i

ar

-

=30 e

- -
120181 (+20)-(—13)
1503 +21
=11.09
140-104  (412)(—123)
1704 —a3s
=1136
137181

(+19)<—9)
+76

113-138  (431)-({—27
7. +139 )
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A STUDY OF LUMBRICAL MUSCLES IN TUE OUMAN XIAND
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232 H. J MEHATA AND W U GARDNER

MIFDP ad p. O split* ins

MFDS 3 misplaced” ins
{"Metacarpal W Bony ins.

70 MFDP f OinFib E sh.
IRFDS-f Cin Trans. Meto L.
RFPL-1 WnFDS tendon

40 -

30

20

10

ﬂlnﬁn mlﬂnnn | fAnn ”

LUMBRICAL 1 LUMBRICAL (I LUMBRICAL Il LUMBRICAL IV
Fig 8 Incldence (per crmt) of varixtions in origin and {nserthon of the lembrical musches.

}“DS;— part of flexor digitonm
gt—unard.lumrumh!m

Fib. F sh. — fnsertion Abroos flexar he th

ton of all 4 lumbricals, Even so  which had a simflar ofigin for the second
the total muscle length only moderately lumbrical
correlated with finger length (fig 5) Usually bipenniform the muscle w3l
The third lumbrical muscle has been 1a-  unipenniform In three hands, The bellf
beled che most varfable lumbrical. The  was usually slender and joined the tenda?
textbook type was observed in 45.3% (34 in a more or Jess transverse line In hands
of 75) of the hands dissected The varl fn which tha insertfon was split th¢
ants were distributed thus 14 cadavers Jength of the commen part of the belly
had bil 1 S5hadwa in  ranged from 10-50 mm.
the right hand and 8 In the left hand The insertion In EE., a3 described in
The more frequent varlations involved in-  textbooks occurred in only 48% of 1be
scrtions rather than the origins of this hands (table 2) VYarlant jnsertloms wers
1 'bl.ﬂd‘lnacr!lon o EE, and

the digit way 0.3393 This way the highest part of FDS occurred in the game subject

ﬁmfmm}‘DPLnlon; occurred In 4¢ u!‘ abnx,(d) cJ;chnlfelme;lOn
hands (R=~1 ) Additonal origin phalanx (e) insertiony
!mm!.h(efmrm!mmthe T verse pal Ug and () in the
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from 27-34 mm. The tendon was shorter
delicate jolned the muscle in & horlrontal
line and was absent in cases of “exclustve
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previously on the per cent of In-
dividuals or per cent of The avall




hr.c'cn Ne ot
1 ~  LeDockle (1297)
125 400 — (1875)
28 102 —  Wood (1863)
ﬁ; ? ;12 !'m::;(lm) .
61 — 100 Kopsch (1858) )
61 - 100 Retnhardt (01)
o - ke Presest
The lumbrical muscles may be reduced
number by the of one or more

report
that they be to tro (Gray
60 Cmnﬁ?hm, 51} Wood (1888)
states that the s
observed by earlier anat Macalister
(1875) reported that both the hands of
coe cadaver lacked humbrical moscles.
The first and second Jumbrical 1
were lacking and the third and 4th Jumbri-

E J MINTA AND W U GARDNIR

Walther Petsche BShmer and Carver had
obterved

rmuscles belly may split In 7 parts or may
be fused ghily segmented

nin "51) ot 6 (Gray 60) Braithe- cals arose also (2) anterioriy in 40 tr
wajte et 2l ( 48) state that the Increase in  stances (lumbricals I =11 I~ 18 I~
the Jumbricals is more com- 5 IV ~6) (b) anteriorly and posteriorly ia
mxom than the reductdon  The third or 4th S instances (Il =4 Il =1) and ()
Iumbricals may be doubled (Marrds '53)  only posteriorly 1n one instance (11) ot
\facallster (1875) reports that each of of a total of 296 muscles examlned  Lum-
TANLE &
Abered form of the lambrical musciry
""“) (cm) ccm) m‘d
EA A ‘
H : SR e i oo
0 238 H arw
ol S B v e = Fresent seriey

k-3
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A STUDY OF LUMBRICAL MUSCLYS IN THE HUMAN HAND

therian
overlaps the overlying in other tetrapods (Straus 42) FDS gets
M)tmdun (Bunnel, B6; and Lizars linked with its palmar part which seems to
an

be derived from flexores hreves super

or ficiales.

10 additional one from the adjscent deep The lumbricals differentiate from the su-
Tus- brevis

stratum of the fexor

8
§
E
i
8
:
E
E

tbellhlumbﬂca]msuﬁnmou]ylFDP

sources (table 5) Th:llhlumbﬂulmzﬁ differ greatly In site of arigin. In the orang
pen-

)]

the brmbricals tn & monotreme are H| (Hept 1892) Musces cont
nate, there are thres of them and adse digitorum of the x hard gre sup-
between the 4 superficla) podial fiexors  posed to be human lumbri
(ﬂld::rﬂnmdlhhlpedumnd nll(hfm-pl.:]y 58)
to interorsel) (Howell, '36) The usual origins from FDP tendons
Liumbricals have been reported to derive ones fram FDS as well as
iging from other sources elther In the from the metacarpals in men have counter
Pabn a7 in the forearm. Such origins &3  parts In other
m posadbility have been ye. The usual less frequemt insertions of
mmlm Morrs, 53 and  the | muscles have stadied
i [quoted by Macalister 1875]) In rore frequently than other aspects of their

sedes Do exampls was ob-
terved with sn origin from either an in-

ntngham, 51; Gardner 60 Grant, 58 and
lnmh‘-hl)ur:mcnnrpaph;lﬂmjnp Last, ‘54) and reported in detafl or
Em(hm.lsﬂ first Jum i both {llustration in other textbooks (Marrls
T‘;:nd:ufcnaudam) ‘53 Spalteholz, 48 Grant, 47) The third
intringle nnuscles of the palm con-  Fumb has been d the most
‘jm&' scveral luyers of flexores breves mus-  variahle y because of the varls-
In emphibis and reptiles. The flexor tions of ity insertion, and especially its
“mﬁuufdnelmummdnthewdﬂ. split-insertion.
Hrst forearm fexar muscle to reach the The double ar split-insertions of the
byﬁﬂflllF'DPluthe.mlumr ) lumbricals cheetved in the present sexies
“n!mnﬂngmnflbehmwhmh lxecom;nndwﬂhuthcrmpxteddltl
Intervenes between the (table 6) Thbe insertions to
Peficlales and medius (McMurrich, '03) the ad)ecent digit have been recorded and
TAmLE ¢
TPl tarertion of the brmbricel mmsclest
IS Lems Lemn 4
2 o Mot
Far
Ew Eow Eow BE B e
Yl OBy OBl R O mmumee
- - a 47 » 10 110 Kopech (1808) Q by McMurrich
- = Q a 10 10 100 PRambardt ) Q by MeMurrich
0 - = - = - 'v-hhdz&'g)
1 — 8 — 1 n Wood (1888)
3 2 EE A [} e ke 3 Preweni peries

Alno called “Doabls or "BIAL” tnsertion.
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TARLY 4 Walther Petsche BShmer Carver
Tncidrace of varletions of the bombrical muscies MS!mh}nhinm‘endhmd. Ha);:l
Promt N, reparied an instance of douhle first hnbrd-
- - et Lavestiguine cal and mentions Wood to have obterved
Yoy IT one such example. It Is asmumed here that
12 300 — La Dowbis (L497) all his predecessors used the game eriteria
135 40 -~ (1a73) 21 Macallster s In reck » doublt
P R AL & Jumbrical. A his criterla to the
323 — ” 0 and Hzary present series the 8 forearm origi
81 — 1o 'x“op.ch(ma)( )mldhlmwbunnedummp\ud
61 - 3100 Reinhardt 01y double or Jumbricals. The
L] - ™ Preent fibers fram the forearm origing merge at s
t with the belly coming from
The lumhrcal muscles may be reduced  the palmar origin and in no case reach the
in number by the absence of one or more  insertion in EE independently Hmcuﬁ
of them 1n & given hand. Textbooks are reported as “additfional forearm
that they be reduced to two (Gray gins” and pot az double Iombeicals.
60 Cunnin 51) Wood (1868) The origin of 3 muscle ts the most var-
states that the cals was able fn different species whereas the In-
observed by earlier ans Macalister nervation as well as the insertion are more
(1875) reported that both the hands of Sxed snd afford a better ddue to
ove cadaver lacked himbrical musclesr. Jogical Uineage Cunpingham, 1882
The first and second Iumbrical 3! (1893) dered that Unear
srere Jacking and the third and 4th Jumbrt-  don of a muscle had ltle
cals were vestigial in the hands of ¢ value for example the different species o
cadaver (Russe! and Sunderland 38) pdm show siderabl dhvidual
That thivd and 4tb cals may vadatdon In segmentaton of the fexar
alzent bas been reported (Aforrls, 53; digltarum profundus In the gibbon tis
Eyler and Markee ) mtscle s belly may split in 7 parts &
The 4th lumbrical is most fi Ny bahutdlnlaaruydl:bt)yk:ﬂnzz
absent. VWood (1868) reported three in- masy

stances in 110 subjects dlsyected and Mac
alister (1875) 4 in 400 Bssu and Hazary
60) one such absence In 72
hands. 1n the present sevies, 4th Jumbrical
was absent in both the bands of two cadav
ers (535 ie in 4 of 75 hands)
Five lumbricals may be
ningham, 51) or 8 (Gray )

-~

(Cun-
Brafthe

lumbricals may be doubled (Morris 33)
Aacalister (1875) reports that each of

The lombricals may arfse from the front
as well a5 the gides of FDP tendons (Wood
burne, 57; Cruvellhler 1871) That they
mav also arise from the dorsum of FDP
has not been spparently
In sddition to arising from the lateral of
medial margins of FDP tendons the humb:

]

Lmmb. 2 Lowsu 3 Luanh 4
o
t ) (h' ) (M ) e
= Ke comt T orm  Ne
L ] 4 o 102 Wood (1844)
=20 16 [} 4 18 ks ke v and Hetary (W0)
o$ n ] 3 ’ € 73 seriey



A STUDY OF LUMBRICAL MUSCLES I¥ THE HUMAN HAND

3
E
i
5

A defintte neurovascular hilus was

a
é

n7

matacarpals and, (b) in the forexrm from
bellies of flexar digitarum superficialls and
flexor poliicts

3. The second lumbrical was the Iongest
ard differed from the textbook
in 24 of the hands. The arigin was Jocated,
on an average 325 mm proximal to the

border af

cent flexor digitorum (htpen-
nate muscle) and in the forearm from bel-

Hes of flexor digitarum and
Eruﬁmdm; (b) wpusual insertion as
‘split- to extensor

the Index and middle finger and in the
base of the in the £-
hrous flexor sheath and in the transverse
metacarpal Hgument.

to extemsor e ring snd
fingers (38 7%) The m
the flexor prob-

variations of the muscle
Lbelhmmofmmdﬁ,(h)ltm‘!';:m(:xz
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orgin, (c) a wsplitinsertion in the ex

tensor of the ring and little

finger and Insertion (normal) in the base
the

H. J MEHTA AND W U GARDNIR
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worthwhile to test the relative varability
of and eutheran body propor
tions in tertos of other selected measure-

MILTON HILDERRAND

length; limﬂnrly the lengths of the femur
tida, and longest tarsal

ments and ratios of genera for which
ly args les are availabl
MATERIALS AND ACKNOWLEDGMENTS

Origina) data consist of one or more
pn]noflk:lemlormemxlmeu\nmu

of about 800 ing the
Q.Bmmm.nnangemauneéintheappm-
priate figures. I am indebted to the cur
ators of the following collections for

History M
Zoology Museum of Vertebrate Zoology
and United States Natonal Museum

Relative variability of pro;
anduuafmamplalnud
Eutherian mammals
Limb pro, The variation of
each of 6 Itmb proportions was estimated
for the 5 species of didelphid marsuplal
(opossums ) for which 5 or more skeletons

and Grinnell et a! ("37) Par
varlation shown in Gould

( 48) and Clark ( 41) were also used.

The long bones and were meas-
ured as described and figured in Hilde-
brand (‘62) The combined lengths of
cervical thoracie, sod lumbar vertebras
are totaled to derive what is called spine
or back length The lengths of the hu-
merus, radius and longest metacarpal are
sdded to derive what is called forelimb
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RODY PROPOXTIONS OF AMARSUPLALS
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habits sre taken largel nnj
(40) Oigood (43) Tate (31 33
451) The { 1 £ of ma

of the mean (rectangle) are shown for
mchlpedu.'l‘be values of the
ranges means, and standard errors of the
Toeans are avallable an request.

Forelimb in relation to spine (fig 4)
The forelimb of Chirorectes was found
(on the baxis of two hmmature specimens)
wburehﬂmlylon:. Sl.n'g;letpcdmemu!

oling i3 sometimes in habits and D
is a good swimmer but is not aquatic. leemlolndlcamlmznndlbmfordlmbs
Asbereal Semisrboreal Tertvatrisl Agustie
Dideiphis Lutrecltn Chironectes
Msrmosa (chapmand, Murmoes (agilhs, Monodelphis
cineres, domina, eaucar micro-
germana, mexicans, tarsat, noctivaga)
merins, rustanica)
Metachiry Philander cposrm
Phitander (lanjger
philander)

Relative body shze of the species studied
can be determined frum the scatter dia-
gramm that follow Since such diagrams
are not shown far each proportlon and
sdnce pot all genera are shown on each
1t is ble also to ind

relative body size here. Using spine length
exclustve of tafl and sactum as an fndex
)o{dza the genera can be grouped as
shown below (The back lengths indlcated

L

43-103 113180 man T60-360 mrm.
Dromiciopr Chirooectes Didelphls
Marmosa

Mopodelphls Metachires

Graphic rrpresentation of data  The
tage ratios that follow list the anf
mals by habits tn the order shown above
except t lh:ll all species o! Marmosa and of

t4
have similar and intermediate propor
tions the Nmb of Metachirus may be
alightly shorter lhan thosa of Philander
Marmosa and Didelphis

grass and low rellef of relathvely open

of 45

Radins in relation to humerxs (fig 5k
The didelphids are about equally d
between animals with radius Jonger than

than humerus. The radlus is apparently
Iongest in Dromiciops (single specimen)
and a litde Jonger tn Marmosa and Chiro
urr:tﬂ than In other Exeept fof

Phil d unless

genera
felphis and perh Lutreolina  the

dlﬁrrrncﬂnd were found between their ar

sample observed range (hortzontal line)
value of the mean (vertical line) and
extent of two standard errors to each side

same genera that tend to have long fore
limbs also tend to have lhe radius Jons
in relation to the humery

Corrclation of this nUo with hatdts }
doubtful The morc terrestrial snimals
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Dromiclops ousirofis

Phlionder (3 species)
Marmozo (7 specten)
Didelphis morsuplolis
Ladrsollna

—t— Chironectes minimos

o
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—t3 Monedelphls (2 species)
R Lutreoiing crossicauds
+3 Chironectes minkmus

L so 0o no 1o
Fig. 5 Percentsgs ratio, eagth of radiss to length of humsrus. Symbols cxplained fn
text.

14 0 i - "
| Dromiciops cutralis
e Melochinns cudstoudus
-8 Phionder konigar 8 phikonder
B0 Mormesa (8 specinn)
—E3- Phionder opossum
n Drdelphis morsupaks

I Lutreotrn  crassicouda
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BODY FROPORTIONS OF MARSUPLALS
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[t Dromiciops ousirafs

=5—n Metochinm rodicoudys
—E3— Philender kasiger & philoader
T . Mormasa {6 orboreal species)
M| 3] Phitander opottom
—E=E=F ¢ Mormeto (3 semiorboredl specnn)
32 Didelphis  morsupiafls
—+3 Manodeiphis (2 spacies)
“+ 2 Lutreofl o crostkovda
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[k 3 3 14 (3] 3 " n Ly

H
ts Digelphs r,r/ 1}
A
v

te A 8
Metacherus (%) é/

Ph (gnder tardger
a phitendsr ()

Marrose

k] 3 e ) 3 (k4 . (2]
Length of Fermur
Fit 8 Abote percentage ratio, kength of tibla te lngth of frmur  Beiew logs of sune
e sarements plotted ay s¢ ther diagram. Symbols expluined in text

ro " L]

! Oromoops sustre! s
-2 Vetath ros mvicovdi
H— Phiande (3 specres)
° termoso (8 1pec o3)

-B— n D delchs mortupat s
Lutreplrg ¢ gImCow’s

-+ Chrorectes mv Mg

70 o »
Fle § Perceatage ratie, leotth of forebe 1a 6 bength of Miadlimb. Srmbal explatned 1a bert



BODY PROPORTIONS OF MARSUPIALS

i
|
|

thart front legs in relation to hind legs.
The alning gemera, B 1,

delphds  Phalanger and Marmosa, have
stmilar body proportions, § vardatiors
& xze found among them do not correlate
with habits g0 far as this study reveals,

|
:
:
|

Phﬂndrrapmmmhunlughﬂylmm
Detacarpus in relation to foreltmb and
thhia fn relaton to fenmur than

and P laniger
instance of allometric
because

J Blm—lﬂn 1997
and ]

Grinnell, ] J Dixom, ) umdn;
Netural Hixtary Syytsmasie Status, Rala
thons to Man, Untv Calif. Press, Berkeley
vol 8.







WALLY

fests tiaelf fn growth as well as in regres- with chlorofarm ar
L Theso processes are at least by severing the cervical splne The fermr
Faly under genetlc contral. Accordingly  beads were ckly and
""'“Yh!dmmmdnpldnyofpm transferred into ane of the £ g fix
= with species and stram. Non ing flulds: 105 peatral fonmalin, 1%
infocnces are exerted on the skeletal time 1% owmium tet

st peT
by metabalic factors such as endo- roxide n Palades Veromalecetats buffer

Thly g Sremive changes in Same caze had to be taken tn arder not
hmq“&hnwuhjmtbumnuedby to cut too deeply into the spectmen and

Mictoscopy In conttnuation of our to xvold the wne, In
wdhh"’ﬂnﬂmdnungwtmdmﬂup- TODS merges
began od 4Etog of cartilage we theref dually with the cartilage of the head of




son "33; Sokoloff and Jay '58) If the pre-
observed,

caution mentioned above was
) the cut surface gave an accurate view of
the articular cartilage in its entire thick

X. SILRYRBIRG 3f, SILRFRBERC A. VOCEL AND W WEITSTON

Philips electron microscope
03 (1952) nndmlanﬁnphjwmm’d‘
umﬂm;.tmmmmph'""

were
some mineralized areas. \We are inde!

W ary indeberd to Dr A R Sialer for O
of the phase
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ULTRASTRUCTURE OF CAXTILACE
Dr Robert M. Frank, Institut Dentatre  talning homogeneous material which was

Mwmm mmﬁm mmmd mm mymﬁ.mml Mm&m
i sl
mmmmmmmmwmm el .wm .MMW mwm
b i
3 s 8

Rl e i
i S
ol A ,ﬁ :
swﬁammmmwmmmmmmmmmm nmm mm 1um.m.m.m\ﬂm mm
jiig 1] fil Mmmmm i wmmm; m ]
L m.ﬁmww : mmw i Tmm Mmmm
ﬁmm M.mu i mmrw PEFE] mhmwm ik %m%



Antmals three weeks or
one month old

Phase microscopy The cartilage was
now distinctly stratfied. The

men calcification and ossification were in
progress.
Electronmicroscopic findings  The sur
stmilar

face cells were essentially to those
sccnnttheprevlommgawithwdld%-
um_an

the of several large cells. Ocea
mulocntcdmdonprmml
to the nudeus Near to the cells class

-

’dumncefmlhcccllsnthhdtypcol
They

1o as class 3 fibers (fig. §) Thelr number
wasy limited as compared to that of class 2
fibers which by far outmumbered all other

types
In the deep layers of the artcular car
tllage cells with & comparadvely dense
nucleus and increasingly vacuolated cyto-
plasm were found In such cells ergasto-
c lamellae were less conspicuous
than in cells Jocated more superficlally
However pot all cells had this appearance
others were less vacoolated, and the ergas-
toplasrn was well defined  Mitochondra
were on the whole Dot numerous. About
the vacuolated cells enly fibers of class 2
and 3 were seen. Whern the calclfieation
front was ap hed small very el
dense rods measuring about 100 ¥ 400 A
appearcd which in many places tended to
sccentuate the perfodicity of the fibers
In the deepest Jayers examined calcifica

B. SILBERBIRG M. STLAERNERG A. VOGEL AND W WETTSTEIN

tion had encroached upon the cartilage
cells which disintegrated in thelr capsules
and left many of these as empty spaces.
In some instances a narrow rim of unde-
calcified matrix persisted lining the cap-
sules. In areas of sdvanced calelfication,
no other structural detafls could be made

visusllzation of the underlying structures,
banded fibers of class 3 type were present

Antmals six months old

Phase microscopy  The articular sur
face showed shallow indentations and
curving as Is normal for this age. Jlow
ever there was no roughening er fraying
of the surface layer The
layer was thinner and less cellular than
early in life Territories were larger and
there interterritorial matrix
found than during the preceding stages
of observadon. Strattfication of the cart-
lage was distinet and a layer of cancelloos
bone was present underneath the former

Electronm c findings The sur
face layer was E; fairly cellular How
ever the matrix had increased in amount
as compared to conditions obscrved be-
fore. The cells hod large compact nuckd
and dense ergastoplasmic lameflae Mito-
chondria were t in varylng puo-
bers. Occaston delicate fibrils of class
1 seemed to radiate from the cytoplasmic
borders into surrounding intercellular

away from the cells type 1 fibrils were D0
longer tdentified however many fibers of

caleification class 3 fibers

over those of class 2 they were runaing
parallel to cach other and were dosly
packed in the zone of calcification
were assoctated with deposits of

lites which tended to bring out the 640 A
periodicity As the mineral deposlts ﬁ
creased In denaity towards the zoncs
osslfication the ﬁgcrl became obliterated
Mineral deposits also encrozched upon the
periphery of the hypertrophic cartllage
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eedls which In

increasing numbers were
i a state of dissolution,

255

the findings in calcfied and osslfying car
tilage resemnbled those seen at the age of
6 months.

Animals two years old and older

Phase microscopy A narrow layer of
cartilage often not more than two cells
deep covered the cancellous bone both
together forming a thin shell about the
narrow cavity The cartilage of one of the
10 mice ined showed d

1 thelr cytoplasm sppeared to be more
sharply set off from the atter '?hhmxgm
gl”“ﬂﬂlnlpchmpofthacdh

3

it
EE?EE?
Rt

I
fg
i
i
Hi

typical of ostecarthrosis. The pathological
findings observed in diseased joints will be
d elsewh The flage of the

remaining 9 mice did not seem to be

fundamentally changed from that seen at

one year of age.
Electronmicroscopic findings. Thelayer

9) This patterm
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pecu
tlon may result from cutting the eell bor
der tangentlslly The cioseness of the
materfal to the nuclens would not peces-
sarfly rule out this interpretation since
the perimucdear cytoplaymic dm s ex
tremely narrow In somo places. There s,
bowever also the posaihility that the sur

X SILNERNERG M. SILUXREFEXG A, VOGEL AND W WETTSTEIN

tion was observed by light microscopy and
s cansidered an essential feature of aging
cartilage (Sfiberberg and Silberberg, 41)

Variations in the time of appearance
of the different types of fibers observed by

Jatoed

Joints (Silberberg 3 13}
hcko{mntmwurymngmtm
of the fermur head of the mouse has been
ted out previoudy (Johman "33 So-
off and Jay ‘38) ¢ absence of tan-
& forms between primitive fbrils
ard fibers with the collagen perk
odicity and the steady decrease of the

former with advancing age ratses the ques-
tions as to whether thve fbrils

in the vicinity of cells while thick fibers
are usually found at some distance !m:

face structures and the In:
Dot id Iy in

are 1ot
spite of their slmilarity in electron density
Since glycogen has been shovwn to appear
ae el 1 Tos ol tain.
ing with phosphotun; actd (Reve]
Napobitano and Fawcett 'G0) this mate
rial may represent glycogen. However 1t
would be surprising if glycogen wore pres-
ent in young cells but not demaonstrable
in the older ones which by licht micros-
copy coninin comsiderable amounts of
plycogen (SOberbern and Silberberz, G1)
This requires further study espe
clally since the motre superflcial eclls may
contain glycogen {a a spectal form or &

the cell periphery This suggests that
bers grow by accreiton fram material &
rived from the ground substance In aged
mice thick collagen fibers wrere also aeen
in the Immediate vicinity of the cells, 2
fnding that might indicate the cestatkn
of new formstion of clasy 2 fibers AC
tunlly the loss of ciewe contact beinech
the cells and matrix In some areas o
aging cartilage may suggest @ chaoke
with age In the funcitonal relationahlps of
cells and matrix. The reappearance 1
senlle cantage of young Bbers at the P&
ripbery of cells which have bequn ¥
proliferate might indleate an atrempt
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function in addition to growth
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cven in the presence of mature collagen
fibers  guarantees normal joint function.
It has been suggested that mineralization
of tissue !s contingent upon the presence
of a highly specific molecular configura
ton of both collagen and ground sub-
stance (Glimcher "60) This conft ton
ia apparcntly absent in the surface layer
of Joint of young as wrell as of aged
indlviduals Neither is caldfiability neces-
sarily imparted to the cartilage by certain
age changes in the ground substance al
though it ap Iy s by other

It 3: lcTPum to speculate whether or not

T
ggﬁ’ g—g I E 5
giﬁggg;ggﬁ&
TR
itz ; g
s§PERREe R

v
7
s

]

on might
in orlentation of fibers
age from g hortzontal to a
ace lhm less o
was thus conspicuous
than in human joints (Trueta

FiEE
Eggg’
]

i

y of the aging matrix may be re
lated to the occurrence or non-occurrence
of esteoarthrosis of the aping jant

SUMDIARY
Developmental and old age changes oc
currdng in the articular cartilage of the

head of the femur 1 ere stodied on the
ultrastructural level in muce varmng in
age from birth to two and a half vears.
During the Iifespan of the mouse the car
tilage of the femur was transformed from
a solid structure to a thin shell covering
the underlying spongiosa. In the newborn
animal the cartilaginous matrix consisted
of abundant ground sub 1

a loose network of prmmid e fibrils which
was most dense near the cells During
the first weeks of life young thin collagen

also formed an irregular network with
litle if any preferental orfentation in any
direction. \Vith advancing age the flbers
became arranged in h-rtmx]xrfyelmcﬂadng
bundies while the intervening sub-
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chanpes indicating transition from an ap-
parently highly functional to a more inac-
tive state However In old animals pro-
liferadon of cartilage cells and possibly
resumption of fibrogenesis were observed.
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PLATE 1
DXrran TION P PRGOS

2 Cros section of a fully dereloped femoral head of
mouse, Fhase micyophotograph X 8%
Onifh from sn growth rone
n the bance of sccondary center of osetfication,
Phase microphotograph x 83

3
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FLATE 2

IXPLANATION OF FICORES

4 Electronmicrograph of the tpper layer of the srtkculsr cartilage.
Newborn

Primitive fibnls sre semn perio-
dicity and forming network bundant pround sobstance.
¥ 43000 Insert detall of primitive fibells dalicate

nre lrse
fibers. Arrow points to bands. X 100,000,

Electronmicrograph the surfecs layer  One montbold mouse
Clmllndclmﬂcnﬂ.lmﬂbtnm:mnini In verious dreetions.
50,000
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PLATE 4
FAFLANATION OT FICULLS

8 ﬂtcﬂmmhmphdhmfmlqn Onemlb-dd
Class 2 and 3 collagen fAbars are Tynoing in
directyons. X 85,000

© Electronmicrograph of the surfecs layst  One-year-old

Asbestos  tramsformation. ) >
40,000 Insert shows detall of class 3 fbere. X 130,000



TLOUSTRUCTTIE OF CARTILACE
et Gulbrbery. Martn biberberg. Alfred Vegsl amd Wally Wettsiein




PLATE 5

XXPLAN TTON OF FIOURX
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12 Electronmicrogrsph of La: of the cartllega.
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The Relationship of the Sarcoplasmic Retculum to
Sarcolemma 1n Crayfish Stretch Receptor Muscle'®

R PRICE PETERSON amp FRANK A PEPE
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direct inhibitary innervation to the sensory
neurone cell body and its dendrtes (Eyza
guirre et al. ‘55 Eyzaguirre et al 55
Kuffler et ol '55)

The two receptors on each side of the
ahdomen differ in the physiological char
acteristics of both the sensary neurane and
the receptor muscles. The more medial
receptor consists of a sensory neurone
which is fast adapting In assoclation with
the larger group of receptar muscle fibers
(RM 2) These fibers have been shown
by Ruffier ("54) to be fast or twitch fibers
which when stimulated vin thelr motor

nerves, usually sh spike depolariza
of the mﬁm?"

stimutus

On the other hand the smaller muscle
bundle (RM 1) shows only a partial de-
polarization of the membrane potendal,
when snmulated, and mechanically gives
a v <low contracilop the degree of
whxh s depepdent on the frequency of
sumulauon  Thus i this context, the
terms fast (RM 2) and “slow (RM 1)
may bo applied to these muscles. In part
It was one of the mims of thus work to

FEE
§

3

B

there arm 4 receptor or

EF

provide motor inmervadon to
muscle (Kuffler 54) 1nhibitory in.
TeTration to the muecle (Kuffler '60) and

istics could be mmdloﬂ“h
any differences 1n arrsngemen: of the
sarco-tubular system.

Due 1o the simplicity of these sensery
recepeors they have proven to be an tdeel
spiem to study marphologacal bases for

a

e subject of this paper
betng done on the inhitly
to1y synaptic endings dendrite-musele re

(1 7B TR Was npparted by USFHS 3G.241

Thie wark way

reported 0 part at the Dio
mwmnmml beld

brrd
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278 R PRICE PETERSON
lationships 2nd the fine structure of the
muscle components.
METHODS

The crayfish used in this study Orco-
nectes virilis were obtained fram Wiscon-
sin in the summer and fall. After lesving
the antmals in thcreirlg:cnmr overmnight
to cool, the dissection and fixathon were
carried out a3 follows. Tbenbd.omenwu
detached and the cars
cutting it away at the otwluaulu:mcr
on both sides

receptors) exposed and in st on
ce. The carapace wut.bcn

AND FRANK A. PEPE

In some cases a thin layer of carbon was
then evaporated cn top of the grid. Ne
substrate formvar or collodion was used
an the grids

RESULTS

Lnuneuftbeaﬂ.lerdeamumhuscope
of the
(Parter et al, "57) thhzynzmmde

scribed (in rats and Amblystoma) ss
consisting of membrane. vesicles
tubules,

reticul
these animals Allohwufel:dntthe

lbecuzpa

clamped into a special d

(chamber imytruments and flulds were
all 1ce cald) and flooded with Van Harre-
veld’s salutlon ("38) The stretch recep-
tors were dissected free of connective tis-
suc and the Van Hamreveld’s solution
replaced with fixative. The chamber was
placed on ice far the remainder of the
fixatton perdod (1-13%& hours) the fixing
with fresh fixative

texm like {ts
ent term endq;hxmicrdlcu}mn,m{umd
to an internal system fe. cne which did

ot have any relatton to the cell mem-

brane.

Intbammdaofthcmyﬁshmetd:
no

The fixathe used was 15%
tetroxdde buffered to pH 74 with sColll-
dine (Benmett et al. '59) This gave as
good. If not better preservation when pre
pared in distilled water than when varjous
cancentratans of sucrose were added. The
was Analdite epoxy
resin, which was used according o the
modmed formula of Finck ('60) The
embedding was usually dane in polyetbyl-
ene molds This made it easier 10 orient
the receptars for sectioning than vrben
they were bedded tn gelatin
Gold, silver and gray sections were cut
on a PorterBlum microtomme using glass
Lntves and were exxmmed with a Hitachi
electron R 1

o be
reticalum. Since this fs the anly retieular
gnemobsern-dtnlbcsemu:c}c: it1s con-
nded that identfication as sarcoplasmic
mucuhnnhpmfcmbletacondudmgthn
this muscle fs entirely devatd of an endo-
plagmic reticular

strocture.
Essentlally there {s no difference be-

cross and Jongitudinal throogh
the muscle fbers retien-
lum appears either as small elongated pro-
files (200-250 A. n diameter fig 10) o€

23 a row of dreular profiles giving the m-

alnruhrgo!beuh(ﬂzllmd

HS6 P sec
mmmmcdd}:nn 1 solutdon of
phosphotungstic & (PTA, In absalute
ethanol. After fmmerxing the grid for 1-2

2) d?cse. ppear amang the
and do not penetrate in between myo-
filaments.

In the central part of the fiber these
between

minurel.uwuwulmdfurmra.lmln—
utes in two ch ethanol

£ are seen ronning the



CRAYFISH SARCOPLASMIC RETICULUM

wyalirlls where they form an incomplete

279

Huxley '58 Porter et al ‘57 Robertson,
58) The crayfish receptor muscle was
carefully examined to see whether the
2areo) reticulum had any particu
lar tiomship with any part of the sarco-
mere but none was found.

As has been reported the membranes
of the sarcoplasmic retlculum of adult
muscle do not have small granules along
their borders. This is also true of cray
fish receptor muscles. Even after PTA or
uranyl nitrate staining no accumulations
of this material were seen.

Before describing the end-plate regions
1t should be understood that both moter
and direct inhibitory endings occur  When
an end plate is seen [t is impossible at

t, to distinguish excitatory from in-
E;;llo endings on morpbalogical grounds
y variation in pattern of the sarco-

end-plate reglans. This
of 2 wide dilation (about 500 A across)
of the sarcoplasmic reticulum (or the
Taed 1 Y in the sub
lemmal area. Because of this dilation the

1 section the
in the fann of long strings of
always seen between the

[ y between the membranes is par
ticularly ‘clear (figr. 8 and 8) This is
characteristic of the end plate areas. Usu-

the wider area extends approoamately
05 to 2 u in fram the membrane

'ore g into smaller tubular
type af sarcoplasmic reticulum. From the
fact that this dilated area (1) mzy be fal
lowed 1n for some distance without inter
ruption and (2) may be followed in serial
sections for seversl microns, it is con-
cluded that in this area the sarcoplasmic
reticulum (url'arculemmn\hmitslcmm

of doubl d sheets ar asternae
These run longitudinally alang the fiber

1e as aheetliko mvaginations of the
n a L dmal

plape

emma Here the dose packing and con-
volutions of the tubules may be seen
DISCUSSION

There are at least two possible fnterpre-
tatdons of the relatlonship between the
and

d retheu



bule into and out of the plane of sectlan
gives the In of a dl L]
Thus these two varlations o plane and
thnknessa!ucﬂmmxyuﬁmzircﬂsebt:
tm

Another observatton supporting this in-
terpretation may be seen in figures 3-8
Wherever there is an infalding of the
sarcolermma, there fs always & suln of

reticulumn vesicles and -

bules adjacent to it, Le the infoldmxs do
Dot occur along the sarcolemma tndepend-
reticotom.

observed varda

Dot apparent
us to believe thar contmatty did not exst
Later when structure sugyestmg contou-
ity had been seen often encugh t was
realized that in manv mstances the sp-

of disconnowry was due w0

pearance
vagaries caused bv thuckpess and plane of
secdon. This fs shown & Ity

m figure 12 which 15 an en face tew of
a paruon o sarcolenmma m the center of
which 1s & bole represenung the ongn af
a sarooplasmic renculam tubule A B

ad C t three posuble sections
cutina perpendricuar o the sarco-
lemma. Obviomly onl 4 s~cnon exacily

¥
comespondmg to A and of Jess than 200 A
thickness, would gne the appearance of
coutinufty of sarcolemma «nd sarcoplas-
e retliculum. without showing an  mem-
brape continulng across the  penm  of the

The
5" 58, bas su
i e U; single fiber
e
contracyon coupling any ther




CRAYFISIT SARCOPLASMIC RETICULUM

octurred when the pipette was opposlte the
2 ke (Huxley et al. '5S ‘58) but no-
vhere else along the xarcomere In the
mﬂdeo{tbellurd(lluxkyctn] '58)
md crab (nm&n al. '58) excltation
micropipette opposite

te fmetion of the A and [ baods but
120 now here el:lemThcm results shoved
ekectron microscople
demonstrating that in sala
larvoe the tdad 1s at the Z line
etal 'B7) whlle In the

d,;n! cTayflsh receptor muscle shows net
o (1) any sort of triad structure nor
% &ny knitudinal discontinutty 1n ork
T tabules, Le discontinuity betweenZ

o Al functions, If the sarcoplasmic
Teticulum does casry the excitation to the

i in sensitivity to local
malation by loweting of the spembranc
Potential That fs i should not show a
Ec?”"mﬂ“tynthazmm-mme

uuction. By this reasoning also it

thadld ghow
circumferentinl dlscon-

281

SUMMARY
1 The sarcoplasmic retw | ot th
slow and fast musdes ot th 1 <h
stretch receptor have besn dew tas
a systern of 225 A. tubules w Late

in from the sarcalemma in p v ont
This pattern s vared at the J plates
where long dilated cisterns are sututed

for the tubules.

2 The membruncs of the sarc leanm
and the sarcoplasmic reticulum are t 1
tatively interpreted as belng conunu u
This finding has been related to the v ¢ k
of Huxley and coworkers on excitatior
of muscle fibers at specific locd on the sar
comere  In other muscles this work has
suggested that excitatlon-contraction cou
pling may occur by means of the sarco-
plasmic reticulum
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PLATE 4

IXFLAWATION OF FICUMLS

4 threngh 7 These ol show o

]
|

— P
s0e (CT) Layers outaide the sarcolomms. Figure 4 shows the oippls

(N) sppesrance resulung from  section ss 1o figore 124 Fig
6 suggests sn appearance resulting fram  sectron as in figure
,Flre 4 36000 gy S 61,000 3 fiewre 6 58000« 83
58,000 x
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PLATE 6
IXPLAN THOM OF FIGUME
5 This shows :ru-t-:ﬁmthrmhlﬁ'ﬂd'ﬂh"m

Hero the
contlmarty % perticalerly d--r ‘""Pﬂ" membrunes
(BYN) axe indicated. 32,000
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also verifies eaxcular
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The Defimtive Architecture of the Placentae of
¥utna, Myocastor coypus (Molna)*

HOWARD H. HILLEAANN awp ALTA L GAYNOR
Depariment of Zoology Oregom Stxts Usiverstiy

Corselths, Oregon
an the devel and velns, ellantodc arteries and vein, and vi-
Qmization of the plecentas of thoss ro- telline artery and vein, were injected in
mm}lﬂﬂnzthﬂsuburdcrﬂystdm- tions with contrasting
'“Thhﬂmimdmnlewpam For colors. Some af the resulting preparations
md‘hnplmninﬂngumnpig. were cleared, aothers were corroded
% are indebted to Duval (1892) Santom hydroxide to yleld casts
=Bl (31) Amaroso (‘52) Hard (46), of the vascular
Iﬂ“)"h'ﬂ‘]-('sﬁ')- Perrotta (58 '59) The live t females were anes-
h&dlhtlﬂlﬂmuufd:epurvupine,md Lhctizcdm&umuf&ncplmunm
“'mndgthmwummupmdby injected with Indla ink, colored vinylites,
tmhl (U5) and Becher (20 21) A and These and others
Do o the placenta of the chinchilla were fized with Boulns salutian and pre-
mdhl'ﬁg(mmﬂmmxm) pared as geriz] parsfiin sectians cut at 10—
has been noted tn the lterature 16 n. A mumber of sections were treated
h"“"l"epllbmtuufthehyuﬂm- with comnective tissue stains Foots
Iu] Myocastor coypus method for thum, Masson e toick
1 courss of other work om the re-  for call Ascallum s flcation
Caynor .mhhl‘s’iyﬂfm_stéh(ﬂlﬂmnnl:& of Verhoeff's stain for elastic fibers. Thess
tanley Stanley stains also helped to identify demarcate
%,E)-mmhuuf and the boundartes of fetal and
wmmﬁeanﬂnhle,mﬂnm maternal tissues.
the to Jearn as much as posathle about
gm]mmﬂlmundthh antmal Since OBSERVATIONS AND DISCUSSION
"’ﬂ“bﬂnuhavacrhyloguwdcdg F
teance (Moaeman, '37" B3). It 1s par o of allaniote and yolk sac
%Nﬂmmmmpnatheohnu elations to the groas
oo made on the nutria tas with o fo the xterus
e other s fargtud  Tho omeutlly
Lamely those of the guinea plg, the mnhadd tending elon-
out], Canadisn parcuptn: In the dlameter parallel with the
dﬂ’“"‘-hﬂftllm e nd the E;;Blﬂlufﬂmutu’us. The thickness of
the disc 1s dimension (taks 1).
“mmm:.lmm:nmm On the mesometrial aspect there is an
of b donated
by the pregnant females e largely by 248, BG3TTS, trom
hnd“ditdfmmnﬂm:mmbm: Besetrch Grant from the Graduate of
etd number of live females were also m:mmmt:pwm.m
The deep £ . L even ﬁ;"h"’“"""",“'m#:;-dm-oﬂmmu
necrotic vras useful for s

bere

arthatie

for " P-munn.rmin‘dm wuthors by
=tk P Stendey (predoctaral fellow ML
with colored vinylites, gelatin and the Trpesentation of )
Bdla ink AD vessels, uterine arteries and mdmam,,_r‘“““’,t"“m"-ln
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The central zoms of s lobe which may
be oblong ot depending on the
shape of the lobe is composed of multipls
small L[pplmnhml hmhbmnchucfthemnﬂtemnl
blood y W here open to relesss
maternal blood (fig. 13) Included bers
also are the many emall af the
umbdlical vetn, which collect blood from
the tubes of the intenmedinte zome. The
central zone is thus composed of = net
work of larger apd smaller and
tributarfes terpal

HOWARD I, ITLLEMANN AMD ALTA L CAYNOR

The intermedlats zone (labyrinth) of a
Iobe ix composed of numercs kng and
vascular



NUTRIA FLACENTA 04

Flk
ddﬁmﬁm“m are One may regard the early triph ddat
kil e t do the 23 having differentiated into 4 ¢ 1 s
&:kwuphnbhn l!;utruum gll) glant cells (campact primary tropho-
R " ectoderm 14 \lewed st remnant) (2) the tmophospeonpium
uzmm (Tt“mnmm; seties of mopho-  (With a transition to the glant cell 1y 1)
18 g 0 6 times the dlameter (3) the syncytlal trophsblast il ~
F.ﬁw:fﬂk‘) through which  €anals which harber maternal Wood (4)
ndeg bood Since the endo- 20d the primary trophoblast (mesily syn
[oui @y feta) bood, tmo eplthe.  STHal) of the subplacenta As In the por
te two blood streams here  CUPAtE (Perrotta 59) the subplacental
TBIe area of the placenta g 1H9E o0 dt fetal aspect grades into the
i A in its Aper mor trophosponglum of the jobes but it docs
20 (4 16) a3 1o chinehilly (Thbits ™ with very Utile Intergrading th sue  the
bl ) The cytoplasm of ltlom?é dcr:ll;mlulan ia very narrow [n aco¢
STocytlam on (figs 2
2 My Mb{m:u‘d o Perrotta (‘59) states that there it no
00 by coonacy it g il oy lantole vesicle (entoderm) in the rat
the etal capfl  cuplne On the basis of anc carly speel
P lmp:wblm l?;n !or nutria (from f:]m:r‘- ?l:t) l'ht‘ :;‘r
trough tolc lon consl t ewive
L b 4 ﬂwﬁ.‘iabdb! and troph ol .plapr:m mesodertm and 18 yesscls
SRt g ges o thelr long with na_ entodermal epidellum prescrt
e mirgpe oPECPERt reminiscent  There was another somenha
) Tt far pattern (Schol  centa (not definltive) aid n the chorio-
ey g wTanged mumber of capll  allantofc disc there were several circles af
D of e on the peripheral  epithelium (crows seciions) suggssitee of
muq;é;,b" but ‘m rcmnrmuu:rr nn&r; (oﬂr dlﬂv)cﬂl_rr_;l.lc:lrgv";‘
tatng some carller ves ]
‘iuun:;ﬂ (Ex. 16) o bility that these circles tndicate post of
T oy glum Is o the visceral entoderm hofated lu die tntel
¥ iy Ehe:i:nsc for the most part  atices of the eatly chotoallantols hxs not
ectoderm through been ruled out even though they neithr?
the umbllical ar  contain nor are surmoured by

1) which tn turn A Jarge subplacenta (no mﬁ;rmg
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a4
Is rep a by te muclear
materfal and a hyallre matrix containing
fibrin

Perrotta ('69) regards the subplacenta

HOWARD . HILLFMANN AND ALTA L GAYNOR

Maternal blood flows from the central
zone peripberally through the mnnypum]—
lel radieting and anastomosing tropho-
blmmbe-(ﬂsta 18 2l)mmutumme

After

of the parcupine es a y germinal
region of trophoblast and n]lmuﬂc meso-
derm from which new lobes of the laby-
rnth may be differentiated and added to
the choricallantoic placental disc during
its later growth & process which Perrotta
regards as ceaaing in Inte gestation when
the subplacents degenerates. From a study
of the chinchilla placenta (Tibbitts and
Hillemann '59) and the nutria placenta

the authars regard the subplacenta as be-
ing residual trophoblast along with some
allantoic mesoderm which has not fully
organized into Iobes Perrotta refers to a
transitian from compact to spongy tropho-
blast at the functlon of the sl ta
with the lobes, where new lobes would

vrith the p
mnuﬂ‘hofuhrzambphccnm to term
central

¢ through

the interstices of the glal rone
the maternal blood 15 directed into a net
wark of verious charmels on the surface
of the trophospongium (Ags. 3 17). These
vessels pass Bhthezouaa!junmhn

to the dedduu basalls veins. Ma
hlood also drains from the poripheral inter
lobar partitions and thence Into the chan-
”d"dPCﬂPbemlthccﬂmenmm
to the vencus channels of the junctional

aspect of the placents where it is teken
up, almost invariably by two large dn
oldal veins one on either sido
margin of the central depression on the
maternal aspect of the placenta (fig. 30
The two veins follow the basal pedicle and
reach the ral decidua.

and with a d
tral area within {t. Whether or not the
subplacenta perfarms an endocrine fupc
ton during gestation, as suggested by
Davies, Amoroso and Dempsey (59) it
1ains at all events mare or less full
m to termn in both chinchilla and
]
+The bulk of the decidua basalis at term

&

50) Tbcmnnufjuncdonumnrk:dly
mecrotic

U:cri-ne arterial n:pply a-nd venous

ge o, te chori
A fewr uterine arteries extend from the

to the central depression
trlal aspect of the placenta passing there
via 2 slender basal pedicle of decidual
tasue (fgs. 2 5 20)

Upon md.ﬂ.ng Lha placenull disc Lbcm

k u
Lhcv

5

pass through the trophospon,
vesting the Jobes of the placenta Srn.aller
te to the central zone of

Pcrmlu ('59) refers to sinuses of the
of the a3 being
filled with maternal blood. Sectioned ms
teriol in nutria which had previously been
injected with colored masses provided evh
dence for the existence of fetal vemels
sloce in the subplacents (fig. 15) Tbe
maternal arteries largely bypass the sub
placenta. A few pass between subpix
cental lobes, but most of them pass ou!
side the subplacental area and thence
between adjacent charicallantolc lobet
en route to the central zones of the Jober
No endovascular plasmodial cells were
identified in any uterine vessels or elw-
where
Umbilical arterial supply and
venous draimage of the
chortoallantols
Fram the allantolc stalk & single umbll
ical vein In company with two umbtlical
arteries penetrates centrally into the fi
Rlpect of the placenta (Ag. 14) By means
izl cross-sections from

one

they establish between
intimate anastanosls (fig. 10)
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this Jeved and within the substance of the

which envelopes the lobes,
these arteries subdivide and send numer

on branches to the cental lobes. A
Detyrork es about each lobe
= the component small vessels te

the trophospangtum centrally In each lobe
(42 3) Upon reaching the fringe of the
sdidle ar labyrinthine zone these vessels
manch into mmmerous capilleries which
parallel end con

each

3 fn tumn with other adjacent tubes an
Turgement mentioned above (fig 18)
When the allantodc capdllaries reach the
central zome, there develops m complex
stonosls which forms progressively
:;uvdm(ﬁp.malgge) and these in

'mﬂ"ﬁfmm e and form tdbu
tes of allantolc vetn.
It was mentioned above that maternal
bood Bows from the central zone periph-
eally through the trophoblast tubes of the

300

lobe and thence to the tophiap nm n
But the fetal hlood passes trw ( mwh
sponglum centrally through the 11 1
and thence to the central 7 [
placenta as in chinchilla (1 111 1
Hillemann 39} the mater [
blood streams course oo Rl u
adjacent but te dit ~tm
lshing an ex go
these two flulds. This bystncew
{llustrates the counter flaw ex
dient first announced by Mos 1
in the robhit.

The vascular pattern and the
tion of vessels to and from the lob
be understood by visuallring a single

1t

=~

L)
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metrially among the endothelial tubes and
collects into open veine which pass to the
lantal A

dum, The al on
the chordantc

the exchange area and
near the zZone of Junction and break up
into a network of smaller vessels from
which groups of capiliades ars sus-
ed” and which transmit the fetal

the nutria
tae 18 to state that the
entire hanrster allantoic disc is the equlva-
lent of one-bal! of ane lobe only of the
nutrla placents These then would be

ogical equivalents. The nutria pla-
centa 1s compound and thorefore fetal
arterial blood can enter while at the same
time maternal venous can leave,
from multple sites distributed over the
entire surface of each lobe. But in the

metral surface of the tingle lobe (a “bemk
sphere ) The chorlonte plate area of the
M v whic} J

the 1 arterial ch :f
as well as umbilical veins in process of
coelescence s the nmgho&ogim] apd
functional equivalent of the central zone
in each lobe of the nutria chorloaliantois.
This structural and physiological com
son may be clarified with reference to fig
ures 3 and 4
The interpretation given above for the
pattern of cireulation o the nuerfa pla
cents, which i3 also the same a8 given
previcusly for the chinchilla (Tibbitts and
"58) was based on corroskon
casts following injections of contrasting
color medla, on cleared whole placentae
following similar njections and on histo-
Jogical sections made of placentas which
had been infected with contrasting colored
gelatins, vinylites and Indla tnk In view
of all this it i3 difficult to reconclle the
followlng statement of Perrotta (59) about
1 1 circulation of the Canad!

OOWARD N MILLFMANN AND ALTA L GAYNOR

marph: “Fetal arterioles arling from ar
terics mu:ﬁ central srea of the lobuke
traverse obule to the periphery where
they empty into fetal capillarles of the
labyrinth. From these capiliarfes the fetal
blood drajos into the velns fn the centers
of the lobule.  We could not find In nutria
and chinchilla such arterioles arising from
the central area and passing to the periph-
ary The arterlal supply in nutra and chin-
comes from of the umbli}-
cal artertes among the lobes. Thesc arterles
break up in the glum and then
Teed the allantole capillades which in
turn are

:

ections
Female 43 ylelded an early embryo and
ednexa. The em measured 5 mm

and stalk considered bolow it had an early
allantols of splanchnic mesoderm anly and
assoclated with the yolk stalk This al
lantolc mass was about 8 mm wido and
about 3 mum in length Its shape was some-
what irregular and the cntire mass was
closely attached to the embryo
Collagenic ve tssue fibers of
the choricallantolc disc have been demon-
strated fo be present in the somatic meso-

and are also scattercd within the
splanchiic mesodermal matrix of these
vessels Collagenic fibers 1f present ar at}
are very scant they are scen adjacent to
the vessels of the trophospongium as well
as along the endothello-tropboblast tubcs
of the labyrinth they are both sparse and
scattered within the conpective thsue ma
trix of the central zone of the lobe and

ponke
fibers are beavily represented within the
large subplacents and comprise much of
its fromevrark. On the mesometrial aspect
of tho disc coll ic fibers are distributed

porcuptne even though this is a
antmal it is nevertheless also a hysrico-

around the maternal artertes and veins.
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Hatie fbers sutround the vessels mak i highly vasculadzed (fig 2) The Imhr
rytroest through (he clum of betmeen the vascular and nonsascular
e faental Jobe, These fibers also occur  portfons h1 marked by the sinus terminalls
atored wavy threads coursing along The ponsascular yolk sac i« markedly
14 e endothello-trophoblast tubes of  tufted in some areas.

Cellagente connective tissue fibers occur

thon  this free vjecera) yolk a2c and also sur
i Bhers smrounds the tessels of round dts contained vessels

Refchents
tesipixerts Elastic Shens ocour n the hyaline membrane is clearly and heanily
il of the umbelica! vessels n the chord outlined beneath the non vascular portion
" e siroma (somatic mesoderm) of the yolk 3ac and scparates the yolk sac
#vd a3 in he walls of the matemmal  from the trophoblast of the dic Reicherts
otk o the mesemetrial aspect of the  membrane adheres to the diw as it ex
e tends from the stnus terminalls area and
‘:!:dnibcsmmynmnwmk roond the margins of the dise over which
ehi where they are beavy b has proliferated as far as the site of at
(b 12) Redcular fbers are  tachment of the djse at the decidua basalis
™ mywewnied In the trophovponglal  (pediedy
e of the Jobe where they form an inter-

Retiewlar Shery
ldumﬂu{hngy fibers (87 21)  ofthe are present In the wally
Tiext fhens alao surround the contalned rodvet

3

- dlil;fetm yolk sac.

v

o bty zone, and there are very free lacger sessels of the
?ﬂtu hexrler and lighter wavy Yol “‘d“"’:ll\n the characteristic
*:"ﬂmdnq reticular fibers coursing e

22 mm in diameter The

Wmmmlnlcn b
the central rene and form much O mm i gt and

%% way attacheq ;dhm" The yolk
£ the
e B 31 e fhors e Tl "Lk i nd 21O
0] veds n the ehaovionic lale e S scan] g, U v 2
Hi f ""“]’l‘dmmlt:e ﬂact;‘h"‘ "he )l:ﬂck "l;l.‘
’-llologta&‘l o, on of l?“h‘"’“mﬂﬁedm‘,ﬁ‘c' The el
Ulathiney Tom th

The yolf eac i3 solely visceral there be m.w:’:h k\ﬁ;{m
- for a md‘h)ﬁd&mummﬂ

e in the mature placenta. The  vheera) g

G
*
¥
.
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-
£
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£

Many Wiy w
mmboluuﬁ-ﬁmmmwhmtbahr mcieted %wﬁﬁﬁ"m
Reur bescy beartied wilt n o broad 200 1 rereoT Way sy
(o beyo ‘“uumd“ethlsyo}kucw
_xmmmm 17!'11; l;r’ye.n‘h’dl M'&?ﬂ&uf#m
Ifhtkh,""n‘“n (‘ﬂl‘hci)m @ 1t in m‘*‘ﬁ%ﬂ'“db: that the up o
?m)(bu:dkmmfmh)ulhe-mmm &d;:i:;:?" Xr.bou:;ao?r:':'

L4 emen
e non-vascular portion of the yolk tac u‘“mk‘ui?’m,m‘mm:h
heres 19 tpe fetal aspect © Rocianey kn S s embry
% chorloallantot but is str u..%g,( 1
“tfiuogs with the rest of the sac which
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Maternal arterial supply and venous
drutnage of the chorlovitelline
placenta

If there i3 in the fully differentiated
nutria placenta any passage of materials
through the uterine epitheilum to the yolk
sac epithelium then the finer branches of
the maternal circumferential arterles and
velns would constitute the maternel vas-
cular supply and dratnage Simflarly any
materlals emitted by the yulk sac epithe
lum may traverse the uterine epithelfum
to enter the maternal vessels. The yolk
sac epithelium does come into Intimate
contect with the uterine epithelfum over
much of its surface, inainuating itself
gmang the leefdike folds of the uterine
endometrium

Vitelline arterial supply and vemous
drairage of the chorfovitelline
placenta

The single vitelline artery (fig. 22)
leaves the umbflical cord near the middie

company with the vitelline vetn The

sac touches the placental disc on its fetal

aspect pear ity periphery Upon reaching
disc, the vitelline artery divides at an
~ angle into two branches which

HOWARD 1L HILLEMANN AND ALTA 1. QAYNOR

thence Into the umbilical cord en route to
the fetus,

The umbilical cord

line ortery and ane small vitelilne vein.
There aro also scattered within the sub-
tance of the cord small vascular chan-
the altes of arlgin and drainage
contained blood was not deter
mined Indla ink injections of the wm-
bilical vein demonatrated the cord matrix
veasels
vein.

presence
the mesodermal atroma of the cord was
recently reported in chinchilia by Tibbitts
and Hillemann ('59) and in the spotted
hysna by Morton (57) Most ungulates
and cetaceans are known to possess a rich
supply of emall vessels and capilaries in
the cord (Flexner '54)

The cord is covered by & simple squa-
mous epithellm continuous with that of
the

No of an all ic ento-

ind,

‘p-mutufurmtmmr.hinthe
the yolk sac and encirele the placental

This sirmus courses within a fibro-va
xinﬁunholnt.hcmﬂneaplgmdchm-

as it passes over
cental disc (fig 1) These vessels form
a complex network of arterioles and capll

lades
The netwark of capillaries and venules

which drain the yolk sac coslesce into
veins which in turn

fuse to form the vitelline vein proper This
vein has its roots of origin at the site
where the vitelline artery bifurcates to

dermal epthellum was fdentiied (o the
cord substaree

Near the placental disc the vitelline
at an

the
ments of the allantaic stalk to the center
of the disc face. The allantolc stalk pre per
u:baulSSmm]ongmdemlndn m-
cter the vitelline stalk proper 1s sbout 15
mm long and 2-3 mm in dlameter The
smnion In reflected over and fused with
the umbliical cord as well as over both the
allantoic and viteihne stalks.

Collagenic fibers are generously distrib-
uted throughout all of the B veswcls of the
cord but the veins a to have pror
tionately more than arterics. Tb(i
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Collagenic connective titsue fibers are

common within the somatic mesodermal
layer of the amnion,

SUMIMARY AND CONTULUBIONS
1 The matured plecenta of nutna

Mgocastor coypus (Mollna) In both gross

and

s

fine morphology as well as in general
reluumilrmhngzdmi
e por

opographical
lar to that of the chinchilla and of

cupine The allantaic placenta at term 13
discold and attached mesometrially by a
delicate and tenuous pedicel only owinp
to an sll but complete undercutting

2 An aversge near-term hutria pla

centa ts 34 4 mm long, 27 8 om wide 18.9

together
blood

trom

mm thick, and wefghs 14 5 gm
chorfoallan

The tals is complexly lo-
thine. Trophoblast eplthe-
tale capfllary endotheltum
separate fetal from maternal

this placenta therefore is hemo-
4 Each lobe consists of a peripheral
an Intermed! laby

Hnth and a cen

trol xone A large lobed

subplacenta, without a cavity constatently

persists to
In the disc but
metrial aspect,

occupying a central arca
extending to its meso-

5 Uterine

cells wrere
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forms muldple tritutaries to the umbfitcal
venous systemm  The larger veins unite
among the Jobes to form at lawt the single
umbilical vain. Fetal blood courses

Iel tohutinadlrtcﬂonoppodtetatblt
of the maternal blood.

7 A few glant cells lie In the functional
zone next to the decidua basalis and in the
highly channeled central zone of the disc.

8 No entodermal elements of an allan-
talc vesicle were found.

9 One half of one Iobe of the nutria
choroallantods is the structurai end func
tlonal equivalent of the entire placenta of
the hamster

UOWARD IL HILLEMANN AND ALTA 1 GAYNGR

mﬂmmkhl.).ldtthdnfh

237-304
— 15 Dorrdnnnnmdermumm
(Dasyprocta azerar 8chl)

(od) 1564 tation. Trans
wst Cont, Jodah Mscy J Fdo. New York,

10 The yolk sac (completely tnverted)
is solely visceral, folded highly vascular
and served by ome vitelline vein and one

ufthachoﬂoall‘maicdhc. Tbmil:p;

of the
hmlnu umpbn}op]eura in the junctional
rane and Refehert s membrane persists in
the cortical zane of glant cells Possible
remnants of yolk sac entoderrael diver
ticuln appear in the earller chartoallantatc
disc.

H H,A L Gaynor and H P Stanley
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Anac, 91 3r4-asr
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PLATE 1
EXPLANATION OF FIOUAES

Placenta from smmal 30 mesametrisl agpoct. 2 X
in of curd; part of artery ju seen

Profuse

to the left. 100 X

Flacents of figure § in section, Mesometrial sres  bove fetsl ymface below Abouat 1 X

erruhrﬂhn(w moethod) distriburted in drmlrrplﬁn-nwﬂhinmhhmﬂl
fbern in photo-

e seen vertical™ loes
l‘-"lphlrudvum}ertndml.hlndialnk. Taken troem Temal |39 Toatin AR 100 x

This is ona of 13 such epitbelia] nests in  sectian from an exrly plscmts (from antma!
29) These are of the visceral yolk

mcmdnvhhmthnﬂyhbrnmh.\mn—, 100 x

Cast of plscenta fram arimal 47 loculos SL. Umbilical artrries injacted with red vinyl
e 82X

Several nngs of clastie Abery (Mecallum-Verboeff mathod) within the substance of the
ambilical artery In the cord. F raale 47 locul 6. 180x

Reticular fibers (heavy black Hnes) in the
boeff's stain. Animal 47 locuhs 3 100 X

i of Yar
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Cast of placents from antmal 47 Jocuh IR Umbilical veln injected with yellow vinyl
s uterins vein injected with bine vinylite, %>

ok via artery India ink beanly permeated sobplacents. Sab-
hes solely en allantokc dratnags 80 ¥
Section through st dght angles to the tropbobiestic and endothelial
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Lot L Pillemarm and Als L Gaymer

WO MACENTA
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Ratscolar Abers (blecl) in trophospoagium (top) lnllbyﬂ.nl.h (middie) and In cmiral
rone (betow) Taken from femsle 47 Joculns 3L

Canafnummunfulwpplyw)nﬂnc.mxn-dn&ndvhyhmulmfrvmfnmle
47 loculos 7L









Bectron Microscopy of the Implantation Site
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Inclustons indicative of phegocytosls are
scen. The cytoplasms of the two tssues

hohlogt

JURGEN FALCK LARSEN

basement membrane over most of the Im-

rather merge as the nuclet
dispigce the uteripe nuclel. The fate of
the latter has not been established.

plantation site. The in the peri-
)} mmmukm
on the clubshaped form resembling the

The penetration of the basement
membrone of the uterine
epithelium (figs 7to 18)

The basement membrans of the uterina
epithelium appears to present a definite
barrier to the invaston of the
for some time estimated to be approxt-
mately half a day It is intect in most
cases until the Iast past of the 6th day of

s¢rved I the
trophoblast (fig. 13
The pertvascular cells (fig 10)

ting last takes the form of
a number of clnb-sha processes (figs. 7
8) These processes have a granolsr

appeadng as round
aadeles of medium electron density some-
i

through the defect delicate fbrils profect
out in the connective tssue (fig. 0 11)
The invasion of the perdvascular connec

taining b4 dense material.
This type ps ancther stage of the
first type. peri: cells have not
bern perticularly studled and thelr fate i

The formation of the
lacunae (fig 14)

Late ap the ¢th day mumerous vacuoles

tve tssue pr 3 PP

(fgr. 10 to 13) The trophoblastie proc
esses here are Jonger and slender giving
the impression that they are advancing at
a faster rate. quﬁenfov{mncmn?kx

P

plasma n the earlier stages. Thelr true

micrographs. Apart
from thelr elongated farm the processes
bave the same ultrasttuctural charecterts-
tics as the clubshaped processes in the
free connective tssve ipcluding the gran-

) the el dense in-

nature i5 when
1in high-power electran

The brvasion of the maternal vesscly
by the trophablast (figs 15 18)
Direct invasion of the wall of the mater
nﬂvaﬁdswnobctrmdi!lbeojoﬂidayd

nlar cytoy and

clustons. Mitochondris, however ars rarely
seen in these long processes. By the 10th
day the tropholiast hae broken through the

The
;cm membrane of the endothelium prob-
ably occurs rapidly ns it has been
to £ind only one example in the grest num-
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ref wetions examined A« soon as the
citobligt has imaded the vessel §t ac
17y the ulirastructural characteristies
€ te sypcytium In the rest of the preg
£y The ¢ytoplasm becomes vacuolated
3 15 abundance of endoplasmic rcticu
En and mitochondrla and also containe
Ltdroplets and other Incluslons The ur
Ixe of the syncytial trophoblast which
Ew tenes as the lining of the maternal
spices {3 provided with micros il
tpeal of an acthely absorblng surface

The fetal commective thssue and tf ¢
fetal vessels (fg 17)

From the 11th day the fetal connective
':‘meh obsened followin., the advancing
of the cytotrophoblast. It contalns
Ftal vesacts with large nucleated red blood
ﬁ Larre cells with big nuclel are seen
cen the icssels and are prohably

as they contaln small ring

lhcnz bodies of marked electron denwty
oty bodses also can be <cen in the nter
md“}“ They are betneen 1 70
and I:Einmewr hxe a double contour
o0 septs center often divided by one ot
Frony thiy stage the cellular tropheblast
ﬁf“ﬁ mlising betwcen the fetal vessels
an = tmphobllast nol::]chbr;an
many plices a

PTO% 1im of fetal connect) e IJULL

DHCUSSION
carly lit rature on the rabbat
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jon the term "implantation should be re-
reried for the process which is followed by
the formation of the chorlo-allantale pla
centa on the mesometrial ade  In pre-
Hminary eb~cry ations of the ultrastructural
cvent at the antimesometrial side a simd
lar eytoplasmie fuslon of the trophoblast
and the uterine epithelium has been found
This formation of the temporary yolh-<ac
placenta in the rabbit will be described in
a subscquent paper

Graf 3 Spee (1883) described pacudo-
podia like processes of the trophobla t pen-
etrating the zona peliucida in the guinea
plz Blandau ( 49) confirmed this ober
vatlon and found that n the guinea pig the
7ona pellucida was partdy retained umil
the implantation had begun  The zona pel
Tucida has not been found {n scctions later
than the Gth day of pregnancy in the pres
ent im estigation

In tbe licht of the present ebservations
the Interaction betmeen the trophoblast
and the uterine epithellum cannot be con-
sidercd as a phagocytic ot Iytic process but
is rather a fusion of two syncytia. This is

of cefls from two different organisms is




centae of the different species it woul ha
prematme to claim that this process of
syncytial fuxion represents zbemtm—a of
the interaction between the

JPRCEN FALCK LaRsSEN

%Amm('ﬁnmnmm
in the fetal mesenchyme of

and the uterine
The symplagmlc

xcople pictures of the fmplantation ste in
the monkey (Heuser and Streeter 41) ro-
weals eeveral places where no line can be

utering asma
plantation sits seen in the micrographs of
1he 7 deys 013 hamon embryo (Hertlg and
Rock, 43) resemble much the m-
tattan ste in the t. Small and
arge nucle! are found in & homogeneous
does ot prove that it is
& fusion process Iike the cne observed in
the rabbit but it is 2 possibitity that should
be elucidated by the use of the electron mi
croscope. Examination of the human pla
centa right be difficult et this stage,
namely io the first week after the cancep
tion but it ghould be posshle to invest-
gate the prohlem in the monksy
Tha fate af the uterine eplthalium is still
ot clear Th-cymplmxamwbeemm

the placenta of the cat and they bellevs
that they may represent present Le plgment froe
decomponcd es phagocrtosed In
the par 1 reglon. This could be
mmmenb&tp}mmg.dmﬂu

in the pars-

sen and Davies, '61)

clel of the uterine epithellum disa the
t membrane 1s penetra club-
sha, trophohlastic Vacuoles

4 art of the cytoplasm
and the mucled to d:haﬂverl But it i the ta from the 11th day following
remuhbletb-ttbhpmceudoamt}uw the invacien by the trophoblast.

any trace in the form of includons in the

cytoplasm of the syncytial in- ACKNOWLEDGMENTS

clurions are not seen in the syncytium be 1 am Indebied to Dr E W Dempeey for
fore it tovades the maternal malkdng hle to me the facilict

a great number of theor¢tical
and technical am tndebted to
Dr Kefth C. for nhnﬂngl):;

%ylmthBhSmm

rupture of basement memhrane of the
uterine eptthealtum and of thelr enbsequent poit nner Paul Meyers for excellemt
ricted into the subepi
Iial desues.
The nature af the electron dense ring u-mumucrrmm‘
shaped bodles In the feta]l mesenchyroe is *’%‘n‘lu 1.:3 ddth Tt
kpown, They arc seen slso in pla O"”“m hju"‘b““m’
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